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SEDIMENTOLOGICAL CONTROL OF GOLD Al\TD URANINITE 

MINERALISATION IN THE WHITE REEF OF THE WEST RAND 

ABSTRACT 

The primary objective of the study was to determine the controls of 
mineralisation in the White Reef, which occurs at the base of the Bird 
Reef Stage of the Upper Witwatersrand Syster.i on the West Rand. It is 
a quartzite with scattered pebbles and occasional 'bank.et' conglomerates. 
The average gold content at 317 gm-cm per tonne is low, but uranium 
grade is amongst the highest on the Witwatersrand. 

In 1963 the author demonstrated that some sedimentological pr()perties of 
the Liv:i.ngstone Reef are qualitatively related to gold content. More in­
tensive studies have since confirmed the sedimentological control of gold 
mineralisation. For instance, Pretorius (1974 a, 1975) recognises a 
general fluvial fan geometry for the Witwatersrand reefs. However, 
other factors, such as variations in environments, mechanisms of deposi­
tion and behaviour of the heavy minerals require further clarification; 
these form the main subject matter of this study. 

A pilot study established interrelationships between sedimentary features 
and ore grade. Follow-up work revealed systematic downslope changes. 
The reef was sampled on a systematic grid over the four West Rand mines. 
All pebbles were measured over complete reef sections. Measurements 
include 526 of reef thickness, 1 312 of crossbedding, 45 of ripplemarks, 
2 of sand\\,aves, 63 801 of pebble size and sorting, 63 761 for packing, 
1 200 of fabric, 33 987 of composition and 1 162 of shape and sphericity. 
Very large numbers of gold and uranium values, reef elevations and thick­
nesses were compiled from records. 

The area investigated formed a subsiding part of a basin edge between 
granitic buttresses. Primary structures include the north-south Rand­
fontein trough in the west, which controlled sedimentation from the Main 
Reef Stage onwards and the smaller north-east trending Witpoortjie trough. 
Additional control was exercised later by north-east anJ north-west trending 
depressions. The major West Rand syncline running north-west, and the 
basin north of the Witpoortjie fault, are post-depositional features. The 
White Reef is comparable in geometry and sedimentological features to 
the Basal Reef (Sims, 1969) and generally conforms tc the model of Pre­
torius (197 5). The subsiding Randfontein trough controlled the direction 
of major payshoots, whilst smaller paystreaks formed along braided 
channels. 

The paleo-environment for the White Reef was that of a braided fluvial 
fan conforming to the model of Eynon and Walker (1974) for braided rivers. 
The distribution of depositional facies is related to fan geometry. The 
avalanched, unsorted pebbly sands of the upper central midfan diverted 



(iv) 

sedimentation outwards to form two main lobes of better sorted reefs, 
with closely packed pebbles over floor highs. 

Coinparison between properties of other Witwatersrand reefs and those of 
the White Reef indicates that all are sub-facies of a general depositional 
fan. A quantitative predictive model for the identificatio11 of fan position, 
facies type and sub-environments can therefore be constructed. 

Correlation coefficients between traction properties and metal content de­
crease systematically downslope, indicating a change of deposition domi­
nantly from traction t0 that from suspension loads. 

Stepwise regression relates the metal - sediment properties as follow::<: 
y (gold) = -33, 5962 + 2, 32798x

1 
+ O, 86630x

2
, with x

1 
representing pebble 

size and x vacking. This mathematical model suffered a 12 per cent 
decrease iff prediction accuracy (from a correlation coefficient of O, 76 -
0, 67) over a distance of 1 700 feet upslope of the pilot study area on the 
lower midfan. 

Heavy mineral concentration over floor highs occurred in the basal main 
lobe gravels of the lower midfan to central fanbase. At the pilot study 
locality,. values over floor highs exceed those over lows by 1, 3 for pebble 
size, 3, 6 for packing and 4, 7 for gold content. 
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DESIGN AND HISTORY OF RESEARCH 

Research results obtained by the author indicated that gold values in the 
Livingstone Reefs on the West Rand are generally related to changes in 
robustness of the conglom8rate (Steyn 1963). This suggested that genetic 
relationships may exist between yet undefined aspects of the traction load 
and the mineralisation. This opened a new field of research largely neglec­
ted up to that stage as only observations of a general nature were available. 
In 1963 it was therefore decided to initiate a comprehensive and quanti­
tative macroscopic study mainly concerned with traction load behaviour. 
Bed load and matrix metal characteristics were to be investigated simul­
taneously in order to gain insight into the following: 

(a) the modes of conglomerate deposition, 

(b) the traction load - precious metals relationships and its implications 
on the manner of heavy mineral transportation and deposition, ~nd, 

(c) the determination of such relationships which have applications in the 
field of economic geology. 

The research was encouraged and partly financed by General Mining and 
Finance Corporation Ltd. who was beset with the problem of the location 
of economic zones in the White Reef on the West Rand Consolidated Mines 
(Pty. ) Ltd in areas where the gold and uranium grade were both variable 
and unpredictable. 

In order to determine the relative importance of the parameters best cor­
related with metal content, a pilot investigation was done underground 
at a suitable locality on the White Reef where the variation in metal grade 
was marked. Statistical analyses of the results obtained showed certain 
traction properties to be correlative with the metal grade, but it was realised 
that the correlations established may have a local validity only. Consequent­
ly, additional investigations were conducted at localitiAs AlsewhPre in order 
to determine if the relationships were generally valid. This w~.s found to 
be so, even though a degree of variability was revealed. Correlations were 
however sufficiently meaningful to proceed with a regional investigation of 
relevant parameters. 

Analysis of the pilot study data made it ciear that the local scatter of sedi­
mentary properties was considerable and that insensitive or random sam­
pling could yield resuHs not capable of revealing subtie sub-regional trends. 
The relationehips established in the pilot investigation were therefore utilised 
to devise a new non-random method of sampling based on the geological 
processes involved and which statistical analysis showed to yield reliable 
representative samples. 

Thereafter, the regional study was commenced with the systematic measure­
ment of key traction properties on a grid basis. Compilations of these 
measures were then compared with dispersal patter:1s of metal content 
which were compiled from mining sampling and evaluation records. On 
the basis of results obtained and reiationsi1ips estaolished, tri.-::nds of btJst 
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mineralisation were predicted by extrapolation. The findings were sub­
mitted as a detailed report to West Rand Consolidated Mines in 1965 and 
part of the sedimentological conclusions was briefly presented as a talk 
to the Geological S0ciety of South Africa (Steyn, 196 5). Ten years 
have since passed and it is therefore possible to evaluate the degree of 
success obtained with the predictions made. 

Data processing was co11tinued at intermittent intervals on a part-time 
basis. Statistical treatment of results was expanded to include the struc­
tural framework as the latter was found to influence the sedimentation 
closely. During the lengthy period that separated the initiation and completion 
of this study many other important and comprehensive sedimentological 
contributions have emerged, e.g. some of the more closely related stu.dies 
are that of Viljoen (1963), Pretorius (1964 a, b), Brock and Pretorius 
(1964), Winter (1965), ;\rmstrong (1965), Knowles (1966), Pretorius (1966), 
Hodgson (1967), Sims (1969), Minter (1972) and Pretorius (1974 a, b, 1975). 
These works and others increased the knowledge of the processes of the 
sediment?.tion of the W1twatersr~nd conglomerates to today's advanced and 
sophisticated levei. Even at this rate, aspects of the sedimentary processes 
that determined the deposition of Witwatersrand ore bodies remain to be 
revealed. 

The results and conclusions presented here provide data on a new process 
of heavy mineral concentration never before so thoroughly investigated, 
in addition to adding further understanding and new detail concerning the 
sedimentation processes and em,.ironrnents related to gold and uranium minera­
lisation. The present stud~, differs from those previously done by examining 
in great detail the traction ~oad and its relevance to mineralisation and 
in this context an unparalleled set of data is presented and analysed. 

Acknowledgements 

The project was initially suggested by Dr P.D. Toens and Dr N.L. Wilson, 
then employed as consulting geologists of General Mining and Finance Cor­
poration (Pty.) Limited, and the investigation was made possible by a 
grant from the corporation and a research scholarship at the Economic 
Geology Research Unit of the T]niversity of the WitwatPrsrand. The author 
wishes to express his gratitude for this assistance. 

The Johannesburg Consolidated Investment Company Limited, General Mining 
and Finance Corporation (Pty.) Limited, and Goldfields of South Africa 
Limited kindly made available for study all information concerning gold 
and uranium assay values on the mines under their control on the West 
Rand. 

The management of the four mines concerned, especially some senior 
members of the production staffs, went to great lengths to re-open large 
sections of the mine workings already closed down. Without this assis­
tance, systematic grid sampling of sedimentary properties would not have 
been possible. Special thanks are due to the following officials for their 



3. 

assistance: Mr S. W. de Wet, Mine Overseer on Luipaardsvlei Est2tes; 
Mr N. H.B. van der Riet, Mine Overseer on West Rand Consolidated; and 
Mr J. I. B. Raubenheimer, Mine Overseer and Mr J. H. Howard, Acting 
Underground Manager on Randfontein Estates. For the purpose of the 
pilot study, the management of West Rand Consolidated went to the expense 
of mining a stope on the White Reef. Messrs D. H. Holt, Section Underground 
Manager, and B.A. Thomas, Underground Manager, are thanked for or­
ganising the mining aspe~t of this operation. 

Amongst the many other people who have been of assistance are the fol­
lowing: 

(a) From Randfontein Estates: Chief Sampler, Mr P. W.J. Bredenkamp; 
Geologists, Messrs P.O.W. Ortlepp and J.P. Wolhuter; Chief Sur­
veyor, Mr A. Vogelzang; Field Assistants, Messrs Sadler, Mitchell, 
Milner and Coetzee 

(b) From. West Rand Consolidat9d: Surveyors, Messrs Van l{ooyen and Smut~ 
(East Champ d 'Or); Chief Geologist, Mr F. J. W. Badenhorst; Staff 
Geologists, Messrs A. Oesch and F. Snyman; Chief Sampler, Mr 
M.A. O"Reilly; Sectional Chief Sampler, Mr F.J. Coetzee; Chief 
Assayer, Mr E.R. James 

(c) From Luipaardsvlei Estates: Chief Surveyor, Mr T.J.A. Botha, and 
his first assistant, Mr G. J. Basson; Chief Assayer, Mr J. F. Leather­
barrow; visiting Goldfielde geologist, Mr H. C. Strydom. 

Prof. B. Hawkins and especially Mr P. Fatti, senior lecturer at the Uni­
versity of the Witwatersrand were responsible for the computer statisticr.l 
analyses while Mr S. Bloch, Dr K. W. T. Graham, Miss C. de Kock and 
Mrs A. Froneman helped with lhe earlier stages of data processing on 
the IBM computer. The back-breaking task of editing of the thesis was 
done by my collegues Drs. A. M. J. de Swardt and H. de la R. Winter. 
Their assistance, as well ~s that of Miss L. Excell and Mrs. E. Hanekom 
who did the typing, is greatly appreciated. 



4. 

SELECTION OF PARAMETERS, SAMPLING PROCEDURES 

AND ANALYTICAL METHODS 

1. COMPILED DATA 

SURFACE GEOLOGY 

The surface geology of the area studied is shown on map 1, p. 224, which 
is based on that of Mellor (1913). The outcrops are mainly of quartzites 
and secondly of lavas. The quartzites and conglomerates of the Upper 
Witwatersrand System crop out along the rim of the West Rand syncline. 
The decomposed conglomerates of the Bird Reefs, including that of the 
White Reef, are only cccasionally exposed (::nap 2, p. 225). ·rhe Venters­
dorp lavas crop out in the south-central part of the area against the Wit­
poortjie fault. The Black Reef Series of the Transvaal System, which 
unconformably overlies the Witwatersrand and Ventersdorp Systems, covers 
much of the western part of the area. The Witpoortjie fault forms the 
boundary of the area on the south-east. 

The curved outline of the West Rand syncline is reflected by the u.ip and 
strike of the conglomerates of the Upper Witwatersrand in outcrop. Theie 
are inclined towards the syncli!l.al trough at angles ranging from near 90 
in the west to a few degreP.s in the east. Structural dip to the north-west 
is shown, immediately north of the Witpoortjie fault, by a small outcrop 
of Kimberley Reef. 

UNDERGROUND STRUCTURAL GEOLOGY 

Structure contour maps of the White Reef horizon were available for certain 
sections of West Rand Consolidated and Randfontein Estates Mines. These 
were reduced by pantograph to a uniform scale of 1 : 10 000. For other 
parts of Randfontein Estates, elevation contour maps were compiled by the 
author by means of con.ventioncll methods. In certain parts of West Rand 
Consolidated and the whole of Luipaardsvlei Mine exposures of the White 
Reef are so few and far between that reliable elevation contours could nv~ 
be established. This problem was overcome by integrating data from 
existing structure plans for the underlying Monarch R1::ef horizon with 
isopach thicknesses for the strata between t:he Monarch and White Reefs, 
obtained from an isopach plan prepared by Toens and Griffiths (1964). 
For East Champ d'Or Mine the main faults were trani:Jferred from existing 
mine structure plan::; of the White Reef on a scale of 1 : 1 000. The 
cornpiled structural data are shown on map 3, p. 226. 

An attempt was made to determine the attitude of the much fragmented 
White Reef stratum prior to major faulting, intrusion and overturned folding 
on the western flank of the syncline. The faults were resolved by adjusting 
smaller displaced blocks to the level of the larger relatively undisturbed 
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adjacent ones. The strike of the smaller displaced units are usuaEy un­
affected by faulting. Elevation contours were therefore extended across 
these, parallel to existing contour lines, with compensation for different 
dip gradients where present. The generalised, smoothed-out structural 
pattern so obtained shows only the larger anticlinal and synclinal trends 
(map 4, p. 227 ). This process does not remove post Witwatersrand folding, 
but rather allows it to be seen more clearly. Local anticlinal and synclinal 
warping are shown by tJ-,e mild deflection of the elevation contours. The 
axis of the major fold i::; denoted by the lowermost elevations along the 
trough. To check the reliability of these structural trends a second recon­
structed structural map was prepared by the same method at the elevation 
of the Main Reef horizon (map 5, p. 228 ). 

FOOTWALL ISOPACH DATA 

Isopach data provide information on sedimentation trends and tiie response 
of sedimentation to str~ctural movement. An isopach map of the footwall 
sediments immed;.ately below the White Reef could not be compiled due 
to the lack uf continuous marker beds. The White Reef is at the base of 
the Bird Reef Stage and is underlain by the quartzites of the Livingstone 
Reef Stage; these have an average thickness of 830 feet and extend down 
to the top of the Livingstone Reefs conglomerates, which are on average 

about 60 feet thick. An isopach map is available for the area where the latter 
are best· developed (Steyn, 1963; map 5). Th€ Livingstone Reefs 
are underlain by the Main Reef Stage, which consisls of quartzites, with 
several gold-bearing conglomerates (map 1, p. 224 ). An isochore map 
of the Main to South Reef interval is included to illustrate the effect of 
structure on pre-White Reef sedimentation (map 6, p. 229 ~ Toens and 
Griffiths, 1964). 

WHITE REEF SAMPLING DATA 

Dispersal patterns for gold and uranium, and the variability in the thickness 
of the White Reef conglomerate, were established from mines sampling 
data. The distribution maps for gold and uranium concentrations were 
designed to serve two purposes; the first was to indicate the regional trends 
of mineralisation and the seco11d to provide an ore reserve value map. 
With the latter purpose in mind, it was decided to compile average value 
maps and to process them further with moving average techniques only if 
the trends were not sufficiently clear. However, after the average values 
were contoured, it was found that the trends were clcJ.r enough to make 
further processing unnecessary. The use or computer based polynomial 
trend surfaces was considered in the final stage of data presentation, but 
this was rejected for the same reasons as for the mo-_ring average tech­
niq11es and because vi time and cost considerations. 

The area studied was covered by a 500 feet square grid s?stem, and average 
values were compiled for each of the blocks containing sampled exposures. 
The choice of block size is considered critical. If the blocks are too 
large, values are considerably displaced from their points of occurrence; 
also, small mineable areas with higher values could easily be lost 
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in larger areas with poor values and thus reduce the economic valu':l of 

the maps. On the other hand, if the blocks are too small, there are too 
many blocks containing no information whatsoever, and contouring becomes 
difficult. It is considered that the best indication of the most suitable grid 
size is the smallesi; size of the minor pay-streaks. Existing mine value 
plans indicated that these had minimum dimensions of 200 to 300 feet. 
Since blocks 250 feet square would have left too many open spaces without 
values, it was decided t~ use a larger, 500 feet square grid system. 

CHOICE OF UNIT FOR THE EXPRESSION OF GOLD AND URANIUM 
CONCENTRATIONS 

As all the data available for processing was expressed in imperial units 
it was decided to produce maps using these wiits. I'l expressing gold and 
uranium values the alternatives were to use inch/dwts, gold and inch/ lbs 
u

3
o , or dwts/ton gold and lbs/ton u

3
o

8
. Dr. D.C. Krige (personal 

comi~rnnication) pointed out that accurate dwts/ton gold and lbs/ton uranium 
maps can only be obtai11ed by p:re-compiling inch/dwts gold, inch/lbs U 

3
0

8
, 

as well as cr,t-.nnel thickness maps, and then converting these to dwts/ton 
and lbs/ton. As inch/dwts gold and inch/lbs U 0

8 
are normally used for 

judging payability in mining practice (alternativJy dwts/ton over a fixed 
stope width), it was decided to compile inch/ d wts gold and inch/lbs U 

3 
0 

8 
maps first, and to ase dwts/ton and lbs/ton distributions instead only if these 
were not satisfactory. A large amount of information on mineralisation 
was available in the form of detailed stope-sampling 1-ecords. However, 
since the processing of these would have taken many months, alternative 
sources of information had to be found. The procedures described below 
were adopted at the differen.t mines for the compilation of maps 7, 8 and 9. 

PROCESSING OF DATA 

Randfontein Estates 

A full sequence of ore reserve plans was available dating back to the first 
development on the White Reef. These had been combined on a single map, 
which was covered by irregularly shaped ore reserve blocks of different 
values. In some cases as many as 20 different value areas were included 
in a 500 feet square block. ':the averaging of the on, :reserve blocks was 
done as follows. A plastic transparent overlay was placed over each of the 
500 feet square blocks. The plastic overlay was marked with a grid sye~em, 
so that the 500 feet squares were subdivided into 100 smaller squares, 
each five feet square. The areas of the irr~gularly shaped ore reserve 
blocks were now represented by a number of small units of equal size. 
By multiplying a value by the number of unit areas representative of that 
value, and by repeating the operation for ore reserve t-Jlocks of different 
vaJt,es, the ore rest.rve areas were weighted according to their values 
and sizes to obtain an average for the 500 feet square blocks. The actual 
averaging was compiled arithmetically on an electric calculator. A dif­
ferent procedure had to be used to record conglomerate thicknesses, as 
the ore reserve plans did not yield any information in this respect. It 
was necessary to refer to the original development sampling records, which 
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give the actual conglo-::nerate thicknesses for sample sections taken at 
five feet intervals. From these the average values for blocks approxi-
mately 600 feet square were obtained, as mining raises were developed at 
intervals of 600 feet. Very often it was necessary to locate the map positions 
of sample records by plotting the co-ordinates of survey pegs, whose numbers 
formed part of the sample records. A complicating factor arose in connec­
tion with conglomerate thicknesses due to the method used in mine sam-
pling. Samples of the \Vhite Reef were taken over a minimum width of 
three inches by the mine samplers even where the con;;lomerate itself 
was thinner. Therefore lesser minimum widths of the conglomerate could 
not be recorded on map 7, p. 230. In some areas extensive borehole 
sampling results were avai12.ble. Where several boreholes were close 
to each other, average values were calculated. Single borehole results 
are also indicated. 

West Rand Consolidated 

Ore reserve ~aps cover only a very small portion of tho partially developed 
ground and of the mine. Where a sufficient number of ore reserve blocks 
had been la.id out, the procedure described previously was used. Over 
the remaining, large, unevaluated tracts of the mine, development assay 
plans were available which gave the value of a development section in terms 
of gold dwt/ton and uranium lbs/ton calculated over the channel width. 
Th8se values were averaged over 500 by 500 feet blocks. Three or more 
de;·elopment exposures per block were considered to be sufficiently repre­
sentative to give a reasonable average value for that block, provided they 
were spaced fairly widely apart. Less than three exposures per block 
were not considered representative unless the exposures were unusually large, 
and the averages derived from them were classified as less reliable. 

In the north-central part of West Rand Consolidated Mine a disparity was 
found between ore reserve block values and the much higher values based 
on stope sampling after soIT-e mining had taken place. In this area the values 
used for the stoped areas ware based on the averages of the more numerous 
stope sampling results. 

Luipaardsvlei 

Developm~nt on the White Reef itself was mostly restricted to the northern, 
shallow levels of the mine. Intersections of the White Reef at greater 
depths were usually incidental and relatively small. Nevertheless a consider­
able number of small exposures of White Reef are present over virtually 
the whole mine lease area. Exposure sampling records had to be examined 
individually, and very often considerable difficulty was experienced in cor­
relating a White Reef sampling record with its exaC;i; sampling position on 
the plan. The method used on West Rand Consolidated for averaging de­
velopment sampling results was applied here as well. Due to the limited 
and small intersections a much higher percentage of average block values 
had to be classified as less reliable. 
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East Champ d'Or 

A high density of development exposures is availablB on this mine, as well 
as a limited number of stope exposures and numerous borehcle intersections. 
The averaging of this information was also done un a grid system, making 
use of the methods previously described. 

CONTOURING PROCEDURES 

Normal contouring procedures such as described by Krumbein and Sloss 
(1963) were used. Contour lines between 'reliable' average values were 
considered as well defined and are indicated by solid lines; those based 
on 'less reliable' averages were classed as uncertain and are indicated by 
broken lines, while contours between points based on scanty information 
and extrapolations across areas with no information were considered specu­
lative and are indicated by dotted lines. 

HANGINGWALL ISOPA<:::H DATA 

Map 11, p. 234, shows the isochores of the White - Monarch Reefs inter­
val after correction of dip (Toens and Griffiths, 1964). This allows the 
paleo-surface at the time following the deposition of the White Reef to 
be reconstructed. !t shows a southward thickening of sediments and an east­
west paleostrike. The iso-thickness lines curve gently northwards at the 
centre of the area. 

SUMMARY OF COMPILED DATA 

The above-mentioned data provide information about structure, apparent 
paleoslope gradients, geometry of the White Reef, gold and uranium dis­
tribution. However, these properties do not represent all the aspects 
investigated. The data compiled are summarised in the following table 
no. 1, p. 9. 

2. MEASURED DATA 

PILOT STUDY 

PURPOSE 

To unravel the processes that produced the White Reef and its gold and 
uranium concentrations, it was necessary to make a field or underground 
study of this sedimentary deposit. A pilot study was first carried out to 
determine whether some properties of the conglomerate could be quantita-
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TABLE 1 

SUMMARY OF COMPILED DA TA 

TYPE OF DATA ABUNDANCE OF DATA TREATMENT 
MAP 
NO. 

Elevations - Main Reef Very large* Contouring of 5 
average values 

- White Reef Very large II 3&4 

I 
Thicknesses - Main/Sot'th Unknown* II 6 

Reef 

- White Reef Averages compiled II 7 

for 511 blocks of 
500 ft. sq. 

- White/ Unknown* II 11 
Monarch 
Reef 

Gold content - White Averages compiled II 8 

Reef for 513 blocks of 
500 ft. sq. 

Uranium content - Averages compiled II 9 

White Reef for 554 blocks of 
I 500 ft. sq. 

Gold-uranium ratio - Averages compiled Contour of 10 
White Reef for 420 blocks of moving averages 

500 ft. sq. 

* Compiled by Toens and Griffiths (1964) 
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tively related to the grade of mineralisation. These could then, as a 
follow-up stage, be investigated over a wider area to locate areas favourable 
for further exploration. The more specific objectives of the pilot study 
were as follows: 

(a) To determine whether any of the sedimentological properties of the 
gold- and uranium-bearing conglomerate could be quantitatively 
related to the grade of mineralisation; 

(b) To investigate in detail the factors controlling conglomerate depo­
sition as well as the conditions responsible for variations in con­
glomerate development; 

(c) To determine, if possible, some of the basic principles controlling 
gold and uranium mineralisation; 

(d) To explain the extreme local variations in gold-uranium mineralisa­
tion in the White Reef indicated by sampling results; and 

(e) To deduce from the above the most suitable and rapid methods for 
the regional study of gravel deposition and con~rols of mineralisa­
tion. 

CHOICE OF PROPERTIES AND TECHNIQUES 

The study of the White Reef was done with straightforward field techniques 
suitable for routine underground measurements by mbe geologists without 
the use of expensive or complicated instruments. The parameters selected 
had therefore to be suitable for direct macroscopic and relatively straight­
forward measurement. The properties also had to reflect the basic sedi­
mentological processes that formed the White Reef conglomerate and which 
were responsible for its mineralisation. 

Steyn (1963) showed, in a general sense, that correlations exist between 
macroscopic textural grain properties and precious metal content of the 
Livingstone gold-bearing conglomerate. It was therefore decided to 
examine the nature and meaning of these relationships quantitatively, sys­
tematically, and in detail. It was felt that these correlations have not been 
fully exami:11ed nor bee~. fully understood and that a detailed investigation 
would add to the understanding of gravel ?nd related heavy mineral deposi­
tion. 

Selected external properties 

Thickness and geometry The geometry and thickness of the White Reef 
were selected for study. These are, on a local scale, both related to the 
undulating topography of the pre-White Reef floor, which could have had 
an important bearing on the nature of the overlying gravel. 
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Selected internal prop0rties 

The internal parameters of the conglomerate selected for measurement 
were the size, packin~ and sorting properties of the coarser particles of 
the grain population, 11.amely the pebble fraction. The grain sizes can 
reflect the size of detritus supplied and the current velocities and trans­
porting ability of the depositional currents, whilst variations in packing and 
sorting can indicate the degree of particle concentration by sorting pro­
cesses. Study of these parameters along with other internal features such 
as crossbedding may provide an insight into the mode of gravel deposition. 
If the associated detrital gold and uranium minerals were transported along 
with the sand and pebble particles, information would thus become available 
on the transportation and depositional conditions of the economic minerals. 

Pebble size In previous regional studies over larg<.:: areas, measurements 
on pebbles were limited to the recording of maximum pebble sizes (Potter, 
1955; Schlee, 1957; Pelletier, 1958). For qualitative studies over smaller 
areas such as those carried out previ0t~sly on Witwatersrand paleo-gravels, 
the ten largest pebbles per square foot of exposure proved effective in pro­
viding a rapid measure of size variation (Steyn, 1963). To determine the 
detailed variations in size, sorting and packing reqdred for· this study it 
proved necessary to measure all the grains present over many full-width 
sections of the gravel. This approach thus entailf, an intensive study of the 
factors which affect the distribution, relative packing and sorting of the 
pebble fraction of the conglomerate and of their relationship with minerali­
sation and the topography of the floor. 

Pettijohn (1957) defines pebbles as grains over 4 mm in diameter. By 
measuring all the grain sizes over 4 mm (less than 2 mm is considered 
as sand size, 2 - 4 mm as granule size), it was possible to calculate the 
mean grain-size of the entire pebble population of the sample section as 
well ::is the density of pebble packing and the sorting coefficients. 

As a very large number of grain measurements had to be: made, (a total 
of 63 801 eventually) it was decided to make only one size measurement 
per grain, that of the loag axis of the pebble. Prior to the pilot study 
an investigation of pebble shape (sphericity) was undertaken with the pur­
pose of determining the ·true average pebble shape. The pebbles were found 
to be on an average 72,5 per cent spherical, with sphere and dome shapes 
in the majority (appendix 15, p. 186 ). The long axis measurement was 
therefore approximately 27, 5 per cent in excess of the nominal grain dia­
meter, which is generally accepted as the best measure of grain-size. 
According to Pettijohn (op. cit.) two dimensional measurements of grain­
sizes generally represent only 75 per cent of the nominal diameter, giving 
a shortfall of 25 per cent. The sphericity values obtained therefore indicate 
that the long axis can be considered as a fair approximation of the nominal 
diameter. 

Pebble packing Changes in hydrauiic energy, winnowing and sorting during 
deposition, and va1·iations in relative supply of sand and pebble fractions, 
would all affect pebble packing. This study of this property is therefore 
important for determining the mode of gravel deposition. In calculating 
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the density of pebble packing, each long axis measurement was considered 
to represent the nominal diameter of the pebble and was used as such to 
calculate the two-dimensional area covered by the pebble. The sum of the 
total pebble areas wa~ converted tc a percentage of the total area covered 
by the sample strip. 

Sorting The nature of the size distribution yields information about the 
size range of particles available for deposition and also the degree of 
particle selection operative during the depositional processes. It is an im­
portant indicator of selective deposition when processes of concentration 
of gravels and associated heavy minerals are to be examined. 

The application of sorting coefficients has the disadvantage of being heavily 
dependent on the particle size, and there is a tendency for variations in 
sorting coefficients to be strongly reflective of the particle size distribution. 
The White Reef is no exception to this rule, as is also demonstrated by the 
data provided by the regional study. Fer visual presentation of the sorting 
characteristic8 of the pilot study, histograms of the pebble sizes were 
found effective for demonstrating variations in sorting. 

Crossbedding Crossbedding is a useful vector property indicating direc-
tion of paleoslope and paleocurrent. It also provides additional information 
on the mode of conglomerate deposition, especially where it can be observed 
th2.t the reef was deposited as a single crossbedded unit. The direction 
of foreset inclination, the angle of inclination and the thicknesses of cross­
beds were measured according to the method described for the regional 
study. 

Gold, uranium and silver contents To obtain a fully representative sampling 
of the entire conglomerate, samples covering the full thickness of the reef 
were taken in six inch wide strips at right angles to the bedding. The 
sedimentological properties of the strips were first studied, and the same 
rock surface was then groove-sampled to a depth of an i11ch fer analysis 
of the metal content, which was undertaken by the assay departments of 
the mines concerned. Ail the .samples were assayed for gold and uranium, 
and whenever analysis routine allowed, for silver and sulphide content 
as well. With the seventh and ninth samplings the sample size was doubled, 
and twelve inch wide samples strips were measured in an at~3mpt to im­
prove the correlations between sediment textural properties and metal con­
centration which were already evident at that stage but showed wide scatter. 

Internal properties noi: measured 

A large number of geological properties can be measured in a conglomerate. 
These are described in detail by Pretorius (1966). A study of all these 
would have defined the deposits m0re adequately and allowed a more com­
prehensive analysis of the sedimentary processes involved to be made. 
Due to the regional scope of this investigation, the budget and time limi­
tations, various adaitional potentially useful studies had to be omitted, such 
as the analysis of the sand fraction, heavy minerals and other matrix 
materials. In view of this it was decided to explore more fully the 
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relationship between the economic ·;ninerals and the pebble fraction since 
the results of earlier studies referred to above showed promise for such 
an approach. The behaviour of the heavy minerals can however be partially 
deduced from the dispersal patterns of gold and uranium, and the finer 
matrix constituents such as the clay minerals ar~ considered to be of lesser 
importance, in the study of gold and uranium mineralisation. The relative 
abundance of different pebble types was not investigated during the pilot 
study but was included in the regional study, as it is a useful indication 
of regional provenance but unlikely to show local variations related to 
mineralisation. 

Shape and roundness vf pebbles were not anticipated to show significant 
local variations and were likewise not measured during the pilot study. 
Observations on pebble shape in outcrops were however made prior to 
the pilot study to help in deciding on the best method for measuring 
pebble size. 

Orientation and imbrication of pebbles were, unlike crossbedding, not 
measured because they were thought to be unrelated to variance of local 
gold content. Seen in the light of later knowledge, such measurements 
could have been useful in the analysis of local variations in the mode of 
deposition. Pebble orientation was however measured as part of the 
regional study. 

Choice of locality 

An underground working place was selected in the area of future explora­
tion interest, namely K

6 
on the regional locality grid (map 2, p. 225). 

The site satisfied the following requirements: 

(a) There had been a minimum of structural disturbance, so that there 
was little hydrothermal redistdbution of the ore minerals, and 

(b) Considerable local variations in gold and uranium contents indicated 
by previous mine sampling made the site suitable for study of ex­
treme variations in the grade of mineralisation. 

Sampling interval 

A 150 feet section of the conglomerate exposed on a mine stope face was 
sampled at five feet intervals. To obtain a three-dimensional sampling, 
the two-dimensional txposure on the working face was sampled after each 
of ten consocutive blasts. Each of these initial sampling stations, as well 
as the consecutive exposures, were surveyed by tape to locate their 
positions accurately. These were later plotted on the standard 1 : 200 
scale for stope plans (fig. 2, p. 201). 

Treatment of results 

The arithmetic mean and the standard deviations of the grain sizes were 
calculated on a computer. The full set of results is visually represented 



on block diagrams, scatter diagrams and histograms (figs. 2 - 10). 
Stati1..1tical analyses were carried out by computer for the pairwise relation­
ships between and within the four sedimentological properties - mean 
pebble diameter, standard devi~.ti.on of pebble diameter as a measure of 
sorting, pebble pac~dng and ch;:.nnel width - and thG yields of gold silver 
and uranium were studied by means of bivariate linear regression. In 
cases where the relationships were not linear, the regressions were fitted 
to log transformations of the variables (see appendix 16, p. 187). Curve 
fitting was done on the computer by regression techniques to determine 
the n::i.tu:ce of the pairwise relationships. In complex cases family regression 
methods were applied (appendix 4, p. 158). Analysis of variance was utilised 
to test for homogeny between suspected different populations of the con­
glomerate (see appendices 3 and 7). Stepwise regression and matrix analyses 
were finally done in order to determine the relative strengths of interre­
lationships (appendix 17, p. 189 ). 

SUMMARY OF MEASUREMENTS 

The measurements made and their statistical treatment an.d presentation 
are summari_sed in table 2 below. 

TABLE 2 

SUMMARY OF MEASURED DATA 

PILOT STUDY 

(224 full width sections of conglomerate studied; Sample interval 5 ft for 
10 successive blasts; 1st sampling 50 largest pebbles per six inch wide 
strip; 2 - 6th sampling all pebbles per six inch wide strip; 7';h & 9th 
sampling all pebbles per twelve inch wide strip; 10th sampling 25 largest 
pebbles per six inch wide strip; total pebbles measured 12 759) 

CONGLOMERATE SECTIONS STATISTICAL VISUAL 
PROPERTY MEASURED TREATMENT PRE SENT A TION 

Pebble size 126 Variance and B-S-II 
regression 
analyses 
-

Pebble packing 125 " B-S 

Pebble sorting 126 " B-S-H 

Conglomerate 224 " B-S 
thickness 

Gold content 224 " B-S-H 

Uranium content 146 " B-S 

Silver content 31 " s 
-

Abbreviations: B - Block diagrams; S - Scatter diagrams 
H Histograms 
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CHECKS ON PILOT STUDY RESULTS 

PUHPOSE 

It was not known whether the validity of the relationships tstablished at 
the locality of the pilot study extended over wide areas. The probability 
existed that the conditior..s there reflected local hydraulic equilibrium on 
the paleo-slope. It was therefore decided to conduct control tests at both 
up- and down-current positions relative to the pilot study locality. 

CHOICE OF PROPERTIES AND TECHNIQUES 

The same sets of external and internal properties of the conglomerate were 
measured systematically, and samples were analysed for gold and uranium 
content. In these two limited tests sampling was limited to two-dimensional 
reef surfaces only. Th0 correlations obtain€d from the more restricted 
data are not 2.L, ge,od as those for the three-dimensional pilot study. 

Upcurrent area 

A 
At the upstream loc~lity at 7 VW18 stope (grid posi~ion 1

6 
- J 

6
) there are 

no complicating factors due to narrowness of the reef as exper1encAd in 
the pilot study area. 

Downcurrent area 

The 26-0 mine workings on Randfontein Estates (S
7 

grid locality) represent 
the farthest downcurrent facies of the White Reef, 10 000 feet downslope 
from the pilot study site (grid position K

6
, map 2, p. 225); and are ,;ituated 

close to the termination of the economic zone of the reef. 

Treatment of results 

The results were processed and analysed in the same way as for the pilot 
study. Apart from statistical analyses (appendices 5 and 6) the relation­
ships were plotted on graphs, ::.catter diagrams and his~ograms for visual 
comparison (figs. 11 - 14). 

SUMMARY OF MEASUREMENTS 

The measurements carried out at the control sites and their treatment are 
summarised in table 3 below. 



TABLE 3 

CHECKS ON PILOT STUDY 

SUMMARY OF MEASUREMENTS 

LOCALITY U~CURRENT 
(7 VW18) 

Number of full width conglomerate 9 
sections measured 

Width of sampling strips 6 inches 

Total pebbles measured 1 729 

SUMMARY OF TREATMENT 

CO!~GLOMERATE 
STATISTICAL TREATMENT 

PROPERTY 

Pebble size Regression correlation 
Pebble packing II 

Pebble sorting " 
Conglomerate thickness " 
Gold cuntent II 

Uranium content " 
Sulphide content 
Silver content 

Abbreviations: G - Graphs 
S - Scatter diagrams 
H - Histograms 

FOOTWALL DATA 

DOWN CURRENT 
(26-0) 

8 

12 inches 

1 073 

VISUAL 
PRESENTATION 

G-S-H 
G-S 
G-S 
G-S 
G-S 
G-S 
G 
G 

The White Reef is the basal unit of the Bird Reef Stllge. It is underlain 
by the quartzites of the Livingstone Reef Stage, which has an average 
thickness of 830 feet down to the top of the Livingstone Reef conglomerates. 
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NATURE OF THE FOOTWALL BEDS 

The quartzites immediately below the White Reef range from siliceous to 
argi!laceous. A variable number of gritty beds and layers with scattered 
pebbles are present; but they are laterally discontinuous and therefore dif­
ficult to correlate. Locally they pass into robust, well-p?_0ked conglomerates 
for short distances, which are separated by quartzites witn pebbly stringers. 
The footwall sediments were stratigraphically mapped underground with the 
objective of compiling an isopach map, but this could not be achieved due 
to the absence of continuous marker beds. 

CROSSBEDDING 

Description 

Two different types of crossbedding - planar and trough - are present. 
The plana!' variety is predominaut, with the Alpha type (Allen, 1963) being 
more abundant. These overlie level, non-erosional bases in contrast to the 
Gamma cross-stratification, which is developed over eroded surfaces. 
Trough crossbeds or Phi cros.s-stratification after Allen are only rarely 
developed, and the troughs are usually not more than three to four feet 
wide. 

Measurement 

Areal distribution To ensure an even density of readings, measurements 
were based on a 1 000 feet square grid pattern covering the area investigated. 
Measurements were taken at the centre of the squares whenever exposures 
permitted. 

Number of measurements Olson and Potter (1954) show that the variance 
in orientation between various crossbedded units at any locality is far greater 
than the variance in a single crossbedded unit. It was therefore decided 
to sample as many different cross bedded units as possible at every locality. 
To do this it was necessary to limit readings in a single crossbedded 
unit to a minimum. In Potter and Ols,:m's regional study, which covered 
hundreds of square miles, two i:·eadings were taken per crossbedded unit 
at each locality. Since the present study is a more detailed one of paleo­
current variation over a relatively small area (ten miles along strike), 
it was considered necessary to determine the average current direction 
in a single unit more accurately. As the underground exposures of sedi­
mentary units are usually small, cross-sets measured in a single cross­
bedded unit were usually so close together that they showed littie variation 
in orientation. Moreover, it was found that measuremeats of three different 
crosc-sets at close Lltervals in the same crossbedded unit yielded nearly 
the same readings. The standard procedure adopted throughout was to 
measure the orientations of three individual cross-sets per crossbedded 
unito These three readings generally agreed so closely that their arithmetic 
means did not differ from their vectoral means, and the former were there­
fore used to indicate the average azimuth directions of the individual units. 



Current azimuths The measurement of the smaller cross-sets was done 
by means of the stratameter developed by G. Armstrong of the Economic 
Geology Research Unit of the University of the Witwatersrand. Larger 
crossbedded units and the dip and strike of the strata containi.i.1g th~ cross­
beds were measured by means of a measuring tape, clino rule and Brunton 
compass. The thicknesses of the crossbedded units were measured in inches 
using a tape. MeasurGm.e::-,t was limited to cases where the type of cross­
bedding could be identified. The direction of trough axis of a trough bed 
was measured only if a cross-sectio.:.1 was available for inspection. The 
external moulds of these troughs car.. easily be confused with shallow erosion 
channels or hollows between sandwaves. The stratigraphic position of the 
crossbedded units in which readings were taken were limited to within five 
feet downward of the base of the White Reef. 

Treatment of data 

Current azimuths The crosshedding orien~ations were untilted by the 
means of normal untilting procedures such as described by Hargraves 
(1962), Ramsay (1961) and Potter and Pettijohn (1963). As mentioned 
previously, the average for the three readings per crossbedded unit was 
calculated arithmetically. Different symbols were used on map 12, p. 235, 
to differentiate between orientations in the cmglomerate and in the over­
and underlying quartzites. Trough crossbedding was also indicated by a 
different symbol. The local variations in crossbedding orientations were 
smoothed out to illustrate the regional paleocurrent patterns more clearly 
by the calculation of moving averages for overlapping blocks of 2 000 by 
2 000 feet. The procedure followed is similar to that described by Potter 
and Pettijohn (1963). The resultants for the 2 000 feet square blocks were 
obtained by graphic vector addition according to the method illustrated 
by Steyn (1963, fig. 18). The vector magnitude was expressed as a per­
centage of the consistency ratio (cf. Curray ,. 1956). These results are 
tabulated in appendix 9, p. 177, and piotted on map 13, p. 231 • The 
significance of the resultants was tested by means of the visual Raleigh 
test described by Curray. 

WHITE REEF DATA 

PEBBLE SIZE, PACKING AND SORTING 

Measurements 

Grid sampling The !'esults of the pilot study show that size, density 
of packing and sorting characteristics of the pebbles of tht: White R3ef 
are all related to gold, uranium and sulphide content on a local scale. 
It was therefore thought that a similar correlation could exist on a regional 
scale. To test this possibility it was necessary to 0btain representative 
samples over a large area. The sampling was systematically done on a 
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regular sampling grid; this ensure:1 an equal density of measurements 
over the area investigated. In the south-western corner of West Rand 
Consolidated measurements were made at closer intervals in order to 
obtain greater accuracy for this area of special explo1·ation interest. 
Normal scientific sampling, especially where me2.surements are to be sub­
jected to statistical analyois, requires random selection to ensure repre­
sentative results. In the present study, sampling stations were located 
at the centres of 1 000 by 1 000 feet blocks, thus eliminating personal 
bias in the selection of the sampling locality. 

Representative sampling_ Two alternative sampling methods were possible. 
The first was the choice of a single sample according to a method that 
would ensure random selection. The second, more comprehensive method 
was to take a nwnber of measurements or samples and consider their 
average value to be representative. The latter method seemed to be the 
best alternative, since the pilot study indicated that local variations could 
be so marked that a single sampling section randomly selected would not 
vield parameter values representative of the locality as a whole. The 
pilot study area, for instance, has an overall average pebble diameter of 
9, 8 mm for a total of 126 sample sections measured over the width of 
the reef, with a maximwn average of 16,4 mm and a minimwn average of 
7, 8 mm for single s-:imple stations, and a large local variation is thus 
apparent. The other two parameters also vary considerably; the density 
of pebble packing has an average value of 27, 4 per cent and varies between 
7 and 74 per cent. The standard rleviation, which can be regarded as a 
measure of sorting, has an overall average value of 4, 9 mm, with a range 
of 9, 7 to 2, 2 mm (table 4, p. 20). From the above figures it is obvious 
that a single random sample will not yield representative values. On the 
other hand, if more than one or two grain counts covering the complete cross­
section of the conglomerate were taken, it would have required considerably more 
time than was available. The problem was thus to obtain representative values 
with a less time consuming method than that of group sampling. A normal dis­
tribution (fig. 3b, p. 203) indicates that statistical analyses can be applied. 

Statistical analyses of the results of the pilot study indicate tr.at the textural 
and metal properties of conglomerate populations vary with floor relief. 
Analysis of variance by means of F-tests show that the three groups of 
samples representative of high (0 - 4, 9 inches reef width), intermediate 
(5 - 9, 9 inches reef ,,.~dth) and low floor relief (reef thicker than ten inches} 
do not represent a homogeneous population (appendix 3, p. 155 ). The 
analysis reveals large differences in standard deviation between groups 
for the two metal properties, especially the uranium content. However, 
with the samrle numbe,:s being approximately equal, E1e analysis of variance 
for differences between groups is less sensitive to those differences. Further, 
because of the very high levels of confidence for F, it is believed that 
a true difference betwsen populations is indicated (Sceffe. H. - The 
analysis of variance, Chapter 10, 1959). The differences ~or the :Jediment 
properties are nevertheless stronger than for the metals. The variability 
in textural and metal properties are therefore to a large extent related to 
changes in the floor topography. T-tests indicate tl:-at there is no signifi-
cant difference between averages for the values measu:red at mean reef width 
and the grand means calculated for the overall number of samples (appendix 7, 
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TABLE 4 

METAL AND CONGLOMERATE POPULATIONS 

RELATBD TO VARIABLE FLOOR TOPOGRAPHY 

PILOT STUDY AREA 

MEAN CONGLOMERATE AND METAL PROPERTIES l 
1------,--------,.....-------.-----..------.-----

POPULATIONS 
Channel Pebble Pebble Sorting Gold Uranium 
Width Size Packing (St Dev) (dwts (ounces 
(inches) (mm) (per cent) (mm) /ton) /ton) 

high floor 0 - 4,9 11,4 41 5, 5 27 155 

-------------------------- ---------~-----------7--------- ------ ---------
Intermediate 5 - 9, 9 9,5 26 4,8 9 52 
floor 

-------------------------- --------- -------------------- ------ ---------
Low floor 9,9 + 9,0 19 4,6 7 45 

-------------------------- ---------------------~-------- ------ ---------
GRAND MEANS 
- X 

7,6 9,8 27 4,9 13 79 

-------------------------- ---------~-------------------- ----------------
Individual 7,5 9,1 21 4,1 7 * 
sections at 7,5 10,4 26 5,5 4 
average 7,5 9,2 22 4,3 3 
reef widths 7,5 10,2 31 5,1 --
(x) 7,5 9,1 23 4,5 6 

7, 5 9,1 28 4,2 5 

I 

---------------- -------------------- -----------
________ .,. ------- ----------

Maximum 
deviations of 
x from X 

0,1 0,7 6 0,8 10 63 

--------------------------- -------- -----------~-------- -----------------
Maximum 
deviations of 
non-average 
sections from 
X 

12,4 6,6 47 4,0 88 679 

-------~------------------__. ___ .__ ___ _ 
* No uranium values 
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p. 168 ). It is therefore possible to gain representative samples of con­
glomerate properties by measurements at average floor topography, i.e. 
at average reef widths. A close correlation exists between the values for 
individual reef sectiono at near-average width and the overall averages 
as is demonstrated by table 4, p. 20 . Whilst this is true for the sedi­
mentation properties it is statistically invalid for the gold and uranium 
due to the large variations although the same trend is present. 

A very significant saving in sediment sampling effort can therefore be achieved 
while still obtaining fairly accurate representative values of conglomerate 
properties, since measurements on single reef sections are representative 
of larger sampling areas. In the regional sampling, therefore, the average 
channel width at any locality was first determined, and a reef section with 
a width as close as possible to the average was then selected for measuring. 

Grain-sampling procedures Sampling localities were selected on the above 
basis, and textural properties were measured over the full thickness of the 
conglomerate at the centres of 1 000 feet sqilllre blocks ,.x,herevsr exposures 
permitted. All the grains over 4 mm in diameter (long axis) were measured 
along strips across the full width of the conglomerate with standard surface 
areas of one square foot. The widthc of the strips thus varied inversely 
with the thicknesses of the conglomerate. To cope with the problem of 
grains lying across the boundary of the strips, all 1,hose on the left were 
disregarded, while all those on the right were counted. 

In cases of abnormal reef thickness the width of the sampling area ean become 
so small that unsatisfar:tory results, especially with regard to pebble packing 
densities, are obtained (too many boundary cases). To obviate this a 
minimum sample width of six inches was used, so that thicker conglomerate 
sections are represented by larger sampling areas. 

The sarne set of grain-size measurements was used for the calculations 
of mean pebble size, density of pebble packing-, and sorting coefficients. 
The pebble types were identified when the gr~in sizes werP measured, and 
the relative amounts of the various types were converted to percentages. 

Treatment of results The arithmetic means and si.andard deviations of 
the grain sizes were calculated by computer. The results are tabulated 
(appendix 8, p. 171). Regression correlation analysis was done to define 
the nature vf the relationship between pebble size and standard deviation 
(appendix 4H, p. 162). The latter property was utilised as a parameter to 
investigate sorting. A-v·erage value distribution contour maps were compiled 
both for mean pebble size (map 14, p. 237) and mean standard deviation 
(map 15, p. 239). 

In calculating the density of pebble packing, each 101,~ axis measurement 
was considered to approximate the nominal diameter of the pebble and was 
used as such to calculate the two-dimensional area covered by the pebble. 
The sum of the total pebble areas was converted to a percentage of the 
total area covered t? the sample strip. This was done by computer. The 
pebble packing percentages are tabulated in appendix I,{, p.1 71 • A contoured 
distribution map of pebble packing percentages was lL ·.'pared (111ap 16, p. 2·1J ). 



22. 

PEBBLE FA BRIC 

General fabric characteristics of gravels 

The two most important aspects of pebble orientation are 1,he direction of 
inclination with respect to the paleoslope (up or down) and the angle of 
inclination. Cailleux (1945), cited in Pettijohn (1957), studied the inclination 
of pebbles in formations ranging in age from Paleozoic to Recent. He 
found that imbrication is very common and that it is somewhat variable 
in direction in marine formations, whereas the inclination is notably uniform 
is river deposits. The mean upstream inclination in fluvial deposits is 
15 - 30°, whereas marine deposits show pebble inclinations of only 2 -- 12°. 
He also found that flat pebbles exhibit lower angles or inclination and that 
pebbles in contact with others are better orientated that isolated ones. 
According to Pettijohn (op. cit.) the majority of fragments on sub-aerial talus 
slopes and in esker gravels dip in the same direction as the bed itself. 
In deltaic gravels, on the other hand, the pebbles are generally inclined 
upstream in a direction opposite to the initial dip of the beds. This up­
current imbrication was also found by Krumbein (1942) in the gravel 
deposits of the San Gabriel a:.1d Arroyo Seco canyons. Twenhofel (1950) 
states that disc-shaped pebblE:s deposited on beaches tend to imbricate 
seaward. 

From the foregoing it seems that there are important differences between 
marine and fluvial pebble orient:i.tion; marine pebbles are imbricated sea­
ward at low angles, while fluvial gravels contain pebbles inclined at greater 
angles in the upslope directi0n. However, according to Twenhofel (1961) 
exceptions are numerous. Potter and Pettijohn (1963) draw attention to 
apparent downstream imbrication which may result from failure to recognise 
crossbedding. They point out that few if any regional studies have been 
m3.de of fabric in ancient conglomerates. 

Measurement 

Orientation measurements of pebbles are usually made on loose ones. In 
the case of the White Reef conglomerate only two-dimensional exposures 
of pebbles were available for study in the underground workings. As pebble 
orientations can be used to examine depositional and e117ironmental conditions 
it was decided to carry out a limited number of systematic measurements 
on two-dimensional exposures, as an experiment. Thia was done at a late 
stage of the field investigation after earlier investigations indicated that 
three different facies of the conglomerate wer~ present. Pebble orientations 
on two-dimensional exposures were therefore made at four widely separated 
localities for each of the three facies of the conglomerate. Fabric measure­
ments were made only after the paleo-current directior .. s had been determined 
from crossbedding measurements. Underground measuring stations were 
selected where two exposures, approximately at right angles to each other, 
were available, and where one of them was orientated roughly in the local 
paleo-current direction. On each rock surface fifty pebbles were selected 
with a definite flat or elongated shape (long axis = 3 x short axis). The 
angle of deviation from the bedding of the conglomerate was measured, as 
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well as the direction of pebble inclination. 

Treatment 

Th~ orientations of the pebbles were analysed with reference to the paleo­
current direction. The respective percentages of pebbles which dip up­
and downcurrent were calculated. The average angles oi: the grain incli­
nations in these two directions were then determined. The process was 
repeated for pebble inc~inations exposed at right-angles to the current 
direction. The results are tabulated in appendices 12, 13 and 14. The 
orientations are visually presented on map 17, p. 242 . 

PEBBLE SHAPE AND SPHERICITY 

Definitions 

Shape The method <'hosen to express shape is that of Zingg (1935), ex-
plained by Krumbein and Sloss (1963). ye shows that, if the ratio of the 
intermediate to the maximum intercept ( /a) of a garticle is plotted against 
that of the shortest to the intermediate intercept ( /b), the particle may 
be classified according to its shape. Zingg's classification involves four 
different shape classes (Krumbein and Sloss, 1963, figs. 4 - 8). 

Sphericity £)perational sphericity has been described by Wadell (1933) 
as the ratio ( /a) of the nominal diameter (d) to the maximum intercept 
(a) of the particle. The operational sphericity can be related to Zingg's 
classification of shape in terms of particle intercepts. The relationship 
is shown in figs. 4 - 8 of Krumbein and Sloss (op. cit.) and can be used 
to deduce sphericity values from the shape data. 

Measurement 

Pebble shape and sphericity measurements were conducted, as pebble shape 
is of importance when selecting methods of measuring the pebble size and 
packing. These preceded the measurements in the pilot stope, where pebble 
packing was one of Lhe textural properties investigated. The determination 
of the three-dimensional shape of the pebbles (+ 4 mr,1 long diameter) was 
done on pebbles removed from weathered rock close to the surface. Pebbles 
were obtainable at only one surface locality, but they could not be parted 
from the silicified matrix without damage. At four wldely spaced mine 
workings the matrix of the conglomerate wa;:; found to be sufficiently decom­
posed near the surface to provide unbroken pebbles. After cleaning, the 
axes of the pebbles were measured according to the method suggested by 
Kr.unbein (1941) and amplified by Pettijohn (1957). The maximum (a), 
intermediate (b) and minimum (c) intercept lengths were recorded. 

Treatment 

Ratios of axes lengths (b /a, c /b) of pebbles were plotted according to the 
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Zingg Shape Indices as per Pettijohn (1957) to determine shape and spheri­
city distributions. 

Fig-.:i 16 a - f, p. l69, and appendix 15, p. 186 illustrate the pebble shapes 
according to Zingg's classification. The related operational sphericity 
values are also shown. According to Folk (1961) variaticn of shape with 
size is nearly always present in the sense that the coarser grains are 
usually more spherical than the finer ones. For this reason only ;ebbles 
in similar size classes are compared for the three localities where 
measurements were made (appendix 15). Map 17, p. 242 shows the 
positions of the three localities and the average sphericity values obtained. 

TWO-DIMEN~IONAL SI'HER1CITY 

Two-dimensional sphericities were measured as a limited experiment at 
fourteen widely separated rock surfaces undergrou11.d. Maxim11m (x) and 
minimum (y) intercepts were measured for fifty pebbles at each locality 
without knowl1Jdg~ of thei:· true dimensions or orientations. The averages 
of the x/y ratios are shown on map 17. 

COMPOSITION OF PEBBLES 

Description 

The pebbles in the conglomerate represent a large variety of rock types; 
these are summarised in the following table no. 5, p. 25. 

Measurement 

It was found that the major rock components and the :miscellaneous types 
· listed in table 5 could be distinguished on the rock surfaces underground. 

The pebbles measured for size were therefore identified at 145 pebble 
localities with regard to type and counted. The differentiation between 
the quartzite, chert and quartz rock types was controlled by means of 
regular microscopic examination. 

Treatment 

The counts were tabulated and converted into relative percentages, which 
are plotted on map 18, p. 243. The quartz percentages were divided 
into two groups - the first consisting of the milky wh~te quartz, and the 
se~•Jnd of all the otl~er colours. The relative percentages of the quartzite 
component, which exhibits the greatest variability, were contoured. 
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TABLE 5 

ROCK TYPES REPRESENTED BY CONGLOMERATE PEBBLES 

MAJOR ROCK TYPES 

Quartzite 

SUB-VARIETIES 

Light-grey, fine-grained quartzite 
Grey, medium--grained glassy quartzite 
Dark quartzite 

----------------------------------------------------------------
Chert Grey, black, green or buff varieties 
(subrounded to angular) 

----------------------------------------------------------------
Quartz Milky white quartz 

! 
Light-grey, translucent 
Grey quartz 
Black quartz 

quartz 

------------------------~---------------------------------------
Miscellaneous 
(mostly sediments) 

CH.OSSBEDDING 

Description 

Green, black and buff schist 
Grey, coarse-grained lava 
Blue-shot grit 
Grey-white clay 
Brown shale 

Planar crossbedding greatly predominates over the trough type. The thicker 
conglomerates often contain abundant Gross beds. Sometimes scattered-peb­
ble, cross-stratified conglomerate makes up the entirP reef, which is then 
often poorly mineralised. In such cases either the full width of the con­
glomerate consists of a single crossbedded unit, or several cross-stratifirJd 
sub-units are present. Layers of pebbles frequently cover the inclined 
foresets, with the pebbles lying flat on the inclined slopes. In areas of 
narrower reef crossbedded conglomerate is iess abundant. Pebbly or more 
often pyritic stringers are present as foresets. 

Me?.surement 

The azimuth directions and dips of foreset beds, thicknesses of crossbedded 
units and strikes and dips of the surrounding strata were measured and 
recorded. 
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Treatment 

Tilt correction of foreset azimuths, graphic vectoral addition for compi-
1 ation of movi.ng averages, consistency ratios for 2 000 feet squares, and 
tabulation (appendb: 10, p. 179) were carried out. The resultant vectors 
and the consistency ratios presented on map 19, p. 244 , reflect the dis­
persal currents which deposited the White Reef. 

HANGINGWALL DATA 

The White Reef is overlain by a homogeneous succession of medium-grained 
grey or greenish-grey quartzites, which extend up to the base of the 
Monarch Reef. The isopachs of this interval are shown on map 11, p. 234. 
Sedimentary structures such as crossbedding, sandwaves and ripplemarks 
are present and were L'.',easured in the quartzites directly overlying the 
White Reef. Planar cross-stratification, developed on a small scale, is 
by far th3 most abundant but trough crossbedding is rara. Sandwaves are 
very sca:::.-ce and ripplemarks art occasionally present. 

CROSSBEDDING 

Measurement 

The azimuth directions and dips of foreset beds of the crossbeds were 
measured along with the orientation of the surrounding strata. The trough 
directions of the Phi cross-stratification were measured where cross-sections 
were available to identify the trough crossbeds. 

Treatment 

As mentioned before, tilt correction of foreset azimuths, graphic vector 
addition for compilation of moving averages and consistency ratios for 
2 000 feet squares, and tab11lation (appendix 11, p. 181) were done. The 
resultant vectors and the consistency ratios are shown on map 20, p. 245, 
and indicate the dispersal pattern of the quartzites immediately overlying 
the White Reef. 

RIPPLEMARKS AND SANDWAVES 

The axial directions of ripplemarks and sandwaves were measured with 
a Brunton compass. The symmetry of the ripplemark8 was studied by 
means of plasticine moc~lds, and the wavelengths and ar,1plitudes were 
measured as well. Three readings were averaged arithmetically and were 
considered sufficient to reflect the average axis orient~tion of a set of 
ripples. These are plotted on map 12, p. 235. 

SUMMARY OF MEASURED DATA 

The measured data are summarised and their treatment and presentation 
indicated in table 6, p. 27. 



TABLE 6 

SUMMARY OF MEASURED DATA 

Column Headings: 
P - Pilot Study 
C - Checks on Pilot Study Results 

W.R - White Reef Measurements 
H. W - Hangingwall Measurements 
F. W - Footwall Meas,1r2ments 

Ts - Total Measuring Stations 
Ti - Total Individual Measurements 

DATA 

PROPERTY 
p C W.R Ii. w F.W 

Thicl<-...ness 224 17 285 
Cross beds 10 94 180 160 
Ripplemarks 15 
Sand waves 2 
Pebble size 126 17 285 
Pebble packjng 125 17 285 
Pebble sorting 126 17 285 
Pebble fabric 12 ' 

Pebble composition 145 
Pebble shape and sphericity 6 
Two-dimensional sphericity 14 
Gold content 224 17 
Uranium content 146 17 
Silver content 31 
Sulphide content 9 

I 

Abbreviations: 
Av. con. - Averages contoured 
Mov. av. - Moving average 
Or. plot. - Orientation plotted 
Reg. cor. - Regression correlation 
Av. - Ave1c..ged 
Av. va. map - Average value map 
St. dev. - Standard deviation 

TREATMENT PRESENTATION 
Ts Ti 

526 526 Av. con. Isopach 
435 1 312 Mov. av. Vector map 

15 45 Or. plot. 
2 2 Or. plot 

428 63 801 Av. con.; Reg. cor. Size map 
427 63 761 Av. con.; Reg. cor. Percentage map 
428 63 801 Av. con.; Reg. cor. St. dev. map 

12 1 200 Av. Orientation map 
145 33 987 Av. con. Isop1.eth map 

6 462 Av. Av. va. map 
14 700 Pv. con. Av. va. map 

241 Av. con. Av. va. map 
163 Av. con. Av. va. map 

31 Av. Graphic 
9 Av. Graphic 
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ANALYSIS 

1. STRUCTURE 

FOLDING 

DESCRIPTION 

North of the Witpoortjie fault, the White Reef reflects an asymmetrical 
structural basin with a steeper western flank, which is slightly overturned. 
The original form n.as been co.-.siderably altered as a result of displacement 
!:.long faults and dykes. Due to this fragment~ tion, and the incompleteness 
of data in the south-east, the exact shape of the basin is hard to define 
in this direction (map 3, p. 226). The main element.s of the reconstituted 
structure, prior to fragmentation, are shown at the levels of the Whlte 
and Main Reefs (maps 4 and 5) and on surface (map 1, p. 224). 

The major fold is the West Rand syncline plunging to the south-east (maps 
1 and 5). It is .important to note that it is reflected at the level of the 
White Reef only by the wider outer shallow rim (map 4, p. 228). The 
interior of the syncline, at the level of the White Reef is folded_ into a 
prominent basin, which will be called the Randfontein trough, situated against 
the western flank of the major syncline. It's axis is orientated north -
south but, where it is positioned close to the Witpoortjie fault in the south, 
it changes to a south-westerly direction (map 4). This change in. direction 
of the Randfontein trmigh is caused by its merger with the north-easterly 
Witpoortjie trough (see map 6, p. 229). The West Rand sy~cline, orien­
tated to the north-west similarly changes orientation into a .::iorth-easterly 
fold where it abuts against the western rim at the level of th£ Main Reef 
(map 5, p. 228). In the northern section, the basin is complicated by 
steep dips associated with overturning and major reversed faulting, the 
effects of which could not entirely be removed by the reconstitution of the 
White and Main Reef SlL'Uctural surfaces (see Plate II, cross section GH, 
Toens and Griffiths, 1964, for these fault:). Apart from the Randfontein 
depression, various srnaller order anticlines and synclines, or rather swells 
and depressions, are !)resent. Most of the smaller fAatures, orientated 
in north-eastern and r..0rth-western directions, are reflected at both sub­
surface structural levels (maps 4 and 5), whilst very minor ones are re­
vealed by isopach lows in areas where data are adequate (map 7, p. 230). 
The fold trends, present at various stratigraphic levels, C''"lmbine to form 
an orderly geometric pattern (map 22, p. 247), It is noteworthy t:0.at the 
surface Witpoortjie syncline, orientated to the north-east and situated against 
the Witpoortjie fault (map 1) is also present at the two sub-surface levels, 
except in the central Deep Shaft area where exposures are sparse (maps 
4 and 5). 
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INTERPRETATION 

The isopach thicknesses of the South - Main Reef interval (map 6) show 
a symmetrical pattern of sediment infill towards the central area, indicative 
of an early active l>road West Rand depositional trough. The close simi­
larity of the isopach and structural patterns reveals that i,he outer rim 
framework and the Ra.ndfontein and Witpoortjie troughs have been largely 
retained by the present <lay West Rand syncline at White Reef level 
(maps 4 and 6). The Randfontein and Witpoortjie depressions were present 
as early subsidence features and cannot correctly be termed as synclines 
in the early stages, as they were related to a process of basining not 
necessarily caused by compression. The western flank was the steepest 
in South - Main Reef times, in accordance with the present day steeper 
western limb and it is flanked by the linear RandfonL3in trough which extends 
northwards (map 6). The isopach pattern also shows the slighter, shallow 
Witpoortjie depression extending north-eastwards towards the mine boundary 
between West Rand Consolidated and Luipaardsvlei Estates. 1. ne depression 
is also visible at both Main and White Reef levels, but only where exposures 
are adequate. T!1ere is, howev~r, no isopach evidence of an early strong 
north-west depression coindicent with the axis of the main West Rand 
syncline, as expressed at the level of the Main Reef and by the outer rim 
at White Reef level (maps 4 and 5). This fold must therefore have been 
developed at a later stage. 

Indications of the continued activity of the general north-eastern 'fold', or 
more correctly subsidence systPm, are present at the level of the Living­
stone Reefs zone which is gene!.'ally about 800 feet below the White Reef 
horizon. The syncline, orhmtated to the north-east and positioned at the 
boundary of the West Rand Consolidated and Randfontein Estates (A

6
, mar> 5, 

p. 228), coincides in position at its northern end with the main entry point 
of the Livingstone Reefa sediments. Here, the highest gold concentrations 
and highest conglomerate percentages occur. The major isopach chaDnel 
for the Livingstone Reefs, which contains the main payshoots, coincides 
in position with the upper Rec ti on of the syncline (maps 3 - 7, Steyn, 196 3) 
and reflects foe influence cf the Randfontein trough on Livingstone Reefs 
mineralisation. The sedimentological data of the Livingstone Reefs do not, 
however, extend far enough laterally to cover the other structural elements 
discussed here. Steyn (1963, fig. 16) compiled a 7T -diagram plot of dip 
and strikes obtained frcm mine plans of the economic z.:-ea of the Living­
stone Reefs and determined a plunge of 22° in the 186"' direction of the 
axial fold of the Randfontein inner basin and not the wider West Rand syn­
cline. The Randfontein trough thus represents the axfo.l base of the larger 
West Rand subsidence ciuring the South - Main Reef pe::.dod of sedimentation. 
Southwards it bends into the north-easterly Vlitpoortjie trough which suggests 
that the latter is another primary structure parallel to the axis of the 
Main basin. An early system of north-easterly tensici.,al troughs was thus 
active. A local clost:d basin developed at the confluence of these two 
tro~ghs during the interval that separated the South and Main Reefs (map 6, 
p. 229). 

Limited post-depositional folding is related to the uplift of the Witpoortjie 
horst which uptilted the sediments immediately against its northern edge. 
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This steepened the southern flank of the adjacent, north-easterly directed 
Witpoortjie trough and also the southern rim of the Randfontein basin, 
developed at the level of the White Reef. 

The major phase of folding related to the formation of the West Rand syn­
cline, is post-depositional. as is shown by the vario~s sections illustrated 
in Plate II, Toens and Griffiths, 1964, which do not reflect marked basining 
for Main - Kimberly Reef interval, or even for the V. C.R. The folding 
accentuated the early dips of the flanks of the West Rand trough, expecially 
that of the western flailk. Previous investigators, e.g. Roering (1968), 
postulate that the movement probably took place in response to north-south 
compression. It is not clear, however, how such north-south compression 
failed to deform the major syncline and how it provided the mechanism 
to steepen the flanks of the north-south orientated interior Randfontein basin. 
The curved surface of the Witpoortjie fault does not factually prove the 
north-south compression, as non-linear faults are by nor means exceptional. 

Mellor (1917), Pre tori us (19641 and Roering (1968) saw the main mechanism 
as that of relatively incompetent Witwatersrand sediments moving into the 
depression between adjacent granite buttresses. The lsopach and paleocurrc:1t 
data, to be presented later, clearly illustrate that the West Rand depression 
was in fact subsiding from early depositional times, and that the flailks 
were rising. The st.eep dip of the western limb of the syncline is super­
imposed on a rapidly thinning Main Reef Stage, indicative of such basining 
(map 6, p. 229). The thinning was still in evidence during White Reef 
times (map 7, p. 230) and immediately thereafter (map 20, p. 245), but 
less so during the following White - Monarch Reefs interval (map 11, p. 234 ) • 
It is evident that the Randfontein trough was actively 3ubsiding adjacent to 
the western limb, and that its early position is reflected by the present 
day structural basin, best visible at the level of the White Reef (map 4, 
p. 227). The marginal Randfontein trough is suspected to be analogous 
with that described in detail for the Loraine Mine in the O. F. S. by 
Olivier (1963). He showed that a dir.::ct relationship exists between sedi­
mentation and contemporaneous folding and local overthrusti!lg. The 
Loraine trough has a similar, very steep, western marginal limb and a 
relatively flat area from the fold axis eastwards. 

At a later stage the mechanism was not so much the sinking of the deposi­
tional area, but rather the strong uplift of the surrounding denuded granitic 
source areas and eroded synclinal flank sediments which was most likely 
due to isostatic response to load reductio~. This uplift did not terminate 
at the end of Witwatersrand deposition bm continued, in response to later 
erosion, to deform aP.r:1 fracture the brittle sediments after lithification. 
Pretorius (1 :?74 a) is also of the opinion that post-de_µositional regional 
structures in the Witwatersrand basin are due to the continued activity of 
the earlier faulting and folding. The basining eventually phased into fold 
compression which steepened the dips on the west flank a':'d formed the 
reverse faults. 

In summary, the fold history is that of a large subsiding trough containing 
fixed sub-component areas of subsidence, which exhibited variable activity 
at different stratigraphic levels (map 22, p. 247). The _main NNW-SSE 
and north-easterly trends of subsidence of iv.Iain - ;:,outh .Keer times were 
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maintained in the White Reef period, however they switched to a north­
east subsidence in the White - Monarch period. However, minor sub­
sidence trends with constant north-east and no:tth-west directions were 
active throughout. 

FAULTING AND INTRUSIVES 

DESCRIPTION 

The main displacement on the West Rand is the Witpoortjie fault, which 
defines the southern limit of the area investigated. This structure generally 
strikes north-east on P..andfontein Estates. Further eastwards it veers 
more towards the east, and on East Champ d'Or it trends nearly east-
west. 

The othe1: faults of the West Rand can be divided into two sets; the most 
important set has an average north-east trend, while the other runs approxi­
mately north-west. 

The north-east set includes virtually all the larger flults whose orientations 
seem to be related to that of the major Witpoortjie fault. They appear 
to subtend small, but almost constant, angles with the latter regardless 
of changes in trend of the major structure. In the western part of the 
Randfontein Estates and in West Rand Consolidated (map 3, p. 226), the 
faults strike predominantly north-north-east. Eastwards, along the boun­
dary between West Rand Consolidated and Luipaardsvlei Estates, the average 
trend is north-east, while near the East Champ d'Or i~ changes to east­
north-east. 

The north-east trending faults are not only related to one another by drtue 
of a common attitude in relation to the Witpoortjie fault, but also have 
larger displacements than the second set of faults. With the exception 
of the faults on the steep western limb of the basin, they are all of normal 
type, associated with relatively large 'losses' of ground. Vertical dis­
placements on the larger ones range from 600 to 1 200 feet, with hori­
zontal displacements as great as 1 500 feet. Reverse faults are only 
found on the western flank of the basin and trend nort!~-north-east. 

The north-west set are also normal faults, but have relatively small ver­
tical and horizontal displacements, which rarely exceed 200 feet in either 
direction. Some of them laterally displace tli.e major north-east faults, 
notably those occupied by dykes just north of Monarch Shaft (map 3, p. 226) 
and immediately to the south of West Shaft on Luipaardsvlei Estates. 

The dykes which cut the beds of the Upper Witwatersrand, are related to 
the faults described above, and thus fall into two groups aligned north-west 
and north-east respectively. The largest ones follow major north-east 
faults, with occasional offshoots along cross-fractures, and occupy the 
middle sections of the faults, where maximum displacement occurs. Thus, 
the two largest dykes on West Rand Consolidated are restricted to the middle 
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sections of normal faults and die out laterally or split up into a number 
of smaller dykes where the displacements become small. The dykes as­
sociated with the north-west faults are either offshoots from larger, north­
eab~ trending dykes, or form independent intrusions. 

Interpretation 

The sinking of the depositional area during sedimentation and the associated 
uplift along the eroded basin edges caused nc~mal faults to develop parallel 
to the basin edges. Roering (1968) postulatsd that the earliest event was 
the development of strike faults. These faults are best visible at the level 
of the White Reef on Randfontein Estates and West Hand Consolidated and 
involve both rats of faults rr..entioned. Some of these faults seem to dis­
place the lower beds to a larger extent indicating their possible early 
initiation (Plate II, Toens and Griffiths, 1964). The earlier b:::.sin edge 
strike faui.ls are complicated by later, similarly orientated disi)lacements. 

The major di~placements, like the Witpoortjie fault, the dyke-filled fault 
passing through South Shaft on West Rand Consolidated and the other large 
faults between them, are curved in outcrop orientation and strike roughly 
north-east, indicating that they were formed sufficier1tly early to be bent 
by the late stages of folding which accentuated the major West Rand subsidence. 
They may be contemporaneous with some of the later strike faults which 
developed along the edge of the basin. 

During the late phase of the tensional state, dykes were emplaced mainly 
along the north-north-east faults, according to Pegg (1950). This was pos­
sibly preceded by the east-west compression, which led to the steepening 
of dip on the west flank, as weJJ as reverse faulting (Mellor, 1913; Toens 
and Griffiths, 1964; Roering, 1968). The last struct11ral event was the 
development of north-west trending faults, which displl'lced the earlier 
faults of Witpoortjie age and are best represented on West Rand Consoli­
dated (Toens ~nd Griffiths, 1964; Roering, 1968), 

2. FOUTWALL GEOLOGY 

The purpose of the study is to analyse the processes of sedimentation ana 
mineralisatiun control of the White Reef conglomerate. It is nevertheless 
relevant to define, in a general sense, the sl,ape, sed!.1nentation trends 
and structural evolution of the underlying beds in order to establish the 
geometry and tectonic setting of the surface that recei,red the White Reef 
conglomerate. The j riformation available about the foocwall is limited and 
rest·dcted to certain stratigraphic levels, but is nevertheless adequate for 
this purpose. 
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MAIN REEF STAGE 

SO1JTH-MAIN REE.f INTERVAL 

An isopach plan (map 6, p. 229) for the South-Main r;.eef interval was 
compiled by Toens and Griffiths (1964). It can be compared to the re­
constructed structural map at the level of the Main Reef (map 5, p. 228). 

Description 

The outer framework of the isopach and structural patterns are ienerally 
similar. The very slight north-south 'Randfontein' depression is present 
on the isopach map adjacenL to the western rim, and so is the elongated, 
faint 'Witpoortjie' depression extending from east of S. V. Shaft. (Randfon­
tein Estates) north-eastwards over the common mine boundary between 
West Rand Consolidated and Lui_r)aardsvlei Estates. 

Interpretation 

The isopachs indicate that the West Rand area was an early trough that sub­
sided during the South-Main Reef period. The early geometry of the trough 
is similar to the overall form of the present day area except fo::.- the 
later developed West Rand syncline. Early features have been accentuated 
at higher stratigraphic leveis. The local Randfontein subsidence orientated 
north-south adjacent to the western rim, formed the bottom of the wider 
West Rand trough, and adjusted its terminal ends to early existing minor 
NE-SW trends of weakness. The western flank of the trough was at that 
e:nly time, already rising faster than the eastern limb indicating that the 
asymmetry was an early feature. The shallow Witpoortjie depression, 
extending north-eastwards is seen at both marker bed levels mentioned. 
It is a minor iinear subsidence which probably developed as a local basin 
in early Main Reef Stage times (map 6). 

POST MAIN REEF 

Only two large erosion channels cut into the Main Reef horizon (Plate II, 
Toens and Griffiths, 1964). In its upper reaches, the larger channel is 
situated higr. up the western rim of the major West Rand syncline in the 
area of its axial position, and is orientated t0 the sovth-east. The second, 
smaller channel is also related, in its higher rim position at the common 
mine boundary between West Rand Consolidated and Luipaardsvlei, to the 
north-east trending Witpoortjie syncline. These two iHstances indicate 
posPible subsidence (;Ontrol of post Main Reef streams which was, however, 
not retained lower down the flatter flanks of the West Rand trough. 
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LIVINGSTONE REEF STA GE 

THE LIVINGSTOKE REEFS 

Indications of the continued activity of the north-eastern tr;md of subsidence 
are present at the level of the Livingstone Reefs zone, which forms the 
base of the Livingstone Reef Stage and is generally situated about 800 feet 
below the White Reef ho!'.'izon. The small syncline, orientated to the north­
east and situated at the northern boundary of West Rand Consolidated and 
Randfontein Estates (mnp 5, p. 228), coincides in position at its northern 
end with the main point of entry of the Livingstone Reef sediments. 
Here the highest gold concentrations and conglomerate percentages occur. 
The major isopach channel which contains the main pc>.yshoots, coincides 
with the upper section of the syncline (maps 3 - 7, Steyn, 1963). The 
sedimentological data of the Livingstone Reefs do not, however, extend 
far enough laterally to cover the other main elements of the sub-regional 
structure. It is significant that the best developed and highest pay Living­
stone Reefs a ".'9 rdated to the UJJper end of the north-south Randfontein trough 
which was previously active as early as Main-South Reef times. 

The Footwall Beds of the White Reef 

The White Reef, as the basal unit of the Bird Reef Stage, is underlain by 
the upper quartzites of the Livingstone Reef Stage. 

Lithology 

The quartzites below the \\-'bite Reef range from siliceous to argillaceous. 
A variable number of gritty beds and layers with scattered pebbles are 
present, and also some lenticular conglomerates. These are laterally 
discontinuous ::nd could not be correlated successfully for the purpose 
of the construetion of an isGpach map. The increase of coarser sediments 
upwards indicates· the absence of a marked unconformity directly below 
the White Reef, and also suggests that the genetic base of the Bird Reef 
Stage should be taken at the base of the zone of footwall grits and con­
glomerates. The up•.~rard coan,Gning of sediments also indicates that re­
gression, or an increased uplift in the northern source areas, had already 
begun prior to the White Reef conglomeratic pulse. 

Paleocurrent Patterns 

The trends of sedimentation are clearly shown by the ~zimuth directions 
of planar crossbeddir.g foresets and this compensates for the lack of iso­
pacl. data for the immediate foorwall beds (map 13, p. 236). 

Description The paleocurrent pattern, based on moving averages of 
crossbedding vectors, illustrates two major trends, one on either side of 
the axial position of the West Rand syncline (map 13). On the east flank 
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of the main syncline the flow direction (arithmetic mean of vectors 167°, 
standard deviation 35°, fig. 18, p. 218) was sub-parallel to the 132° strike 
direction of the eastern limb of the fold shown on fig. 20 (p. 219). The 
offoet angle is 35° directed inwards, convergent towards the trou~h axis. 
On the west flank tt1e general flow direction (arithmetic mean 182 , stan­
dard deviation 42°, fig. 19, p. 218) is similarly offset basinwards by an 
angle of 18 ° from the .220 ° strike direction of the western limb (fig. 20, 
p. 219). The combination of these two major paleocurrent trends results 
in an overall sedimentation direction towards the south-south-east (<1.dth­
metic mean 176°, standard deviation 42°) which closely approaches the axial 
plunge direction of 186° of the north-south R:::'.ndfontein fold as determined 
by Steyn (1963, fig. 16) using a 1f -diagram plot of dip and strikes obtained 
from mine plans. 

The differences between the two flow trends are more effectively illustrated 
by rose diagrams. The sedimentation of the eastern flank is homogeneously 
directed to the south-east, with the major mode in the 150 - !. 70° direction 
which is representative of 27 per cent of the azimuth directioi;_.::; (fig. 18). 
The paleocurrentf': assodcited wi!h the western flank have the major mode 
in the 190 - 210 ° direction, and are also representative of 27 per cent 
of the vector directions (fig. 19). In the latter case, the deviation from 
the arithmetic mean direction by the major mode, the presence of a minor 
mode and the larger standard deviation all indicate greater heterogenity 
related to a lower paleogradient. The existence of these two main modes, 
as also demonstrated by the rose diagram of fig. 20, is probably ~ot real 
but a reflection of the distribution of data points measured mainly along the 
flanks of the West Rand syncline. 

The overall pattern contains several noteworthy local deviations from the 
general fan pattern. On Luipaardsvlei a small fanlike dispersal pattern 
radiates southwards away from A

2
4..; it is also reflected by scalar proper­

tic1s (map 15, p. 239). The seconcl feature is the small group of azimuth 
directions around E

10 
directed to the south-east. The third minor su!J­

component is the symmetrical flow orientated directly southwards at the 
extreme ends of both synclinal limbs. Lastly, there are the deviations 
towards the south-west at r

27
• 

Interpretation The apex pofition of the azimuth spread indicates that the 
main point(s) of sediment entry is located north of the .;entral outcrops on 
West Rand Consolidated (map 13, p. 236 ). It is offset by a small degree 
from the axial position of the main syncline, as it is ~~ituated just to the 
north-east of the outcrop of the synclinal axis. Fig. 20 is an attempt to 
illustrate the off set reli:i.tionship. 

The northerly position of the entry points indicates thcit the main point of 
debouchment was in that direction. The proximity of i:he main entry points 
to the apex position of the West Rand syncline indicates subsidence control 
of the major inflowing streams. With flow trends on both limbs of the 
syncline symmetrically diverging towards the trough centre and with the flow 
directed down it in the lower reaches, it appears t;hat the overall sedimen­
tation was contained and directed by the depositional trough. Whilst the 
source area north of the eastern limb was in a stage of active uplift, the 
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wes':.ern limb was dormant as far as sediment supply was concerned. It 
was nevertheless prominent enough to act as a barrier preventing signifi-
cant flow to the south-west. The source uplift, north of the eastern limb, 
was responsible for th0 main entry point(s) being !)Ositioned north-eastwards 
and offset of the l:lxial position of the syncline, and for the smaller entry 
point or channel heatl, being further east. The geometry of the flow 
pattern, nevertheless, followed that of the tectonic framework due to this 
uplift in the north and the sinking of the trough. The ~hange, from an initial 
fanlike dispersal pattern, to a direct north-to- south flow at both ends of 
the synclinal limbs, possibly suggests the terminal position of the channel­
ling effect of the West Rand trough, and a transition to general north-to-
south sedimentation into the larger Witwatersrand basin beyond the confines 
of the trough. The relevant data at these two positions are, however, 
too limited to make this anything but a suggestion. 

3. THE WHITF REEF 

EXTERNAL GEOMETRY 

DESCRIPTION 

Two major areas, one with a relatively thin and another with a thicker 
conglomerate, can be defined. 

South-Western Area with Thin Conglomerate 

An area of generally thin conglomerate extends over the south-western corner 
of West Rand Consolidated and the whole of Randfontein Estates with the 
exception of the north-easte1·n corner of the iatter mine a~ea (map 7, p, 230). 
The zone with the thin reef trends mainly south-southeast, and is linked 
to a second smaller zone of narrow reef extending to the north-east over 
N

8 
- M

9
• Local areas with relatively thicker reef (+ 11 inches) are cen­

tered on R
5

, at o
6

_
7

, extending eastwards and at L
7 

- K
7

, extending 
north wards. 

North-Eastern Area with Thicker Conglomerate 

The remainder of the area studied, is covered by relatively thicker reef. 

West Rand Consolidated The boundary between the major areas containing 
thick and thin conglomerate::; occurc in the south-we:::;tern section of the mine, 
where exposures are limited; it runs between Monarch arri Deep Shafts 
and extends to the south-east. To the north-east of this line, the reef 
thickens, and two distinct elongated zones with thicker reef are present. 
In the centre of the mine an elongated zone with thicker reef extends to the 
south from B

11 
near the outcrop. It contains the main payshoot for gold 
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(map 8, p. 231). The second zone, located further east, also starts at 
the outcrop (B

1 
, map 7, p. 230) and extends to the south-southeast. A 

small patch of ~icker reef is also indicated by the thirty inch contour at 

B9 - 10• 

Luipaardsvlei Estate5 Intersections of the reef are reasonably well spaced 
and distributed, but are not numerous enough to yield truly representative 
values (map 7). The pattern of thickness variation is tlms less reliable 
than that at the other mines and is further complicated by the two major 
faults which cross the central area. On Luipaardsvlei Estates the reef 
is generally thicker than elsewhere and locally attains a thickness of seventj·­
two inches. In the central portion of the mine, aroung F 

23
, there is a 

large area of relatively thick reef (plus thirty inches on map 7). Three 
elongated areas of thicker reef extend from t!1is central pait of the mine 
to the outcrops at B

20
, c

25 
and F 

28
• 

East Champ d'Or A well-defined broad zone of thick reef st::-:etches from 
just east of Tudor Shaft at G

29
, south-eastw2..rds to the Witpoortjie fault 

at I 
1 

and covers most of the mine area. Its central area with the thickest, 
largi pebbled reef contained fairly high gold mineralisation and was mined 
(maps 2, 7, 8 and 14). 

INTERPRETATION 

On a regional scale th'? shape and thickness of a sedimentary body is con­
trolled by tectonics. According to Sloss (1962) external source sedimen­
tation tends to strongly reflect conditions in the source uplifts while the 
rate of subsidence of the depositional area is a minor factor. The isopachs 
of maps 6 and 11 show that in the West Rand trough, marked subsidence 
underlies the thicker quartzites so that the structural pattern is imprinted 
on that of sedimentation. 

In a shorter time span there is less time for structural adjustment. With 
a coarse thin gravel rapidly deposited on a fan by braided stream action, 
the external control could be strong. This is effectively demonstrated for 
the White Reef by the general increase in thicknesses and sec::.ment coarsening 
towards the north-eastern outcrops (maps 7, 14, 15 and 16). The external 
source is the major control for reef thickness variation. The strong source 
uplift to tl.;:; north-east caused the greater part of the sediment load to spill 
southwards over the eastern rim of the trough in initial disarray, with 
the position of the ape: high on thepaleoslope (map 19, p. 244). Lower 
down, the trough asserted control of the direction of sedimentation, indicating 
that subsidence is the second order control factor, as the thicknesses around 
the rim also generally incrAase basinwards. 

Smaller subsidences were also active although their effects were very slight. 
They can be recognised by the coincidence of thicker reef with known positions 
of depressions, e.g. the minor payshoot extending south-west at D

16 
(maps 4, 

5, 6, 7 and 8). These very mild structural flexures can also be deduced 
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from the isopachs. This is clearly visible on Randfontein Estates (map 7, 
p. ~30). This marked geometrical pattern of isopach linears cannot logically 
be explained by means of differential erosion, as the two directions are 
anomalous with that of the paieocu:::-rents (map 19, p. 244). As the direc­
tions are aligned along with that of the known stru.tJtural fold directions, 
they are interpreted as very mild flexures active during sedimentation. 
Such detailed interpretation can be accurately determined for the area of 
the Randfontein facies only where data points are dense. There is, how­
ever-, no valid reason to disbelieve that the pattern is nnt present over the 
remainder of the West Rand. Using the known NE and NW directions 
as a guide, similarly aligned isopach lows can be inte1..·preted as possible 
structural lows on the other mines. The positions of these have, however, 
not been delineated on map 7 as their interpretation is somewhat specu-
lt.tive. The very low vertical and horizontal amplitudes, and the right-
angled interference pattern are by no means unique, and a1·e comparable 
with that observed by Sims (1972) occurring below the Basal Reef in the O. F. S. 
Goldfields where horizontal amplitudes of several hundred feet and low vertical 
amplitudes were present, reaching down to a few feet at the level of the Lower Reef. 

There is also the north-south Randfontein trc1.1gh which is a marginal feature, 
related to the western rim of the major West Rand trough (map 4, p. 227). 
There is therefore no need to try anJ reconcile its different orientation 
with that of the NW and NE folds, which have been recognised elsewhere 
to be of regional and even basinal distribution, according to Pretorius (1964). 
In ~reas where reef thicknesses are adequately exposed along the fold axis, 
e.g. E - G , M

8 
and S - T the reef is somewhat thicker. There is, 

therefo~e, nl proof that ihis f8id was not active, as was the case in South­
Main reef times (maps 4, 6 and 7). 

Uneven erosional scouring of the pre-White floor is common at many lo­
calities as a low order determinant of the shape of the conglor:.ierate body 
(e.g. fig. 2). The erosional forc:e of a coarse bedload can be considerable. 
The elongation directions of several zones with thicker reef, i.e. over 
E and H 

0
, and possibly ? lso those at D

11 
- a

10 
and D, 

5
, are coincident 

wi1i the lo~al paleocurrent cirections of the .reef (maps rf and 19). Most 
of these zones also contain larger pebbles (map 14, p. 237) and apparently 
represent larger stream channels which were scoured out of the underlying 
floor sediments by rapid flowing abrasive currents. 

VECTOR PROPERTIES 

The azimuth directions of the inclinations of crossbedding foresets in the 
reef at ninety-nine mt:asuring stations are shown on map 12 (p. 235). A 
moving average technique was utilised to smooth out the scatter, in order 
to obtain the general paleocurrent pattern shown on map 19. 

DESCRIPTION 

The moving average pattern illustrates three component trends. On West 
Rand Consolidated, west of B

15
, the paleoflow is almost homogeneously 
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tow::i.rds the south-west with the main mode in the 210 - 230° direction 
(map 23 A, p. 248). This tendency extends downslope onto the north-eastern 
part of Randfontein Estates over M

8 
and M

1
? (map 19). Over the re­

mainder of the latter mine, deposition was directed towards the south-
east, swinging slightl::i more eastwards east of 32 Shaft. The two main 
modes shown on m~p 23 at B for this area, when viewed in the light of the 
limited number of r...1easuring stations, is part of a general tendency to-
wards the south-east with a marked degree of scatter !)resent. Over the 
remainder of the ar0a, east of Bl.

6
, the paleocurrent ~zimuths are general­

ly oirected towards the south-soutli-east, with the main component in the 
150 - 170° segment (map 23 C). However, the trend at the centre of 
Luipaardsvlei Mine is more directly southwards (map 19). The rose diagr[.m 
D on i:r..ap 23 which combines all the measurements, is somewhat misleading 
as the directions of the larger percentage segments reflect the greater 
amount of readings taken on West Rand Consolidated lViines. For an over-
all interpretation, it is necessary to view the relative fit of the three 
separate components. 

INTERPRETATION 

Combination of vector and scalar properties of the White R3ef indicate 
that the main entry points of sediment supply were situated to the north 
beyond the eastern limb of the West Rand trough (maps 10, 14, 16, 17 
and 19). The local current trend over the western section of Randfontein 
Estates, is directed towards the south-east and does not therefore exclude 

the possibility of another entry point west of 32 and 2N Shaft.s. The 
paleocurrents show a progressive change in azimuth directions down the 
paleoslop'.:l and it is possible that the currents did swing gradually from a 
northerly entry first towards the south-west and then south-eastwards in 
a broad meanderlike curve. This is confirmed by patterns of various 
scalar properties which exhibit elmilar gradual changes of direction 
(maps 8, 9, 14 and 16). The ratio of gold to uranium which successfully 
locates the northern entry points fails to support a western entry lower 
down the western limb (mar, 10), but the probability of a minor entry 
point situated directly south of 32 Shaft is supported by some scalar 
properties (maps 9, 14 and 16). It is therefore concluded that the main 
influx of gravel deposited along the western limb moved in from the north 
and followed a broad curve to the south-west which changed ~0wer down 
the paleoslope to the south-east. 

The overall pattern of azimuth spread on the three northerly mines, forms 
a fan diverging southwards away from the central norihern entry point. 
The previously descrioed trend, orientated towards the south-west on 
West Rand Consolidated, is seen as a segment of this pronounced fan-
out. It is probably due to the main entry being off-centre, east of the 
trough axis and resulting from inflow into the north- south Randfontein 
trough (map 4). With this excepthm, the direction of sedimentation is 
largely in harmony with that of the footwall beds, being contained and 
directed by the main north to south plunging subsidence (maps 4, 23 D). 

It is noteworthy that the detail of the White Reef flow pattern differs 
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somewhat from that of the immediate footwall sediments. The strong 
sedimentation of the footwall beds towards the south, lower down the 
western flank, had given way to White Reef currents directed to the 
south-east. This change, along with the me:a.tioned likelihood of a minor 
westward entry point 3outh of 32 Shaft, suggests tliat the western rim 
was in White Reef times subjected to stronger, but still minor, uplift. 
Another difference is that the fan-shaped pattern of the White Reef high 
up the paleoslope is more pro11ounced than that of the floor quartzites. 
This means that in White Reef times the depositional fan regressed 
f urtner into the main basin. 

There is some evidence that the upslope paleocurrents were influenced by 
local topographic variations of the floor, e.g. E 

0
, H , D

1 
- G

10
, G (see 

p. 38 ). Comparisons, however, are hampered Jy the 
3

Pimite~ paleocurr!Rt 
data. Lower down the slope, e.g. to the south-west of Monarch Shaft, 
the variations of floor topography are too slight to affect a strong chanel-
ling of flow. There, the flow is generally more uniformly controlled by 
the orientation of the paleoslope. 

The structural controi of paleocurrents can, in the light of the above, be 
clearly defined. The base of the large West Rand subsidePce was located 
along the Randfontein trough which guided continued main stream sedimen­
tation along its course. Upslope on the depositional fan, minor north­
easterly and north-westerly subsidences did influence the direction of depo­
sitional currents. Lower downslope, the relief effects related to subsidences 
weJ.·e too minor to deviate the paleocurrents and there was not enongh strong 
current-driven scouring to keep low floor areas open (maps 8, 9, 14, 15 
and 16). 

COMPOSITION OF PEBBLES 

The pebbles in the conglomerate represent a large variety of rock types; 
these are summarised in table 5 (p. 25 ) and are classified, for compara­
tive purposes, into the mair.. types, shown i11 table 7 belo·:1. 

DESCRIPTION OF PEBBLE DISTRIBUTION 

On the basis of the areal distribution of pebble types present, the conglo­
merate Cf!."'. be divided into three facies (table 7 and map 18, p. 243), 
The Randfontein and Luipaardsvlei facies possess virtually identical pebble 
compositions and strong sedimentological evidence wili be presented at a 
later stage to argue a. single deposition. They will b0 referred to separate­
ly, however, due to the differences in mineralisation and depositional 
energy related to their different locations. 

The main difference between the facies is that the West Rand conglomerate 
contains almost no pebbles of quartzite, which is the second most abundant 
rock type in the other two facies. It also contains almost twice as many 
chert and milky wh1i e quartz pebbles. Coloured quartz constitutes the 
major pebble type in all the conglomerates but it is more abundant in the 
West Rand facies than elsewhere. The Randfontein and Luipaardsvlei pebble 
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TABLE 7 

LATERAL VARIATION IN PEBBLE LITHOLOGY 

PEBBLE 
RANDFONTEIN WEST RAND LUIPAARDSVLEI 
FACIES FACIES FACIES 

COMPOSITION 
(per cent) (per cent) I (per cent) 

Quartzite 33 3 30 

Chert 5 8 4 

Milky white quartz 10 24 11 

Coloured quartz 43 60 50 

Miscellaneous 9 5 5 

. 

100 100 100 

Number of 58 38 49 
measuring sections 

populations are almost identical in composition except for difforent amounts 
of miscellaneous rock type pebbles. 

Since it is difficult to disti~guish between q~artz and quartzite, it is still 
necessary to determine whe~her the West Rand pulse is k.deed a different 
phase. There is various evidence to support this conclusion. Firstly, 
Minter (1972), in an independent study showed an almost identical compo­
sition for the White Reef on West Rand Consolidated, see table 8, p. 43 , 
confirming the identification of components. Seconc:lly, error.:: arising from 
the comparison of pebbles from weathered outcrops aP.d those from the 
subsurface- can be excluded, since 99 percent of the fragments examined 
came from the underground workings. Thirdly, misidentification related 
to changes with progr8ssive study is unlikely as the Luipaardsvlei phase 
contains pebbles embt:dded in a lig!lt siliceous matrix while that of the 
Randfontein pulse is dark and carbon rich. Fourthly, if the lithological 
aspect is ignored, differences in depositional mechanisms (to be presented 
later) independently necesi::itate the defining of the '.Yest Rand phase as a 
separate entity. 

Randfontein Facies 

The Randfontein facies occurs over the entire Randfontein Estates Mine 

I 
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area and the south-western corner of West Rand Consolidated (map 18, 
p. 243). Quartzite pebbles, which average 33 per cent and range from 
8 to 60 percent, form an important part of the pebble population. As 
in the case cf the other two facies, coloured quartz pebbles are most 
abundant, constituting 43 per cent of the total pebbles counted. In the 
eastern part of the area, miscellaneous pebble types are more abundant 
than elsewhere, averaging 14 per cent in comparison witn a mean value of 
9 per cent for the area as a whole. In the extreme south-west, at the 
u

3
, V 

3 
and w

1 
grid lo"alities, chert pebbles make up 12 per cent, com­

pared with the overall average of 5 per cent. Sims (196 9) noted a similar 
increase in smaller c!lert fragments down the slope and ascribed it to the 
break up of brittle chert. 

West Rand F acies 

The central part of the West Rand Consolidated Mine area is ~derlain by 
the conglomerate of this facies. Pebble counts yi0lded consib~ently low 
quartzite perr:ent'lges, the overr..11 average being 3 per cent. Coloured 
quartz pebbles are the most abundant; they form 60 per cent of the over­
all pebble population and over 70 per cent near the centre of the area. 

Three sub-ordinate facies are present close to the northern outcrops. 
Two small areas around C 

8 
and B

1 7 
contain 15 and 16 per cent chert 

respectively compared with the fac1es mean of 8 per cent. Over a com­
paratively large area around B. , white quartz pebbles exceed 50 per cent, 
although the average for this p~tble type is only 24 per cent. Miscellaneous 
pebble types account for only 5 per cent of the West Rand facies. 

Luipaardsvlei Facies 

The Luipaardsvlei facies occurs over Luipaardsvlei Estates and East Champ 
d'Or mines, and over a small section on the eastern margin of West Rand 
Consolidated mine. Quart~ite pebbles are abundant and form, on average, 
30 per cent of the pebble population; along an east-west zone running across 
the centre of Luipaardsvlei, however, the proportion is even higher. 
Coloured quartz pebbles predominate and constitute, on average, 50 per 
cent of the population, with tl:q highest values in the south. Milky white 
quartz pebbles make llp on average, 11 pe:t cent of the conglomerate, but 
over most of East Champ d'Or they exceed 20 per cent. Chert and mi::;· 
cellaneous pebble types each constitute 5 per cent or less. 

INTERPRETATION 

The presence of difforent lithological phases, each containing various sub­
populations, indicates a limited mixing related to only a moderate distance 
of transportation. 

The compositions of the White Reef pebbles are compared with those of 
other Witwatersrand reefs in table no. 8 on the following page. 



TABLE 8 

PEBBLE COMPOSITIONS OF VARIOUS WITWATERSRAND REEFS 

WEST RAND 

IR WR L 1 2 3 4 5 

Qz 33 3 30 16 11 3 7 10 

Ch 5 8 4 7 6 8 7 6 

Q 53 84 61 77 82 85 86 84 

Ms 9 5 3 - - 4 - -

Qz = quartzite Ch = chert 

WEST RAND 

R = Randfontein phase 
WR = West Rand phase 
L = Luipaardsvlei phase 

1 = Zone 2 Reef 
2 = Monarch Reef 
3 = White Reef 

4 -= South Reef 
5 = Main Reef 
6 = North Reef 

0. F. S. GOLDFIELDS 

7 = UF-2 Reef 
8 = Basal Reef 
9 = Middle Reef 
10 = ,:..eader Reef 
11 = B Reef 
12 = Lower Reef 
13 = Upper Reef 

KLERKSDORP 

14 = Basal Grit 
15 = Vaal Reef 
16 = Zandpan Marker 
17 = Upper MD 4 Grit 

O. F. S. GOLDFIELDS KLERKSDORP 

6 7 8 9 10 11 12 13 14 15 16 17 

--
11 5 5 2 7 3 1 5 7 3 5 10 

6 92 23 48 46 45 86 80 17 12 13 8 

83 3 60 50 45 47 10 10 70 85 78 52 

- - 12 - 2 5 3 5 6 0 4 30 

-
Q = quartz Ms = miscellaneous 

I-

1-

1-

White Reef 

Bird Reefs 

Main Group 

Livingstone Group 
Bird Group 
Bird Group 
Bird Group 
Kimberley Group 
Elsburg Group 
Elsburg Group 

(Steyn) 

(Minter, 1972) 

(Minter, 197 2) 

(McKinney, 196 
(Minter, 197 2) 

(McKinney, 
1964) 

(Minter, 197 2) 
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The table shows the White Reef to contain more quartzite pebbles ',han the 
other reefs, although the above data of Minter (1972) for the White Reef 
reflects only the composition of the West Rand facies. However, it is dif­
ficult to compare his results as neither the localities or sample populations 
are known, and lateral variations in Witwatersrand reefs are considerable. 
This is demonstrated for the White Reef by table 7 (p. t.1) and for example, 
also by Sims (1969) for the 'B' reef in the O.F.S. with white quartz ranging 
between 14 and 40, qua:rtzite between 12 and 24 and chert between 9 and 
27 per cent. Many of ~he above average values may, therefore, reflect 
generalisations, especially as the composition of fluvial gravels changes 
downslope (Plumley, 1948; Schlee, 1957). dowever, a higher quartzitic 
content for the West Rand reef sources is aiso reflected by the stratigraphically 
proximate Zone 2 Reef (see table 8), and the underlying Livingstone F aefs, 
which, according to Toens and Griffiths (1964), are mainly composed of 
quartz pebbles and also a considerable number of quartzite pebbles. It 
is likely, therefore, that the source areas north of the West Rand differed 
from those at Klerksdorp and in the O. F. S., by introducing in the upper 
Main-Bird stage more quartzitec, and also fewer cherts. Knowles (1966) 
found boulde:.~a; a1id cobbles of quartzite in the V. C.R. at West Driefontein, 
but these could have been derived, as he pointed out, from the Witwaters­
rand sediments and there is probably no connection with these earlier 
quartzites. Further, it is of interest to note that the composition of the 
stratigraphically correlative White Reef (West Rand phase) is identical to 
that of the Basal and Vaal Reefs, as was observed by Minter (1972) indi­
cating related source rock types. 

The quartz pebbles, being the !Ilost durable (Pettijohn, 1957), can be utilised 
as an index of the distances transported. In this case, the Randfontein and 
Luipaardsvlei phases represent shorter distances of travel than the othe:· 
reefs on the West Rand. The gravels of the 0. F. S., however, appear 
to have undergone lea!'lt transport if judged only on lithology. 

PEBBLE SIZE 

REGIONAL TREND 

Regional variations in mean f>t'bble size are shown on ::nap 14 (p. 237). 
There is an overall decrease in pebble size from east to west and also south­
wards. The change towards the west is progressive: the pebbles of thf:: 
Luipaardsvlei facies have a mean size of 14, 3 mm; the West Rand facies 
an intermediate mean size of 10, 66 mm; and the Raiidfontein facies the 
smallest average pebbie size of 9, 94 mm. The t-test analysis shows that 
the group averages for the last two facies are significantly different 
(appendix 19, p. 195). 
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SUB-PATTERNS 

L11i.paardsvle.i Facies 

Description The largest mean sizes, exceeding 15 mn~, occur in an 
irregular zone elongated south-eastwards from D . The direction of 
elongation coincides with the paleocurrent directi5R (map 19, p. 244). 
Westwards, this large pebble zone merges into an elongated zone of small 
pebbles, having a mean size of 10 mm, with the same directional trend; 
this latter zone extenos southwards from B to I . It is bordered, 
on the west, by an area with larger pebble~; whiJ'lr begins at B 

1 
and 

. divides into two smaller branches down the paleoslope. One br~nch extends 
south-westw::i~ds to E 17, whilst the other continues southwards, east of 
Turk Shaft. The latte~ trend is mainly parallel with the crossbedding 
direction, although both the pebble and the crossbedding trends deviate 
locally. 

Interpretation The dii'ection of elongation of the larger and smaller pebble 
zones and the crossbedding directions (map 19) form an ill-defined fan­
shaped pattern with an upcurrent apex located beyond the reef outcrop line 

to the north of West Shaft. It appears, therefore, L'lat the conglomerate 
of this facies was introduced by a separate dis tributary, situated to the 
east of the West Rand facies. Variation of pebble si7.e is cont;_·olled by 
the size available and the energy of the transporting currents, wh!ch are, 
in turn, dependent on the gradient and local relief of the depositional slope. 
Therefore, the pattern of variation can be interpreted in the light of the 
paleocurrent directions and the changes in the configuration of the deposi­
tional surface (map 7, p. 230). It is not possible to assess the variations 
caused by restrictions in the size of the gravel fragments supplied from 
the source. 

In most instances, larger pebbles are found over floor highs, e.g. zones 
between C - E 

8
; at E. they reach a mean of 19,8 mm in a conglome-

rate only 53
inchJ. thick, tine those around D

18
, F 

22
, H 

1 
and H

27 
sug­

gest upgrading of pebble size caused by stream winnowinlover exposed 
floor positions. 

Similarly, a decrease in pebble size usual:y correspo1~Js to lower floor 
relief. E.g. in the large south-central part of the mine around F 

23 
relatively smaller pebbles, 10, 2 mm mean size, predominate over row 
floor topography. The channel with a reef as thick ai:i sixty inches and mean 
pebble sizes as large ::i.s 17, 8 mm on East Champ d1Qr, is considered to 
represent a different situation where the coarser materials were concen­
trated as residual deposits in a relatively deep channAl. 

West Rand Facies 

Description The pebble distribution pattern in this facies is less com-
plicated than that of the Luipaardsvlei facies. In general, the pebbles 
decrease in size down the paleoslope away from the northern outcrops 
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often in elongated channels. Four areas with larger pebbles occur at 
B 

0
, c

12
, B

1 
and C • They all extend southwards in the general paleo-

fl5v., direction.
5 

In co~trast to the Luipaardsvlei facles, larger mean pebble 
sizes generally occnr along areas of lower floor topography overlain by thicker 
reef. The outcrop zone stretching southwards from CS is an exception to 
this rule. 

Interpretation It is concluded that the majority of big pebble zones ~o-
incide with floor depressions overlain by thicker reef elongated in the paleo­
flow directions. The more robust reef thus represents channel deposits 
and interfluve areas containing scattered, pebbled quarLzites. There are, 
however, minor exceptions, for instance at F . The thin reef with l2rger 
pebbles south'.'.rards of c

8 
is associated with tfi.~ nort.tern extension of the 

Randfontein facies and is, therefore, considered below. 

Randfontein Facies 

Description An overall decrease in size persists towards the south and 
south-east (map 14, p. 237). A major belt with larger pebbles extends 
SSW from C along the western outcrops of West Raad Consolidated into 
Randfontein istates. At the south-western corner of West Rand Consolidated 
it widens, and the main trend changes direction slightly towards t1'e SSE, 
as indicated by the 12 mm contour. It is interrupted at 0

6
, but t!'le larger 

pebbled zone continues beyond this point as far as T 
7

• 

Three minor elongated belts of larger pebbles are present. At 32 Shaft, 
. one extends southwards from s

4 
to V 

3
; near North-East Shaft another 

trends south-westwards from M
11 

_ 
1 

; and at the northern boundary of 
Randfontein Estates, a third runs soutt-westwards from LS-

9 
to join the 

major zone at N
7

• 

!!lterpretation Three factors controlled the variations in pebble size. 
Firstly, there is an overall decrease in pebble size down the paleoslope, 
at a lower rate than that of the upslope reef phases. 

The second factor was the pre~rnnce of distributary cur J.·ents - the four 
belts with larger pebbles, elongated in the paleocurre~t direction, are 
viewed as zones of stronger current flow along directions of distributaries. 

The third factor was the presence of floor highs over which coarse pebbles 
accumulated through winnowing out of the finer pebbles, grits and sands, the 
largest area being situated at the south-western corner of West Rand Conso­
lidated (map 7, p. 230). In this main stream zone, ci1e low floor, as in­
dic~~ed by thicker red at O , is responsible for the short break in the 
major big-pebble belt extencfl.n/ towards the south-east. The localities 
of low floor relief around L and R similarly contain smdler pebbles. West 
of North East Shaft, at N 

1 
7_ 

1 
, tRe narrow zone of larger pebbles coin­

cides with an ill-defined irea of thinner reef. The positive correlation be­
tween larger pebbles and areas of positive floor topography is, however, 
restricted to zones with stronger current flow generally delineated by robust 
reef. 
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CONCLUSIONS 

The variation in pebble size of the White Reef was controlled primarily 
by the gradient of the paleosl0pe. Secondly, larg3-pebble zones elongated 
along the paleocur rent direction, reflect the main distributary directions 
or currents. Thirdly, in the case of the Randfontein and Luipaardsvlei 
phases, effective grain sorting took place over floor highs. 

The 19, 8 to 8, 1 mm mean pebble size range of the proximal Luipaardsvlei 
and West Rand phases of the White Reef is similar to the 18, 5 to 10, 1 mm 
range of the underlying Livingstone Reefs, but it must be kept in mind 
that the latter values reflect only five localities (Steyn, 1963). This sug­
gests either the incorporation of Livingstone Reefs particles or, more 
probably, similar hydraulic conditions and slope gradients during trans­
portation and deposition, which the author described ~!J fluvial to deltaic 
for the Livingstone Reefs. 

The smaller ri-:.ean size range of 13, 0 tc 6, 7 mm for the Randf~mtein phase 
indicates a lower energy environment, not represented in the Livingstone 
Reefs. This is the more distal environment containing carbon seam reefs 
and high uraninite concentrations, as is also the case with the Vaal Reef 
where Minter (197 2) measured a smaller pebble size range of about l O to 
7 mm (overall average for ten largest pebbles == 2 ~ mm). The size ranges 
of the Vaal Reef reflect a more basinward environment, considered as 
distal fluvio-deltaic by Minter (op. cit.). 

On the south-western side of the Witwatersrand basin, the deposition of the 
Basal Reef in the vicinity of President Steyn Mine, as described by Sims 
(1969), h:, in many ways, closely comparable to that of the White Reef. 
These aspects are discussed in later sections. There are, unfortunately, 
no comparable averages representing all pebble sizes exceeding 4 mm, as 
he me4sured the largest 25 pebbles only. He classified the environment 
of the Basal Reef as fluvial to deltaic. However, Hodgson (1967) found 

that the mean pebble sizes of the Basal Reef in the Ha:i.-mony Mine were 
in the 25 to 10 mm range indicating that this upslope zone of the Basal 
Reef at this mine reflecta more basin edge conditions than the proximal 
phases of the White Reef. At Loraine at the distal end of the Basal Reef 
deposit, the pebbles are much smaller, probably 5 to 6 mm average accor­
ding to Winter (personal communication). 

On the basis of the above comparisons of pebble sizes set out against 
depositional conditions, the White Reef can be provisionally linked to the 
proximal side of fluvhd-deltaic conditions. Later the environment, and 
also the sub-environments, will be determined quantitatively, utilising 
all parameters available. The above comparisons illustrate that the dif­
ferent Witwatersrand reefs represent a closely associated range of environ­
ments which can be definea to sor..1,3 extent by varh,11s parameters, singly, 
or, more comprehensively, by suites of properties. 
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PEBBLE PACKING 

REGIONAL TREND 

Description 

The regional trend of pebble packing density (map 16, p. 241) is largely 
similar to that of the pebble size dispersal pattern (map 14, p. 237). 
Local changes may be due mainly to differences in in~crpretation in areas 
where information is sparse. However, one difference is evident - while 
the regi_onal pebble size pattern shows that the smallest pebbles occur in 
the Randfontein facies, the average pebble packing of this facies does not 
differ from that of the West Rand facies (table 9). 

TABLE 9 

PEBBLE PACKING VALUES FOR THE WHITE REEF CONGLOMERATE 

CONGLOMERATE AVERAGE PACKING NUMBER OF 
FACIES VALUE (per cent) MEASURING 

STATIONS 

-

Luipaardsvlei 46 60 

West Rand 26 73 

Uandfontein 26 60 

These values reflect measuremPnts taken on a systematic grid measured 
over complete sections of the reef 

Interpretation 

The mean pebble sizes, related to current velocities, decrease progressively 
from the east toward:; the south-west. Pebble packing should likewise de­
crease downslope. Equal mean packing values for the West Rand and Rane.-!-· 
fontein phases indicate that current strength is not the only factor involved. 
It will be demonstrated later that sorting strongly controls packing variations. 

The average White Reef packing ot 33 per cent, exceeds the average of 
20 per cent for the Vaal Reef (Minter, 1972), supporting the conclusion, 
based on the pebble size ranges, that the Vaal Reef is, relatively, the 
more distal deposit The proximal Luipaardsvlei phase of the White Reef, 
however, exhibits values equal to that of the robust Livingstone Reefs which 
average 44 per cent for five determinations only (Steyn, 1963). The White 



49. 

Reef packing may be related to that of the Basal Reef at Harmony Mines, 
which Hodgson (1967) found for the B

2 
phase, to be in excess of 30 per 

cent which is still loosely pebbled; and averages of 25 per cent and 
22 per cent for the B

1 
and B. reetfl, respectively; can be calculated from 

his data. He states that the i:3
2 

reef phase exhibits uniform packing values 
of about 30 per cent and the B

3 
reef phase packing values of 15 to 30 per 

cent. These values illustrate, firstly, that packing is, like size, environ­
ment-sensitive; secondly that many of the Witwatersrarid conglomerates 
are loosely pebbled, indicative of the simultaneous deposition of pebbles 
and sand. The general impression that most Witwatersrand reefs are pebble 
supported bankets thus requires revision as the result of quantitative 
measurements, more so, if it is kept in mind that packing values change 
down th•J slope in the same deposit, which in the case of the White Reef 
range from 7 9 per cent upslope to 4 per cen~ downslope. According to 
Allen (196 5) alluvial fans are typically of gravel grade with silt and sand 
grades usually subordinate. This implies that only the Witwatersrand 
conglomerates representing alluvial fans or rivers with high gradients, 
would be unif<'l·mly pebble supported or 'banket' type. 

SUB-PATTERNS 

Luipaardsvlei Facies 

Description Elongated areas of loose and tighter pebble packing converge 
northwards towards B 

4 
(map 16, p. 241) and form an ill-defined fan-shaped 

patter11 somewhat sim~ar to that of the paleocurrents (map 19, p. 244). 
The fan shape is best shown by the sorting parameter (map 15, p. 239). 
The pattern is masked, to a large extent, by a curved eaf!t-west zone of 
reef, with closer pebble packing running through E 

9
, D , E

27 
and H 

9
, 

and corresponding to one with higher floor topograffeiy an2J- thinner congto­
merate. In the south-central part of Luipaardsvlei Mine the conglomerate 
is thicker (map 7, p. 230) and contains more looselv packed ~ebbles. A 
curved belt with low packing values runs through the mine from B 

4 
to 

1
24

• In the central area of loosely packed reef, there occur a re&r minor 
cases of t:.gher pebble packing not corresponding with thinner reef (e.g. 
H

22 
and F 

22
). 

Interpretation The ill-defined fan- shaped pattern of pebble packing weakly 
resembles that of the crossbedding azimuths' orientation, in that the elon­
gated areas with variable JJ,'.cking c8nsities converge north wards towards 
B

24 
(map 16, p. 241 ). Variations related to the uneven floor topography 

complicate the influx pattern. Floor .highs, like the curved area along 
E

19 
- D 

21 
- E 

27 
- H

29
, are overlain by narrow reef containing more 

densely packed peb~l 3s, These reflect a higher energy regime in which 
sorting was more effective than elsewhere. The more thorough sorting over 
floor highs thus dominates the overall pattern. 
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In ganeral, the well-packed conglomerate of the Luipaardsvlei facies was 
subjected to much transport turbulence, which removed a large amount of 
sand and fine-grained materials. The winnowing, or reworking, must have 
been relatively continuous throughout transportatior>, allowing the floor topo­
graphy to leave it::: imprint on the overlying gravel. 

West Rand Facies 

Description To identify the true pattern, measuren1 :mts to the east of 
the 15 - 16 grid boundary, south of the B - C grid boundary (map 16, 
p. 241) have to be excluded, since the conglomerate there, on the basis 
of its pebble composition, belongs to the Luipaardsvlei facies (map 18, 
p. 243). However, it can be seen that the \',·est Rand facics grades east­
wards into the Luipaardsvlci type; the quartzite pebble proportion of 10 per 
cent, taken as Oie dividing line between the two facies, is an arbitrary 
figure, and the boundary could have been placed slightly more westwards 
if a lower quartzite pebble percentage had been r.hoseri. The 2.rea of ano­
malously dense packing in the centre of the !!1illE, at F (map 16) is based 
on a single value. The extrapolation of this high valui3over the large area 
shown on the map may therefore be unjustified. If allowance is made for 
this, and for the overlapping effect or the adjoining Luipaardsvlei facies, 
a more reliable pattern is obtained for the West R1:tnd facies. 

Cloger pebble packing (+ 20 per cent) characterises the upcurrent outcrop 
area in the centre of the mine, while the pebbles become more scattered 
down the paleoslope. The high pebble packing at B grades southwards 
into a belt of relatively well-packed conglomerate e¼tending down to E

11
• 

The floor topography (map 7, p. 230) shows that this reflects a depression 
containing thicker reef. Another occurrence of high pebble packing density 
is at c

15
. Conforming to the pehble size pattern, and occupying a trough 

in the ::l.oor (map 7), it extends south-eastwards to D and then swings 
to the south-west into an area for which limHed data 

1
fre available. Over 

the rest of the area, relativ8ly higher floor topography wr1erlies more 
loosely packed pebbles. 

Interpretation Closer packing in the upcurrent areas is associated, over 
the steeper depositional slope, with a higher energy regime, ,vhich is 
accentuated in the restricted distributaries. Lower downslope, more sparsely 
packed pe'ui>les, dispersed between sandy sediments, reflect the gradual 
decrease of current velocities. Lag concentrations of heavier particles, 
resulting in denser pc1.,ble packing, were effectively developed only in the 
two north-south channels running through B

11 
and B

1 
; these were eroded 

into the footwall and probably acted as main transpor~ation courses. The 
channels remained open at the time when the flanking areas were already 
covered by gravel. Outsicie the chc::nnels, gravelly ~and was initially de­
posited under conditions of abundant debris supply, and apparently, little 
or no reworking took place. As abundant crossbedding is present in the 
conglomerate outside the channels it appears that this conglomerate was 
often deposited by rr!.eans of a series of forward building crossbeds. The 
latter is, significantly, absent in the channels filled with coarser gravels, 
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suggesting continual resorting. Rapid deposition under condi.tions of over­
supply for the facies is also reflected by the lack of imprint of floor highs 
on the distribution patterns of the overlying conglomerate. Burial of the 
paleoslope took place, the uneven topography wus drowned, and sedimentation 
was completed before reworking could set in. The . West Rand phase of 
deposition is associated with advancing bar forms often rAlated to avalan­
ching. It represents a mode of deposition different from that of the other 
two facies which will be described at a later stage. 

Randfontein Facies 

Discussion The pattern of pebble packing variation (map 16, p. 241) 
resembles that of the pebble size distribution (map 14, p. 237). 

Interpretation Several important relationships are evident. Firstly, 
there is a decrease in packing density down the paleoslope. Low down 
011 the slope, south of 2N Shaft, the pebbles are more loosely packed 
than elsewhere. 

A second characteristic is the persistence of good packing along positions 
of dispersal streams. The areas of well-developed reef, with good packing 
and larger pebbles, are all, to a varying extent, elongated in the paleo­
current direction, e.g. the major zone along J 

5 
- M

5 
- Q

6 7 
- T 

7
, its 

branch along M - N , and the two minor elongated zones it s
4 

and 
N

11 
_ 

12
• The8 gentl~ curve of the major zone of robust reef closely follows 

the components of the paleocurrent system (map 19, p. 244). It is con­
cluded that the four zones represent the courses of stronger and more 
continuously flowing distributary streams which were the main factor re­
sponsible for denser pebble packing. 

A third important characteristic is the relationship between pebble pa0king 
and size and the similarity of their distribution patterns (cf. maps 14 and 
16). Both patterns on Randfontein Estates generally reflect floor topography 
(map 7, p. 230) with the maximum values over floor highs in the path of 
the main current. In such positions increased values are present to some 
degree even when the floor is relatively low, e.g. at L • Their cor­
relation does show some scattP.r (fig. 6 a) and the correlation co-efficient 
of 0, 72 (appendix 4) reflects a small degree of dissimilar behaviour. 
Extensive sorting increased pebble packing values strongly without a cor­
respondingly large increase in size, apparently because of the limitations 
to the size ranges. This is illustrated at S , for example, where a packing 
value of 52 per cent, is more than double t1iat of the surrounding area 
(23 per cent average); while the pebble size at the same measuring station 
is 10, 9 mm, representing only a 12 per cent increase on the average of 
9, 7 per cent for the surrounding area (map 14a). The pebble packing is, 
therefore, more sensitive to winnowing or sorting processes, and it thus 
produces a more variable pattern than pebble size. 

The fourth notable feature is the closer packing over elevated floor areas. 
E. g. the reef thickness and packing variations are virtually identical 
(maps 7 and 16). A study of these maps shows that nearly all the variations 



in the packing pattern are, similar to the pebble size pattern, dependent 
on floor topography. This was brought about by a common response to 
different energy regimes related to floor topography. This mode of de­
position is common to both the Randfontein and Luipaardsvlei phases. 
The winnowing which took place under conditions of sheet deposition will 
be explained in detail at a later stage. 

PEBBLE SORTING 

INTRODUCTION 

The present study deals extensively with the effects of sorting on the dis­
persal and concentration of the constituents of a gravel. The standard 
deviation was employed as a measure of sorting. Sorting effects are, 
nevertheless, also well expressed by variations in pebble size and packing, 
and changes in the relative concentration of metals. 

SORTING COEFFICIENTS 

The sorting of a sediment is often expressed in terms of the standard 
deviation of its grain sizes, e.g. Friedman (1962). Standard deviations 

· were, therefore, calculated for each pebble-count population as was done 
by Steyn (1963) and Armstrong (1965) for other Witwatersrand conglomerates. 
As the minimum grain size measured was 4 mm, the conclusions reached 
are applicable only to the pebble size range. Map 15 (p. 239) shows the 
regional variations in standard deviation for the pebble size distribution. 
The pattern obtained is identical to that of the dispersal of pebble sizes 
(map 14, p. 237) if allowances are made for differences in data distribution 
and contouring. The relationship between pebble sizes and related standard 
deviations is also shown on fig. 6 c. The scatter diagram and related 
regression correlation (appendix 16) reflects a direct linear relationship 
between pebble size and standard deviation. The high correlation value of 
0, 91 shows that a variation in pebble size will be closely reflected by pebble 
sorting values. This confirms that the sorting· of the pebbles of the con­
glomerate is almost completely dependent on the pebble sizes present. The 
standard deviation measure as an independent indicator of environments 
is not considered effective under these circumstances. 

According to Folk (1961) sorting is dependent on, amongst other factors, 
the size ran6e of material supplied, the type of deposition and the current 
characteristics. He also believes that in every environment sorting would 
be strongly dependent on grain size, and suggests that scatter diagrams, such 
as fig. 6 c, are the best means of evaluating the relationship. It is pos-

sible to consider all three of these factors for the White Reef. Fi rs tly, it was 
shown above that the sorting of the White Reef pebbles is highly dependent 
on available grain sizes. Secondly, the variations in sorting relative to 
floor topography is statistically significant (appendix 3, p. 155) and this 
implies that current fluctuations, related to floor elevation, also constituted 
an important local factor. 



Thirdly, Folk (op. cit.) considers that the type of deposition is imi:ortant; 
in the Randfontein phase 'beanspreading', by currents continuously working 
over thin sheets of grains yields better sorting than the 'city-dump' type of 
deposition, in which sediments are laid down as an advancing series of 
crossbeds and then rapidly buried. 

PEBBLE SHAPE AND SPHERICITY 

DESCRIPTION 

Figs. 16 a - f (p. 216 ) and table 10 illustrate the sl1apes of outcrop pebbles 
measured according to Zingg's classification (p. 23). The related operational 
values are also shown. According to Folk (1961), variation of shape with 
size is nearly al ways present in the sense that the coarser grains are 
usually more spherical than the finer ones. For this reason, only pebbles 
in similar size classes are compared for the three localities where measure­
ments were made. Map 1 7 (p. 242 ) shows the areal variations in the two­
and three-dimensional sphericity values. 

TABLE 10 

PEBBLE SHAPE AND SPHERICITIES AT OUTCROPS OF THE 

WHITE REEF ON THE WEST RAND 

-
Pebble 

Pebble Shapes (per cent) 
Average 

Locality size spheri-
range 

Disc Spheroid Blade Roller 
city 

BIO 31 50 2 17 0,74 

B15 32-64 mm 25 6 25 44 0,59 

c26 28 65 3 4 0,74 

~--------- ------------- ------- ---------- ------- -------- ---------
BIO 27 54 3 16 0,77 

B15 16- 32 ID.lll 43 32 6 19 0,72 

c26 26 67 3 4 0,79 

No. of 
pebbles 
measured 

62 

16 

53 

r------------
84 

180 

67 
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INTERPRETATION 

Sphericity in Relation to Size 

In view of the finding by Folk (1961), that the coarser pebbles are usually 
more spherical than the finer ones, it was surprising to obtain the op­
posite result. This is reflected by both the percentage of spheroids and 
the average sphericities (table 10). A t-test shows th::i.t the average 
sphericities for the two size classes are significantly different at locality 
c

26 
(appendix 20). This would then also be the case at B

10 
and B 

wfiere the differences in sphericities at these points are equal to of ~arger 
than those at c 

26
• It is difficult to explain this anomaly by means of sedimentary 

processes. 

Pebble Shape 

Localities B
10 

and B
15 

are situated relatively close together, at the northern 
outcrop of tlie West Rand conglomerate facies (map 17, p. 242). c

26 
is 

located farther eastwards, on the outcrop of the Ltiipaardsvlei facies. 
One would, therefore, expect to see closer similarities between B

10 
and 

B
1

5._ than between either of these and c
26

• However, this is not the case; 
at B

10 
and C 

26
, 50 per cent or more or the pebbles are spheroidal for 

both pebble size ranges. At B
1 

, on the other hand, the majority of the 
larger pebbles (32 to 64 mm) ar~ of a roller shape, whilst the smaller 
pebbles (16 to 32 mm) are disc shaped. If the larger pebbles from B 

5 
are excluded, it is seen that 7 5 per cent or more of the pebbles at alt 
three localities are either spheroidal or disc shaped. Roller and e&pecially 
blade shaped pebbles are subordinate. In table 11 where all the values 
for the White Reef are proportionately averaged according to group counts, 
the above shape characteristics are compared with those determined for 
the Livingstone Reefs on the West Rand by Steyn (196 3). The shapes are 
largely similar and the sphericities virtually identical; in both cases, 
disc shaped and spheroidal pebbles predominate at:d include at least 
7 5 per cent of all pebbles measured. Blade shaped pebbbs are subordi­
nate, making up 5 per cent of the sample populations in both cases. 
Roller shapes are relatively common and account for the remaining 15 to 
20 per cent. 

TABLE 11 

COMPARISON OF PEBBLE SHAPES OF THE 
WHITE AND LIVINGSTONE REEFS OF THE WEST RAND 

Pebble Shapes (per cent) Average 
Stratigraphic Position 

Sphericity 
Disc Spheroid Blade Roller 

White Reef 34 46 5 15 0,74 
Livingstone Reefs 24 51 5 20 0, 75 



From the above table, it is evident that the pebble shape characteristics 
of some conglomerates of the Main Bird Series on the West Rand are 
closely comparable. Not enough data are available to assess the full im­
plications of this similarity, though it evidently points to a similar history 
of erosion, a comparable provenance, and perhaps, even more specifically, 
an equivalent abrasion history. It is possible that some of the conclusions, 
previously drawn for the Livingstone Reefs with regard to distance of source 
area and of transportation, may be applicable to the White Reef, especially 
if the almost equivalent average sphericities are noted (table 11). There 
is, of course, the alternative possibility that several cycles of reworking 
could have caused these similarities. This raises the question as to whether 
higher sphericities are associated with better mineralisation, as seems to 
be suggested by the greater abundance of spheroidal pebbles and slightly 
higher sphericity values of the Livingstone Reefs as compared with the 
White Reef with its lower gold content. The information available is con­
sidered in the sections dealing with mineralisation. 

Operational Sphericity 

Operational sphericities, as defined on p. 23 , were measured on pebbles 
extracted from the weathered outcrops and are shown in table 10 (p. 53). 
The overall average for all pebbles measured is 0, 74 (table 11). Variations 
between the different localities and size classes fall within the 0, 72 - 0, 79 
range (table 10) if the low value of 0, 59 for locality B

15 
is excluded. 

The variations between the three sample localities can be examined in re­
lation to the different conglomerate facies present. On the basis of pebble 
composition, the B

10 
and B

1 
localities represent the West Rand conglomerate 

facies, whereas the c
26 

conJiomerate belongs to the Luipaardsvlei facies. 
The combined results Tor the first two give an average of 0, 73 for the 
West Rand pebble population compared with O, 77 for the single locality of 
the Luipaardsvlei pebble population samples. The better sphericity of the 
latter could possibly be related to larger pebble size, as is usually the 
case. Statistical analysis shows that the averages are not significantly 
different for localities B

10 
and c

26 
for the -32 mm size class (appendix 21). 

Two-Dimensional Sphericity 

As explained before (p. 24), the two-dimensional sphericity values are based 
on measurements of randomly orientated two-dimensional exposures of con­
glomerate underground. Measurements were made at a limited number (14) 
of localities on an experimental basis. 

The regional variation of the average values plotted on map 17 (p. 242) 
follows a distinct pattern, which becomes meaningful if the two-dimensional 
sphericities of the different conglomerate facies are viewed separat2ly. 
Ten of the 14 stations fall inside the boundaries of the West Rand conglo­
merate facies and their average values show a clear pattern of increasing 
values downdip in the paleocurrent direction, inferred from other parameters. 
The two iso-contours arc roughly parallel to the strike of the depositional 
paleoslope, and the two-dimensional sphericity measurements may there.:.; 
fore be a quick way to define the trend of this slope. A broad bulge of 



poorer sphericities extends down the paleoslope into the centre of West 
Rand Consolidated Mine area and i·eflects stronger paleocurrents. The 
rapid increase in the values down the paleoslope of the West Rand facies 
suggests that two-dimensional sphericity is a sensitive measure of energy 
decrease in the transporting current. It is asci-ibed to the diffe;:ent rate , 
of transport of differently shaped grains, with the more spheroidal pebbles 
being moved farther dovm the depositional slope (Folk, 1961). 

The relationship between the two-dimensional random sphericity and the 
standard operational sphericity is not clear, as different relationships 
were obtained at positions B

10 
and B

15 
(map 17). The operational sphe­

ricities at B
10 

average 0, 74 and 0, 77 respectively for the larger and 
smaller size classes (table 10, p. 53). An average two-dimensional 
sphericity value of 0, 58 was obtained close by at B

11
, and for sphericities 

of about 0, 75, the two-dimensional sphericities appear to be about 0, 17 
lower. This ratio is valid when the 0, 72 value at B

1 
(16 to 32 mm class) 

is compared with the two-dimensional value of 0, 58 at5 c
14

, but in the 32 to 
64 mm class the two measun~s are virtually &like. It can be expected 
that the differences will increase progressively with lower operational 
sphericities. 

Only four stations were measured over the area underlain by the Randfonteiri. · 
facies, and conclusfons can, therefore, only be of a very tentative nature. 
One value of 0, 69 at H

7
, close to the ill-defined northern border with the 

West Rand facies (map 17, p. 242), is anomalous, and may belong to the 
West Rand facies which has an identical value of O, 6 9 at I . Two other values 
of 0,56 at K

5 
and 0,59 at J

6
, are located well inside the ltandfontein 

facics boundary, on the upcurrent side. A single V8.lue of 0,66 is shown 
near the extreme south-western corner of Randfontejn Estates at the u

3 
locality. A maximum sphericity increase of 0, 10, therefore, seems to take 
place over a distance of 11 000 feet between the up- and downcurrent 
localities. It is smaller than the increase of approximately 0, :a, calcu-
lated over a distance of 7 000 feet on West Rand Consolidated. The higher 
rate of increase in the West Rand facies -is related to a greater energy 
decrease down the paleoslope. 

In general, it can be concluded that two-dimensional sphericity gives a 
meaningful pattern of increasing sphericity in the downcurrent direction 
due to differential transportation of differently shaped grains, with more 
spheroidal pebbles m .. ,ving further down the paleoslope. These results 
seem to justify a wider application in future studies as the method is simple 
and rapid. 

PEBBLE FABRIC 

DESCRIPTION 

The localities at which measurements were made, as well as their average 
orientations, are shown on map 17. This graphic presentation, along with 
the summary of results (table 12, p. 59), shows different responses for 
each of the three facies of the conglomerate but with m·arked similarities 



between the Randfontein and Luipaardsvlei types. The results obtained 
for each facies at different localities are remarkably similar, so that 
the average fabric characteristics of a facies can be readily deduced. 
These results are recorded in appendices 12 - 14 (pp 183 - 185). 

INTERPRETATION 

The Luipaardsvlei Facies 

The majority of the pebbles (68 per cent) dip upslope against the direction 
of the paleocurrent (table 12, p. 59). This is usual for environments 
which are non-marine such as fluvial or deltaic. The high degree of 
uniformity in orientation (appendix 12) is indicative of a river environment. 
The relatively high average inclination of 17° (table 12) in the upstream 
direction also falls within the 15 - 30° range for fluvial deposits as in­
dicated by Cailleux (1945). Similar upcurrent pebble inclinations occur 
in the Kimberley 9A Reef on the East Rand, which Armstrong (1965) 
defined as being of fluvial origin; and in the Ventersdorp Contact reef 
on West Driefontein, which Knowles (1966) interpreted as an alluvial fan 
condition. 

A small number of pebbles are inclined downstream (28 per cent); this is 
not considered to be related to marine deposition but rather to pebbles 
lying on the inclined foresets of crossbedding formed under fluvial conditions. 
The angle of inclination, in the upcurrent direction, is less than that 

0 
measured by Knowles and Armstrong, who found inclinations in the 25 - 30 
class. The downcurrent angles of inclination (average 18°) exceed the 
2 - 12° characteristic of marine gravels (Cailleux, 1945). This illustrates 
further that those characteristics of pebble orientation in the White Reef 
which, at first, appear to be marine in type, are not. 

The significance of pebble imbrication measurement results on rock surfaces 
orientated at right angles to the paleocurrent is equally clear (appendix 12, 
table 12). An almost equal number of pebbles are inclined -.vest and east. 
Pebble orientations along the paleostrike direction, therefore, do not show 
any preferential trend. 

The West Rand Facies 

In contrast to the other two facies, the majority of pebbles in the West 
Rand facies, 66 per cent, dip downstream (appendix 13, p. 184) at an 
average angle of 14 ° (table 12, p. 59 ). The imbrication direction is 
similar to that on subaerial talus slopes and in marine gravels, which 
contain pebbles inclie.0d in the downslope direction (Pettij0hn, 1957; 
Twenhofel, 1950). However, a marine origin cannot be JJOstulatcd for this 
facies on the basis of pebble fabric, as it was deposited in a comparable 
position on the paleoslope to the Luipaardsvlei facies, which shows only 
fluvial influences. A marine beach environment is also unlikely, since the 
Randfontein facies, which occupies a lower position on the paleoslope, 
appears to have been deposited in a fluvial environment~ The downslope 
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inclination of pebbles (av5rage 14 °) of the West Rand facies is also out­
side the range of 2 - 12 for marine gravels recorded by Cailleux (1945). 

The explanation for the dominant downslope inclination lies in the mode 
of deposition of tlle gravel. Evicfrmce of abundant and undisturbed cross­
bedding in the conglomerate is provided by analysis of measurements of 
this type of sedimentary structure - 39 per cent of all the crossbedding 
recorded over the area covered by the facies was measured in the con­
glomerate itself (map 12, p. 235). In contrast, the corresponding figures 
for the Luipaardsvlei and Randfontein facies are only 21 and 9 per cent 
respectively. It is, therefore, concluded that the downslope inclination 
of the pebbles in the West Rand facies is related to their position on the 
inclined fore sets of cross bedding. Sims (196 9) observed similar pebble 
alignments on the plane of foresets developed in the southern massive 
phase of the Basal Reef on President Steyn and there should, therefore, 
be similarities in the mode of reef formation, even though the pebble 
inclinations in the Basal Reef are higher (10 - 24 °). 

The relatively low pebble inclinations along both the paleoslop~ and paleo­
strike directions as compared with the Luip11.ardsvlei fades is linked with 
an increarn in the proportion of apparently flat-lying pebbles in these direc­
tions. An almost equal number of pebbles are inclined in opposite directions 
along the paleostrike, indicating a uniform response to the paleocurrent. 
This is to be expected with the current force acting at right angles; and 
it provides further proof that the paleocurrent directions, deduced from 
crossbedding measurements, are correct. 

The Randfontein Facies 

The majority of the pebbles (54 per cent average, table 12, p. 59 ) are 
inclined upslope similar to those of the Luipaardsvlei facies, but at steeper 
angles (average 20 °). This indicates a similar mode of deposition. The 
individual pebbles attained positions of maximum stability with an upslope 
inclination consistent with that observed in fluvial sediments. 

Fewer pebbles (54 per cent) are imbricated upstream as compared with the 
Luipaardsvlei facies (68 per cent) due to the increase in the number of 
pebbles lying horizontally. Parallel to the paleostrike, morA pebbles are 
horizontal (33 per cent) than in the Luipaardsvlei facies (7 per cent); 
these changes may be due to lower energy conditions, which are reflected 
by the smaller pebbles. Along the paleostrike, an equal number of pebbles 
are inclined in opposite directions, which demonstrates that preferred 
orientation is limited to the paleocurrent direction. 

CONCLUSIONS 

The pebble orientations of the Luipaardsvlei - Randfontein phases are charac-o 
teristic of fluvial and river environments with most pebbles inclined 15 - 30 
upcurrent. In the West Rand facies, the majority of pebbles are inclined 
downslope due to deposition on inclined crossbedding foresets under conditions 
of rapid dump-type deposition. 



Th13 low proportion of flat-lying pebbles of the Luipaardsvlei conglomerate 
facies can possibly be considered, together with the larger pebble sizes 
and the closer packing, as an indication of high current velocities and 
turbulence. 

The relative abundance of flat-lying pebbles in the Randfontein facies, 
together with frequent horizontal bedding, is probably related to sheet 
deposition of the thin layer of small pebbled gravel. The two styles of 
pebble orientations which can both be associated with a fluvial environment, 
are also found in other Witwatersrand conglomerates. 

TABLE 12 

COMPARISON OF THE PEBBLE FABRIC OF THE THREE FACIES 

OF THE WHITE REEF CONGLOMERATE 

Pebble inclination 
in paleocurrent L 
direction 

Flat pebbles (p.c.) 6 

Dipping upcurrent 68 
(p. c.) 

Dipping down- 28 
current (p. c. ) 

Av. dip, up- 170 

current 

Av. dip, down- 180 

current 

L = Luipaardsvlei facies 
W = West Rand facies 
R = Randfontein facies 

Pebble inclination 
w R along paleostrike L 

direction 

8 16 Flat pebbles (p.c.) 7 

26 54 Dipping west (p. c.) 48 

66 30 Dipping east (p. c.) 44 

12° 200 Av. dip, west 110 

14° 13° Av. dip, east 15° 

p. c. = per cent 

w R· 

27 33 

37 32 

36 35 

90 12° 

12° 110 
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PILOT STUDY OF SEDIMENTARY AND MINERALISATION 
PROPERTIES 

PURPOSE 

The pilot study preceded the regional study and was undertaken in order 
to: 

(a) Determine whether any of the macroscopic sedimentological properties 
of the gold- and uranium-bearing conglomerate could be quantitatively 
related to the grade of mineralisation. The study did not include 
any microscopic or matrix studies as was explained on p. 12. 

(b) Investigate in detail the local factors controlling conglomerate de­
position; 

(c) Determine, if possible, some of the basic principles controlling gold 
and uranium mineralisation; 

(d) Explain the extreme local variations in gold-uranium mineralisation 
in the White Reef indicated by sampling results; and 

(e) Deduce, from the above, the most suitable and least time-consuming 
methods for the regional study of gravel deposition and controls 
of mineralisation. 

PRESENTATION OF RESULTS 

The results of the pilot study are graphically represented in fig. 2 (p. 20:1). 
The plan section on top of each diagram represents the horizontal area 
covered by ten successive blasts, whereas the vertical section illustrates 
the conglomerate thickness as it would be seen on the stope face before 
the first blast. The vertical scale is exaggerated. Each _point indicates 
a sampling position and represents an average value obtained from samples 
taken over the full thickness of the conglomerate for a cross-section six 
inches wide. The 7th and 9th samplings represent twelve inch wide sections 
of reef. 

INTERPRETATION 

Effects of Variation in Reef Thickness 

Floor Topography The thickness of the conglomerate (fig. 2a) varies 
considerably - from a parting to twenty inches. The upper surface is general­
ly smooth, while the bottom contact is undulating, indicating that the floor 

was uneven or scourDd. Hollows in the floor are marked by thicker reef, 
whereas floor highs are overlain by narrower reef. 



V.1..e 

The conglomerate on the left hand side of the pilot area is very thin, 
decreasing to less than 25 mm and in some places to a mere parting where 
there are no pebbles. It thickens towards the centre of the area, over 
an original floor low covered by conglomerate over ten inches thick. To 
the right of the ceni,ral hollow, a floor high is overlain by conglomerate 
thinner than ten inches. Farther towards the right, a second, narrow 
elongated depression lies between the two ten inch contour lines. This 
is bordered on the right by reef less than five inches thick, indicating 
another floor high. 

The truncation of gritty lamellae in the footw.::.11 quartzites by the conglo­
merate on the sides of the hollows suggests t.hat the uneven floor resulted 
from pre-White Reef scouring, which seems generally to have been of a 
shallow nature and seldom produced deep gullies extending into the floor. 
Sharp erosional features are present, but are rare. The scouring did not 
cut down more than a foot or two, apparently, since deeper gullies were 
not found. The floor sediments were already compacted and firm before 
this limited erosion took place. Some isolated, small-scale post-White 
Reef erosional features are also found and indicate that minor erosional 
phases occurred after the reef was deposited. 

Pebble Sizes Fig. 2a illustrates the lateral variatfon in average pebble 
sizes (cf. table 4, p. 20). Analysis of variance shows significant differences 
in mean pebble size between areas of high and low floor topography at the 
99 per cent level (appendix 3, p. 155). Smaller pebbles occur in the areas 
of thick conglomerate covering floor lows. The largest mean pebble sizes 
are found on the left side of fig. 2a, over the floor high. On top of the 
rise, however, where the rezf is less than two inches thick, a decrease 
in mean pebble size occurs. It appears, therefore, that for reef thick­
nesses exceeding two inches the mean pebble size is inversely proportional 
to conglomerate thickness and is dependent on floor topography. 

Fig. 4b (p. 204) further investigates the relationship between reef thickness 
and pebble size. The data ;vere tested by family regression; the correla­
tion with a coefficient of O, 6g is best expressed by a parabolic curve 
y = 12,49 - O, 55 x + 0, 02 x (appendix 4, p. 158). It could be useful, 
at this stage, to define the significance of the correlation coefficient (r). 
According to Weatherburn (1961) ' the variables are usually described as 
uncorrelated when r iB zero. • . • The magnitude of r may be taken as a 
measure of the degree to which the association between the variables ap­
proaches a linear functional relationship'. A marked amount of scatter is 
present in fig, 4b and the curve satisfies only 39 per cent of the data. 
With an increase in conglomerate thickness the mean pebble size decreases. 
The gradient at the base of the regression curve flattens out, suggesting 
that a constant mean pebble size will be reached above a certain reef 
thickness, which is about twelve inches in this case. On the other hand, 
the m.ean pebble size increases rapidly as the reef narrows, until a thick­
ness of about two inches is reached. Below this, mean pebble sizes are 
erratic, but show a general decrease in size, as is illustrated by fig. 2a 
(p. 201); the largest individual means associated with two inch wide reef 
are no longer present. This variation of size with topography is due to 
a process of winnowing which is most efficient for floor elevation differences 



of between two and twelve inches. The process will be fully discussed 
later, in the synthesis section. 

Pebble Packing Fig, 2b (p. 201) illustrates the lateral variation in pebble 
packing. The two hollows inside the ten inch contour show the lowest packing 
percentages whilst the floor highs reflect relatively higher packing. The 
most pronounced floor high on the left side of fig. 2b shows a systematic 
increase in the pebble pacldng as the reef thins, with maximum values 
exceeding 50 per cent. Variations in packing are thus similar to that of 
the mean pebble sizes. Analyses of variance yield significant differences 
at the 99 per cent level for packing values over areas of high and low floor 
(appendix 3, p. 155), Packing is, like size, inversely related to conglo­
merate thickness (fig. 4c, p. 204). The degree of correlation -0, 72, and 
the relationshi~ is best reflected by the logarithmic carve y = 52, 73-13, 83 
ln x, which satisfies 61 per cent of the data (appendix 4, p, 158). However, 
it should be noted that, contrary to the behaviour of the mean pebble size, 
no decrease in packing is found for reef thicknesses of less than two inches. 
It is suspected that the packing is inaccurate at very narrow reef widths. 

Gold Concentrations Fig. 2d (p. 201) illustrates the lateral variation 
in gold values. In both areas of thickest reef covering floor lows, the gold 
values are generally less than 10 dwts/ton. The cen~ral and right-hand 
rises of medium height, are overlain by small scattered areas with relatively 
higher gold values (20 - 30 dwts/ton) separated by areas with lower- values. 
On the flank of the high left-hand hump, there is a progressive increase in 
gold concentration as the reef narrows, with values of over 30 dwts/ton 
being attained. On the top of the rise, however, the gold values decrease 
where the reef thins to less than about two inches. This pattern is com­
parable with that of the mean pebble size distribution shown in fig. 2a. 
Gold content and reef thickness have a correlation coefficient of 0, 52, 
and the nature of tl_:1> %'3.rrelation curve is best expressed by a power equa-
tion of y = 28,4 x ' - which fits only 37 per cent of the data (appendix 4). 

The scatter diagram of fig. 4a (p. 204) illustrates the above conclusion that 
the gold content increases as the reef thins and reaches maximum values 
at a conglomerate thickness of about two inches. The individual data points 
on the figure indicate lower gold values for reef thicknesses below two inches. 
Though gold content decreases :=ts the reef thickens, the rate of decrease 
becomes progressively smaller, so that the regression ;::urve straightens 
out to a large extent at the base. This implies that the gold concentratio!' 
will not decrease appreciably if the reef thickens beyond a certain value; 
a lower limit of about 6 dwts/ton is reached at a reef thickness of sixteen 
inches. Statistical analysis supports the concept of significant differences 
in gold content being related to varying floor topography to the extent of 
99 per cent (appendix 3). 

Uranium Content Fig. 2e (p. 201) shows that the uranium distribution 
pattern is mainly similar to that of the gold, pebble packing and pebble 
size. A slight difference occurs over the central low area where the gold 
pattern shows more consistently low values than the uranium pattern. 
Variance analysis supports the unequal distribution of uranium relative to 
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floor topography to the extent of 99 per cent (appendix 3, p. 15$. 

Sorting Characteristics Fig. 2c (p. 201) illustrates the distribution of 
pebble sizes relative to floor heights. The areas on top of the humps, 
inside the five inch thickness contours, are treated as separate pebble 
populations. Samples falling inside the ten inch contours have been grouped 
together to represent populations over floor lows. Comparison shows 
that the humps are deficient in smaller pebble sizes. Fig. 3 a (p. 202) 
of pebble sizes expressed as weight frequency percent::iges shows that the 
hollows, in comparison, contain 7 per cent more pebbles in the three 
smallest size classes than the rises. Larger standard deviation values 
are obtained over the humps, as is shown in table 13 below. This is due 
to the high degree of dependency of standard deviation on size. Sven if 
sorting is much better in the thin reef, it will be still reflected by high 
standard deviation values. 

TABLE 13 

GRAIN SIZE CHARACTERISTICS - PILOT STUDY AREA 

Left Left Right Right 
Hump Hollow Hollow Hump 

Number of grains measured 940 2 571 1 075 341 

------------------------------ ------- ---------- i----------· --------
Mean pebble size (mm) 11, 30 9,08 8,78 10,14 

------------------------------ ------- ----------i---------- --------
Standard deviation (mm) 5,52 4, 69 4,45 5,05 

Analysis of variance confirms that standard deviation, as a measure of 
sorting, vary significantly with regards to floor topography (appendix 3). 

Sedimentary Structures in the Conglomerate Crossbedding structures are 
sometimes found in the thicker portions of the conglomerate (fig. 2a, p. 201). 
This shows that sediment reworking was restricted after the infilling of 
the hollows, as such structures would have been destroyed. No crossbedding 
was observed in the narrower reef sections. , This indicates that deposition 
of foresets did not occur over highs or that subsequent reworking destroyed 
such inclined beds. Later, it will be seen that sheet deposition formed the 
thin reef. The crossbedding directions indicate that local current flow was 
influenced by the alignment of the floor depressions. 



Relationship between Sedimentary Properties 

Figures 5 (p. 205) and 6 (p. 206 and 207) illustrate the relationships between 
size and packing, size and sorting, and packing and sorting of the conglo­
merll.te. 

Size and Packing Fig. 5a shows that an increase in size is accompanied 
by closer packing, with a positive correlation at a 95 per cent confidence 
level (appendix 16, p. 187). Regression correlation yields a correlation 
coefficient of 0, 54. The line of best fit for the da2a iilustrated in fig. 5a 
is a parabolic curve y ::c -207, 31 + 39,45x - l, 56x , with a data fit coeffi­
cient of O, 41 (appendix 4D, p. 161). For reef thinner than three inches 
an erratic relationship exists, which is similar to the behaviour of other 
sedimentological and metal properties. This phenomenon is discussed in 
detail in the synthesis section. The regional study of this aspect covers 
conglomerate thicknesses in excess of three inches, see fig. 6a (p. 206 ). 
The deviations from the uniform correlation curve are predictaiJly smaller 
than those of the narrov,1 reef of fig. 5a. Consequently, the degree of cor­
relation is larger, being G, 72 (appendix 4, p. 158) and is confirmed by 
a correlation at the 95 per cent confidence interval (see statistical appen­
dix 16, notations 1 and 3). The pebbles are, thus, more closely packed 
where the average size is larger, with the important difference that for 
thicker reef there is no change as is the case in reef narrower than three 
inches. The increase of packing with size is interpreted as being caused 
by increasing environmental current velocities and, secondly, by a persis­
tence in flow, causing removal of the small, less stable grains. 

Size and Sorting Figures 5b (p. 205) and 6c (p. 207) illustrate that, for 
reef thicker than three inches, standard deviation values are dependent 
on the mean size to the extent of 0, 84 and 0, 91 for the pilot and regional 
areas respectively (appendix 4). The relationship becomes erratic, with 
large deviations from the mean correlation trend, where the conglomerate 
is is less than three inches thick (fig. 5b) and the correlation decreases 
to 0, 66. 

Sorting and Packing An increase in the standard deviation (poorer sorting) 
accompanies better packing for reef thicker than three inches, as is demon­
strated by regression correlatiun coefficients of 0, 57 for the pilot study 
data and confirmed by the value 0, 61, for the regional area (appendix 16). 
To a large extent, this correlation is due to the control of sorting by size. 
Yet, as the correlation between standard deviation and packing is lower 
than that between standard deviation and size, factors ether than size must 
also be involved. The association between closer packing and poorer sorting 
is probably related to higher current rates removing a part of the finer 
grain population of the traction carpet, with a consequc:nt sediment coarsening 
and higher pebble paci-"Jng. The result is poorer sorting, i.e. larger stan­
dard deviation, as there is the residual population of small grains whilst 
some larger grains are added. This association between poorer sorting 
and the coarsening of a gravel is illustrated by Folk (1961). As the win­
nowing out of the finer grains progress to near completion, the wide range 
of grain sizes present narrow to a more homogeneous population of larger 



grains, with a return to better sorting. Such a situation is perhaps il­
lustr.ated in figs. 9c (p. 209) and 12c (p. 212) where the highest gold values 
seem to be related to a return to smaller standard deviation values, even 
though the associated average pebble size is at its m2...'{imum (fig. 9a). 

The occurrence of larger :ind closer packed pebble zones over higher floor 
topography in the White Reef can be compared with similar phenomena, 
firstly the Ostler lenses of Martini and Ostler (1973), which are small dunes, 
mounds or small transverse pebble bars observed at the downstream end 
of braid islands, bars and point bars of alluvial channels. Ostler lenses 
are described as being part of the openwork gravel family. They fine 
upwards, and the mounds tend to be smaller than one metre in width and 
length and twenty to forty centimetres in thickness. Openwork and fining 
upward aspects are virtually absent in the White Reef, and the largest hump 
in the White Reef pilot study area exceeds a length of fifteen metres. 
There are, therefore, no grounds for classifying these features as Ostler 
lenses. The White Reef might possibly have more in common with the 
humped gravels, observed in bars in braided rivers by Eynon and Walker 
(1974). This facet will be discussed in a synthesis section dealing with 
depositional environments. 

Relationship between Ore Minerals 

Gold - Uranium The relationship between gold and uranium content for 
the samples taken in the pilot study area is shown in fig. 7 (p. 208). 
Statistical tests yield a local correlation value of 0, 96 (appendix 17, p. 189) 
which decreases, on a regional scale, to a value of 0,70 (appendix 16, 
p. 187). The implications of the changing amount of gold deposited relative 
to uranium down the depositional slope are later discussed in detail. 

Silver - Gold Figure 8 (p. 208) shows a generally sympathetic relation­
ship between the gold and silver content of individual samples. There is a 
95 per cent confidence level for this correlation ( appendix 16). The curve 
is not linear, and samples with low gold values contain relatively more silver 
than those richer in gold, causing the silver contained in gold to vary 
between 16 and 30 per cent. This could be caused by the method of deter­
mining silver content in samples poor in gold, since silver is added as a 
part of the analysis procedure. The large local variation does not favour 
correlation of the silver content of the White Reef with that of other reefs, 
which show variations of only a few per cent between various reef horizons 
(Pretorius, 1974a, table 27). 

Sulphide Minerals Figure 11 (p. 211) at the 7AVW18 locality illustrates 
that the sulphide minerals (mainly pyrite and pyrrhotite) sh.ow vari'.1tion 
patterns different from those of the other metals. This could be ciue to the 
introduction of pyrrhotite as an epigenetic mineral. 
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Relationship between Conglomerate Texture and Metal Distributions 

As a sympathetic relationshp exists between gold and uranium, the relation­
ships discussed below apply to both ores. 

Pebble Size Figure 2 (p. 201) shows that mean pebble size and gold 
content vary sympathetically. Figures 9a (p. 209) and 12a (p. 212) yield 
further information about the nature of this relationship. In both cases 
a parabolic curve provides the best fit for the data (appendices 4, p. 163 
and 5, p. 165). At the pilot study locality (grid position K

6
), although 

interpretation is complicated by somewhat irregular results for reef below 
three inehes thick, a relatively high correlation coefficient of 0, 77 is ob­
tained for twenty three samples taken over one foot wide sampling strips. 
Analysis of data, related to reef thicknesses in excess of three inches 
only, do not yieldAan improved correlation (appendix 4). Although the 
conglomerate at 7 VW18 stope (grid position K

6
) is fairly uniform in thick­

ness and there are no complications due to the reef being narrower than 
three inches, the lower correlation coefficient of 0, 56 {appendix 5) indicates 
a greater scatter. This correlation improves to 0, 6 9 if gold is correlated 
with the larger pebbles only (appendix 18, p. 194). The tendency for an 
almost constantly low gold value (fig. 9a) to be associated wi.th smaller 
pebble sizes is confirmed by fig. 4a (p. 204 ). It seems that a minimum 
gold value exists, which, in the pilot study area, amounts to about 6 dwts/ 
ton. 

With increasing pebble diameter, gold values rise sharply, and the extra­
polated gradients of the curve in fig. 9a (p. 209) would be similar to those 
of fig. 12a (p. 212) with the gradient value approaching infinity. Lower 
down the paleoslope, conditions change, and the transition to new relation­
ships, as is suggested by fig. 14, p. 214 (grid position S ) , will be dis­
cussed separately. The behaviour of the curves where pebble sizes are 
large is such that a limit to the size of the pebbles will be reached as the 
gold content increases. Beyond this limit, an increase in the gold content 
will, evidently, not be associated with an increase in pebble size. This 
limit is estimated at a mean pebble size of about fifteen millimetres in 
the pilot study area. The almost constant gold values at the lower ends 
of the curves, which reflect the hollows (fig. 2), are considered to approxi­
mate the original gold content of the gravel at the time of deposition, 
without any enrichment due to winnowing. 

Pebble Packing Reef with closer packing contains higher concentrations 
of gold and uranium (fig. 2k This relationship extends beyond the limits 
of the pilot study area to 7 VWlS at the r

6 
control locality with a high 

correlation of 0,86 (fig. 12b, p. 212; appendix 5, p. 165). For the related 
data of fig. 12b, a parabolic curve provides the excellent fit coefficient 
of 0, 97 (appendix 5). Deviations from the mean trend are apwrently small 
in areas with moderate variations in floor elevation such as 7 VW18. At 
the pilot study locality, situated lower downslope, the general packing-gold 
correlation is 0, 74 (appendix 17, p. 189). For reefs narrower than three 
inches in the pilot study area, the exceedingly low correlation coefficient 
of 0, 09 is obtained (fig. 9b, p. 209 ; appendix 4, p. 159). This may be 



related partly to faulty packing measurements at narrow thicknesses. 
This value was improved to 0, 50 by excluding values associated with reef 
thinner than three inches (appendix 4, p. 159). The flattening at the base· 
of the correlation curves (figs. 9b, p. 209 ; 12b, p. 212) suggests that gold 
values will not continue to decline with lower packi:::ig, but that a minimum 
gold value may exist, as was suggested previously. A progressive increase 
in packing values is accompanied by a rapid increase in gold content for 
values above about 25 per cent, as is indicated by the curve of fig. 12b. 
The above results shew packing to be the characteristic of conglomerates 
most strongly and consistently linked to high gold concentrations. 

Sorting The standard deviation of pebble size is dependent on the pebble 
size to the extent of 0, 66 (appendix 17, p. 189). 

It follows, therefore, that sorting would, like size, be related to gold content 
(figs. 9c, p. 209; 12c, p. 212; and 14c, p. 214 ). The degree of correlation 
between standard deviation and gold is O, 30, which is weaker than the 0, 41 
for the relationt:.hip between size and gol<l and the 0, 74 between packing and 
gold (appendix 17). Lower standard deviation valnes are tJonsistently as­
sociated witr. poorer gold values and higher standard deviations are accom­
panied by a moderate increase in gold content. The highest gold values 
in figs. 9c, 12c and 14c are associated with just below maximum standard 
deviations and represent samples taken over floor h!ghs. As the samples 
with highest gold values are also relatively more deficient in small pebbles 
(figs. 10, p. 210; 13, p. 213 ), they probably represent the most advanced 
stage of winnowing. Sufficient removal of small grains reverses the ten­
dency towards poorer sorting, and the remaining pebble populations approach 
homogeneity resulting in better sorting. 

A comparison between the histograms of the pebble populations and their 
associated gold values in order to assess kurtosis (fig. 13) indicates that 
relatively high gold values are related to leptokurtic or excessively peaked 
probability curves. Marked skewness seems to be related to lower gold 
concentrations. Negative s!{ewness is associated with higher gold values than 
positive skewness. 

Relationship between Specific Pebble Sizes and Gold Content The histo-
grams of fig. 10 (p. 210) show that higher gold values are associated mainly 
with the larger pebble size classes of the distribution. With decreasing 
gold values the frequency percentages of the pebble size classes above 16 mm, 
drop sharply. In histograms 17 and 18 there are relatively few grains left 
in the classes larger than 16 mm, while the gold concentrations have also 
decreased to the low value of 2 - 3 dwts/ton. However, it must be stressed 
that this relationship will change in upcurrent, and even more so, in down­
current areas, where the initial size of the gold particles and the energy 
conditions of the deposition2l environment were different. The affinity be­
tween gold and large pebbles suggesi:s that, in the pilot study area on the 
paleoslope (K

6 
grid position), much of the gold, like the pebble constituents 

of the gravel, was transported by traction over the depositional floor. 
Traction comprises saltation and floor creep, i.e. jump-sliding and rolling. 
It is fairly certain that the pebbles moved in contact with the floor, but it 
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is possible that the smaller gold particles moved mainly by saltation. 
Another possibility is that winnowing removed the smaller pebbles and many 
of the finer particles leaving the heavier gold grains, some of which had 
settled out of suspension, and the l::trger pebbles, It should be kept in 
mind that the White Reef is a loose pebbled quartzite and not an openwork 
pebble supported 'banket' type of conglomerate conducive to second phase 
infiltration of finer particles. 

CHECKS ON THE PILOT STUDY 

Less detailed tests were carried out at other localities to determine whether 
the relationships established in the pilot study were of wider application. 
The results are illustrated in figs. 11, 12, 13 and 14 (pp 211 - 214). 

UPSTREAM AREAS 

At the upstream locality (7AVW18 stope, grid :;_Josition r
6 

- J , t.iap 2) there 
are no complicating effects due to narrow reef. Relationship~ similar to 
those of the pilot study area can be deduced from the resultR (figs. 11, 
12 and 13); an important difference is that the degrees of correlation be­
tween traction properties and gold, that are obtained (appendix 5, p. 164) 
are comparatively higher than those of the pilot study area; see table 14 
below. It is interesting that the size - gold correlation can be further in­
creased from 0, 56 to O, 69 by exclusion of the smaller pebble size ranges 
(appendix 18, p. 194). 

At this stage, the nature of correlation coefficients should be explained. 
Correlation coefficients vary from nil for a random distribution to one 
(or minus one) when all data points on a scatter diagram fall in a straight 
line. According to Snedecor (1956) judgements concerning the value of a 
correlation should be made with regard to· similar correlations encountered 
in the same field of research, sometimes with little reference to the theo-

+ 
retical limit of - 1. Appendices 22 (p. 198) and 23 (p. 199) provide a 
good illustration of the link between correlation coefficients and significance 
tests and show that even a low correlation can be significant. 

DOWNCURRENT AREAS 

Fig. 14 (p. 214) represents the farthest downcurrent facies of the White Reef 
at grid locality s

7
, which is 10 000 feet downslope relative to the pilot study 

site at grid posit10n K
6 

on map 2 (p. 225) and close to the termination of 
the economic zone. The most significant change is that there is far less 
local variation in the conglomerate textural properties. The mean pebble 
sizes, in particular, tend to be uniform. Some of the relationships estab­
lished in the pilot area can still be seen, but important differences have 
developed. The highest gold values, and the higher mean pebble sizes and 
packing densities, still occur in narrow reef, but the sorting values appear 
to be rather erratic. It is evident that both the pebble and metal properties 
are still related to the floor topography but the relationship between metal 
and pebble properties is diminishing. It is clearly indicated by the cor-



relation coefficients calculated between pebble and metal properties (ap­
pendix 6, p. 166) which are all lower than those of the upslope positions 
(table 14). 

TABLE 14 

COMPARISON OF CORRELATION COEFFICIENTS RELATING 
SEDIMENTARY AND METAL PROPERTIES FOR THE 

UPCURRENT, PILOT STUDY AND DOWNCURRENT AREAS 

Properties Upcurrent 
Pilot Study 

Downcurrent Average 
(mid current) 

Size - Gold o, 56 0,41 0,29 I 0,42 

Packing - Gold 0,86 0,74 o, 51 0,70 

Sorting - Gold 0,26 0,30 0,02 o, 19 

Average 0,56 0,48 0,27 

Data appendix no. 5 16 6 

The slighter variation in textural properties and the decreasing correlation 
coefficients downslope, indicate a progressive weakenip.g of the traction 
load to metal concentration interaction. It points to a change-over from 
traction to suspension transport for the majority of the economic heavy 
minerals. Still farther downcurrent the dominant mode of gold transpor­
tation would have changed to suspension or even solution. The factors 
controlling these conditions fall outside the scope of this traction study. 
Such conditions could speculatiw~ly be related to pH, salinity, water tem­
perature, abundance of organic matter and other factors related to sus­
pension and solution precipitation. 

COMBINATION OF UP- AND DOWNCURRENT EFFECTS 

Further measurements were made in order to obtain results covering the 
full length of the avaihble paleoslope (fig. 17, p. 217), which provides 
additional evidence about the behaviour of the gold (and uranium) particles. 
At the furthermost upcurrent position (5W4 at D close to the fanhead) 
the correlation curve for gold - size is almost tffiear, indicative of an 
unchanging relationship. This is best explained by the possibility that 
most gold particles were deposited with the traction load. This possibility 
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although contrary to many currently held ideas, would aiso explain the 
correlation between higher gold values and larger pebbles (figs. 10, p. 210, 
13, p. 213; appendix 18, p. 194) and the poorer correlation between gold 
and traction properties farther downstream (table 14, p. 6 9 ) • 

Intermediate positions on the de11ositional fan are represented by mine wor­
kings 10VW22 ( J 

6 
on grid) and 7 VW18 (I on grid). The correlation curves 

for these are now different, having chang~d to a completely parabolic shape 
(fig. 17, p. 217). The decreasing energy conditions lower down the slope 
provide an explanation. The lower segments of the parabolic curves could 
represent gold particles transported by creep and saltation. The upper 
portions of the curves, with an almost vertical gradient, are approaching 
a state where gold content increases while pebble size remains constant, 
suggesting that the two parameters are no longer interrelated. Under these 
conditions most of the gold was deposited out of suspension. It is, there­
fore, suggested that at intermediate positions on the fan, many of the ori­
ginal gold particles were finer than those deposited farther upcurrent. 
The variable grain size of Witwatersrand gold particles is well substan­
tiated by the numerous measurements which have beeri made. The data 
has been recently reviewed by Pretorius (1974 a) and Feather and Koen 
(197 5) and indicate significant size ranges on either side of 0, 0 7 mm which 
is accepted as the transition between traction and suspension. 

Farthest downcurrent on the paleoslope, at 24 - 3N stope (N ) , even 
the lower sections of the curve are becoming steep. A mor~ advan­
ced condition is represented, with the highest gold contents apparently 
not related to pebble sizes (top of curve - N

8
). There is less gold in the 

traction load section (bottom of curve), and most of it was carried in sus­
pension . 

. Two further conditions, not clearly demonstrated by fig. 17, may have existed. 
The first relates to the occurrence of thucholite and fly-speck carbon. 
These forms of radio-active carbon become relatively abundant in the down­
fan environment of the Randfontein facies where uraninite and gold have been 
recovered from thucholite. The thucholite is considered to represent organic 
carbon with a composition similar to coal (Snyman, 1965). This type of 
deposit would have required a low energy aqueous environment covering the 
fan-base for periods of sufficient duration to grow mats which, today, are 
represented in the White Reef by columnar carbon reaching a thickness of 
50 mm and by 'fly-speck' carbon grains. More recently Hallbauer and 
Van Warmelo (1974), using optical and sc~nning electron microscopy, were 
able to identify biological structures retained by the fossil carbon. They 
found that th2 carbon most commonly occurs as vertkal finger-like columns, 
resembling moss. The evidence present led Hallbauer and Van Warmelo 
to postulate that the columnar carbon is the fossil remains of fungus-algae 
similar to a modern lichen. They also suggest that the fly-speck carbon 
is the reproductive mode, which resembles spores. It is pointed out by 
Feather and Koen (1975), in a recent review of the mineralogy of the Wit­
watersrand reefs, that the upper surface of the lichen colonies would have 
been capable of concentrating the associated heavy minerals, by a process 
resembling gravity concentration on a corduroy table. In addition, the car-
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bon could have absorbed mineral salts from solution. The carbon, as seams 
and loose grains, therefore, did play a role in the concentration of gold 
and uranium. 

The second condition applies to the fanhead enviro::iment which extends north-
wards beyond locality 5W4. At 5W4 (D on grid) the gold content and pebble 
distribution are in equilibrium, and the 

1
iold and pebbles may have been 

co-transported. Farther upcurrent, where there is an increase in the size 
of the pebbles but not in that of the gold particles, the equilibrium may 
disappear, as the size range of the gold particles, supplied from the source 
area, was mainly restricted, as is indicated by the rarity of gold nuggets 
in the Witwatersrand reefs. 

GOLD MINERALISATION 

DESCRIPTION OF THE REGIONAL TREND 

A definite regional trend in gold mineralisation is shown on map 8 (p. 231) 
Mineralisation increases towards the west and south, away from the Lui­
paardsvlei. facies, which contains the least gold, averaging about 50 inch­
dwts. The West Rand phase has an overall grade of about 70 inch-dwts, 
while the Randfontein facies is the richest, and averages 90 inch-dwts. 
High mineralisation is restricted and irregularly distributed, the White 
Reef containing more than 100 inch-dwts over only 30 per cent of the area 
studied. 

The main area of high mineralisation (+ :oo inch-dwts) takes the form of 
a broad, curved zone beginning at the central outcrop of West Rand Con­
solidated (map 8). It extends down-dip, in the paleocurrent direction 
(map 19, p. 244), coinciding with the major trend of robust conglomerate 
down to a

10 
(map 14, p. 237). A poorly investigated low-value gap se­

parates this payshoot of the West Rand phase from the prjncipal payshoot 
of the Randfontein facies. The northern end of the main Randfontein pay­
shoot has not yet been fully exposed, but the northern point is at G

7
. 

The two payshoots thus appear to be slightly offset. The lower pay zone 
extends SSW over the south-western corner of West Rand Consolidated 
Mines, thereafter curving gently SSE to T , close to the eastern border of 
Randfontein Estates G. M. Co. Ltd. The8main shoot is generally about 
3 000 feet wide and, over its length of 15 000 feet, reflects a strong 
paleocurrent flow represented by a robust conglomerate (maps 14, 15 and 16). 
Apart from these two major payshoots, which can be linked together along 
a broad curve, only minor areas of higher minerlisation are present. These 
will be described in the section dealing with the sub-patterns. 

INTERPRETATION OF THE REGIONAL TREND 

Most of the variablility in the gold values of the three facies is due to the 
differences in grade of the influxing gravels. There, is no evidence that gold 
was uniformly distributed in the source rocks, which, on the evidence of 



pebble types, came from a heterogeneous metamorphic and granitic terrain. 
Moreover, differential transportation along the feeder rivers would have 
led to further segregation. 

The upslope gravels belong to the Luipaardsvlei and West Rand phases which 
contain less gold than the more distal Randfontein type. Jt is, therefore, 
possible that the two northern phases reflect poorly mine1·alised source 
rocks. It is more likely that a large quantity of gold lagged along the 
rivers during transportation and enriched the Randfontein pulse, which is 
shown by later analysis to be a late phase of deposition. An important 
third factor is the higher energy regimes which were operative during the 
deposition of the northern gravels. High cur:rent velocities may have re­
stricted deposition there to sparse coarser gold particles, as was postulated 
previously. Finally, the regional distribution of gold is also affec-
ted by the mode of gravel deposition, the highest grades of the Randfon­
tein phase were upgraded by winnnowing during beanspreading deposition. 

DESCRIP'fION OF LUIPAARDSVLEI FACIES 

The facies is of low grade and the mineralisation is erratic (map 8, p. 231). 
Isolated small areas of higher grade (+ 100 inch-dwts) are randomly distri­
buted; there are ten such zones together comprising less than a tenth of the 
facies area. The richer patches cover about one and a half 1 000 feet 
square units and are located at n
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, G ~' G
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, 1

27 
and 

1
31

• Most of these occur in the southern part: of ffie fac1es, and some are 
poorly elongated in the paleocurrent direction (map 19, p. 244) 

A weak tendency of the values to increase down the paleoslope is shown 
by the average values calculated for successive 1 000 feet wide east-west 
strips, using the regional reference grid. The value of the inch-dwt contour 
liue passing through the centre of each unit block on map 8 was taken to 
represent the block, and the following north to south variations were 0btained: 
B = 35, C = ~5, D = 50, E = 35, F = 40, G = 55, H = 50 and I= 50. 
Areas with fat~lting or for which no information is available were excluded 
from this estimate. 

Small, almost barren areas with less than 25 inch-dwts form about 20 per 
cent of the facies; they are l0cated at the c
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4
, D
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, F
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and l 
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grid positions. The areas are neir1y 
2
equal rn size, 

each coviring anout two 1 000 feet square unit blocks. The lowest gold 
values are found in larger, elongated zones of low mineralisation, which are 
sub-parallel to the paleocurrent direction (e.g. that along B

19 
- E

19 
- G

20 
-

121' B22 - D22' G22 - 122' C26 - G27 - H27). 

The relationship between gold mineral.isation and pebble composition is best 
shown by plotting the most variable lithology type agaiust gold content, see 
tablP 15 below. 



TABLE 15 

RELATIONSHIP BETWEEN PEBBLE LITHOLOGY 

AND GOLD MINERALISATION 

LUIPAARDSVLEI 
FACIES 

Quartzite (per cent) 10 - 20 20 - 30 I 30 _ 40 40 - 50 
I 

Average gold, 40 51 65 33 
inch-dwts 

No. of pebble 4 22 16 4 
.!ounts 

WEST RAND 
FACIES 

Quartzite (per cent) 0 ~ 2 2 - 4 4 - 6 6 - 8 

Average gold, 68 79 77 59 
inch-dwts 

No. of pebble 15 14 4 2 
counts 

RANDFONTEIN 
FACIES 

Quartzite (per cent) 0 - 10 10 - 20 20 - 30 30 - 40 40 - 50 

Average gold, 23 69 95 85 124 
inch-dwts 

No. of pebble 1 7 14 23 12 
counts 

50 - 60 

200 

1 
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INTERPRETATION OF LUIPAARDSVLEI FACIES 

The overall gold content increases downcurrent, and both high- and low­
grade areas tend to be elongated in the paleocurrent direction. 

Faulting 

No definite relationship exists between faulting and mineralisation. 

Paleoslope Effects 

The slight progressive increase i11 gold content down the paleoslope is 
probably due to an increasingly higher metal content in the gravels deposi­
ted farther downslope. 

Gravel Composition 

A paired t-test of the data of table 14 shows that there is no direct cor­
relation between a·rerage gold value and proportion of quartzite pebbles in 
the Luipaardsvlei facies, and the correlation coefficient is as low as 0, 06 
(appendix 22, p. 198). 

Paleocurrents and Floor Topography 

The larger zones with higher mineralisation tend to correspond to areas 
of negative floor topography extending northwards towards the entry points 
(map 7, p. 230). Due to scarcity of information, however, the minerali­
sation trends in this facies are ill-defined and their interpretation remains 
rather speculative. 

Also elongated northwards towards the entry points are zones of low minera­
lisation such as those running along B_,_q - E

19
, c

22 
- E

22
, C

24 
- G

24
,_ 

c
26 

- G
27 

and H
29 

- 1
3 

(map 8, p. z-.n ). 1f seems that current flow m 
tliese zones was impede~ by early blockage, by stream shifting, braiding 
or by the partial barriers formed by higher floor topography which deflected 
much of the flow. A possible explanation for the distribution of gold is 
that much of the gravel came in along the feeder channels, and that, while 
the pebble and sand particles were readily spread out and redistributed 
over the floor highs, rnost of the gold lagged in the ehannel positions and 
was not easily dispersed. This aspect of sorting is better dealt v.rith in 
the next section. Some of the floor lows with higher mineralisation corre­
spond in direction to the structural grain and paleocurrents, both orientated 
towards the north-west, and could, perhaps, represent synclinal d.Jpressions 
active during deposition, e.g. along H (map 7). Other lows are obliquely 
orientated to the structural grain, but 38e almost directly in the paleocurrent 
direction, e.g. C 2'" - D 

25 
suggesting possible footwall scour channels direc­

ted approximately Rorth-south. lt thus seems that subsidences orientated in 
the direction of the paleocurrent may have been utilised as dispersal chan-



nels, otherwise scour channels developed as dispersal chutes. 

Sorting 

Reworking effects on mineralisation can be investigated by comparing the 
calculated average pebble size values (map 14, p. 237), the standard devia­
tion of pebble sizes (map 15, p. 239) and the average pebble-packing per­
centages (map 16, p. 241) with the gold trends (map 8, p. 231). The 
latter values do not constitute reliable quantitative information, as the 
mineralised zones are not clearly defined and it depends on chance whether 
the zones and conglomerate measuring stations coincide. Nevertheless, 
it seems that _pebble-packing values for high- and low-grade mineralisation 
positions are identical, both averaging 50 per cent. The pebble size averages 
are also almost identical, 15, 5 mm for the high-grade and 14, 1 for the 
low-grade areas, i.e. a difference of 10 per cent. This difference is, 
however, too small to be of statistical significance. Sorting, in terms of 
standard deviation, can be correlated with pebble size to the hjgh degree 
of O, 91 (appenrlix 4, p. 158). Consequently, a simila1· degree of coincidence 
of ·sorting with gold distribution can be expeded. 

DESCRIPTION OF THE WEST RAND FACIES 

The major feature is the payshoot situated in the centre of the mine and 
extending SSW from c

12 
(map 8). In its upper reaches, average values 

exceed 200 inch-dwts. The exposed length of the shoot is about 5 000 
feet, and values diminish downcurrent. A second minor area of better 
mineralisation extends south-westwards from n

16
. Two small patches of 

+100 inch-dwt values occur at B
9 

and B
10

• Low gold mineralisation is found 
in the area around B

14
, B

16
, D

9 
and n

12
. An el~ngated area with low 

values borders the marn payshoot on the western side. Another zone of 
poor V('l.lues along n

14 
- E

13 
is crossed by the main dyke. 

INTERPRETATION OF WEST F.AND FACIES 

The two elongated payshoots mark channels filled by thicker reef (map 7, 
p. 230) containing larger, more closely packed pebbles which have under­
gone more sorting than the reef elsewhere (maps 14, 15 and 16). The 
channels are seen as larger dispersal chutes which supplied areas lower 
down the p&leoslope. Extensive transportation resulted in the accumulation 
of heavy traction particles, including gold and uraniwn, as lag deposits. 
The two small areas at B and B also coincide with floor depressions 
and more robust reef, corftaining 1.grger and better sorted pebbles (maps 
14 and 15), but there is no clear-cut relationship between gold content and 
pebble packing (map 16). 

CONCLUSIONS 

The factors that apparently controlled gold mineralisation in the West Rand 
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facies, in order of decreasing importance, are as follows: 

· Original Gold Grade 

The conglomerate contains an average gold content of about 70 inch-dwts. 

Dispersal Channels 

All areas of comparatively higher mineralisation correspond to well-developed 
conglomerate occupying dispersal channels marked by floor depressions. 
A progressive concentration of heavier particles of gold, ur~.ninite and other 
heavy minerals, together with pebbles, produced lag deposits along the 
channels, while lighter particles Nere more readily moved downstream. 
Sorting was restricted to the dispersal channels; over the rest of the facies 
the gravels were deposited mainly by avalanche sedimentation. 

Paleoslope Effects 

The gold content decreases down the paleoslope. This is apparently re­
lated to the decrease in current velocities, or, alternatively, to the fact 
that the gold supply in the transported load had been exhausted by removal 
further upslope. 

Gravel Lithology 

A paired t-test of gold mineralisation and pebble composition of the data 
of table 15 (p. 73) shows a positive relationship bet\veen percentages of 
quartzite pebbles and gold (appendix 22, p. 198) 

Floor Topography 

There is a negative correlation between floor highs and gold distribution 
as opposed to the positive correlation found in the pilot study which is 
situated in an area of sheet flood deposition. 

Structure 

The minor pay shoot, extending to the north- east over D , covers an area 
of repeated floor sagging (maps 4, 5, 6 and 22). The hl>ajor zone of minera-
lisation along C - G has a parallel orientation anrl is also a thicker 
reef and could Mrefofg possibly be related genetically to synclinal develop­
ment, even though the reconstituted structure shows a mild anticline close 
by (map 4, p. 227). Yet. this is difficult to prove since data relating 

to reef thickness is not of adequate density to allow the deduction of 
subtle thickness to fold relationships, as was possible for Randfon~ein 
Estates (map 7, p. 230,. 



DESCRIPTION OF THE RANDFONTEIN FACIES 

The dominant feature is the large payshoot which, over the south-western 
corner of West Rand Consolidated, curves gently south-eastwards towards 
the T 

8 
grid position adjacent to the Witpoortjie fault (map 8, p. 231). 

The payshoot is rEasonably well outlined by the 100 inch-dwt contour lines. 
It is generally 3 000 feet wide and about 15 000 feet long. Gold concen­
trations reach maximum values at L

5 
and at s

8
. Minor paystreaks extend 

over L
9 

- M
8 

- N
8

, and southwards over M 
1

• Small, isolated higher 
values are found af Mm, P 8.' and 0

10
• Sli~tly higher values, n')t shown 

by the contours, extencf southwards over s
4 

- T 
4 

- U., but are better 
illustrated by the uraniam dispersal pattern (map 9, p. 232). 

INTERPRETATION OF THE RANDFONTEIN FACIES 

The dominant control of gold mineralisation was provided by the interaction 
of strong current flow in confined areas (distributary streams) and the 
variations in floor topography. These two factors were both influenced 
by the position of strudural subsidence, as will be discussed later. 

Distributary Streams 

The main payshoot curves along the paleocurrent path (map 19, p. 244) 
and generally corresponds with better developed conglomerate (maps 14, 
15 and 16), The payshoot is seen as a central dispersal area of strong 
flow, in which large and heavy sediment grains gradually accumulated. 
Higher concentrations of goid and especially uranium occur along the inner 
bend of the curve (e.g. at R

7
, map 9), where river placers usually show 

concentrations of heavy minerals due to decreases in water velocity. Two 
minor dispersal channels with more robust reef appear to be present along 
M

11 
- P 

10 
and s

4 
- T 

4 
(maps 14, 15 and 16). They contain higher values 

of gold and even higher values of uranium (maps 8 and 9). 

Floor Topography 

Better exposure to water turbulence over floor highs led to more effective 
sorting which resulted in the formation of robust conglomerate. Within the 
main payshoot the best grades are shown by the congloi11erates over the 
highs. Outside the main stream, and its subsidiaries, higher gold minerali­
sation is not limited to areas of high floor indicating the effective sorting 
is linked to areas of strong flow. Gold-distribution and reef-thickness 
variation patterns (maps 7 and 8) show broad similarities along the main 
payshoot, and that poor gold mineralisation is usually related to floor lows. 
The large area of narrowest reef, in the south-western corner of West Rand 
Consolidated, contains the highest gold values. The payshoot is interrupted 
at O 

6
, where the floor topography is at its lowest (map 7, p. 230). Far 

down the paleoslope, at S - T , the area of maximum gold values covers 
the highest floor in that l~calitf, The rich zones at Q

6 
_ 

7 
and L

9 
- N

8 
are also narrow reef floor types. 

A topographic low at L
7 

separates the main and minor payshoots; the 



boundaries of the south-eastern part of the main shoot, beyond 0
6

, coincide 
with the termination of the Mevated floor area. Smaller patches of poor 
mineralisation at R

7
, o

7
, L

4
, M

8 
and J

6 
overlie lower floor (map 7, 

p. 230). 

Some small scale anomalies are also present in the sense that better gold 
values and relatively high floor topography do not always coincide, e.g. 
the floor high at N 

4 
(map 8, p. 231) is covered by poorer values and the 

low at s
7 

(west side), is overlain by the relatively high values of the main 
payshoot. These anomalies are minor and do not invalidate the main con­
clusions set out above. In fact, on the basis of the ptbble size, sorting and 
packing patterns most of these anomalies can be explained in terms of 
fluctuating current strengths; at N the floor high with low mineralisation 
values, is overlain by a conglomerafe with relatively small sorting, packing 
and pebble size values indic::i.tive of locally lower energy outside the centre 
of the main channel. At S the low topography is not reflected by smaller 
pebble size or packing va1tles, and there is no indication, therefore, that 
there was a decrease in local environmental energy for this pa rt of the 
centre of the main current. 

The lack of correlation between floor effects and gold values, which cannot 
be explained in terms of conglomerate properties, becomes of relative 
importance only in the far upcurrent area of th~ facias, for instance at 
1
5 

and J 
6

, where high gold values occur in thicker reef, and at KA, J 5_ 
and 1

6
, where low gold values occur in narrow reef (maps 7 and tl). These 

positions are related to the boundary of the Randfontein Facies where de­
position was changing northwards into the avalanching deposition of the 
adjacent West Rand facies. 

Gravel Composition 

The paired t-test of appendix 22 (p. 198) shows a very high degree of 
correlation (0, 93) between quartzite pebble abundance and higher gold. 
However, this factor is apparently of lesser importance than the distri­
bution channel and topography control of gold distribt·.tion. 

The variable proportion of quartzite pebbles over the Randfontein facies 
area indicates that reworking has not completely homogenised the constituents 
of the gravel (map 18, p. 243). It is possible, therefore, that correlation 
between gold and pebble type reflects a variable mineralisation of the load 
transported. If this is so, a large amount of the gold particles and higher 
amounts of quartzite pebbles must have been co-transported by traction. 
Since such co-transportation is more likely over restricted distances, this 
possibility is supported by the fact that the q11artzite fragments are part 
of the immature of 'soft' section of the bedload which would have disappeared 
with prolonged transportation. At a later stage it will be explained that 
the 'immature' Randfontein gravels bypassed the more mature lithological 
phase of the West Rand. 

Structure 

The Randfontein trough formed the axis of the West Rand subsiding fold 



during Main-Bird times (maps, 4, 6; fig. 20). The major pay areas are 
associated with the trough in that they are not more than 3 000 feet dis­
tant from the axis at any place along its length of about 15 000 feet (map 
22, p. 247), It appears that the stream which built the mai11 payshoots 
was confined by a broad valley formed by this trough. 

Grade of Gravel 

The moderate gold content of the original gravel limited the economic 
potential. The initial grade is reflected by the values present outside 
the payshootb and payctreaks. In the main payshoot, original values were 
nearly doubkd due to reconcentration processes. It is possible that the 
poor grade of the upslope gravels is due to unfavourably high velocities 
which swept most gold grains downslope to positions where deposition ex­
ceeded transport. 

SUMMARY OF CONTROLLING FACTORS 

The relative importance of the factors which affected mineralisation in the 
three facies of the conglomerate are summarised in table 16 below. These 
reflect the properties that primarily determined the grade of gold and are 
not listed in order of decreasing correlation with gold content. 

TABLE 16 

RELATIVE IMPORTANCE OF FACTORS WHICH AFFECTED 

GOLD MINE RA LISA TION 

Luipaardsvlei Facies West Rand Facies Randfontein Facies 

Low gravel grade, Moderate gravel Higher gravel grade, 
velocity controlled grade, velocity velocity controlled 

FIRST controlled 
ORDER 

Lag concentrations Lag concentrations Lag concentrations 
along distribntaries along structurally along main stream 

controlled distri- which is fold 
butary channels controlled 

Variable gravel Strong r,oncentrations 
SECOND composition over f10or highs, 
ORDER velocity controlled 

Variable gravel 
composition 
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COMPARISON OF MINERALISATION CONTROLS FOR WITWATERSRAND 
REEFS 

The controls are compared below with those determined for other reefs 
studied recently (table 17). Various common controls are present. 
The grade of mineralisation of the source materials is of first order 
importance for the proximal reefs, and less so for more distal facies, 
e.g. Vaal Reef and Kimberley 9A. Another common first order control 
is the synclinal guidance of major payshoots, excellently illustrated by the 
Vaal (Minter, 1972) and White Reefs. It is possible that not all cases of 
fold control h~ve yet been determined or exploited as an exploration tool. 

TABLE 17 

MINE RA LISA TION CONTROLS FOR VARIOUS 

WITWATERSRAND REEFS 

Factors: 1. Grade of provenance materials 
2. Payshoot controls by large syncline 
3. Accumulations along distributary channels 
4. Paleoslope control 
5. Local floor shape, erosional or small folds 
6. Carbon mats 
7. Reworking of footwall beds 
8. Diastrophism (degradation/aggradation) 
9. Lithology control 

Reefs White Livingstone V.C.R. Basal vaal 
Kimberley 

9A 

1 1 1 1 
Mega 2 2 2 2 2 
controls 3 3 3 3 3 

7 5 7 

4 4 4 
Medium 

5 5 5 controls I 8 

-

Local 
5 7 5 

controls 
6 6 6 
9 7 7 

I 
I 

This also applies to the delineation of distributary channels which are the 
most common control, being often positioned by synclinal axes. The chan­
nel concentrations are, therefore, the most fundamental ·control and it can 



be anticipated that this would apply to the general fluvial mode of depo­
sition. 

The influence of the paleoslope gradient, i.e. strong increase; or decrease 
of mineralisation downslope, is a feature related to proximal ~r rAlatively 
small basin edge fans, e.g. White and Basal Reefs (Winter, personal com­
munication). The effe~t is less marked in extensive fan deposits like the 
Kimberley reefs of the East Rand or the more distally deposited Vaal Reef 
at Klerksdorp, or where only a portion of the fan, away from the entry 
points, has been studied. 

The local shape of the floor is normally of a lower order control, but in 
the distal environments it becomes of medium order importance, e.g. White 
Reef (Randfontein facies), or even a primary control, e.g. the Vaal Reef 
(Minter, 197 2). 

The importance of pebble lithology as a controlling factor is rather unusual, 
possibly due to the limited data for this aspect in other reefs. It may be 
a feature of gravels transported over short distances. 

The factor that varies most in its relative importance is that of reworking 
of footwall reefs, or recycling. It is, however, of primary importance 
for post-Witwatersrand deposits, e.g. V.C.R . .,and also the Kimberley 9A 
deposits (A rmstrorig, 196 5). 

The development of carbon seams is seen as a minor control factor for the 
reefs of table 17 and is only related to distal environments. The degradation­
aggradation reef type as defined by De Kock (1964) is of primary importance 
for reefs accumulated as erosional conglomerates, e.g. the Carbon Leader 
on the Far West Rand. It is poorly represented in the above comparison, 
but, according to Sims (196 9), it is of intermediate significance for the 
Basal Reef. 

URANIUM MINERALISATION 

The distribution pattE;rn of uranium (map 9, p. 232) largely reflects that 
of gold (map 8, p. 231). There are some subordinate but systematic re­
gional differences. The correlation between conglomerate properties and 
gold qlineralisation, already established, apply largely to uranium as well. 
Details will therefore be omitted except where the differences between 
gold and uranium mineralisation patterns occur. 

DISCUSSION OF THE LUIPAARDSVLEI FACIES 

The relationship between the largest areas of better uranium mineralisation 
.and thi.::ker reef is distinct (e.g. around D , G and F ?

6
), 

d t th t t . f . 20 - 21.' 25 - 26 . .~ fl an sugges s e concen ra 10n o uramum aiong channels covering 10w oor 
topography (map 7, p. 230). The correlation between uranium and robust 
reef is less definite (maps 14, 15 and 16). Comparison is difficult because 
of sparse uranium values and speculative value contours. 

Variations. in lithology as indicated by pebble compositionff are significantly 
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reflected by the uranium distribution pattern (table 18, below; appendix 
23, p. 199). There is a tendency towards better mineralisation lower 
down the paleoslope. There are minor instances where small areas of 
better mineralisation occur in relatively thin red, e.g. B 

1
, D , G , 

2 22 19 
G

22 
and J

19 
(map 7, p. 230). 

TABLE 18 

PEBBLE COMPOSITION RELATIVE TO URANINITE MINERALISATION 

LUIPAARDSVLEI 
FACIES 

Quartzite (per cent) 0 - 10 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60 

Average uraninite - 6,4 5,1 8,8 6,5 -
(inch-lbs) 

No. of pebble - 5 18 11 2 -
counts 

WEST RAND 
FACIES 

Quartzite (per cent) 0 - 2 2 - 4 4 - 6 6 - 8 8 - 10 

Average uraninite 4,9 11,6 11, 8 10,5 -
(inch-lbs) 

No. of pebble 15 11 11 2 -
counts 

RAND FONTE IN 
FACIES 

Quartzite (per cent) 0 - 10 10 - 20 20 - ::50 30 - 40 40 - 50 50 - 60 

Average uraninite 20 33 40 46 54 55 
(inch-lbs) 

No. of pebble 1 7 14 24 11 1 
counts 



INTERPRETATION OF THE LUIPAARDSVLEI FACIES 

The factors that apparently controlled uranium can be summarised in order 
of decreasing importance: 

Original Uranium Content 

The overall concentration of uranium-bearing minerals is low and is general­
ly less than 10 inch-pounds. Mineralisati-.:::.1 v:::..ries inversely with the energy 
state at the time of deposition. High on the paleoslopc; and nearest to the 
entry points, where high-energy conditions prevailed, the transport of heavy 
minerals exceeded their deposition and uranium values are poor, in spite 
of the presence of better developed conglomerate. Lower down the slope 
the grade improves due to drop-out caused by lower current velocities, 
or to an improvement in the grade of material supplied. 

Accumulation along Dispersal Channels 

As in the case of gold more uraninite was deposited along the zones of 
lowest floor topography. 

Sorting Processes 

Winnowing produced better concentrated gravels over floor highs, it did 
not, however, bring ahout a similar upgrading of the uranium minera.ls. 
This is in contrast to the situation in the other phases of the reef where 
high energy regimes caused continued sorting and concentrated both ura­
ninite and gold in robust reef. The reason for this anomaly lies in the 
very high energy conditions of the Luipaardsvlei phase, which only permit­
ted settling of heavy minerals along sheltered floor lows. 

DESCRIPTION OF THE WEST RAND FACIES 

The overall uranium distribution pattern is similar to that of gold (maps 
8 and 9) except that, in general, the uraninite content increa89S down the 
paleoslope whilst the gold content decreases. 

INTERPRETATION OF THE WEST RAND F.ACIES 

Mode of De_position 

The progressive increase i!: uranium content down the paleoslope, again, 
proves that a relatively low energy environment is more suitable for its 
concentration. In the White Reef, this environment is defined by the presence 
of pebbles generally less than 10 mm in size (maps 9 and 14). The main 
payshoot which reflects a transport channel, provides an important excep-
tion. This is due to the continuous sorting and concentration of heavy particles, 
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which did not take place in the adjacent areas. The overall increase in 
mineralisation down the paleoslope is related to the specific gravity of 
heavy minerals, particle size and depositional factors. The West Rand 
facies was rapidly deposited, often by means of avalanching, whilst, farther 
downslope, sheet fiood deposit10n was operative. The change to the latter 
process resulted in an increased degree of winnowing and a related increase 
in uranium content. 

Grain Size 

There is an area of relatively low uranium mineralisation at E
10 1 

, 
which separates the northern payshoot from the general area or highe1 
mi.neralisation in the south and is indicated by the 10 inch-lb contour line 
(map 9, p. 232). It can be speculated that this point approximately in­
dicates the depositional boundary between two sub-populations of uraninite 
and gold particles (map 8, p. 231), with coarser particles associated with 
more robust reef in the north, and finer particles, reflecting a lower energy 
environment, in the south. If this is so, there was a di3tinct difference 
between the mineralisation controls; in the chanaels corresponding with 
low floor topography, the coarse uraninite and gold particles of the upper 
West Rand and Luipaardsvlei facies were deposited, while finer, more 
mobile heavy mineral particles were winnowed by currents and concentrated 
in algal mats and over floor highs in the lower West Rand and Randfontein 
facies. 

Carbon Seams 

The significance of thucholite, which is an uranium-rich carbonaceous sub­
stance of organic origin, comparable to a thin coal (Snyman, 1965), must 
be considered. It is usually founu near the upper contact of the White Reef 
conglomerate in the Randfontein facies and sometimes attains a thickness 
of two inches, but is absent over most of the other two facies. Feather and 
Koen (1975) suggest that the upper surface of the lichen m!'l.ts was capable 
of trapping heavy minerals, and that the carbon was capable of absorbing 
mineral salts from solution. Reimer (197 5) went so far as to suggest that 
most gold and uranium were deposited from solution under strong organic 
influences. 

In the White Reef, thucholite only contains a portion of the total amount 
or uraninik:, which is indicated by sampling to be scattered throughout 
the whole of the conglomerate, whilst the carbon is mostly present as thin 
layers usually close to the top of the conglomerate. The thucholite is, 
thus, not of primary significance in controlling the distribution of uranium, 
as best mineralisation is associated with zones of robust lag conglomerates. 
The presence of thin seams of carbon does indicate, however, that the 
southern section of the West Rand facies was frequently covered by water 
for sufficient periods for carbon seams to accumulate. Quiet, swampy 
sub-aqueous conditions, intermittant between flood periods which provided 
the coarse sediment.s, are thus indicated. 



ov. 

Gravel Litholo~ 

A paired t-test (appendix 23, p. 199) comparing uranium and pebble litho­
logy as set out in table 17 (p. 80 ) indicates a positive associatio:c. between 
uranium ore and quartzite. The implications have been discussed previous­
ly (p. 78 ). The increasP in quartzite pebbles, both downdip and in the 
central payshoot, indicates a progressive increase in quartzite in the gravels 
deposited downslope, which may have bypassed through this channel to feed 
the Randfontein phase. 

DESCRIPTION OF THE RANDFONTEIN FACIES 

The highest values of uranium occur lower down the paleoslope than those 
of gold. The major payshoot is, in the downcurrent reaches, better defined 
by uranium than by gold values. Upcurrent, the reverse is true. The 
asymmetric distribution of ura:c.ium across the width of the channel is quite 
clear - the highest values occm· on the inside of the curve, at R (map 9). 
The high uranium content downchannel is consistent and reaches Jeak values 
of over 110 inch-lbs at T

7
; the upchannel values, on the other hand, are 

lower, more erratic and rarely exceed 70 inch-lbs. 

The minor payshoot over L
9 

- M
8 

is well defined by the 40 inch-lbs contour 
line, and also its link with the main channel. The two remaining small 
payshoots, over M

11 
- N

11 
and S - V , are both more clearly indicated 

by the uraninite distribution than ty tha~ of gold. 

Beyond the western margin of the main payshoot the overall grade of uranium 
mineralisation increases steadily southwards in the paleocurrent direction to 
a maximum of 49 inch-lbs uraninite at R . Farther on, there is a gradual 
decrease in values towards the south- east. Towards the extreme south, 
along the outcrops, there is a pronounced decrease in the uranium grade 
and at z

1 
the values of less than 10 i.ach-lbs are comparable with those 

recorded for the farthest upstream positions of the two other facies. 

INTERPRETATION OF THE RANDFONTEIN FACIES 

Main Stream Beds 

The four areas of comparatively higher uranium mineralisation are all elon­
gated (map 9, p. 232) j appear to lie in the paleocurri=mt direction (map 19, 
p. 244) and contain better deveioped conglomerate (maps 14, 15 and 16). 
These are believed to represent stream beds which accumulated heavier 
detrital particles. 

Floor Highs 

In the main channel and in its auxiliary over M bei;ter concentrations were 
often achieved over local floor highs. This typ~ of enrichment is not of 
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primary importance as it is limited to restricted areas of the main dis­
tribution channel which contains relatively good mineralisation throughout, 
even where the floor is low. 

Grain Size and Specific Gravity Effects 

Uranium grade increases progressively downslope. The uranium-rich lower 
section of the main stream area is well demarcated by pebble size. The 
pebbles are smaller than those in the zones of lower mineralisation farther 
upcurrent, indicating thc:.t the current upslope was too turbulent to permit 
most of the relatively small uraninite grains to settle. The best uranium 
mineralisation downstream in excess of 70 inch-lbs, is coupled to a mean 
pebble size of 10 - 11 mm representing the velocities most conducive 
to maximum uranium particle drop-out (map 14, p. 237). The size of the 
uranium particles is . unfortunately not known. 

Gravel CompositiOJ! 

In table 18 the distribution of quartzite pebbles relative to uranium minera­
lisation is shown. The values were obtained from maps 9 (p. 232) and 
18 (p. 243) by utilising the average uranium grade in the unit block con­
taining the correspor.ding pebble count station. 

The results, as quantified by statistical tests (appendix 23, p. 199), show 
that an increasing proportion of quartzite pebbles is accompanied by richer 
uranium mineralisation. 

Organic Carbon 

The Randfontein facies, deposited under low-energy conditions, contain3 
most thucholite and also most uranium. Yet, it seems that the uranium 
is mostly concentrated in the robust conglomerate and is not restricted 
to thucholite; mine sampling records prove that the uranium is distributed 
throughout the total conglomerate thickness. In the West Rand payshoot 
at c

12 
(map 9, p. 232) it can be seen that a relatively high concentration 

of uranium was evident even where no thucholite was present. It, therefore, 
appears that organic carbon wat> not the major control t0r uranium ores. 

Structure 

The first order control for uranium was the north-south Randfontein trough 
which guided the main stream forming the major payshoot. 

Original Uranium Grade 

The original grade of the gravels is, perhaps, best reflected by values 
existing outside the payshoots, namely 10 - 40 inch-lbs. The supply of 
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uraninite reached its peak during deposition of the Randfontein facics. 
Even in the distributary streams the original uraninite content was the 
most importaDt factor in determining the eventm.l grade. Where little 
reworking took place the grade was hardly changed, but under the most 
favourable conditions of reworking it was approximately doubled. 

SUMMARY OF FACTORS CONTROLLING MINERALISATION 

The factors that determined grade and distribution of "C.ranium in the Rand­
fontein facies are listed in table 19 below and are compared with those of 
the other two facies. 

TABLE 19 

RELATIVE IMPORTANCE OF FACTORS WHICH AFFECTED 

UHANINITE MINERALISATION 

Luipaardsvlei Facies West Rand Facies Randfontein Facies 

MAIN 
CONTROLS 

Unfavourable high 
velocities 

Accumulation in dis­
persal channels 

Medium velocities Favourable low 
velocities 

Accumulation in 
dispersal channels 

Accumulation in 
dispersal channels. 
The main payshoot 
being fold controlled 

~------------- --------------------------------------- ---------------------
SECONDARY Gravel composition 

FACTORS 

Gravel composi­
tion 

Accumulation over 
floor highs. 
Gravel composition 

-------------- --------------------------------------- ---------------------
MINOR Organic carbon Organic carbon 
FACTORS 

DISTRIBUTION OF GOLD RELATIVE TO URANIUM 

DESCRIPTION 

Gold and uraninite contents vary sympathetically over practi.cally the whole 
area. This is well illustrated by the regional distribution patterns and the 
more detailed results of the pilot and follow-up studies. 

There are significant differences between gold and uranium distribution 
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patterns in the West Rand and Randfontein facies (maps 8 and 9). The maxi­
mum concentration of gold occurs relatively high up on the paleoslope at 
c

12 
and L

5
, and there is a general decrease in gold content down the slope, 

except for the smaJI high-grade areas at 0
7 

and S in the south. On the 
other hand, the uranium content in these two facie~ steadily increases down 
the paleoslope to reach a peak at s

7 
in the main channel of the Randfontein 

facies. The progressive increase in uranium relative to gold down the 
slope is shown by the i so- ratio contours of map 10 (p. 233). 

Comparable ratios are present in the Luipaardsvlei and West Rand facies, 
with maximum ratio values exceeding 16 :1 in both cases. The calculated 
overall average ratio value of 10:1 for the Luipaardsvlei facies is slightly 
higher than the 9:1 of the West Rand facies, whilst that of the Randfontein 
facies is as low as 2, 4:1. 

DISCUSSION 

The iso-ratio contours, away from the entry points and distribution channels, 
generally parallel the strike of the depositional surface. This suggests 
that the attitude of the paleoslope, plus the direction and relative strength 
of the paleocurrents were mainly responsible for fae differential distribution 
of gold and uraninitE1, The heavier gold particles were apparently deposited 
at a faster rate with progressive decrease in current velocity than the lighter 
uraninite grains in the same size ranges. However, variations in the com­
petency of the currents were present and consistent stronger flow carried 
more gold down the main di"'tributary channels, which results in the iso-
value contours bending southwards along the stream channels. Other factors, 
like grain size distributions, grain shape variations, and entrapment or 
uranium in carbon, probably also affected the relative distribution of the 
two minerals. Their effect appears minor, as the overall pattern is linked 
mainly to paleoslope and dispersal channel control. It is of interest, however, 
that the highest ratios occur at B

11 
and n

2 
together with maximum pebble 

sizes (map 14, p. 237). This suggests that, under the conditions of maximum 
current velocity at the entry points, the uraninite settled only with difficulty. 

CONCLUSIONS 

The gold-uranium ratio map reflects the dominant control of depositional 
slope, current strength and flow directions on the relative accumulation of the 
two metals. It also confirms that gold was deposited in relatively greater 
abundance on the upper parts of the paleoslope, while, downslope, the posi­
tion was almost completely reversed. However, these were relatively long­
distance effects and are therefore not noticeable over small areas, where 
good correlations between gold and uranium prevail up to the extent of 
O, 97 (appendix 17, p. 139 ). The regional systematic differences and good 
local correlations are best explained by the fact that gold and uraninite were 
both transported as detrital grains; the faster drop out of gold, high on 
the paleoslope, being due to its higher specific gravity; the local correlation 
is indicative of largely similar effects of local transportation on sorting 
conditions. Other factors probably also affected the relative dispersal 
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of gold and uranium but they cannot be assessed on the basis of the data 
available and their importance seems to be minor. The uraninite grain 
sizes were not stable in the highest energy zones and the highest ratios 
thus indicate the approximate positions of the entry points of the West 
Rand and Luipaardsvlei facies. 

The Au/U ratios of the White Reef can be compared with those of other 
reefs. Minter (1972) illustrated that during the deposition of the Main­
Bird period, the amount of gold decreased, whilst the uranium increased, 
so that the ratio of Au/U diminishes progressively. He suggested that 
the source rocks suppliad an increasing amount of uranium relative to 
gold, or alternatively that these minerals were selectively transported into 
the depository. The third, and, according to him, more feasible, expla­
nation is that selective deposition took place and that the Main, North and 
Livingstone Reefs are representative of more proximal environments whilst 
the overlying Bird reefs are more distal deposits. Pretorius (1974 a) 
shows that the Main, South, Livingstone, Vaal, Basal and White Reefs 
generally fall into the same Au/lJ category, with the White Reef being 
the richest in uranium. He presents ratios for the Zone 2 and Monarch 
Reefs of the overlying upper Bird Reefs illustrating that they form an ura­
nium rich class of th'3ir own. 

The A u/U distribution pattern for the White Reef supports Minter's con­
tention that distal lower energy environments favour higher uranium con­
centration. Yet, the White Reef which is the more proximal deposit has 
a significantly lower Au/U ratio of 1:4 (table 17, Pretorius, 1974 a) than 
the Vaal Reef. This illustrates that environment is not the major factor 
controlling the change. It eeems that the richer uranium deposits of the 
later reefs are related to the incorporation into the conglomerate of mo:e 
uranium-bearing granitic source materials in preference to the gold pro­
ducing ultramafic and mafic rocks of the greenstone belts of the source 
area, which were being depleted by erosion. The change in ratios is, 
therefore, interpreted as being related to a progressive change in source 
rock type. This also expl2.ins why the West Rand depositional area general­
ly contains lower gold values than the other entry points to the Witwaters­
rand basin. 



4. HANGINGWALL GEOLOGY 

THE IMME DIA TE HANGINGWALL QUARTZITES 

LITHOLOGY 

Description 

The first few feet of quartzites deposited directly on top of the White Reef 
vary in character depending on the paleoslope positior.. Over the area 
of the northerly mines, the covering quartzites are of medium grain and 
impure with a fair amount of argillaceous matrix. Scattered small pebble 
congiomerates and gritty stringers are present. Crossbedding is relatively 
abundant. 

Farther downs~ope, over the extent of Randfontein Mines, the quartzite decrease 
in grain size from the medium - fine range, to only fine. The matrix 
between the grains is mRinly devoid of argillr,ceous material and the 

overlying eight to twenty-four inches of quartzite usually have a blue 'bar' 
appearance. Only very occasionally are pebbly grits found or a gradual 
downward transition from overlying grit into the White Reef proper observed. 

Interpretation 

The hangingwall quartzite becomes finer grained down the slope of the fan 
and loses much of the matrix argillaceous material. This improved sorting 
can. be related to a change of depositional environment, still in the fluvial 
range, or, alternatively, to the introduction of wave sorting processes 
lapping onto the fan•-base, out of the main basin. 

VECTORAL PROPERTIES 

Description 

Crossbedding azimuth directions spread southwards in a fanlike form (map 
20, p. 245). Minor deviations in the pattern are pres8nt in the southern 
section of Randfontein Estates, close to the Rpex position of the West Rand 
fold, and also between West and Turk shafts on Luipaardsvlei Estates. 

Inte1·pretation 

The fan pattern and largely unimodal flow, indicate shallow water deposition. 
The variable lithology, with argillaceous, gritty and conglomera tic materials 
present in the upfan section, shows the fan to be of fluvial origin. 
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Mainly northerly sources and entry points are indicated. All minor deviations 
from the overall fan pattern are inherited from earlier periods. j~irstly, 
there is the uplift in the west opposite the southern end of the western 
flank of the main fold. This uplift had only a mild effect during the pre­
White Reef period: deviating the paleocurrents slightly towards the south-
east in the vicinity of 2N and 32 shafts (map 13, p. 236). Thereafter, the 
uplift increased and directed the White Reef paleocurrents, on the Randfontein 
Mine, more to the south-east (map 19, p. 244). In the immediate post­
White Reef period, the uplift caused a current trend towards the east, south 
of 32 Shaft. The uplift beyond the western flank of the Randfontein trough 
was sufficient during the pre-White to immediate post-White Reef period 
to cause the main current to deviate from an original south-westerly di­
rection tc_>wards the south-east. It is of major importance for mineralisation 
as it deflected the main payshoot towards the south-east (maps 8 and 9). 

The deviation in current direction towards the south-west between West 
and Turk shafts is, likewise, of earlier origin being inherited from the 
pre-White Reef period and is related to a minor channel head. The de­
viation i11. current directions to·.-,ards the south-east in the proximity of 
the apex posidon of the West Rand syncline, at B

9 
_ 

11
, D

10 
and F 

12 
reflects a trend already visible in pre-White Reef times (compare map 
13, p. 236), It suggests sc,me locally aligned sedimentation along the axis 
of the West Rand fold and also that the fold was n.ot entirely post-depositional. 
During White Reef times accentuated source uplift caused unwavering uniform 
sedimentation a way from the northern entries towards the south- west and, 
temporarily, decreased this weak local deviation (map 19). Another trend 
that continued unchanged after White Reef times was that of uniformly di­
rected north to south sedimentation at the end of the eastern flank of the 
main fold (maps 19 and 20). Symmetrical sedimentation response to up-
lift at both extreme ends of the subsiding area, thus, points to slightly 
more pronounced rim control in the immediate post-White Reef period. 

RIPPLEMARKS AND SANDWAVES 

Description 

Symmetrical moulds of ripplemarks were measured at D , E
10

, R , T
6 

and V . The axes are orient::!ted predominantly north-sdtYth (map it p. 235). 
Mouldg of symmetrical sandwaves are present at E 

1 
and D

13 
with a simi­

lar orientation. Asymmetrical ripple moulds at L ; M
4

, N
4

, M
5 

and N7 
were observed with variable and opposing orientatitns. 

· Interpretation 

Virtually all fossil current ripples are aqueous. The symmetrical ripple 
mo..:.lds are classified as being of oscillation origin, presumably wave gene­
rated. As wave movement dies out rapidly with depth, such oscillation 
ripples are indicative of a shallow sandy bottom not more than a few tens 
of feet deep (Pettijohn, 1957). Oscillation ripples have been reported from 
very deep water, but this is not anticipated here because of the presence 
of coarse sands and of sandwaves,' which reflect a high energy state, more 



often than not of fluvial or1gm. The few ripple axes present are mostly 
orientated parallel to the general paleocurrent direction, as deduced from 
crossbedding asimaths. 

The assymetrical moulds of ripples located to the north and east of 2N 
Shaft are orientated in all directions, even to the north. They reflect 
local small scale deviations and reversals in current flow, coinciding to 
some extent with crossbedding azimuths close by, which are inclined up­
slope to the north at s

4
, s

5 
and T (map 12, p. 235). These contrast with 

the overall uniform deposition to t1Pe south found in these hangingwall quart­
zites and the earlier beds studied. As the reversals are situated low on 
the paleoslope, it is possible that, here, for the first time, evidence of 
a tidal reversal out of the main basin, lapping onto the depositional fan, 
can be seen. The later sorting action may also have been responsible 
for cleaning and sorting these hangingwall quartzites, lower down the fan 
(see p. 90). 

INTERVAL BETWEEN THE WHITE AND MONARCH REEFS 

LITHOLOGY AND GEOMETRY 

The White Reef is overlain by a homogeneous succession of medium-grained 
grey or greenish-grey quartzites, which extend up to the base of the Monarch 
Reef. The quartzites thicken from about 75 feet on East Champ d'Or to 
150 feet or more in the south of the Randfontein Estates (map 11, p. 234). 
A small pebble conglomerate, known as the Middle Reef, occurs 10 to 
50 feet below the Monarch Reef and contains payable urani!li.te at East 
Champ d'Or. 

INTERPRETATION 

The thickness of the unit is comparable to that of the interval between the 
South and l\.J:ain reefs (map 6, p. 229). Unlike the geometry of the latter, 
the shape of the West Rand syncline is not reflected by the thickness pat­
tern. The thinning towards the eastern and, especially, towards the wes­
tern rim is much reduced indicating a decrease in the rate of subsidence 
of the area during this stage of sedimentation. In the centre, a slight 
subsidence is revealed by minor deflections of the iRopach lines. It 
seems to be associated in rosition and its north-easterly orientation, with 
the depression shown more clearly by the isopachs of the South - Main 
Reefs interval. The early depression may, therefore, have remained 
active up to Monarcb Reef times. 
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The main feature is the increase in thickness southwards down the 
paleoslope, away from the northerly source area, as deduced from 
crossbedding directions (map 20, p. 245). 
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SYNTHESIS 
==== 

1. FOLD DEVELOPMENT 

The isopachs of the interval separating the Main and South reefs reflect 
an early broad West Rand subsidence (map 6, p. 229). The lowest sec-
tion lies along the north-to-south plunging Randfontein trough which general­
ly guided sedimentation southwards. At its southern end the trough is de­
flected south-westwards into the shallower north-easterly trending Witpoortjie 
trough, and a is possible that a small basin developed at this position during 
Main to South reef times. The Witpoortjie trough parallels the main Wit­
watersrand basin, emphasizing a common origin related to a single regional 
NW-SE tensional field. The rim framework for the later developed West 
Rand syncline was already visible, as is shown by the isopach form at the 
outer rim. The lack of a ma1:ked trend of subsidence towards the south­
east points to the later development of the m::i jor fold. The main syncline, 
which developed later out of the early subsider1ce, owes its existence to 
the unchanging control by the flanking granite buttresses of structure and 
dependent sedimentation. 

The entry point for the Livingstone Reefs is located in the north in the 
vicinity of A (map 4, p. 227), beyond the outcrops of the White Reef, 
where the Rdndfontein trough depressed the apex of the adjoining east and 
western rims of the West Rand depression. The south-westerly orienta-
tion of the major Livingstone Reefs isopach channel (map 5, Steyn, 1973) reflects 
the continuing existence of the. north-easterly orientated subsidence pattern 
during the period of the Livingstone Reef Stage. The north-eastern direc-
tion reflects that of the proximal rigid western rim granite buttress which 
later strongly deflected the updip end of the West Rand synclinal axis in that 
direction (map 5, p. 228 ). 

During the deposition of the uppermost quartzites of the Livingstone Reef 
Stage, the continued control of sedimentation by the Randfontein trough 
is reflected by the paleocurrent vectors (fig. 20, p. 219). The local de­
viation of crossbedding directions towards the south-east at E

10 
(map 13, 

· p. 236) concur with the axis direction of the West Rand syncline (map 4) 
which may thus have already been initiated as a minor feature. 

The primary control of the shape of the White Reef conglomerate was the 
external supply factor caused by rapid uplift. This is demonstrated by the 
increase in reef thickness towards the northern entry points. The second 
order control was the overall central subsidence as reflected by lesser 
reef thicknesses towards the rim (map 7, p. 230). The main control of 
the paleocurrents, the Randfontein trough (map 23D, p. 248), was un­
changed and the major payshoots are associated with its axial position 
(map 22, p. 247). A low order control of sedimentation is shown by slight 
flexures, revealed by reef thicknesses, orientated to the north-east and 
north-west suggesting the introduction of north-westerly and north-easterly 
directed folding (map 7). Mild local uplift beyond tl1e steeper rising western 
rim caused local current deviations towards the south-east (map 19, p. 244). 
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A second stage of tectonic activit~; is, thus, demonstrated at the 
initiation of the Bird Reef Stage, consisting of minor warping towards 
the north-east and north-west. The position in time of the second phase 
equals that established for the Klerksdorp area which affecterl the time 
equivalent Vaal Reef (Minter, 1972). 

In the immediate post-White Reef period, the fact that the Randfontein trough 
was still subsiding is shown by the paleocurrent trend (map 20, p. 245 ). 
Interesting deviations to the general flow pattern are, firstly, the local 
vector directions towards the east, south of 32 Shaft, possibly related to 
the mentioned local U:I-'lift beyond the western rim. Secondly, the re-ap­
pearance of some crossbedding directions orientated to the south-east along 
the axis direction of the West Rand syncline. This subtle trend could have 
been suppressed in White Reef times by rapid source uplift causing strong 
flow to the south-west across minor depressions (see p. 91). 

The isopachs of the interval that separates the White and Monarch reefs 
(map 11, p. 234) suggest an overall lower rate of subsidence, and a north­
eastern axis of maximum thickening in accordance with earlier subsidence 
trends. The main feature is the dominant east-west paleoslope and the 
increase in thickness towards the main basin. 

The orientation of the zones of metal concentration of the remainder of 
the Bird Reefs (Toens and Griffiths, fig. 5, 1964) indicates the continued 
control of mineralisation during the Bird Reef Stage by the Randfontein trough. 
The latter structure thus influenced sedimentation throughout the Main-Bird 
Series. 

The third or major phase of folding whkh formed the West Rand syncline 
. is post-depositional as basining was not marked in the interval separating 
the Main and Kimberley reefs, or even the V. C.R. (see sections in Plate 
II, Toens and Griffiths, 1964). The main phase of basining is clearly re-
lated to the period foliowing the formation of the Witpoortjie horst. The 
drag associated with the horst uplifted the southern flank of the basin, 
present at the level of the White Reef (map 4, p. 227). 

An important aspect of the tectonic development, not discussed so far, is 
the existence of normal faults which must have parallelled the basin edge 
and which assisted in the uplift of the source area, as is normally the 
case in yoked basins. 

2. FOOTWALL DEPOSITION 

The vector structures of the White Reef footwall show a fanlike pattern of 
sedimentation (map 13, p. 236), with a mean paleocurrent direction co-
incident with that of the Randfontein trough, towards the south (fig. 20, p. 219). 
The fanhead is offset and positioned to the east of the apex of the tri-
angular area of subsidence. This is due to the entry point being on the 
eastern rim. 

The litho-facies changes of the footwall beds permit the identification of 



the paleo-environment. Quartzite predominates ranging from siliceous to 
argillaceous. Varying numbers of gritty beds, discontinuous layers of 
small scattered pebbles and occasional lensic conglomerates, indicate 
fluvial deposition. The increase of coarser sediments upwards, towards 
the White Reef, points to the abse11ce of a marked unconformity below 
it and a persistent change towards coarser sedimentation in the depositional 
environment, i.e. towards more proximal fluvial conditions. This shows 
that the base of the Bird Reef Stage is situated genetically at the base of 
the transition zone, where upward coarsening begins. 

The pattern of the sediment vectors, likewise, assist ln the recognition 
of the paleo-environment. The bimodiality reflected by the distribution 
in fig. 20 (p. 219) is illustrated by figs. 18 and 19, as due to bias in sam­
p'ting related to data distribution. The pattern is seen as unimodal indica­
tive of shallow water. Some current deviations are preser..t, especially on 
the west, which, lower down the paleoslope, are associated with smaller 
flow consistancy ratios, indicative of a flatter paleoslope (map 13, p. 236). 
The immediate footwall beds are mainly considered to be proximal fluvial 
deposits. 

3. FOOTWALL EROSION 

ThP. White Reef is underlain by a mildly undulating scoured surface, smooth 
and well abraded, with sharply incised gulleys, of which only one example 
was observed. It reflects a firm and relatively compacted 5Urface at the 
time of erosion, and, thus, also a small break in deposition. No residual 
debris, accumulated from the erosion, was observed at the position between 
the erosional interface and the base of the White Reef. This probably re­
sulted from continued wash and downslope transport by the scour currents. 

Erosional channels were cut into the floor beds (map 21, p. 246 ). Their 
orientation mostly reflect that of the pre-Whi.te Reef paleocurrent system, 
revealing that the break in deposition was not lengthy enough for a new 
channel system to develop. The only marked deviation occurs at the centre 
of West Rand Consolidated. Here the footwall beds, deposited towards the 
south-east, were scoured towards the south-west. The latter direction may 
have developed due to the entry point fan moving southwards in response 
to stronger uplift of the northern source beyond the east rim, in the period 
of weathe:ring and erosion before the deposition of White Reef gravel was 
initiated. Under the shallow water conditions that prevailed, the consoli­
dated footwall was probably exposed to sub-aerial conditions, such as that 
of a large deltaic sand flat, which were possibly due to temporary trans­
gression. The relatively high bed-relief index (B.R.I.) of the floor topo­
graphy, calculated as 5, 2 for fig. 2, according to the method of Smith 
(1970, fig. 22), suggests proximal fluvial erosion a.::id this interpretation 
which discards the comple;.:ity of t!3mporary and rapid sea-level movement, 
is pref erred. 

The channels merge, meander and criss-cross on the paleoslope. Their 
orientations are mostly to the north-west and north-east conforming to the 



97. 

two systems of minor fold warping (map 21, p. 246). They may, therefore 
have been controlled by low order features of the existing tectonic frame­
work. The channels reached lengths as great as ten thousand feet, but 
their extent is difficult to determine with accuracy because of divergence, 
convergence and criss-crossing. Widths of several thousands of feet are 
common and maximum incision reached a depth of about five feet in the 
upslope area of strong abrasive flow. Low down the paleoslope the re­
duced velocities of erosional streams is reflected in mininal channel 
de~)ths measurable only in inches. The channel indices vary from about 
100 to 1 500, which is similar to those of the Basal Reef (B phase) at 
Harmony Mine, which Hodgson (1967) found to vary between 186 and 1 800. 

4. PROVENANCE MATERIALS 

The rock types of the source areas can be partially deduced from the 
detrital fragments. Moderate to advancP,d mechanical abrasion is indicated 
by the sphericity values (table 10, p. 53 ), and by the resistant nature 
of the pebble types (table 7, p. 41). The relative proportions of the 
lithologies represented in the Luipaardsvlei and Randfontein phases and to 
a large extent also in the West Rand facies, is directly related to resis­
tance to transportation, with abundant quartz, less quartzite and least 

·chert present in· accordance with the resistance gradings of Pettijohn 
(1957). The relative percentages thus reflect the break-up during trans­
portation and not relative rock abundances at the source. Coarser frag­
ments of softer and brittle rocks were greatly reduced or lost during trans­
portation. The rock types that survived weathering and transport indicate 
mainly metamorphic and igneous terrain. 

Quartz pebbles are about four times more durable tha~ quartzite according 
to' Pettijohn (1957). Their relathre abundance can thus be utilised as an 
index to the distance of transport, on condition that both types are derived 
from a mutual source and that the relative percentage resulted from selec­
tive break-up during transportation, which seems to be the case for the 
Luipaardsvlei and Randfontein phases. The ratios of quartzite to quartz 
in the Luipaardsvlei and Randfontein facies are both relatively high, being 
1 :1, 6 and 1 :2 respectively indicating that maximum abrasion was not achieved 
and that the distance of transportation must have been moderate. This 
is largely in agreement with the conclusion by Pretorius (1974 a, b) which 
suggested a short linear fluvial transport for Witwatersrand Reefs. The 
almost identical pebble lithologies reflect a common source for these two 
conglomerate phases, which, apart for areal differences, form a single 
deposit, as will be explained later. The origin for the quartzite pebbles 
could be any of the older sedimentary systems, with some contributions 
from the underlying reefs of the Witwatersrand System. The percentage 
of quartzite pebbles is high when compared to other Witwatersrand reefs, 
but so are those of the Zone 2 and Monarch Reefs (table 8, p. 43), and also 
of the Livingstone Reefs, which according to Toens and Griffiths (1964) 
contain considerable amounts of quartzite pebbles. This indicates that 
transportation durir,;; the deposition of the Livingstone and Bird Reefs was 
not of sufficient distance to reduce the quartzite which is normally classified 
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with the immature load. Restricted m1xrng is, likewise, indicated by the 
presence of sub-populations of pebble types in the various facies. 

The abundant quartz oI variou13 types was probably derived from the mig­
matite, gneiss and ultra-metamorphic rocks of the Transvaal belt of meta­
morphism and granitization of the Archaean Complex. The presence of 
heavy minerals, such as gold, suggests that mafics and ultra-mafics were 
present as source rocks. Pretorius (1974 b) illustrates that the nature of 
the heavy minerals in the Witwatersrand reefs is an indicator of the compo­
sition of the source rocks from which the mineralisation was drawn. He 
shows that the diagnostic minerals can be placed in at least two groups. 
The platinoids, chromite, diamonds, cobalt and nickel sulphides were 
probably originally present in ultra-mafic rocks. The uraninite, zircon, 
cassiterite, garnet, and quartz were probably drawn from granitic members 
of the pre-Witwatersrand basement. 

As basic and ultra-basic rocks are not chemically resistant to intensive 
weathering, th8ir absence as pebble types can be expected. Thdr break­
down would have been facilitated by the humid climate which seems to be 
indicated by the absence of feldspar which should have been washed in from 
the granitic sources in abundance. According to Pretorius (1974 a) the 
rock equivalents of the Swaziland sequence were originally present towards 
the north-west of the Witwatersrand basin. He poBtulates that rocks 
situated at the base of the Fig Tree Group and top section of the Onver­
wacht Group were responsible for Main - Bird Group sources; and also that 
the coarse elastic sediments were originally felspathic quartzites, derived 
from the mafic and felsic volcanics of the Upper Onverwacht Group and 
from the ever-increasing volumes of granite that were eroJed as more 
and more of the greenstone belt was stripped away. 

The quartzite-quartz ratio of 1 :28 for the West Rand facies, with less quart­
zite than chert indicates either a different source area from the other com­
bined phase or much more transportation and related disintegration of quart­
zite. The two-dimensional pebble sphericity average values for the Rand­
fontein and West Rand facies shown on map 17 (p. 242) are both O, 63 
indicative of a comparabla transportation history. The West Rand facies 
is thus seen as having been derived from the same general source area 
but with lesser outcrops of quartzite available, or, alternatively, incor­
porating more constituents from lower reefs. 

Naturally, to the possible source rocks, eroded rim equivalents of under­
lying Witwatersrand conglomerates must aleo be added. This is suggested 
by the pebble-shape chJ.racteristics of the White Reef which, in the main, 
reflect those of the underlying Livingstone Reefs, whereas pebble sphericity 
measurements also yield identical results (table 11, p. 54). This could 
have been brought about by similar source rocks and abrasion history. 
Alternatively, it is possible that detritus from underlying reefs was incor­
porated into the White Reef as a result of basin-edge uplift and erosion. 
Applying Sternberg's law, as set out in Pettijohn (1962); Steyn (1963) cal­
culated that, for the upper and middle zones of the Livingstone Reefs, the 
apex of the alluviati!lg delta was situated approximately four miles and 
six miles, respectively, to the north of present-day outcrops. The same 



99. 

assnrnptions and formulae can be applied to the White Reef, substituting 
the appropriate pebble sizes and pebble-size decrease gradients indicated 
on map 14 (p. 23'i'). Such calculations indicate that the apex of the al­
luvia ting delta was. foi· the R::i.ndf ontein facies, approximately two miles 
beyond the present-day outcrops. For the coarser gravels of the West 
Rand and Luipaardsvlei phases the distances become less than a mile. 
These figures are ba_sed on various asswnptions which are questionable, 
and yield only an estimate of the order of distance involved. They do 
suggest, however, that the studied portion of the White Reef was deposited 
close to an apex position of a depositional fan, and also that the earlier 
fan of the Livingstone Reefs did persist further northwards, about four 
miles beyond that of the White Reef, making erosion and inclusion of 
Livingstone fanhead and upstream materials a definite possibility. The 
shorter distances illustrate also the regression of the apices of successive 
fans, from the basin edge towards the centre of the Main hasin which was 
shrinking progressively with time. 

This possibilit_:; of the inclusion of materials from the underlyiii.g reef 
horizon necessitates an explanation for the large, disc-shaped pebbles 
characteristic of the upslope section of the Livingstone Reefs which are 
mostly absent in the White Reef, and also the absence in the Livingstone 
Reefs of high concentrations of uraninite which are present mainly in the 
southern low energy facies of the White Reef. These differences can be 
explained by the selective transportation of pebble types and by the general­
ly lower energy environment which prevailed during the deposition of the 
uranium rich Randfontein facies of the White Reef, but which was absent 
for the Livingstone Reefs. There is, therefore, a strong case for the 
incorporation of Livingstone Reefs materials. The degree of recycling at 
the basin edge was limited, however, as extensive reworking would have 
changed the indications of a moderate distance of transportation. The re­
latively poor gold content can, thus, be explained by sparse source minera­
lisatio!l, poor build-up of concentrations before transport and deposition, 
plus limited basin edge recycling. 

5. THE GEOMETRY OF THE WHITE REEF DEPOSITIONAL FAN 

The paleocurrents of the White Reef form a fan spreading so11thwards. 
T_he updip extrapolation of vectors from various positions, diverges at a 
point about three quarters of a mile north of the boundary between West 
Rand Consolidated and Luipaardsvlei Estaten. Calculations, based on 
Sternberg's law (Pettijohn, 1962), indicate that the apex of the depositional 
fan was situated about two miles north of the northern end of the Randfontein 
facies. For the higher upslope gravels of the other two phases of the 
conglomerate the distance is somewhat less than a mile. These four 
separate reconstructions corncide tc, locate the apex with· accuracy as 
shown on fig. 21 (p. 220). The latter diagram represents a generalised 
model of the White Reef fan. 

The fanhead and, also the fanbase, except for the basal south-western section, 
are eroded. At the lower end of the fanhead, the river system splits into 
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three sub-systems. The central one is relatively minor and it is probable 
that the upper midfan section became choked with debris during initial de­
position, forcing the main channels to develop towards the outer flanks. 
A short distance down the slo:!.)e, the sub-systems further subdivide into a 
braided stream pattern. The smaller channels separate, cross and re-
join, often followir.g the directions of north-west and north-east folding, 
e.g. the Witpoortjie subsidence. The two outer main channels remained 
reasonably coherent. The eastern main stream beds formed the coarser 
conglomerate and the western one the major economic zone. The major 
current on the west side followed a gentle curve down the valley pre-deter­
mined by the north to south plunging Randfontein trough. The preserved 
section of the fanbase covers the low lying trough area and contains the 
carbon rich Randfontein phase. It can confidently be concluded that the 
latter area was covered by a shallow lake which provided the conditions 
t~t were necessary for the repetitive development of algal mats during 
periods when fluvial turbulence was much reduced. The colonies of 
lichen thrived in what was otherwise a high velocity environment charac­
terised by pebbly sand deposition. The periods of quiescence reached a 
maximum time equivalent_ of two inches of thucholite growth and were 
possibly seRsonal as is shown by the presence of many repetitive thin carbon 
seams. Sediment starved conditions are reflected by the carbon seams en­
closing the pebbles and coarse sands which formed the depositional surface. 

The mode of gravel deposition is related to the fan geometry. The West 
Rand lithological facies occupies the upper midfan section, situated off 
centre towards the west. It was formed, under conditions of oversupply, 
mostly by the avalanche of gravels without sorting, except in the distri­
butaries. This early deposit apparently blocked the centrai midfan sec-
tion and ciiverted sedimentation symmetrically sideways. Both the Rand­
fontein and Luipaardsvlei main lobe facies were subjected to extensive 
winnowing under conditions of relatively lean supply. This is convincingly 
demonstrated by the development of closely packed clog gravels over floor 
highs, in the main current areas • 

. The distribution of gold and uranium is likewise related to the fan geometry. 
The low gold content (Au+) at the top of the midfan section decreases up­
slope suggesting even lower mineralisation in the eroded fanhead section. 
Most gold (A+++) is contained on the lower midfan to upper fanbase area, 
and then decreases dovmslope to reach intermediate values on the central 
fanbase (A++). The uranium distribution is similar to that of gold but 
reaches peak concentrations farther downslope, in the central part of the 
fanbase area, at a position where the two main structural depressions 
merge (fig. 21, map 22). This suggests a very slight basining at this 
position during the relatively short period of White Reef deposition, weakly 
repeating the stronger basining developed over the longer period that se­
parated Main and South reef deposition (map 6, p. 229). 

The White Reef can be compared with other fans, notably with the general 
conceptual model devised for fluvial fans of Witwatersrand goldfields by 
Pretorius (197 5). The similarity to the model is striking and differences 
are related to factors peculiar to the West Rand structural framework. 
The overall agreement certainly substantiates the validity of the general 
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model: the fanhead was likewise uplifted and eroded, possibly reworked 
into later fans; the supplying rivers flowed equally short distances before 
dispersing through a braided-stream pattern; the midfan and fanbase sec­
tions were structurallv depre::,sed ~nd preserved; two similar main lobes 
developed containing braided channeis, represented hy the two outer subsi­
diary main channels of the White Reef; the metal distributions are similar 
and the distal facies contain algal mats. Whilst Pretorius does not offer 
an explanation for the development of two main lobes, it is readily explained 
by the mode of deposition of the White Reef. The West Rand phase was 
rapidly dumped on the central midfan area, forcing major channels to deve­
lop on either side around the obstacle. Pretorius favours the development 
of asymmetrical fans caused by clockwise movement of currents which 
prograded the eastern lobe. There is no real indication of a clockwise 
c·1rrent flow in the White Reef paleocurrent pattern. Major fault uplift 
and subsequent erosion destroyed the south-eastern segment of the fanbase 
of the White Reef and consequently the asymmetry cannot be effectively 
studied. However, the eastern lobe does contain coarser conglomerates due 
to a stronger transporting current but the western lobe, although being 
less robust, contains most of the mineralisation. The asymmdric aspect 
is firstly related to the structural framework also demonstrated by the 
patterns of the Livingstone Reefs sedimentation (Steyn 1963, map 7) and 
by the overlying Monarch Reefs (Toens and Griffiths, 1964, fig. 5). These 
all show an asymmetry with higher mineralisation in the western lobe due 
to north-south control of the main channel by the Randfontein trough. 
Secondly, the coarser conglomerate of the eastern lobe may have been caused 
by the initial dumping of the West Rand phase off-centre towards the west 
on the central upper midfan (fig. 21, p. 220 ) forcing the development of 
a stronger major distributary towards the east. 

The Livingstone Reefs fan demonstrates a different variation in mineralisa­
tion with highest gold grades being contained in the •fanhead area. It il­
lustrates a deviation from the general model of Pretorius and that of the 
White Reef where the gold was usually of too fine a grain to settle in the 
fanhead facies. This difference could be due to the fluvial-deltaic environ­
ment postulated for the Livingstone Reefs. However, seen in retrospect 
it is the view of the writer that earlier conclusions about reef environments 
require revision in the light of the more quantitative criteria now available 
for evaluation. In this connection, the general finding by Pretorius tl 974 
a, b) that the Witwatersrand reefs are fluvial fans, varying iii their en­
vironmental conditions to fluvial-deltaic, requires serious attention. 

The White Reef fan also closely resembles the reconstructed model for the 
south-westerly part of the Basal Reef depository (Sims, 1969, fig. 38) 
which contains various aspects of the more important features incorporated by 
Pretorius (op. cit) in his later more comprehensive model, e.g. the asymmetry 
of the lobes and the distal carbon seam facies. The proximate pebble 
mill facies of Sims is seen as the equivalent of the upper midfan avalanche 
facies of the White Reef; 11is midfan composite reefs compare with the 
lower midfan facies of the White Reef, whilst the distal carbon seam facies 
equals the fanbase facies of the White Reef. The Basal and White Reef 
fans are both asymmetric with the eastern lobe more strongly developed 
and this substantiates the argument of Pretorius for clockwise current 
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movement in the main Witwatersrand basin. This current moveme:1t is not 
displayed by the paleoflow pattern of the White Reef, which was positioned 
outside the main water body of the parent basin. The clockwise current 
effect can, however, possibly be detected in the cross bedding directions 
of the overlying quartzites at the toe of the fanbase. 

The much larger East Rand, Main Reef Leader fan as described by Pre­
torius (1974 b), conforrr..s in its general characteristics with the White Reef 
fan which is incompletely preserved due to the Witpoortjie faulting. One 
noteworthy common feature of these two fans is the poorly developed reefs 
on the central midfan cituated below the fanhead, another is that minera­
lisation in the western lobe is apparently of a higher grade. 

6. TIME RELATIONSHIPS OF THE CONGLOMERATE PHASES 

The West Rand phase was previously referred to as the initial pulse of 
sedimentation, rapidly dumped, off-centre, in the upper midfan area. The 
obstruction caused a diversion of the main channels towards the outer sides 
of the fan. Alternative sequences of events should also be considered. 
The systematic decrease, over the fan, of average pebble size and reef 
thicknesses south-westwards, could be related to a waning of depositional 
energy while deposition switched gradually from east to south-west. The 
Luipaardsvlei conglomerate could then represent the initial high-energy 
phase following uplift in the source area, the West Rand the intermediate 
pulse, and the Randfontein type the final low-energy stage. Heavy minerals, 
accumulated as lag deposits in the rivers above the fanhead, would be pro­
gressively released to enrich the deposit as sedimentation shifted westwards. 
This explanation of events, however plausible, lacks an acceptable reason 
for the initial shift of eediment&.tion towards the east, at a stage when the 
central midfan area was available and empty. 

Another possibility is the E:imultaneous deposition of the West Rand and 
Luipaardsvlei facies at adjc:1.cent and level positions on the midfan. It is 
not favoured, as only a single entry point is indicated by the paleocurrent 
pattern and the different pebble assemblages point to non-simultaneous 
deposition. A fourth alternative is that a single Randfontein-Luipaardsvlei 
gravel covered the enti:ce fan area, that erosion followed, with later de­
position of the quartzite deficient West Rand facies. Various arguments 
disfavour such a sequence of events. The lithofacies, scalar and vectorial 
trends do not reflect an abrupt cut-off of time lines at the boundaries of the 
West Rand phase; secondly the related sphericities suggest uniform, un­
interrupted transportation and deposition. It is also unlikely that the Rand­
fontein facies represents a smaller pebbled washed-out variant of the West 
Rand gravels as the marked differences in pebble assemblage would then 
be l!nexplained. 

In conclusion, the deposition of the West Rand pulse, followed by the simul­
taneous sedimentation of the Luipaardsvlei and Randfontein phases affords the 
most simple and logical sequence of events. It simplifies source area 
events to initial erosion of quartz-rich metamorphic and igneous rocks, 
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followed by erosional incision into sediments containing quartzites, or 
incorporation of quartzite pebbles from earlier conglomerates. The 
initial blockage of the central upfan area on the west side, diverted stronger 
flo,.._, and transport of larger fragments eastwards, forming the robust con­
gl01nerates of the Luipaardsvlei facies. Partial obstruction on the upper 
central midfan area towards the west, reduced the velocity of the main 
stream that developed the smaller pebbled lobe of gravel. Flow persisted, 
however, throughout the total Wnite Reef period to upgrade mineralisation 
by shifting lag accumulations ot heavy mineral build-up in the river system 
above the fan. The Randfontein phase bypassed the West Rand gravels 
through the larger of the western distributari8s indicated on the model. 
This resulted in channel lag enrichment in the area of the West Rand facies, 
upgrading it to an overall gold and uranium content intermediate between 
that of the other two facies. This possibility is supported by a alight 
increase in quartzite pebble percentages, so typical of the Randfontein facies, 
in the main channel of West Rand (map 18, p. 243) 

7. MODES OF CONGLOMERATE DEPOSITION 

INTRODUCTION 

The White Reef is a pebbly quartzite and not a pebble supported conglo­
merate. The degrees of pebble packing, which were extensively and quan­
titatively determined (map 16, p. 241) seldom reach the high values of 
about 67 per cent (Plumley, 1948) required to form pebble supported con­
glomerates of the banket type. There are some exceptions present, notably 
in upper midfan positions of the eastern lobe. Deposition generally took 
place out of a single phase of transportation of pebbles, sand and coarser 
heavy minerals which all moved as bedload, including saltation. The silt, 
clay and finer heavy minerals moved mainly in suspension. 

Whilst the overall facies can be classified mainly as a scattered pebbled 
sand, the fanbase phase on Randfontein Estates can be grouped with carbon 
seam types of reefs because of the presence of thucholite layers which 
reach a maximum thickness of two inches at the south-western corner of 
West Rand Consolidated. In essence, the overall grouµing does not change 
from that of a scattered pebbled sand and the Randfontein type reflects o~tly 
a finer particled, more distal phase. 

Two main opposing modes of conglomerate deposition developed in response 
to different fan geometry positions, the interplay of variable rates of 
sediment supply, and current regime. These caused fun<lamental dissimi­
larities to develop it the scalar and vectorial properties of the conglomerate, 
mi110ralisation and robustness changes related to floor topography. 
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CENTRAL MIDFAN FACIES 

The West Rand conglomerate is typified by an abundantly crossbedded, loose 
pe"b"bled pebbly quartzite outside the distributaries. The interfluve areas 
of l1igh floor level~ reflect the smallest average pebble size, packing and 
sorting values. This is in contrast to the other two mai.t1 lobe phases 
where floor highs are systematically covered by the most robust reef. 
A maximum of 55 per cent for the pebble packing indicates that the gravel 
was not typically pebbie supported even though minor instances of open­
work gravels occur in the channels where lag conglomerates developed. 
The major modes of deposition were thick a•;alanche crossbedding or thinner, 
coarsening upwards, pebbly cross bedding. The former is clearly illus­
trated by the pebble fabric. A majority of pebbles (66 per cent, table 12, 
p. 59) dip downslope, reflecting pebble imbrication on inclined ";'oresets. 

The deposition of reef in crossbedded form is reflected by the relative 
abundance of reef foresets measured in this facies. With 54, 60 and 87 
measuring localities investigated for the West Rand, Luipaardzvlei and 
Randfontein phasPs respectively, relative abundances of 1, 4 : 0, 5 : 0, 3 
reef crossbeds were measured per unit area. Note that the Randfontein and 
Luipaardsvlei values are comparable even though they reflect opposing 
extremes in reef widths. Related in origin to the abundance of crossbedding 
is the upward coarsening which is characteristic of the White Reef, and 
best developed in the West Rand facies. These represent bars formed in 
braided streams (Allen, 1965), Braided channels are; likewise, reflected 
on the reconstructed model (fig. 21, p. 220) by patterns of larger pebbled 
and better mineralised reef, and vectors. Allen (op. cit.) describes 
braided stream deposits and quotes Leopold and Wolman (1957) who record 
the construction of a gravel bar by the progressive addition of foresets 
at its downstream end. 

Avalanche reef deposition is not restricted to the White Reef. A similar 
downcurrent dip of pebble alignment is recorded for the massive reef phase 
of the Basal Reef on President Steyn, and a correlative mode and environ­
ment of deposition can be i.nterpreted, especially as the respective fan 
geometry positions are identical (compare Sims, 1969, figs. 37 and 38), 
The central midfan pulse of the White Reef compares closely with this 
zone of the Basal Reef which is described as an entry point shore line 
facies of a fluvial deltaic fan. It contains polymictic reefs characterised 
by rapid pebble size reduction, and is deficient in U C, 

8 
with gold being 

erratic. Similar to the West Rand facies, this phas~ of Basal Reef has, 
in many instances, the best mineralisation at the top or mid sections of 
the reef. The lower central midfan pulse can be equ2.ted to the multiple 
late-channel type of the Basal Reef, which irom Sim3' description, appears 
to develop reverse grading similar to that recorded for the midfan of the 
White Reef. 

MAIN LOBE FA CIE S 

The main lobe or major channel facies, situated on the periphery of the 
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outer fan and reaching down onto the fanbase, is represented by tLe Rand­
fontein and Luipaardsvlei phases. They are characterised by typical fluvial 
grain fabric £table 12, p. 59 ), with pebbles dipping upslope at relatively 
high angles and by extensive sorting which resulted in relatively high packing 
and sorting values in the high current velocity regime of the Luipaardsvlei 
lobe. The most diagnostic feature is the gravel ·clusters developed over 
zones of elevated floor, even where they represent interfluve areas between 
stream channels. These developed in response to winnowing and are ac­
companied by coarse horizontal bedding. 

Due to their respective positions on the depositional fan, there are impor­
tant differences between the two lobe facies. The eastern phase, situated 
on the midfan, was exposed to higher velocity sheetflow over a wide area 
and almost all rises underlie traction clogs. The western, less robust 
lobe is situated lower downfan and developed the pebble clusters mainly 
in the major and auxilliary channels, indicative of strong flow being re­
stricted to limited channel zones. There are large areas of high floor 
elevatior.., outside the main stream, overlain by poorly developed conglo­
merates. 

It is important to note that the boundaries between the two modes of depo­
sition are not abrupt since they are related to a gr?.dual decrease in the rate 
of sediment supply to different positions on the fan. The two main lobe 
phases have different mineralisations which are discussed in the next sec­
tion. 

The downfan sections of the White and Basal Reefs are comparable. Un­
fortunately, the greatest part of the West Rand fanbase has been eroded. 
Sufficient exposures remain, however, on Randfontein Estates for a worth­
while comparison. In both instances the reefs are narrow, carbon seam, 
single reef types containing the maximum concentration of U 

3 
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8
• Differences 

are also present. The Randfontein phase of the White Reef 1s charaderised 
by higher metal concentrations over areas of elevated floor. This is not 
conspicuous in the Basal E.eef, although Sims (196 9) mentions the presence 
of 'perched' surfaces of concentration, an aspect which, obviously, requires 
quantitative re-examination when viewed in the light of the White Reef data. 
In the case of the Basal Reef distal phase, increasingly more mineralisation 
is associated with the lower surface, than for the White Reef. Due to a 
lack of comparable data of a quantitative nature for size, standard deviation 
and packing properties relative to mineralisation, and keeping in mind that 
heavy particle size ranges may have differed, it is not possible to make 
a closer co::nparison between details of mineralisation and mode of depo­
sition. 
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8. PROCESS OF HEAVY PARTICLE CONCENTRATION OVER 

FLOOR RISES 

INTRODUCTION 

It has been repeatedly demonstrated that heavy detrital particles, repre­
sented by pebbles, gold and uranL1ite grains, are concentrated in positions 
of high footwall. And, also, that their relative concentrations vary ac­
cording to the elevation of the footwall. This process of heavy mineral 
accumulation has not been recorded in the literature, and, as it is the 
more important mode of deposition of the White Reef, it calls for a de­
tailed explanation. .Although this discussion deals primarily with conglo­
merate deposition, the related aspects of mineralisation are included so 
that repetition in the following section dealing with mineralisation, may 
be avoided. Humps of gravels are described in similar braided enviro!l­
ments elsewhere and it is, thus, possible that this process is a regula:::­
sub-component of the depositional environment. 

SETTING 

The setting is an environment of major streams of the main lobes exten­
ding over the midfan onto the central fanbase. The essential requirement, 
for the process to operate efficiently, is continuous sheet flow of sufficient 
strength and duration to allow extensive winnowing. Conditions of limited 
sediment inwash or balanced rates of influx and deposition, are indicated. 

Different responses in mineralisation were obtained on opposite sides of 
the fan. In the western Randfontein lobe, pebble and metal properties vary 
sympathetically with regard to changes in the floor topography. This implies 
that the pebbles and the coarser gold and uraninite grains were co-trans­
ported, deposited and concentrated in a single phase of bedload deposition. 

· In the eastern Luipaardsvlei lobe, well developed reef overlies floor rises, 
but in contrast, slightly better mineralisation occurs in floor lows. In 
the eastern lobe, winnuwing by vigorous currents doubled the pebble pacldng 
and increased average pebble sizes to one and a half times those of the 
western lobe. The initial depositional phase of the Luipaardsvlei gravel, 
very low in gold content because of high velocities unsuitable for settling 
of gold particles, formed dense clusters of conglomerates over floor highs. 
The channel;:; remained open and bypassed later gravels to the downslope 
positions. Decreasing stream velocities failed to upgrade pebble size and 
packing to values exceeding those on floor highs, but prevailed for a suf­
ficient period for a slightly higher grade· of gold to ace um ulate along the 
distributary streams. 
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THE PROCESS 

Lower channel areas are overlain by scattered pebble reef, whilst larger, 
closer packed pebMes cover the rises. This differentiation is effective 
over large differences of the floor, ranging from a few inches on Rand­
fontein Consolidated to as much _as five feet on Luipaardsvlei Estates. 
The optimum topographic range where such sedimentaf:ion responses operate 
is not known. Average values of scalar properties over high floor posi-
tions exceed those covering floor lows, by factors of 1, 3 for pebtle size; 
3, 6 for packing and 4, 7 for gold content in the pilot study area. Sorting 
increases, as expressed by the standard deviation, are largely similar 
to those of pebble size as they are, in the pilot locality, size dependent 
to the extent of O, 84. Therefore, in retrospect, standard deviation is not 
regarded as :rn independent or good measure of sorting. Comparative 
grain counts indicate a relative increase of 23 per cent of the smaller 
grains, 4 to 12 mm size class, over the hollows in the area of the pilot 
study. Removal by winnowing of lighter detrital grains over floor highs 
is thus indicated. Many smallel' grains did not maintain stable positions 
on the humps, due to flow turbulence, but moved into the relatively shel-
tered hollows or farther downstream. The spaces thus vacated were then 
filled by heavier and larger grains. The pebble grading over the hollows 
is often reversed; the upward size increase indicates that, as the hollows 
filled, increasingly larger mnnbers of light grains were unstable due to 
increasing turbulence. Crossbedding structures occur in the reef in the 
hollows ·only, indicating that little or no resorting, which would have de­
stroyed such original sedimentary structures, took place. The hollows 
filled rapidly and caused a levelling of the floor topography but not a ces­
sation of the winnowing over buried highs where traction clogs were firmly 
established and continued to build upwards. These, according to the principles 
of physical movement of pebbles and sand (Moss, 1962), would form over 
the bare firm surfaces of exposed floor highs, and act as traps for coarse 
grained particles. The properties of the gravels preserved in the hcHows, 
approach those of the influxing pebbly sands; the gold grade, pebble size 
and packing reach minimum constants in the troughs (figs. 4 a, b, c, 
p. 204). Yet, even these dispersed concentrates must have exceeded those 
of the original pebbly sand since much of the sand and silt fractions con­
tinued downslope. However, of greater economic importance is the pro­
gressive increase in heavy mineral concentrations up the sides of floor 
highs. Maximum concentrations were reached in the pllot study area in 
gravel thicknesses of two to three inches. Thereaftel', the increase falters 
and concentrations of heavy particles become erratic or decrease. 

Statistical analyses p-rovide further insight into the changes. Changes in 
floor height are most closely linked to pebbl~ size and packing changes 
(correlation coefficients of -0, 60 and -0, 59 respectively - appendix 17, 
p. 189). As the reef narrows to less than three inches, the values of 
the,3e properties become erratic and averages decrease (fig. 2, p. 201), 
except for packing, which was not accurately measured at very narrow 
widths. The depositional factors that influence size and packing may thus, 
likewise, have reached maximum competency at the critical gravel thick­
ness, and decreased thereafter. Pebble size is largely determined by the 
transporting competency of the stream, i.e. the velocity factor, whilst 
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denser packing results from extensive winnowing, i. e. flow persistence. 

The crossbedding units measured in the hollow adjacent to the hump 
(fig. 2 a) are 20 cm thick. According to Allen (1970) the dune .i.ieight 
(H) of dune crossbedding f-f

9 
cm high), developed in streams may be 

expressed as H = O, 086 '1 ' , where d = water depth. Substituting 
H = 20 cm, d becomes f:J7, 5 cm or 37, 5 inches. The water cover over the 
hump was, therefore, about 26 inches. It is unlikely that current velocity 
and sustained flow would decrease rapidly if the water depth decreased 
only from 29 to 26 inches. However, between flood periods, the depths 
could have been much less. 

The most likely explanation is that the process of concentration cannot 
function well without a traction carpet at least two to three inches thick 
which would constitute an efficient trap for the heavy particles moved mainiy 
by bed load processes and that the accumulating gravel simply did not 
cover the high floor adequately enough. Should more heavy minerals than 
the one quarter estimated for this position, have moved in suspension (see next 
section), there would be little reason for the disruption of concentrations over the 
floor highs. It seems, however, that this type of mineralisation is closely 
associated with bedload processes. Unfortunately, only this single instance 
of very thin reef covering a floor rise was encountered. 

Another possibility, not to be disregarded, is the post-White Reef erosion 
mentioned previously. It eroded the reef to depths of several inches at 
various localities in the pilot study area. It is readily recognised by the 
uneven upper reef contact. However, the top surface of the reef is rea­
sonably level over the high. Further, should erosion have removed the 
pebbles, the heavy matrix minerals woul.d most likely have sunk to the 
floor and remained, unless compacted chunks of gravel were washed 
away. It seems less likely, then, that later erosion caused the impove­
rishment of heavy particles over the area with a gravel cover of less than two 
inches. 

9. PARTICLE MOVEMENT AND DEPOSITION 

The principles of particle movement and deposition (Moss 1962, 1963) 
can be applied to the White Reef conglomerate. 

The sediment consisted of three distinct grain populations, termed A, B 
and C. Saltation particles made up population A and B, while rolling and 

sliding particles rem~ined to form population C. Population A had a small 
size range and included the sand and small pebbles. Population B con­
sisted of relatively smaller particles that passed directly from saltation 
into the interstices of population A. The finer sand particles as well as 
the heavy minerals were included in population B, · since, accordi!J.g to Moss, 
during current deposition small dense particles preferably enter population 
B. Population C, which is in the pebble range, was well dispersed and 
in closely packed traction clogs. With continued influx of sediment, pebbles 
and sand spread out to overlap onto the floor rises. The firm surface 
of these offered more frictional resistance to the sliding or rolling pebbles 
than the sediment:-covered surfaces of the adjacent hollows. When the 



concentration of rolling and sliding particles, especially pebbles, reached 
a critical value, the halting of one individual caused many to join together 
on the bed as a 'traction clog' with closely packed pebbles. Sand and 
finer particles continued to accumulate between the pebbles, and the pro­
cess was repetitive. In this fashion traction clogs of relatively densely 
packed pebbles developed over the tops of the humps, and elsewhere, when 
movement of bedload was impeded. 

The coarse sandy fract10n, comprising the bulk of the sediment, was trans­
ported, as an A population in contact with the floor, hy sliding and rolling 
over similarly sized or smaller particles. However, when it encountered 
the coarser population C pebbles the mode of transport changed to salta-
tion. The pebbles of the C population moved over the pebbly-sand layar 
by means of 3urface creep. For surface creep deposits to grow thicker 
than a single layer of grains, strong reversed bedding must develop, as 
rolling and sliding of particles can, obviously, only occur if they are moving 
over sm:=iller particles. This partly explains the reverse pebble size grading 
often fou..11d in the White Reef. 

The heavy minerals and fine sands of population B were usually smaller than 
the associated coarse sand particles of population A, which formed the bulk 
of the bed surface during deposition. Before they were deposited, the B 
particles had to move over a surface of A particles larger than themselves; 
this would have eliminated surface creep as a mode of progression. Po­
pulation B usually shows a marked diminution in particle abundance with 
falling particle size around a diameter of 0, 07 mm, a value often quoted 
as being critical between bedload transportation and suspension. Thus, 
by elimination, population D must have been associated with saltation, 
although the possibility that some of its particles were in suspension be-
fore deposition cannot be ignored. It is considered that the fine sands and 
a large number of the heavy-mineral grains behaved as population B particles 
and that they moved by saltation and sometimes by suspension. 

According to Moss (196 3), the A population can be removed after deposition 
by resorting or winnowing, while a B population, consisting of heavy minerals, 
is being deposited by interstitial sedimentation amongst its particles, which 
in this case would have been coarse sand and small pebbles. However, 
no mechanism exists for the removal of population B particles from amongst 
the sheltering A particles. This would explain the removal of small peb­
bles and sand grains (population A), as well as the accumulation of heavy 
minerals (population B) over the floor highs. Rubey (1933) assumes that 
settling velocity is the important parameter that governs the size relation­
ships of associated rr. inerals of different specific gravity, and deduces 
hypothetical size distributions for each mine1·al in such associations; 
he describes the principle involved as 'hydraulic equivalence'. Rittenhouse 
(1943) modifies this concept somewhat, making 'hydraulic equivalence' 
closer to 'equally tr?.nsportable' in meaning. He also thinks that heavy­
mineral concentrations result partly from the selective removal of light 
minerals from newly arrived material, and partly from the separate de­
position of layers of heavy minerals. In the case of the White Reef, 
the heavy minerals together with finer sand grains were, as B population 



particles, considered to be 'equally transportable' with the pebbles (C 
population) and the bulk of the sediment which falls in the coarser class 
of population A. 

The ore minerals of the reef were concentrated by Loth processes suggested 
by Rittenhouse (1943), na~ely the selective rem ova 1 of lighter grains through 
extensive resorting over humps and, more so in the major stream beds, 
and the deposition of separate layers of heavy minerals as population A 
particles. An excellent example, of the latter process is the bedded py­
ritic stringers so often found in Witwatersrand conglomerates and quart­
zites. Gold grains which are concentrated on bedding planes are con­
sidered as population A deposits, and many such occurences are described 
in the literature dealing with the conglomerates of the Witwatersrand. 
Another factor was :responsible for the concentration of the heavy minerals 
on the floor highs; this was the preferential accumulation of dense par­
ticles on bedrock, which offered ultra-stable repose positions for popula­
tion B particles. During turtulent phases the bedrock would have been 
most frequently ex-posed over the elevated an~as, and very heavy particles 
would first have been concentrated between bedrock irregularities and then 
in the first deposits (often traction clogs) that formed the bedrock. 

An explanation fo'..· the decreasing concentration of heavy minerals and 
larger quartzose grains when the gravel layer remained less than two 
inches thick over floor humps may be that particles of populations A and 
C were no longer stable. When very thin, the White Reef often consists 
of a line of scattered pebbles in a quartzite matrix, suggesting that a 
large part of the pebbles and sand originally deposited had been retrans­
ported. 

10. HEAVY MINERAL TRANSPORTATION, DEPOSITION 
AND CONCENTRATION 

INTRODUCTION 

The main constituents of the White Reef pebbly quartzite were co-deposited. 
Sand, lesser quantities of pebbles and coarser grades of heavy mineral 
particles were saltated and bottom rolled, whilst finer heavy mineral frac­
tions moved in suspension and lesser solution along with fine sand, silt 
and clay. Positions of suspension and bedload transport are interchange­
able, depending on the energy state of the transportii'ig system. Increasing 
velocity lifts bedload particles into suspension whilst deceleration transfers 
some suspended particles into the bedload. The conditions were different 
from that of a banket type of conglomerate where the matrix often filters 
in later. Hydraulic equilibrium relationships in terms of co- transportation 
existed between grains of various sizes and specific gravity.' 



HYDRODYNAMIC FACTORS 

The relationships previously described between some pebble properties 
and the metal grades were further analysed by means of a matri:x.. analy­
sis and stepwise regression in order to determine th.air relative strengths, 
for the data of the pilot study (appendix 17, p. 18 9 ) • Packing has the 
strongest correlation to gold grade with a correlation coefficient of 0, 74. 
This value is significant, seen in the light of the fact that correlation 
between geological factors seldom approaches unity because of multi-factor 
responses. Entry of the size factor into the stepwise regression increases 
the multiple correlation to 0, 75. Further additions and deductions esta­
blished that reef thickness and standard deviation are only capable of in­
creasing this value to 0, 76. The stabilised relationship between the metal 
content and the sedimentological properties can be expressed mathematical­
ly by relating gold (y) to size (x

1
) and packing (x

2
) as follows: 

y = -33,5962 + 2,32798x
1 

+ 0,86630x
2 

(with size = mean of all pebbles > 4 mm, packing = per cent, 
and gold = dwts/ton) 

This relationship is, likewise, locally applicable to uranium, which is cor­
relative to gold to the extent of 0, 9615 (appendix 17). The equation ex­
presses the hydrodynamic equilibrium which existed at the K

6 
locality on 

the regional paleoslope. The equation would change systematically up and 
downslope as metal - packing and metal - size correlations change (see 
table 14, p. 69 ). Comparison of computer-predicted gold values with 
observed values, show, for instance, a 12 per cent prediction loss in the 
upcurrent direction over a distance of 1 700 feet to I (appendix 17). 
Although a stabilised correlation value of 0, 76 is vali6a at K , higher 
gold - packing and gold - size correlations obtained at I &ake it plain 
that the degree of correlation with traction properties in8reaseE: upslope 
as traction becomes dominant (see table 14). 

The relationship established means that 76 per cent of the gold content, 
at the K

6 
locality, can be e:,..-plained by packing and size behRviour effects 

which are both bedload factors. Processes that imp1·ove packing and size, 
are, thus, responsible for higher metal concentrations. Packing is increased 
by winnowing and is, thus, an index for stream persistence. It was the 
most important factor responsible for concentrating gold and uranium as it 
exceeds the size - gold index by 0,33 (appendix 17). Pebble size generally 
reflects current strength and is thus a velocity index. It is then postulated 
that stream velocity and persistence were the critical controls of minera-• 
lisation. This is supported by the regional patterns of metal dispersal, 
with all important payshoots covering main stream beds where veiocity and 
flow persistence were at an optimum. 

The floor topography is a valid control factor for mineralisation in the 
Randfontein payshoot, where the pilot study was conducted. It has a 0, 43 
correlation with gold (appendix 1 7). In reality, the exposed floor highs 
duplicate the highest energy environments of the rr..ain streams by presen­
ting optimum exposure conditions. The standard deviation is highly depen-
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dent on size (0, 66 correlation - appendix 17, p. 189) and so is not a 
good guide to metal - sorting relalionships. Nevertheless, it does still 
contribute slightly to gold accumulation (0, 29 correlation - appendix 17). 

With O, 76 of the gold content accounted for by bedload factors, foe remain­
ing O, 24 is attributed to suspension and lesser solution transport. The 
24 per cent agrees well with Reineck and Singh (197 3), who give a suspen­
sion population of up co 20 per cent for fluvial sediments. These ratios 
only reflect conditions at K

6 
on the paleoslope. A gradual transition in the 

mode of transportation of economic minerals down the slope is indicated 
by the chane-e in pebble gold - size relationships (fig. 17, p. 217). On 
the upper midfan at D 

4 
in the West Rand phase, the almost linear curve 

relating pebble size and gold is interp:reted as a homogeneous traction 
condition. At the midfan and fa:1base positions the regression curves re­
flect two distinct sub-populations of gold particles. The lower segments 
of the graphs represent gold particles related to a pebble size response, 
indicative of bedload transport. The upper curves for gold concentrations 
in excess of about 40 dwts/to!'. are not related to size. This latter phase 
moved in suspension and lesser solution, and is important in the lower 
part of the large payshoot. The progressive decrease in correlation be­
tween bedload properties and metal concer~tration farther cfownstream is 
clearly reflected by the correlation coefficients (table 14, p. 6 9). This 
is caused by a reduction in current velocities which control size and the 
related sorting factor. A relatively high correlation coefficient is main­
tained between gold and packing and winnowing is the traction factor that 
is still of most importance on the fanbase. 

The above demonstrate a transition, from predominantly traction transport 
of gold particles on the midfan to roughly equal traction and suspension -
solution transport in the middle of the fanbase. The lowermost section of 
the fanbase had not been preserved for study, but the rates of change 
present indicate that suspension transport would eventually become domi­
nant. Similarly, it is anticipated th~t at the fan apex, any gold deposited 
would have dropped out of traction. In the upcurrent position indicated 
in table 14, it is worth noting that the 0, 56 correlation coefficient of gold 
to size, is increased to O, 6 9 by correlating gold with percen';ages of pebbles 
larger than 12 mm only (appendix 18, p. 194). Thus, upslope, correlation 
between gold and coarse particle behaviour increases; see also fig. 17. 

The introd,1ction here, of quantitative indications that the majority of 
Witwatersrand gold particles were transported by traction, is new in con­
cept and deviates markedly from earlier conclusions obtained by means 
of microscopic studies of hydraulic equilibrium which predominately favoured 
the suspension movement of gold and uraninite, e.g. Koen (1961) and Vil-
joen (1963). Later, Hiemstra (1968) observed deviations from hydraulic 
equivalence between uraninite and other heavy minerals, and maintained that 
the theory of hydraull~ equivalence could not explain the i:-elationships he 
had found. He applied the principles of particle movemeut develcped by 
Moss (1962, 1963) and suggested that concentration of the heavy minerals 
could be affected by the selective removal of coarse material consisting 
predominantly of light minerals. With the progressive change from traction 
to suspension-solution deposition down the slope, clearly demonstrated here, 



it is obvious that equilibrium conditions change and that conclusions about 
transport conditions are valid only for a specific sample locality or sub­
environment. A study by microscope, or any method, for that matter, 
wc!.lld not be complete without relating sampling localities to the paleo-
slope and fan positions, which must be defined in order to make generalised 
conclusions meaningful. A serious objection to the theory that gold and 
uraninite were predominantly transported by traction, as stated here, could 
lie in the small particle sizes of the economic minerals, and unfortunately 
no size measurements had been made for the White Reef. Hallb2.uer and 
Joughin (1973) undertook an analysis of the grain-size frequency distribution 
of gold particles in eight reefs. Their data (Pretorius, 1974 a, table 31) 
indicate that only 26 per cent of gold particle sizes a:re smaller than 0, 07 5 
mm. This boundary value approximates the critical 0, 07 mm value. It 
is, thus, possible that roughly one quarter of these gold particles may have 
been deposited out of suspension. This value compares well with the 24 
per cent of the gold population, which could not be coupled with traction 
processes at the pilot study midfan locality, and it is also reiated to the 
20 per cent suspension population for fluvial sediments of Reineck and 
Singh (1973). Tb.ere is, howevc:r, abundant evidence that a large number 
of gold grains were mobilised after deposition and redeposited on pyrite 
grains, or as thin fibres within carbon. These and, possibly, other 
changes in original metal grain size make it diffi:mlt, if not impossible, 
to arrive at trustworthy figures for the complete original size range. 
Other available measurements, representative only of present day economic 
reefs, seem to reflect a sampling bias towards the richer lower midfan 
and fanbase positions, i.e. towards smaller metal particle sizes. It is, 
therefore, not surprising that the average grain sizes of O, 035 mm for gold, 
O, 065 mm for uraninite, and 0, 055 mm for the platinoid particles, quoted 
by Pretorius (1974 a) from information provided by Coetzee (1966) and 
de Kock (1964), support more suspension and lesser traction transport, 
i.e. the equilibrium conditions of the more distal economic reefs. It is, 
therefore, most important to recognise the transition from predominant 
traction deposition high on the fluvial fan to the predominance of suspen­
sion depositicn of heavy minerals low on the fanbase. 

The predominant traction transport of gold particles in the White Reef re­
sulted from the conditions that existed on that individual fan segment, which 
together with the original size range of gold particles, form a specific 
set of circumstances. It also reflects the deposition cf a loose pebble 
quartzite and not a banket type of pebble supported reef. This mode of 
gold particle deposition is understandably not applicable to all other fan 
segments, as is illustrated by Minter (1972) who found that in the Vaal 
Reef, internal properties like pebble size, packing, percentage of inter­
calated quartzite and grain composition are r.ot related to gold content. 
The Vaal Reef is a carbon-seam type of reef, in which gold occurs even 
where the reef is devoid of pebbles and Minter defined the environment 
as fluvio-deltaic. H. has been judged as a more distal facies than the 
White Reef (see p. 47) and can be related to a fanbase situation where 
most of the gold moved in suspension. Minter found, that in the Vaal 
Reef, the form of the paleosurface affects local gold distribution. Re­
lative anomalies of gold concentrations could be interpolated parallel to 
paleosurface forms but could not be related directly to the floor topography. 
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He also found that 50 to 72 per cent of the gold is confined to the basal 
contact, and that paleosurface rist:s are poorly mineralised. 

Sims (196 9), also found that in the Basal Reef the foot wall 1:;truct11re appears 
to have little control over reef development, tha~ gold in the pro.,dmal 
multiple reefs often occurs near the top of the reef, like that of the mid­
fan area of the White Re-:::f, but shifts to basal positions in the distal narrow 
reef facies. He mentions instances of 'perched' narrow Basal and Leader 
Reefs where well mineralised reef formed on what he describes as elevated 
surfaces of concentration. The latter may be similar to floor highs in 
the White Reef. Apa:rt from this aspect there seems to be adequate over-
all similarity between the Basal and White Reef fan geometries and environ­
ments to suggest that similar study methods may yield comparable results. 
The degree of correlation will, logically, be dependent on the extent of 
depositional duplication present in the two fans. Some factors, e.g. reef 
thickness and mode of conglomerate formation admittedly differ to some 
degree and so may the environments, which Sims (op. cit.) deduced as fluvial­
deltaic for the Basal Reef in contrast to the purely fluvial mode of the 
White Reef (see next section) 

FAN GEOMETRY FACTORS 

The role of fan geometry, as far as the distribution of mineralisation is 
concerned, is clearly illustrated by the conceptual model (fig. 21, p. 220). 

The economic potential of the eroded fanhead area appears poor as the sizes 
and tenor of payshoots and smaller paystreaks decrease up the slope from 
the midfan. This is related to the high current velocities which swept 
most gold and uranium particles further downslope. The possibility that 
a small separate sub-population of coarse gold may have dropped out on 
the fanhead can not entirely be discarded, as it is suggested by the fan 
dispersal pattern of Livingstone Reefs gold (Steyn, 1963, map 7). This 
would have depended on the size of the heavy mineral particles available. 

The upper midfan area is characterised by small streaks of mineralisation. 
Their size and regular spacing suggest a pre-determined control. Their 
frequent emplacement in straight lines and at intersections of north-east 
and north-west orient:::.ted stream distributaries suggest that geometrical 
fold patterns may have been the controlling factor. The larger payshoot 
on West Rand Mine is anomalous as it ic much larger in size, but it is 
related to the main Randfontein trough which maintained overall control 
of sediment~.tion. 

The fanbase is the optimum position for the accumulation of both gold and 
uranium. It received, in the payshoots and paystreaks, a grade double 
that of the gold and uranium deposited on the midfan. M~ximum gold 
phased out early at the midfan-fanbase boundary. Maximum drop-out of 
uraninite followed 8 000 feet farther downslope at the merger position of 
the Randfontein and Witpoortjie troughs. 
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MAIN PA YSHOOTS 

Regardless of whether the conglomerates were formed by dumping from 
avalanching crossbeds or by sheetfloods, the larger payshoota deueloped 
along major streambeds. They accumulated resh:iual concentratiOiis of 
heavy detrital materials, and are accordingly represented by elongated zones 
of well mineralised rcbm::t reef, largely coincidental with the paleocurrent 
directions. In the two northern facies, the payshoots cover floor depres­
sions related either to scour or synclinal channels. The incompleteness 
of the data frustrates the accurate location of the depressions which were suc­
cessfully identified on Randfontein Estates. The orientation of the zones 
of mineralisation parallel to north-east and north-west fold directions im­
plies possibly such an association. The Randfontein pulse demonstrates 
that major payshoots at the lower. midfan-fanbase positions are not associa­
ted with thicker reef filling low topography channels. At this position, 
lower current velocities seldom scoured into the floor, but concentrated 
heavy minerals by a relatively gentle winnowing action which removed 
lighter particles along an axis of fixed strong flow. The main payshoot 
was controlled by the major north-south Randfontein trough. 

ENRICHMENT OVER ELEVATED FLOOR AREAS 

In the previous section (p. 106), the control of mineralisation by floor height 
was discussed. Packing and pebble size are dependent on the underlying 
floor topography to the degree of -0, 59 and -0, 60 respectively (appendix 
17, p. 189). Gold and uranium have almost equal correlation coefficients 
(-0,43 and -0,48, respectively) with reef thickness. Pebble and heavy 
mineral grains are, thus, almost likewise affected in their relative dis­
tribution, by the height of the floor. The lesser dependence of the metals 
on the floor undulations, than both size and packing as revealed by corre­
lation coefficients, reflects the proportion (0, 24 for gold) of the heavy 
minerals which moved with suspension-transport at that paleoslope position. 

Current velocity and stream persistence, as factors controlling size and 
packing, were responsible for upgrading gold and uranium over floor highs. 
This duplicates main channel mineralisation, where the same factors were 
important, but here concentration is further aided by the development of 
traction clogs. 

11. ENVIRONMENT OF DEPOSITION 

SETTING 

The paleogeographic setting is important. To the north, mount9.inlands 
were steadily being elevated in isostatic response to prolonged erosion in 
the source area, indicated by the rivers which were sufficiently steeply 
graded at times of accelerated uplift to move coars0 debris. To the south, 
the fanbase was lapped in White Reef times by the waters of a lake closely 



connected to the main Witwatersra.·1d basin, 

Abundant evidence, discussed in previous sections, defined the West Rand 
as a stable and major permanent entry point to the main ba,~in over the 
many millions of years represented by the Upper Division of the Witwaters­
rand System. Such prolonged and large scale movement of sediment logical­
ly requires a major river system for most of that period and the various 
associations of the fluvial environment should be closely examined. 

According to Reineck and Singh (1973) there are only three specific fluvial 
sub-environments, namely: 

(a) The alluvial fan or piedmont association; 

(b) The floodplain association; and 

(c) The coastal plain-delta association. 

As the White Reef exhibits a fan type of geometry like that of alluvial de­
posits, this environment can be considered first. 

COMPARISON WITH ALLUVIAL FANS 

Blissenbach (1954) defines an alluvial fan as a body, of detrital sediment 
built up at a mountain base by a mountain stream. Bull (1964 a, b), who 
made a detailed investigation of fan deposits in Western Fresno County, 
California, states that an alluvial fan is a stream deposit whose surface 
forms a segment of a cone that radiates downslope from the point where 
the stream channel emerges from a mountainous area. Co!Ilpound alluvial 
fans result from lateral coalescence of single fans, according to Blissenbach, 
and should other properties be in accordance, the three facies of the White 
Reef may be compared with three coalescing fans. It would thus be simi­
lar to a piedmont plain deposit, which, according to Bull, is a broad 
sloping plain formed by the coalescence of many alluvial fans. 

Stream channels on alluvial fans are commonly entrenched into the fanheads, 
close to the apex and are therefore called 'fanhead trenches' (Bull, 1964 a). 
Denny (1967) recorded local relief in trenches on the Shadow Mountain fan, 
ranging from forty feet near the apex to only one or two feet near the toe. 
Distributary channels eroded in the footwall of the White Reef of the West 
Rand and Luipaardsvlci facies reach a maximum depth of four feet and are 
too shallow to be classified as 'trunk channels', but have depths comparable 
to those de\'<Jloped downslope from the fanhead trenches of alluvial fans 
where most of the stream channels divide into braided distributary channels 
one to three feet deep (Bull, 1964 a). The far downslope distributaries 
on Randfontein Estates, however, show little or no entrenchment, and 
environmental conditions found beyond the toe of an alluvial fan are in­
dicated here. 

According to Bull (1964 a) meandering is the most common pattern of the 
fanhead trenches whilst braided patterns are characteristic of distributary 
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channels farther downslope. Such braids are present in the White Reef 
as indicated by the reconstructed model (fig. 21, p. 220) and by the 
coarsening upward of grain size which can be explained by braiding de­
position. The gentle broad curve of the main channel on Randfontein 
Estates may be compared with a section of a me'.lnder but it can equally 
well be explained as a segment of a normal stream curve. 

Most investigators record that the slopes of alluvial fans decrease gradually 
away from the mountain front, e.g. Blissenbach (1954). Bull (1964 a) found 
that in Western Fresno County all the fans have distinct breaks in slope 
which give their profiles a segmented appearance, with the segments steep­
ening towaras the mountain front. The White Reef fan can be subdivided for 
purposes of comparison into a downslope, low gradient Randfontein section 
and an upslope robust facies related to a steeper paleoslope. There is 
therefore a similarity to a segmented alluvial fan. 

The positional shift in sedimentation on the fan, e.g. from the West Rand 
faqies to the Luipaardsvlei phase, or vice versa, could possibly be re­
lated to fanhead trenching and the erosional cut-off of the trunk channel 
supplying detritus to the earlier fan segment. In the same manner, the 
Randfontein facies could possibly represent the youngest fan with a gentle 
slope, deposited from a trunk channel, which may have bypassed along the 
main payshoot of the West Rand facies. Other equally acceptable explana­
tions for the presence of the various phases of deposition have, however, 
been presented. 

The above illustrate a number of general similarities, mainly of form 
characteristics, between alluvial fans and the White Reef deposit. There 
are, however, important textural deviations from that of the alluvial fan 
environment. If the grain size range of the White Reef is compared with 
the distribution of maximum pebble sizes along a typical radial profile of 
an alluvial gravel: (Bllssenbach, 1954), it becomes obvious that the relatively 
small pebbled White Reef could only have been deposited at the far end 
of, or beyond, the fan. Lustig (1965) made a systematic study of variations 
in pebble size roundness and pebble lithology in the alluvial fans of Deep 
Springs Valley, California. He found that some of the largest pebble sizes 
are associated with washes, i.e. channels on the fan, and also that the 
mean size distribution pattern of fifty pebbles at each measuring station 
is not in accordance \Vith a uniform decrease in size downfan. In contrast, 
the relatively even, systematic decrease of the White Reef pebble sizes 
reflects more uniform, lower energy conditions, farther down the slope, 
in an environment at the edge or possibly beyond that of an alluvial fan. 
This is also indicateo. by the conspicuous absence of larger cobbles and 
occasional t-.:mlders, which were found far downfan by Lustig. The restric­
ted range in pebble sizes present, strongly suggests that the particles of 
the White Reef were derived from the erosion of previous size sorted gravels, 
or from an environment more distal than that of an alluvial fan. 

In view of the conclusions reached by Allen (1965), the relatively low pebble 
packing characteristics of the White Reef are opposed to those of typical 
alluvial fans. He states that alluvial fan deposits are relatively coarse 
grained and typically of gravel grade, whilst sand and silt grade sediments 



are usually subordinate. This implies that alluvial fans are generally 
openwork pebble supported gravels, unlike the pebbly White Reef quartzite. 
The average sphericity of 0, 74 for the White Reef pebbles also exceeds the 
maximum found for alluvial fans by Blissenbach. Lustig (196 5) records 
an angularity of rebbies on the alluvial fans of Deep Springs Valley, Cali­
fornia, which also exceeds that of the White Reef, indicating that the pebbles 
of the latter were subjected to considerably greater abrasion than would 
have resulted from a single cycle of erosion and/or transportation of the 
mountain front nearest ·to the alluvial fan; this points to longer river 
transportation and/or reworking far exceeding that associated with a pri­
mary mountain-edge alluvial fan. 

Somewhat more favourable evidence for an alluvial fan environment for the 
White Reef is offered by the contrasting composition of gravel types which 
occur side by side and which may have had their origin in different moun­
tain land sources close by. This could explain the different composition 
of the West Rand facies, as well as the presence, in all the facies, of pebble 
sub-populationB possibly reflecting short.er transportation dista.:::ces. It 
could also offer, amongst others, one explanation for the varying grades 
of mineralisation of the three facies. Changes in the lateral distribution 
of pebble compositions of the White Reef are however muted when compared 
to those in the alluvial fans of the Deep Springs Valley (Lustig 1965). 
In the latter area pebbles of plutonic rocks vary, from 25 to 100 per cent 
of the total population within a distance of 1 000 feet. The smaller lateral 
variation in the White Reef again suggests more advanced mixing than is 
associated with a primary alluvial fan and again points to an environment 
of deposition farther downstream. 

It is therefore concluded that, although there are various geometrical features 
present comparable to alluvial fans, there are distinct textural differences 
apparent which are all related to an environment situ:::.ted farther downstream 
at the very end of, or beyond, a typical alluvial fan. Alluvial fan deposits 
grade into coarse-grained braided river deposits according to Reineck and 
Singh (1973). The conditions of the White Reef should th.::refore be closely 
compared with braided streams. However, first, the alternative two 
associations of the fluvial environment will be examined. 

FLOOD PLAIN ASSOCIATION 

According to the mentioned two writers, this is the fluvial sub-environment 
developed in mature reaches of rivers. In contrast to the alluvial fan as­
sociation which is malnly bed load deposited, the flood plain association 
consists of mixed load deposits with both bed load and suspension load de­
posits well represented. Various sub-components are strongly developed, 
e.g. the important point bar and channel sequences. The components of 
these, together with natural levee, crevasse splay, and flood basin deposits 
are not recognised in the many exposures of the White Reef, even when it 
is kept in mind that sedimentary differentiation is sometimes not well de­
veloped when only channel and flood plain deposits can be recognised in the 
fluvial deposits. Even the latter, as represented by the repetition of fining­
upwards sequences, which is typical of this association, are missing in the 
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conglomerate studied. The absence of all these defining parameters em­
phasizes that the White Reef is not a flood plain association. 

COASTAL PLAIN-DELTA ASSOCTATION 

These generally are responsible for the most extensive fluvial deposits, 
occupying large areas in the lower reaches of rivers and producing thick 
deposits of fluvial sediments. They grade gradually into upper deltaic 
plains, coastal sands and tidal flat sediments. Sand is deposited only in 
the bottom of river channels and the main sediment is silt and clay. It 
is obvious that this g3neral environment is too low in energy for the gravels 
of the White Reef. 

The above indicate, by a process of elimination , that it is necessary to 
move upstream to the reaches of the coarse-grained river environments 
for a closer comparison of key parameters. With reference to the classi­
fication of Reineck and Singh (1973) the abovi=i data prove the White Reef 
to be imperfectly associated with the alluvial fan or piedmont association, 
and only· at its most distal phase as the conditionb represent those that 
develop beyond the fan proper. This association is forced by the elimi­
nation of the more unsuitable flood plain and coastal plain-delta associa­
tions. 

BRAIDED OR MEANDER DEPOSITION 

Braided stream sediments can be differentiated from meandering stream 
deposits. Literature on the latter has accumulated rapidly in recent years 
so that 'upward fining cycles' or alluvial 'cyclothems' are terms well 
known to sedimentologists. The obvious differences between meander and 
braided deposits, lie not only in the cyclic or quasi-cyclic natlli~es of 
meander deposits, but also in their abundance of fine-grained overbank 
material. Upwarding fining cycles and fine overbank sediments associated 
with fluvial meande:rs are not typical of the White Reef. Smith (1970) 
examines the special hypothetical case where slow subsidence may have 
permitted the lateral movement of meandering channels to remove virtually 
all overbank fines and leave only point bar and channel-lag deposits pre-
served. Could these be distinguished from braided stream deposits? Smith (op. 
cit.) reached the conclusion that point bars of meandering streams appear to 
be composed mostly of ripple and dune cross-strata, but that tabular sets 
of planar cross-strata are not common. The latter conflicts with the 
environment of the \Vhite Reef where planar crossbed.s predominate and 
trough crosR-stratification is sparse. On the basis of this, and the absence 
of fluvial cycles and overbank deposits, the White Reef can not be classi-
fied with meander stream sediments. Thus by a further process of eli­
mination it is concluded that the White Reef must be a braided stream cte­
posit as is illustrated in fig. 22 (p. 221). This reasoning can now be 
tested by further comparison. Smith continued to compare these two types 
of deposits and found that small-scale variations in grain size and strati­
fication are fewer and less abrupt in point bars t!i2n in braided stream 
deposits. Thin shales and interclays occur more abundantly in braided 
stream deposits than in the more homogeneous point bars; and here, for 



the first time, is an explanation for the argillaceous matrix and layering 
frequently observed in the White Reef conglomerates, even in the higher 
pay areas. Finally, beds are generally thinner and more irregular in 
braided stream materials. The obvious gentle curvC; of the main channel, 
developed over the length of Randfontein Estates and superficially com­
parable with a gentle mc,ander, now requires re-classification or clari­
fication. It formed initially as a single gentle stream curve in pre-White 
Reef time, and remained 'fixed' in position due to locally accelerating 
uplift on the western flank of the syncline, which prevented the straighte­
ning of its course later. It is, therefore, not part of a true 's' shaped 
meander. 

THE BRAIDED STREAM DEPOSITIONAL ENVIRONMENT 

According to Smith (1970), braided patterns in streams are mainly created 
by the accretion of longitudinal bars and dissection of transverse bars. 
He observed that the distribution of bars in the South Platte River depended 
on the texture of the bedload, with coarse poorly sorted materials forming 
transverse bars. Also, that the relative proportion of transverse to 
longitudinal bars increases downstream, following the river's tendency 
to fractionate its load into finer sizes downstream. This is accompanied 
by an increase in the ratio of planar cross-stratification to horizontal 
stratification and a decrease in cross-channel topographic relief. 

The White Reef can be expected to reflect the properties of proximal 
braided stream deposits, made up predominantly of longitudinal bars, which 
are defined by Smith (op. cit,) as being essentially accumulations of gravel with 
varying admixtures of sand and finer mate:tials. Transverse bars are, in con­
trast, tabular bodies composed predominantly of sand, which grow by the 
downstream migration of foresets more or less perpendicular to the general 
current direction. The latter are represented by anomalous crossbedding 
directions at right angles to the main current direction. These are not 
found in the White Reef paleocurrent pattern (map 19, p. 244) and it is 
thus concluded that transverse bars were sparse. According to Smith, the 
origin of longitudinal bars involves the construction of channel ridges in 
poorly sorted sediment (Leopold and Wolman, 1957). When a river at 
any stage becomes unable to move its coarsest load, finer particles be­
come trapped and a ridge begins to build up. By successive entrapments, 
the ridge, building laterally and vertically, aggrades to a point where it 
becomes exposed and diverts the flow to both sides. In the later stages 
of bar evolution, avalanche faces sometimes developed on the downstream 
margins. These are abundantly exposed in the lower downslope, central 
areas of West Rand Consolidated and Luipaardsvlei Estates. Longitudinal 
bars commonly override or merge laterally with each other, resulting in 
complex bars with a variety of shapes and surface grain-size distribution. 
Another way in which streams braid is by dissection of transvers0 bars 
but this played a minor role in the White Reef deposition. 

Longitudinal bars most commonly display a crude horizontal internal strati­
fication, especially in the coarse-grained portions. These are commonly 
developed in sections of the White Reef, especially in the main payshoot 



on West Rand Consolidated. WheP. finer sand-size material is abundant, 
longitudinal bars are usually trough cross-stratified or, occasionally, on 
downstream margins, planar cross-stratified. Whilst the latter form is 
easily recognised in the midfan area of the White Reef, trough cross­
stratification is only rarely seen. 

In summary, a more proximal than distal braided stream environment is 
assigned to the White Reef, by means of a comparison with the model developed 
by Smith (197 0), through recognition of the particle size population and, 
secondly, by means of the internal textural characteristics of longitudinal 
bars and tht; relative absence of crossbedding patterns associated with 
the formatioa of transverse bars. 

It should, however, be kept in mind that these two bar types are in reality 
end members and that many bars represent a complex interfingering of the 
two types and that the White Reef is a case where the transverse bars are 
in a relative minority. The model of Smith, is, however, not sufficiently 
comprehensive to cover all the variations of White Reef sedimentation and 
does not explain the phenomenon of heavy particle concentration over floor 
highs or the strong reverse grading of pebble size. It is therefore neces­
sary to examine the sub-components of the White Reef braided fluvial fan 
environment more closely in order to obtain a complete definition of the 
depositional environment. 

SUB-COMPONENTS OF THE WHITE REEF ENVIRONMENT 

The sub-components of the White Reef environment can be recognised by 
a comparison with the model developed by Eynon and Walker (1974) for bar 
growth in braided rivers. They studied facies relationships in Pleistocene 
outwash gravels in Southern Ontario and combined their results with other 
work to formulate a general comprehensive model which is illustrated in 
fig. 23 (p. 222). 

They define the braided bar as developing around a core consisting of crudely 
horizontally stratified gravels. Downstream from the core is the bar front 
facies; consisting of large gravelly foresets, rounded off in many places 
by reactivation surfaces. Upstream from the core is the bar stoss side 
facies consisting of several sets of tabular crossbedding arranged in coar­
sening upward sequences. At right angles to the main current direction 
is the side channel facies, which consisti:; of trough crossbedded sands. 
After deposition in th13 side channel, and growth upstream and downstream 
from the bar core, tl;.e entire system aggraded. Crudely horizontally 
stratified and imbricated gravel sheets were laid down as a bar t<>p facies. 

The outwash gravels .studied by the two authors were markedly coarser than 
the White Reef as cobbles up to 7 5 cm in diameter were present. Their 
grain size analysis indicates strongly bimodal distributions, implying that 
much of the sand in the spaces between pebbles and boulders filtered in 
after the gravel had been deposited. In contrast, the White Reef pebbly 
quartzite was mainly deposited as a single sand s~1pported phase. Their 
Pleistocene model is also characterised by much thicker bars with greater 



thicknesses developed in all the various facies, than those present in the 
White Reef and in present-day rivers. Yet, apart from these differences, 
the sub-facies of their general model can, to a large degree, be recognised 
in the conglomerate studied. Their Pleistocene bar developed tho stoss­
side-core-bar front relationship within the short distance of 1 300 feet. 
It is likely, therefore, that a large number of bars covered the area of 
the White Reef fan. It will be seen, however, from the following discussion 
that certain facies, particularly that of the bar core and bar front developed 
more abundantly or covered larger areas, or were better preserved, in 
certain geometrical positions of the White Reef fan. 

The bar cora facies of their model (fig. 23, p. 222) includes a layer of 
basal gravel, which is continuous containing many topographic 'highs' 
rising up to four and five metres above the general level of the top of their 
basal gravel, unit no. 1. These highs were the cores from which the bar::; 
in the overlying gravel, unit no. 2, developed. This vertical growth of 
coarser gravels is similar to the phenomenon of particle concentrations 
developed over floor highs in the main lobes of the White Reef. The core 
facies is the coarsest and the overall aspect is one of crude horizontal 
stratiJication with imbrication. The pebbles dip upstream at an average 
of 24 • The pebbles of the main lobes of the White Reef similarly dip 
upslope at mean angles of 17° and 20°, respectively, for the Luipaardsvlei 
and Randfontein facies, whilst horizontal stratification over floor highs is 
conspicuous. The greater part of the main lobe phases of the White Reef 
can, therefore, confidently be cla3sified as bar core type gravels, and, 
perhaps, more specifically as basal gravel, except for a thin lag gravel 
layer present at the top of the reef. The presence of horizontal strati­
fication and the relative absence of cross-stratification in these core gravels 
suggest that there was no steady advanc0 of bar forms with avalanching 
on the lee side, but instead, that most of the gravel tended to move in 
sheet flood form over a system of ephemeral shallow channels and low 
relief bars, according to Eynon and Walker. 

The bar front facies is abundantly developed as thick avalanche crossbedded 
White Reef in the midfan area, outside the channels of lag conglomerates, 
especially in the West Rand and to a limited extent in the Luipaardsvlei 
phases. It forms the major sub-component outside the main lobes and is 
characterised by poor mineralisation. Similar to the model example, the 
pebbles of the conglomerate lie on the foresets of large crossbeds and 
dip downstream. The mean angle of pebble inclination of the outwash 
gravels is in the 27° - 29° range, whilst the average dip in the White 
Reef is only 14 ° (table 12,p. 59). The lower angles are attributed to 
possibly less sediment influx and lower current velocities. 

The side channel facies with its trough crossbeds orientated at right angles 
to the main current ,.vas not clearly detected in the White Reef exposures 
or reflected in the paleocurrent pattern. This is due to the grerter abun­
dance of longitudinal bars relative to transverse bars. 

The bar stoss facies consists of tabular units of crossbedded coarse and 
pebbly sands: arranged in coarsening upward sequences.. These occur in 
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the White Reef over wide areas of the upper midfan as well known and 
conspicuous reverse graded pebble beds often top_oed by a thin lag gravel. 
The coarsening upward sequences are interpreted as dunes rr~igrating 
downslope and climbing on to the stoss side of tha bar core. Tha 
coarsening upward aspect is related to rising flow conditions. At peak 
flow, coarse gravel ¥:as transported onto and across the bar top, sug­
gesting that the upstream growth of the stoss side was taking place 
roughly contemporaneously with downstream growth of the bar front. 

The bar top facies is represented in the White Reef as thin terminal lag 
gravels covering large areas of the three facies. As stated earlier, and by 
Eynon and Walker, it represents, to a large extent, the reworking of under­
lying core gravels. The crude horizontal stratification and absence of gravelly 
stratification, suggest that there was no longer a systematic forward advance of 
bar forms, but that the gravel moved in sheets under shallow water depths. The 
bar top and basal core gravels are the dominant facies in areas of best mineralisation. 
This is due to their deposition as lag deposits exposed to conditions of winnowing 
and sorting, which. could not develop in the remaining facies of advancing oar 
forms since these were often associated with avalanching and rapid burial. 

12. A PREDICTIVE MODEL FOR WITWATERSRAND REEF 
ENVIRON~VIENTS AND DEPOSITIONAL MODES 

The environmental results of the White Reef investigation, combined with 
conglomerate measurements, can be used as a framework to fit related 
information gathered about other reefs, notably that by Steyn (1963), 
De Kock (1964), Armstrong (1966), Knowles (1966}, Hodgson (1968), 
Sims (1969), Minter (1972} and Pretorius (1974 a). This systematic com­
pilation, set out in table 20, provides the basis for a prelimina1·y predictive 
model for depositional modes and environments of Witwatersrand types of 
conglomerate (fig. 24, p. 223 ). The number of predictive parameters is 
limited to five, with the addition of two extra experimental properties, 
namely thickness of carbon seams and percentage of gold depasited out of 
suspension. More refined and comprehensive models, with additional 
parameters, will doubtlessly be put forward as more data become available. 
However, the predictive strength of any conceptual model lies in the mini­
m um number of compon.ents required for the correct identification of the 
entirety, which, in thls case, is the facies environment. These five pro­
perties should be sufficient, and even twc or three will give a reasonable 
indication of the environment and type of depositi~n. 

When the data of the table are compared with the type ranges of the model, 
it becomes obvious that certain averages do not fit, e.g. the average reef 
thickness of 50 cm for the Livingstone Reefs, 99 cm and 62 cm for the 
Monarch and Zone 2, etc. These values are viewed as ir:.complet~, pro­
bably representing only the economic section of a reef, or covering a single 
mine, instead of the entire natural range of that facies. In a similar 
fashion the unusually wide ranges of Au/U of 10 - 25 for the Basal Reef 
and 5 - 14 for the Vaal Reef are viewed as the result of combining proximal 
and more distal phases into a single range. Wide variations can result, 
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TABLE 20 

CLASSIFICATinN OF \\1TWATERSRAND TYPES OF CONGLOMERATES BY 

PEBBLE PROPERTIES, REEF WIDTHS, Au/U RATIOS, Au PARTICLE SIZES AND ENVIRONMENTS 

PEBBLES 
FAN 

REEF GOLD THICKNESS Ai./U 
ENVIRON-

ENTRY MENT 
Size - mm Packing% Sorting 

Grand Range Grand Range of Range of Mean Grand Range of 
mean of mean means means particle mean means 
10 mean (mm) size (cm) (cm) 
lar- sizes (mm) 
gest 
pbls 

PEBBLE SUPPORTED GRAVEL FACIES. 

FAR (0,272 
WEST V.C.R 39 - 23 at 137 352 - 0 Alluvial 
RAND W.R.) fan 

WEST 
MAIN 37,1 

RAND 
0,155 110 11 

LARGE, LOOSE PEBBLED SAND FACIES - PROXIMAL BRAIDED FLUVIAL 

Proximal 
---- - -- ----

Facies: 
- --- - -- - --- - ----~ - ----- --- ·-

FREE (Harmony) 
STATE Bl 36 - 13 25 45 - 0 

t B2 34 - 13 +30 50 - 0 72 179 - 0 10 - 25* 

B3 20 - 13 22 30 - 15 

White Reef 
I Prox. (Luipaards- 18 - 10 46 79 - 15 12, 7 - 5, 2 89 185 - 13 10 fluv. 

WEST vlei phase) 

RAND Livingstone Prox. fluv. 

Reefs 135 
20 - 10 44 '?4 - 15 9,4 - 4,2 50* 9 

(revised) 

West Rand tlro)l. (· l1AV, 

phase (White Reef) 
14- 9 25 55 - 7 9,9 - 3,8 76 170 - 13 9 Braided 

SMALL LOOSE PEBBLE SAND, CARBON-URANIUM RICH FACIES, DISTAL BRAIDED FLUVIAL-LACUSTRINE 
,------. ~-

WEST W.R. distal 
13 - 7 28 6,3 - 1,7 I 91 - 0 2,5 

Distal fluv, 
Rand. 

57 - 4 25 
RAND phase ,. braided 

O.F.S Basal Reef 0,277 Fluv. deltaic 
20 36* I 2-,9* 

(all phases) Welkom I 
EAST Kimb. R - 12 - 7 -61* I 310 - 0 Fluvial 
RAND 9A 

I KLERKS- ll< Fluv. deltaic 
vaal Reef 22 10 - 7 22 49 - 0 0,223 15 102 - 13 6-14 

DORP 
I 

0,23 WEST Monarch 17,9 
I 

0,338 99* 

I RAND zone 2 20,6 
~-__L 

62* 0,13 

CARBON RICH SANDS, MINOR NUMBERS OF SMALL PEBBLES, TERMINAL FLUVIAL FAN - LACUSTRINE 

WEST South 
16,5 0,175 10 7 

RAND. Reef 

FAR 
carbon + llnllbauer and Jounghln- 0,200 

WEST - 12* I I De Kock I 8 
RAND 

Leader O, 365 

* Viewed as representative of an incomplete fnelcs, or several facies combined, or approximate values. 
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alternatively, from insufficient sm,)othing or averaging, which, however, 
was apparently not the case here. The anomalous value ranges require 
re-definition a8cording to the different reef sub-facies and were, thus, 
omitted from the model. 

It was attempted to expand the model by incorporating the mean gold grain 
size ranges, as reproduced by Pretorius (1974 a) from information by Hall­
bauer (1972), Coetzee (1966) and De Kock (1964). Even with the gold par­
ticles attached to coarse pyrite a:i.1d to thucholite omitted, the frequency 
distributions reflect erratic or incomplete size ranges, unlike that of 
naturally sorted sediment grain populations. This is probably related to 
the well documented post-depositional changes in grain size 'Which involved 
both recrystallization and dissemination, resulting in the formation of mi­
nute particles which are unnaturally small for modern day placers, a featui:e 
also observed by Pretorius (1974 a). The calculated average gold grain 
sizes, when plotted for the various reefs do not fall into a meaningful size 
decrease pattern like the other five sedimentary parameters. This probably 
reflects non-representative restricted sampling or that the average gold 
sizes were unrelated to the original energy states of the sub-environments 
due to the mentioned post-depositional changes. The grand averages for the 
means of the ten largest pebbles measured per reef were not incorporated 
into the model as the ranges of the means of all pebble sizes present ex­
ceeding 4 mm, are more reliable. 

The model shows a systematic progressive downslope decrease in all five 
properties. The changes reflect lesser slope gradients which caused in­
creasing downcurrent dropout of heavy particles resulting in looser packing, 
smaller size ranges and thinner reef. The systematic change in energy 
regime defines similar gradual transitions in environment, all broadly re­
lated to the fluvial character. The farthest upslope facies is reflected by 
the boulder containing Ventersdorp Contact Reef, which is appa!'ently cobble 
and pebble supported (see photographs, Knowles, 1966) i.e. 'banket-type'. 
According to Allen (1965), alluvial fans consist of predominantly gravel 
size particles. The V. C.R. thus seems to be correctly classified by 
Knowles (1966) as alluvial. The Main Reef on the West Rand is likewise 
reported to be of a banket-type and, if this is correct, the smaller pebble 
size and reef thickness support a position downslope of the V. C.R. at the 
border of the alluvial-fluvial transition, but within the fluvial range. The al­
luvial phase is representative of the piedmont fans which acted as a source for 
the adjacent fluvial fans downslope (see fig. 22, p. 221). 

The proximal and distal braided fluvial fan environments, as characterised 
by the White Reef deposits, have been adequately described previously, but 
it may bear emphasizing that pebble supported phases do not reflect the 
general situation, but occupy parts of the main distributary streams, and would be 
most abundant in the e'l:tensively sorted more economical reefs, e.g. Main Reef. 

The extremely narrow reef of the Carbon Leader, the occasional complete 
absence of pebbles, which are very small in any case, averaging about 12 mm, 
plus the thickest carbon seams (De Kock, 1964) p0sition this reef at the 
very distal end of the fluvial fan environment. It is sufficiently basinward 
to have participated in the basin edge 'deltaic' or lacustrine conditions of 



the main water body. The South Reef, with its small pebbles, carbon 
and narrow reef is closely related. 

13. HANGINGWALL EVENTS 

THE IMMEDIATELY OVERLYING QUARTZITES 

The appearance of the medium grained quartzites directly overlying the 
White Reef, reflects the wan~ng of the high energy proximal fluvial con­
ditions that prevailed during the deposition cf the conglomerate. It there­
fore represents the initiation of a transgressive phase following White 
Reef sedimentation. 

The sedimentation direction measured in the immediate hangingwall quart­
zites unchangiagly reflects the fanlike, southward distribution of the under­
lying beds which had all been funnelled down the Randfontein trough (map 
20, p. 245 ). The overall source and supply pattern of materials, there­
fore, did not change. The only minor difference is the strong local uplift 
downslope on the western flank of the trough at 32 Shaft which deflected 
the paleocurrents to the east. 

The rather homogeneous overall flow southwards and the presence of wave­
formed symmetrical ripple moulds indicate shallow water. Occasional 
sandwaves and some trough crossbeds indicate phases of relatively high 
energy. A fluvial fan environment is indicated over the upper section of 
the fan. The local switch to the east and north-east of the paleoflow at 
32 Shaft could possibly be related to transgression at the lower edges of 
the fan. 

The lithological properties point to a gradually changing environment of 
deposition down the sJope. Medium grained, occasionally argillaceous, 
quartzites, alternating with some small pebbled conglomerates and grits 
deposited high on the fan, grade into medium-fine and fine grained sands 
lower down. Over the basal section of the fan, a siliceous blue 'bar' 
eight to twenty inches thick covers the White Reef and gritty phases are 
seldom developed. The coarser northerly phase reflects mainly fluvial 
sedimentadon, whilst at the fanbase the finer grained, siliceous bar 
sands, containing some local reversed current directions, may be related 
to temporary transgressions. The environment of the quartzites 
overlying the White Reef is, then, seen as fluvial-deltaic. 

THE STRATA BETWEEN THE WHITE AND MONARCH REEFS 

The geometry of the overall West Rand trough (map 6, p. 229) is no longer 
reflected by the isopachs of the quartzites which separate the White and 
Monarch Reefs (ma):' 11, p. 234). The thinning towards the outer rim is 
much reduced due to slower subsidence. Although slight, the north-easterly 



orientated subsidence, north of the Witpoortjie fault, is visible. The quart­
zites are generally fine grained indicating that the fluvial-deltaic environ­
ment of the post-White Reef period persisted, with transgressive and re­
gressive phases related to finer and coarser intervals respectively. 

THE MONARCH REEFS 

The deposition of the Monarch and Upper Monarch Reefs, which consist 
of approximately ten conglomerate bands, all uraniferous, but with less 
gold, is seen as a repetition of depositional cycles si..'TI.ilar in type to the 
White Reef. The Monarch Reef, for instance, appears to have been de­
posited on a slightly undulating mud seam footwall, and is also covered 
by a blue grey siliceous 'bar' (Toens and Griffiths~ 1964). This suggests 
a fluvial deposition for these reefs and a sequence of events similar to 
that of the White Reef. The positions of the economic metal concentrations 
of the Monarch, Zone 2 and Zone 4 reefs, as portrayed by Toens and 
Griffiths (1964, fig. 5), indicate the contin-aed and dominant control of the 
major payshoots by the Randfontein trough. 

14. ECONOMIC APP LI CATION 

This study was initiated during 1963 to determine the factors controlling 
mineralisation and to utilise these concepts in the prediction of the un­
mined areas of best mineralisation on West Rand Consolidated Mines Ltd. 
Two years of full-time research were concluded in mid 1965 with the com­
pilation of a summary report with recommendations for economic appli­
cations. Map 24 (p. 249) was produced at that stage; it shows ten loca­
lities, A to J, which were singled out as being of possible superior mine­
ralisation. Four of these, namely A, B, D and E, are of minor poten­
tial; three are of intermediate interest, namely C, G and H; and three 
merit first order consideration, namely F, I and J. 

Mining and exploration were discontinued in the White Reef at Randfontein 
Estates Mines in December, 1964; the following year in East Champ d'Or 
G. M. Company Limited, and were never initiated on the Luipaardsvlei 
Estate and G. M. Company Limited. Consequently, tha measure of success 
of these predictions can only be assessed by subsequent results obtained 
on West Rand Consolidated Mines. 

POTENTIAL OF MAIN LOBE AREAS 

WESTERN LOBE 

The best mineralisation occurs along the Randfontein trough which controlled 
the major payshoot, which developed along the main stream channel of the 
western lobe (map 22, p. 247). All mining on West Rand Consolidated had, 
since 1965, been concentrated in the south-western corner of the mine along 



the upslope portion of the main streambed. The inset on map 24 shows 
the extent of mining operations up to the present. The only prediction 
of first order (F) on West Rand Consolidated has been proved successful 
and in the 1966 - 1974 period, 1 153 869 tons of orG were extracted, 

. mainly from this area. The future economic pot';)ntial of the White Reef 
is predominantly related to the main streambed of the western lobe and its 
associated auxilliaries, at the lower midfan and especially the central 
fanbase positions, as depicted on the model (fig. 21, p. 220). The de­
lineation of its boundaries and the, detailed internal geometry, which is, 
in terms of mineralisation, associated with local floor undulations, would 
be of concern in future exploration. Other zones of predicted higher 
mineralisation, namely I, J and C form part of the same system of 
distributaries. The first two are located in the mine which closed down 
in 1965. Mining at position C, however, recommenced in 1973 even 
though it was partially exploited at an earlier period; the stoping done 
during 197 4 is indicated on map 24 (p. 24 9). 

EASTERN LOBE 

The economic potential of the midfan area of the eastern conglomerate lobe 
was impaired by the high current velocities which swept the fine grained 
gold to positions lower downfan. The only mineralisation which merited 
mining was located at H 

1 
(map 24), which is situated in the main lobe 

far down on the midfan. 
3 

This indicates that the eastern midfan conditions 
are, to a marked degree, an extension of those which existed at the fanhead. 

POTENTIAL OF THE AUXILLIARY CHANNELS 

The mineralised sections of the braided stream channels of the wide mid­
fan area are of secondary interest as both areal extent and the degree of 
mineralisation are modest. Their probable positions, which include all the 
known small paystreaks, have been delineated on the plan model. Pre­
dicted positions A, B, D and E, which are classified ae third order, due 
to their high midfan position, fall into this category. Position E is of 
special interest and better mineralisation may extend over a longer dis­
tance, as it clearly lies in the Witpoortjie trough (map 22, p. 247 ). 
Should additional reef intersections become available, it may be possible, 
by means of isopach patterns, to identify fully the subtle crossfolds which 
seem to have pre-determined the localities of these smaller streambeds. 
The cross-over positions of the synclinal depression::; are of special interest 
as they apps:rently represent best mineralisation. 

Prediction positions G and H, classified as being of second order merit, 
due to their midfan-fanbase position and their proximity to the m:::in pay­
shoot, are also part of the braided channel pattern. These latter streams 
did not contain sufficient abrasive strength to cut into the floor. Stronger 
currents on the lower midfan and fanbase followed neither the scour nor the 
minor fold channels, which were too small to cont::::·ol the stream flow. 
The beds of these streams are identified only by the presence of more 



129. 

robust, better mineralised conglomerate, often, best developed over floor 
highs. Prediction directions are based on the paleocurrent flow vectors 
and channel intersections. 

Application of the mathematical hydraulic equilibrium model 

The application of the derived mathematical model y = -33, 5962 + 
2, 32798 x

1 
+ 0, 8663 x

2
, where y = gold dwt/ton, x

1 
= mean pebble size 

(mm) and x = pebble packing per cent (appendix 17, p. 18 9), for purposes 
of gold pre~_ction, is limited to the areas immediately s~rounding the 
pilot study P.rea. As a test, it was applied to data_ for 7 VW18 stope, 
which is 1 700 feet awa.y, where size, packing and gold data were avai­
lable for the same samples. T:1e average gold value predicted, on the 
basis of sediment properties, was 20 dwt/ton, which was found to be 78 
per cent correct, when compared with the sampled gold values, which 
averaged 26 dwt/ton (appendix 17, 3 - ii). Wnen the equation was applied 
to the pilot study data, the average predicted gold value of 15, 56 dwts, 
deviated from the average true value of 14,62 dwt/ton by 6,4 per cent 
(appendix 17, 3 - i). 

The model, as it stands, is not comprehensive enough for reliable areal 
prediction for two reasons. Firstly, it reflects local equilibrium condi­
tions, which changed markedly for positions down and up the paleoslope, 
in response to velocity and persietence of flow variables (see table 14, 
p. 6 9 ) • Secondly, it accounts only for that part of the gold particle po­
pulation that is controlled by traction transport, and it will, consequently, 
loose validity downslope. The bedload factors, expressed mathematically, 
reflect three quarters of the gold grade at the locality of the pilot study, 
and an estimated half of the gold content lower down at the centre of the 
fanbase. To arrive at an all inclusive predictive formula, it would be 
necessary, first, to quantify geologically the measurable respo:rises to 
suspension- solution transport, and, secondly, to incorporate correction 
factors for the up and downslope variables affecting both transport processes. 
This task is outside the objectives of the present traction atudy, as exten­
sive measurements of the light and heavy matrix particles are required, 
along with geochemical, environmental and other investigations. 



CONCLUSIONS 

1. STRUCTURAL FRAMEWORK 

The initial position and orientation of the West Rand depression was, like 
the other entry points to the Witwatersrand basin, pre-determined and 
guided by immobile flanking buttresses. It was, therefore, an early ori­
ginal structural feature, brought about by the configur~tion and lithology 
of the floor. The early shape of the subsidence, as shown by the Main­
South Reef isopachs, is reflected, to a large degree, by the structural 
configuration at the level of the Main Reef. The subsiding Randfontein 
trough formed the base of the West Rand depression. It received and 
funnelled sedimentation southwards, throughout the Upper Witwatersrand 
period. It is situated adjacent to the western rim, in a position similar 
to that of the fold described by Olivier \1963) for the Loraine area of 
the 0. F. S. It also formed the hinge fvr asymmetric synclinal develop-
ment, since the adjacent western rim was being elevated more rapidly 
as early aF: the Main-South reef interval. It repeatedly channelled the 
main streams that deposited the larger payshoots of the Livingstone Reef 
and Bird Reef Stages. 

The shallower north-easterly orientated Witpoortjie trough, situated adja­
cent to and north of the Witpoortjie fault is another primary axis cf sub­
sidence. Its direction, parallel to the axis of the main Witwatersra.nd 
basin, points to its participation with the same tensional field. It apparent­
ly formed a similar miniature sub-basin in the period separating the South 
and Main Reefs. This coincides with the highest uraninite mineralisation, 
attained on the central fanbase of the White Reef at the merger position 
of the two troughs. The deceleration of currents which led to the drop-
out of heavy minerals suggest a continued tendency towards basining. The 
primary tectonic stage is thus represented hy a general West Rand sub­
sidence, with the north-south Randfontein trough as a base, which is de­
flected downslope, however, into:north-easterly Witpoortjie trough. 

A second phase of structural development is reflected by White Reef thick­
nesses as small scale north-easterly and north-westerly warps. Limited 
vectorial data suggest that the major West Rand syncline, orientated to­
ward the south-east, was initiated at this stage as part of the mild warping. 

A third late phase of post-depositional folding formed the West Rand syn­
cline. The basining, reflected at the level of the White Reef, is related 
to drag, associated with the uplift of the Witpoortjie. horst block. 

At various periods during the deposition of the Upper Witwatersrand, the 
rate of floor subsidence became more pronounced at certain localities, which, 
apart from the north-south Randfontein trough, set against the western 
flank, all conform ~o a north-easterly and north-westerly geometry, and 



are positioned along pre-existing zones of weakness. 

2. DEPOSITION OF THE MAIN-BIRD SERIES 

A comparison of conglomerate properties indicates that, on the West Rand, 
the Main Reef, being stratigraphically the lowermost gravel for which de­
tailed measurements are available, was deposited high upslope under fluvial 
conditions approaching those of an alluvial fan (table 20, p. 124). 

Isopachs of the transgressive quartzite which separates the Main and South 
Reefs indicate a depositional floor, closely related in geometry to the 
present day overall structure found at the level of the underlying Main 
Reef. Decreasing mineralisation, in the Main Reef, towards the south 
indicates that the source remained constant and was from the northerly 
entry point, situated between the granite buttresses. 

South Reef de!)osition followed. The smooth pebbled, carbon rich reef 
with very small gold particles, contained in a reef generally as thin as 
ten centimetres, identifies it as a distal fanbase or termin'.11 depositional 
phase on the broad West Rand fluvial fan (table 20). It is overlain 
by a clean quartzite which was terminated by the progradation of the 
Johnstone Reefs, whose multi-reef robust character indicates fluvial de­
position close to the entry points. The overlying quartzite is variable in 
character; distal deltaic phases being reflected by siliceous hands whilst 
fluvial conditions are indicated by crossbedded phases and grit bands. 
The erosion that followed, marked the end of Main Reef Stage deposition. 

The depositional history of the Livingstone Reef Stage, which consists of 
a basal conglomerate zone and thick overlying quartzite, is similar to that 
of the Johnstone zone, and typical, for that matter, of several genetical 
units ~f the Upper Witwatersrand division. A basal zone of conglomerates 
moved south over an erosional surface, the robustness (tabl9 20) and multiple 
layers of thick gravels emphasizing proximai fluvial fan conditions. The 
overlying transgressive quartzites, variable in character, represent minor 
transgressions and regressions related to the interchanges of deltaic and 
fluvial environments. The uppermost quartzites include discontinuous 
layers of small scattered 'pebbles and occasional lensic congiomerates which 
are all related to mainly proximal fluvial conditions. Their paleocurrent 
pattern shows a fanlike, unimodal shallow water flow, away from the 
northerly source entry, with the distribution controlled by the Randfontein 
trough which formed the base of the West Rand subsidence (fig. 20, p, 219). 

Deposition of the Bird Reef Stage followed the formation of a scour surface 
with a relatively high bed-relief index. This was related to proximal 
fluvial erosion which did r.ot last long enough to develop a channel system 
different from that of the underlyi11g sediments. The deposition of the 
Bird Reef Stage with the White Reef as a basal deposit reflects a natural 
cycle of sedimentation. Initially, several phases of coarse conglomeratic 
sedimentation repeatedly moved southwards in response to pulsating up-
lift in the source area. The Bird Reefs display siliceous bars on top of 



the conglomerates at the fanbase rositions, indicative of onlapping 
deltaic or lacustrine environments. The-progressive lowering of the 
source area is reflected by the phase-over to micaceous quartzites de­
posited after the Bird Reefs, whilst the approach to a mature stage of 
erosion in th~ source area is indicated by the in~roduction of argillaceous 
quartzites with bands of shale. The upper shales of the Bird Reef Stage 
refl!=lct accelerated sinking basinwards coupled with a slow rate of sedi­
mentation. 

3. SEDIMENTATION OF THE WHITE REEF 

SOURCE AREA 

The source area ,.:vas sufficiently distant for the relative abundance of pebble 
lithologies to be controlled by their resistanco to transportation. The 
West Rand sub-phase contains little quartzite and has a pebble lithology 
identical to that of the stratigraphically correlative Basal and Vaal Reefs 
·(table 8, p. 43 ). The other two sub-facies have abundant quartzite frag­
ments, and it is possible that the source rocks of the West Rand fluvial 
fan supplied more quartzite detritus during the Main-Bird period than the 
other entry points of the basin. Alternatively, a more plausible explana­
tion for the overall greater abundance of less durable quartzite pebbles 
is that there was a shorter distance of abrasive transport. The conglo­
merates of the O. F. S. goldfield, by comparison, appear to have undergone 
least transport, if judged on maturity of lithological types alone. Even 
though the pebble sphericities indicate rr~oderate to advanced mechanical 
abrasion, short fluvial transport is suggested. Some detritus from the 
underlying Livingstone Reefs may have been incorporated since the sphe­
ricities are nearly identical (table 11, p. 54 ) and as both reefs contain 
a high percentage of quartzite pebbles. The association of better minera­
lisation with more quartzite pebbles, especially in the Randfontein facies, suggests 
that the eroded matet"ial included earlier mineralised, quartzite pebbled con­
glomerates, possibilities being earlier conglomerates, such as Dominion 
Reef or rim equivalents of underlying Witwatersrand conglomerates. It 
also suggests that heavy particles, including pebbles, and heavy minerals 
were co-transported over the relatively short distance of transportation. 

However, most gold mineralisation came from 
with the mafics and ultra-mafics supplying the 
coming from the basement granites, according 
Basin edge r·ecycling was of lesser importance 
apparently normal for proximal types of reef; 
(p. 80). 

the primary source rocks, 
gold and most uranium 
to Pretorius (1974 b). 
for the White Reef, as is 
see explanation of table 17 



GEOMETRY OF THE DEPOSIT 

The geometry of the depositional fan is reconstructed by means of a model 
(fig. 21, p. 220). The fanhead extended about one mile beyond Hie outcrops 
and the main river divided into three major distdbutaries below ~he fan­
head. The fan is asymmetrical with the eastern channel lobe containing the 
more robust conglom::!rat0, whilst the western lobe accumulated the best 
mineralisation. The latter reflects the continued guidance of main chan­
nel sedimentation by the Randf ontein trough which is the dominant control 
of mineralisation for the Livingstone and Bird Reefs. 

Lower down the midfan, the smaller distributaries braid and recross, and 
occupy proportionally lesser areas of the fan surface. The distributaries 
contain the smaller paystreaks, which are often best developed at cross­
over positions (fig. 21). As the channels frequently have north-west and 
north-east orientations, it is suspected that they were influenced by simi­
larly orientated fold depressions. The highest concentration of gold occurs 
at the lower midfan-upper fanbase position and the area of optimum ura­
ninite dropout covered the central fanbase. The distal part of the 
fanbase has been destroyed by erosion. The fanbase contains carbon seam8 
which have been interpreted by various researchers to present algal mats, 
or, more precisely, lichens. 

The White Reef fan is remarkably similar to that constructed for the Basal 
Reef of the O. F. S. goldfields (Sims, 1969), it also validates the compre­
hensive model for general Witwatersrand fluvial fans presented by Pretorius 
(197 5). It is quite obvious that the Witwatersrand Reefs were formed by 
an orderly system of sedimentation. Part of the system, namely the frame­
work of the depositional fan has been successfully portrayed by both Sims (op. cit 
and Pretorius (op. cit.). What remains to be done is the closer definition of the 
changing mode of conglomerate deposition over the wide range of the broad 
fluvial fan; the sub-environment present; the mineralisation controls and 
the variable behaviour of heavy minerals over the area of the fan. The 
latter aspects represent the main interest of this study and contributions 
in this respect~ are summarised below. 

MODES OF GRAVEL DEPOSITION 

The modes of gravel :leposition are related to the fan geometry. The upper 
central midfan phase represents the initial phase of deposition, dumped 
under conditions of sediment abundance. Rapid sedimentation, mainly down 
the front of avalanche faces is shown by abundant large crossbeds and 
pebbles dipp5ng downslope. Fast burial prevented effective sorting of the 
pebbly sands and the West Rand phase, therefore, contains low pebble 
packing percentages, except in the dis tributary channels. This first pulse 
blocked the central -midfan area and diverted sedimentation symmetrically 
sideways to form the two main lobe facies, which are sit:mted ag~.inst the 
outer periphery of the fan. The equivalent of the central midfan facies is 
also seen in other similarly positioned conglomerates, e.g. the massive 
reef phase of the Basal Reef on President Steyn l\l:lne, where a similar 
downcurrent dip of pebble alignment was recorded by Sims (1969). 



Both the Randfontein and Luipaardsvlei main lobe facies were subjected to 
extensive winnowing and sorting under conditions of lean or balanced sedi­
ment inwash. This is convincingly demonstrated by relatively high pebble 
packing percentagec:;, even for the downslope Randfontein facies, and es­
pecially the development of closely packed pebble clusters over areas of 
rising floor in the strong current areas. The concentrations of heavier 
particles developed in response to winnowing during prolonged stream 
flow, and are characterised by frequently uneven horizontal bedding and 
relative scarcity of crossbeds. In contrast to the upper midfan pulset 
the pebbles of the main lobe gravels dip upslope, as is normal for fluvial 
gravels. 

The Randf ontein phase of deposition is different from its eastern main lobe 
equivalent in that it developed as a thin pebbly sand over the low midfan 
and fanbase. The process of deposition reflects the beanspreading process 
of Folk (1961), whilst the midfan West Rand and the western section of 
the Luip::i.ardsvlei facies resembles Folk's city-dump type of deposition. 
Once ag2in, the downfan phases of the White and Basal Reefs are comparablE>, 
being narrow carbon seam reefs containing the highest concentrations of 
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ENVIRONMENT OF DEPOSITION 

The dep.ositional environment is related to the position of the White Reef 
fan, which is situated between the northerly source mountains which pro­
vided the stream energy to move gravelly loads, and the southerly main 
water body of the Witwatersrand basin. The West Rand subsidence, sta­
bilised between immobile granite buttresses, provided for at least the 
duration of the Upper Witwatersrand period, a permanent and major entry 
point for sediment transported into the main basin. A permanent and 
large river system was thus required. The environment could then have 
been that of the fluvial state which Reineck and Singh (1973) defined as 
covered by the alluvial fau., flood-plain and the delta-plain associations. 

The form characteristics of the White Reef fan conforms, to some degree, 
to alluvial fan conditions. The three lithological phases resemble segments 
of compounded fans; the depths of stream channels are related to the 
distal conditions on, or just heyond, alluvial fans. B.i·aiding is a feature 
of the reef, common also in the alluvial state, downstream of the fanhead 
trenches. The sub-division of the White Reef into a downslope, thin small 
pebbled reef, and a thicker upslope robust phase can be compared to the 
segmentation of alluvial fans of the Western Fresno County, where the 
fans have distinct breaks in slope. 

The textural properties of the White Reef, however, places it beyond the 
er1J of an alluvial fan. The pebble sizes are much smaller if compared 
to the data of Blissenbach (1954) or Allen (1965). The rate of size de­
crease is much more uniform, in the light of information provided by 
Lustig (1965). The absence of larger cobbles and boulders and the re­
stricted size range present indicate earlier resorting, partly during depo­
sition of lower reefs, but mostly by selective transportation, probably 



from alluvial fan sources. Alluvial fans are typically of gravel size. 
(Allen, 196 5), i.e. generally openwork and pebble supported. The looser 
packing of the White Reef represents a pebbly sand and is thus anomalous 
for this environment. The pebble sphericities exceed the maximum found 
on alluvial fans, while recorded pebble angularities en alluvial fans exceed 
those of the White Reef. Longer transportation, more abrasion and re­
working is indicated, far exceeding that expected for a primary mountain­
edge alluvial fan. Alluvial fan deposits grade into coarse grained braided 
river deposits, according to Rein13ck and Singh (1973) and this environment 
should therefore be closely examined. 

The White Reef is classified as a braided fluvial fan deposit and reflects 
the properties of proximal braided str\3ams made up predominantly of 
longitudinal bars. These are defined by Smith (1970) as being essentially 
accumulations of gravel with varying admixtures of sand and finer materials. 
Longitudinal bars display a crude horizontal internal stratification, especial­
ly in the coarse-grained porti0ns. These are commonly developed in sec­
tions of the White Reef, as well as avalanche faces sometimes developed 
on the downstream margins of longitudinal ba:.:-s. 

The sub-facies of the White Reef environment are closely comparable with 
the model developed by Eynon and Walker (1974) for bar growth in braided 
rivers (fig. 23, p. 222). Their bar core facies contains a continuous 
basal conglomerate with many topographic highs, rising four to five metres 
above the general level of the top of their basal gravel. These highs were 
the cores from whi~h the bars in the overlying gravel developed. This 
vertical growth of coarser gravels can be related to the phenomenon of 
gravel clusters developed vertically over areas of higher floor level in 
both main lobe facies of the White Reef. The major parts of the main 
lobe phases can, therefore, be classified as bar core types and more spe­
cifically, as basal gravel, except for a thin lag gravel layer present at 
the top of the reef. The presence of mainly horizontal stratification and 
relative absence of cross-stratification indicate deposition mainly in sheet 
flood form. 

The bar front facies of Eynon and Walker is abundantly developed as thick 
avalanche cross bedded White Reef, best observed in the central upper midfan 
area, outside the channels of the lag conglomerates. Similar to the model 
example, the pebbles He on the foresets of large crossbeds and dip down­
stream. The well documented reverse graded gravels, occuring in wide 
areas of the upper midfan area of the White Reef, compare with the bar 
stoss facies of Eynon and Walker. They interpret t.he coarsening upward 
sequences as dunes :rr.:igrating downslope and climbing onto the stoss side 
of the bar core. 

Their bar top facies is present in the White Reef as a thin lag gravel 
covering large areas of the previously mentioned facies. The cr1.1de hori­
zontal stratification indicates that the final gravels moved in sheets under 
shallow water. 
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A PREDICTIVE MODEL FOR REEF ENVIRONMENTS AND 
MODES OF DEPOSITION 

The data of the White Reef dealing with environmental conditions and with 
textural measuren .. ents of the conglomerate were combined with similar 
research results obtained over the 1963 - 1974 period from other reefs 
(table 20, p. 124). This systematic compilation forms the basis for a 
predictive model desigP..ed for the identification of depositional modes and 
environments of Witwatarsrand types of conglomerate (fig. 24, p. 223). 

The five parameters used are pebble size, packing and sorting; reef thick­
ness and Au/U ratios. Two extra experimental properties were included, 
namely thickness of carbon seams and percentage of gold deposited out of 
suspension. Due to the provisional nature of the latter, as well as the 
restricted number of measurements available for the other parameters, 
the model is presented as a preliminary one, until more data become 
available. An attempt was also made to fit gold particle size into the 
model, but the mean sizes available do not show the same systematic 
progressive dowi.i.slope decrease as the other five properties. This is 
attributed to incomplete sampling or post-depositional changes in gold 
size. The model classifies the mean value ranges for the mentioned five 
properties for the fanhead, upper to midfan, fantase and distal fanbase 
positions, along with the facies type and sub-environment. 

5. BEHAVIOUR OF THE ECONOMIC HEAVY MINERALS 

Direct correlations exist b~tween some traction properties of the conglo­
merate and the gold and uranium content. These can be expressed mathe­
matically (see appendices 3 - 7, 16 - 18, 22 and 23). Pebble size, 
packing and sorting (standard deviation) are all related to the gold and 
uranium content. The correlation coefficients relating these sedimePt 
properties to gold, decrease systematically down the paleoslope of the 
fluvial fan, indicative of a progressive phase change from predominant 
traction transport of gold _particles high on the fluvial fan to mainly sus­
pension transport lower down (table 14, p. 6 9). These unduplicated re­
sults provide new insight into heavy mineral transportation and deposition 
in Witwatersrand conglomerates. The implications are important as re­
lated mineralisation controls change accordingly down the slope. The 
primary factors for heavy mineral accumulation are the current velocities 
indexed by the average pebble size, and secondly of greater importance 
is the persistence of stream flow which caused winnc·.ving, reflected by 
pebble packing. The latter factor has a correlation coefficient with gold 
as high as O, 86 for the upcurrent area sampled. Lower downslope, packing 
loses correlation more slowly than the other traction properties so that 
a coefficient of 0, 51 is still obtained at the middle oI the fanbase. There­
fore, winnowing (current velocityxpersistence) is the consistant process 
concentrating gold and other heavy minerals, upslope of the central fan­
base. Downslope, traction loses importance, with the greater part of 
the heavy mineral population being moved in suspension. 

The relative correlation of the various sedimentary factors to gold, is 



137. 

indicated by statistical analyses. Stepwise regression and matrix analysis 
show packing to be best linked to gold, with a correlation coefficient of 
O, 74 for the pilot study area. Addition of the size factor only increases 
the multiple correlation to O, 7 5. Further calculations establish that 
reef thickness (floor height) and standard deviati~n (sorting) are minor 
order factors, increasing correlation to O, 76 (appendix 17, p. 189). 
The stabilised relationship between metal content and the traction properties 
is expressed mathematically as follows: 

y = -33,5962 + 2,32798x
1 

+ 0,86630x
2 

(with y (gold) = dwt/lon; x
1 

= mean size of all pebbles ( + 4 mm) present 
in a six inch section across the full reef width; and x

2 
= mean packing 

value of same reef area). 

This relationship is also locally applicable at the pilot study area to ura­
nium, which is correlative to gold, to the extent of 0, 9615. The eqm:ition 
expresses the depositional equilibrium that e:~isted at that specific paleo­
slope position. The relationship changes systematically up and doJJJl'tslope, 
as is indicated by the changing correlation coefficients (table 14, p. 6 9 ) • 
Application of the equation for prediction of gold values and comparison 
with observed values, shows a 12 per cent prediction loss, upslope over 
a distance of 1 700 feet (appendix 17). To produce a mathematical for­
mula more useful for exploration prediction, this equation, representative 
of traction transpor-t, must be expanded to include the variables represen­
tative of the goid moved by suspension. This undertaking extends beyond 
the scope of the present study. 

A previously unknown process for the accumulation of heavy particles over 
areas of high floor topography came to light during this investigation. The 
sedimentological setting for the process is the environment of basal gravel 
type, situated in the main lobe facies of the fluvial fan, where deposition 
took place in sheet flood form. At the upper and central midfan position 
(eastern lobe) the process mainly caused dense pebble clusters to accumu­
late over areas of high floor relief in a high energy regime, without 
significantly affecting the distribution of heavy economic minerals, which 
were only sparsely deposited. Only at the lower midfan and central fan­
base (western lobe), where velocities favoured maximum dropout of heavy 
minerals, were gold and uraninite particles efficiently concentrated in 
this manner. The accumulations arose from optimum winnowing conditions 
being reached, due to maximum exposure to currents. This is illustrated 
by a relative deficiency of 23 per cent of smaller pebbles over the highs 
(pilot study). Statiscical tests indicate that significantly different grain 
populations were segregated in this manner over highs and lows (appendix 
3, p. 155). The average scalar values present over lows are upgraded 
over highs by factors of 1,3 for pebble size, 3,6 for packing and 4,7 for 
gold content at the pilot study site. Increasing concentration stops at 
gravel thicknesses of two to three inches. For narrower reef the process 
falters and concentrations of both large and small heavy particles become 
erratic or decrease. The winnowing thus loses efficiency at this critical 
thickness, possibly due to lack of shielding neces.::;ary for the efficient 
formation of traction clogs. It seems that the process .of concentration 



138. 

cannot function well without a mrnLnum thickness of two to three inches 
of traction carpet being present, which would constitute an efficient trap 
for the heavy particles which moved mainly by bed load processes. A 
novel technique for abbreviated sampling was dev3loped from the ?ilot 
results, when it was found that single sedimentological samples taken at 
average floor height, i.e. average reef thickness, were statistically re­
presentative of larger areas (table 4, p. 20 ; appendix 7, p. 168). 

The mode of gold particle movement, changing from traction, high on the 
White Reef fan, to suspension, low on the fanbase, was deduced from the 
changing degrees of correlation existing between definite traction proper­
ties and gold content (fig. 17, p. 217; table 14, p. 69 ). The high degree 
of traction transported gold and uraninite, found in the upslope area, is, 
secondly, independently indicated by the positive relationship found between 
gold and the larger detrital fragments (figs. 10 and 13; appendix 18) and, 
thirdly, by the affinity between higher metal va!ues and a specific type of 
pebble (tables 15 and 18). This predominant traction transportation of 
heavy minerals would apply to the White and other reefs, consisting of 
similarly deposited pebbly quartzites under related energy conditions. It 
may or may not be found to be different for upslope positions of the general 
fluvial fan, where pebble supported 'banket' gravels become prevalent and 
matrix materials, including Au and U, may have been infiltrated as a 
separate phase of deposition. Co-transportation could be valid for the al­
luvial type of environment, postulated for the V. C.R. on the Far West 
Rand since Knowles (1969) found that the larger pebbled sections of the reef 
were better mineralised. For distal deposits, situated farther downfan, 
e.g. the Vaal Reef in the Klerksdorp area, most heavy particles would 
be moved in suspension and no direct relationship would exist between 
traction load properties and the Au and U, as was found by Minter (1972). 

The behaviour of the larger heavy mineral grains, which did not move by 
suspension, can be explained according to the principles of particle move­
ment, as set out by Moss (1962, 1963). The heavy mineral particles 
passed directly from saltation into the interstices of the sand and small 
pebble ranges. The pebbles, which rolled and slid over the depositional 
surface, occurred in two ways, either well dispersed or in closely packed 
traction clogs. The small pebbles and sand can be removed after deposi­
tion by winnowing, but, according to Moss, there is no mechanism for the 
removal of heavy minerals from amongst sheltering pebbles. This explains 
the affinity between small grained economic heavy minerals and the pebble 
fraction. 

6. MINERALISATION CONTROLS 

The definition of the fan geometry is of utmost importance, as it i;_;hows 
the best gold values at the lower midfan position and highest uranium 
concentrations at the central fanbase (fig. 21, p. 230). The overall mi­
neralisation pattern of the White Reef thus confor:rr.s to the general concep­
tual model for Witwatersrand fluvial fans as constructed by Pretorius (1975). 



Economic grades formed as lag conglomerates along main streams and 
distributary channels by winnowing. Major payshoots developed along 
larger channels, whilst patchy paystreaks formed along the braided 

channels, with upgrading at cross-over positions. The better pay areas 
are identified by more robust conglomerates which are generally elongated 
and follow the paleocurre~t directions, as deduced from crossbedding 
measurements. 

Best mineralisation is found in th0 basal core and 1ar top components of 
the braided bar deposits. These were both formed under sheet flood con­
ditions, favourable for winnowing and resorting. These two depositional 
forms are e~sily recognised by the more densely pebbled, coarse horizon­
tally bedded gravels. The rapidly deposited, unsorted, bar stoss and bar 
front sub-facies are poorly mine:calised and are characterised by their 
scattered pebble and abundantly crossbedded appearance. It is 
advantageous to map the sub-components of the braided bars in addition 
to the delineation of the channd positions of stronger bedform flow. 

The early structural framework determined tha position and orientation of 
the major payshoots and some of the smaller paysLreaks. The West Rand 
subsidence, defined at its lowest level by the axis of the Randfontein trough, 
guided the sedime~tation of the main stream channels of the western con­
glomerate lobe of the fan. The main payshoot is never more than 3 000 
feet from it over a length of 15 000 feet. The site for optimum uranium 
values~ on the central fanbase, coilforms to the merger position of the 
Randfontein and Witpoortjie trough, where a micro-basin may have developed 
at a earlier stage (fig. 21; map 6). On the midfan, some paystreaks ex­
tend north-east or north-west in accordance with the general fold pattern, 
present in White Reef times. On the central fanbase, the streams did not 
adjust their flow directions to conform with the very mild flexures present. 
The controls of mineralisation were generally determined by the simultaneous 
interaction of sedimentological and structural processes. 

Mineralisation controls of the White Reef can be compared with those of other 
Witwatersrand types of gold and uranium deposits (table 17, p. 80 ), in order 
to relate the controls to the fan geometry, entry point and basin positions. 
The grade of proximal fluvial reefs, situated on the midfan, and higher 
upslope, are mainly dependent on the primary concentrations of minerals 
moved from the source areas. Low grade gold deposits, like the White 
Reef, develop economic accumulations only along major streambeds and 
larger distributaries. Moderately graded reefs, such as the Livingstone 
Reefs, have pay zones extending farther, into the minor braided channels, 
whilst the better grade Main Reef (West Rand) was ee;')nomically extracted 
over most areas of the fan, inclusive of the interfluve positions. This 
changing pattern of mineralisation to stratigraphic position, plus the sedi­
mentary data (table 20) indicates that the economic horizons of the Main-
Bird Series were being deposited progressively farther dov.nslope on the 
fluvial fan as basin infill continued. The influence of the paleoslope gra­
dient, i.e. strong increase or decrease of mineralisation downslope, is a 
feature related to proximal or relatively small basin edge fans and can be 
related to high current velocities which controlled the settling of the heavy 
minerals. Reworking is of relatively little importance for these proximal 
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deposits. 

The reefs, situated at intermediate fan positions on the lower midfan and 
reaching down to the lower fanbase had different controls, although still 
retaining important features of the upfan area, e.g. the channel concen­
tration, which is the most widespread and most f undameni,al control for 
the full fluvial range. The fold positioning of the major payshoots is now 
of first order importance, as is illustrated by the moderately distal White 
Reef (Randfontein phase), the more distal Vaal Reefs at Klerksdorp and the 
intermediately positioned Kimberley 9A of the East Rando The grade of the 
influx sediments is still of primary importance and the presence of carbon 
mats become of importance. The more distal reefs a1·e developing new 
controls partly related to the, now dominant, suspension mode of tranp­
port. The Vi:tal Reef, for instance, no longer reflects traction control 
and the floor topography is a primary but indirect control, which, by com­
parison, is only a secondary control factor at the central fanbase (Rand­
fontein phase) and generally of a· lower order control for the proximal 
phases. 

The thin, small pebbled, highly carbonaceous economic horizons, situated 
at the terminal end of the fanbase, e.g. the Carbon Leader (Far West 
Rand), often accumulated mainly as erosional products due to degradation­
aggradation cycles. This influence was already introduced in associated 
reefs deposited in less distal areas, such as the Kimberley 9A and the down­
slope phase of the Basal Reef (0. F. S. ). The carbon seams are now im­
portant as binding materials, a0ting as absorbing and retaining mats for 
the very small heavy mineral particles, e.g. in the Carbon Leader and 
South Reefs. The colonies of lichens and other miniature forms of as­
sociated primitive life could only flourish under conditions which were 
stable for relatively long periods, thus implying longer intervals of quies-

cence than those of the more rapidly formed upfan phases. 

7. ECONOMIC APPLICATIONS 

The controls applicable to the White Reef are those that affected the fan 
between the midfan and central fanbase. The dominant control· of the pay­
shoots of the best mineralised western lobe, was the axial position of the 
Randfontein trough. The only important mining operations done on West 
Rand Consolidated on this reef, since 1965, have been concentrated in the 
south-western corner of the mine, along the upstream part of the main 
streambed, which is controlled by this trough (map 24, p. 249 ). The 
only prediction (F) of first order importance, made for this mine in 1965, 
has been successful. Mining has also been recommenced during 197 3 in 
another dis tributary payshoot (C), recommended for further attention in 
196 5, after the completion of the field phase of this investigation. The 
other mines concerned are dormant at present, but the increasing interest 
in uraninite will probably re-activate mining in other areas, similarly 
singled out. This investigation has thus been proved of worth in the field 
of economic exploration. 
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APPENDIX I 

PILOT STUDY - WHITE REEF CONGLOMERATE 

TEXrURAL AND METAL PROPERTIES MEASuRED 
QVER FULL WIDTH OF CONGLOMERATE 

1-6, 8 and 10 Samplings 6" wide sampling sections over 
conglomerate 

7&9 " 12" wide sampling sections over 
conglomerate 

Column Headings f-Location 

First Sampling: 

p M N St.D 

1 10,8 50 5,0 
2 11,8 I 50 5,1 
3 11, 2 50 4,6 
4 13,6 50 6,6 
5 14 ,2 50 6,4 
6 11,3 50 5,7 
7 12,1 50 6,2 
8 11, 7 50 5,5 
9 12,1 50 6,1 

10 12,3 50 5,3 
11 11, 1 50 6,1 
12 12,1 50 5,2 
13 12,1 50 6,1 
14 12,0 50 7,4 
Vi 12 3 50 5.4 

tl-Mean size of pebbles (mm) 

N-Number of pebbles measured 

St.D-Standard deviation of pebble size (mm) 

~-Pebble packing percentage 

Ch-Reef channel width (inches) 

Dwt-Gold, pennyweight/ton 

I.Dwt-Gold, inch-pennyweight/ton 

Oz-Uranium ounces/ton 

I.Oz-Uranium inch-ounces/ton 

&-Silver pennyweight/ton 

~-Sulpher, weight percent of total rock 

P.p Ch Dwt I.Dwt Oz !I.Oz Ag_ s 

l½" 58 145 328 820 
3" 28 llO. 190 760 
3" 13 42 122 488 
4" 14 70 118 708 

2½" 17 60 133 466 
2½" 98 341 758 2653 
3" 26 102 129 516 
3" 11 44 64 256 
5" 5 30 35 I 210 I 
6" 7 49 53 371 

12" 4 51 27 356 
12" 7 92 71 920 
14" 10 155 53 791 
16" 3 50 22 366 
20" 3 64 20 420 
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16 13, 8 so 4,8 1011 12 127 96 1056 I 
17 13,1 so 6,7 5 II 29 174 88 528 I 
18 11, 7 so 5,2 93z" 11 114 40 458 
19 12,8 so 5,5 8" 5 51 35 315 
20 12,1 so 5,3 1011 12 128 55 606 
21 11,0 so 5,8 1011 7 73 35 367 
22 9,4 so 4,7 12" 4 42 28 364 
23 11, 7 so 4,7 8t" 9 85 42 408 
24 8,6 so 3,6 9\" 12 123 61 623 
25 12,3 so 5,5 11" 23 270 45 545 
26 12,5 so 5,5 13t" 14 216 59 927 

I 27 11, 7 so 4,9 33z" 7 38 34 153 
28 10,4 so 4.4 4 II 4 20 30 200 

Note 

N = 50 for all of first sampling 
no Ag or S values for first sampling, also no P.p 



.L""'t;,,. 

Second Sampling: 

p M N St.D P.P Ch Dwt I.Dwt Oz 'I. Oz Ag s 

30 16,4 11 9,3 51% 1%" 101 375 458 1145 8,0 
31 11,6 40 3,4 2%" 43 152 388 1358 11,6 
32 9,0 41 4,6 38% 2%" 14 so 82 287 2,4 
33 9,3 32 4,8 28% 2%" 24 83 176 616 5,7 
34 10,0 21 4,8 21% 2%" 11 39 81 284 2,2 
35 8,6 41 4,1 30% 2i11 26 96 165 578 5,6 
36 8,5 81 4,0 37% 4" 15 75 108 540 3,3 
37 8,6 71 s,o 18% 7" 8 64 25 200 1,3 
38 9,1 n 4,6 21% 7" 11 84 33 264 2,7 
39 8,7 85 4,2 17% 9%" 10 110 65 678 
40 7,7 57 3,9 7% 12" 3 41 21 274 
41 8,3 103 2,2 12% 14" 7 109 48 720 
42 8,9 110 4,7 23% 10" 5 52 47 519 
43 8,0 137 3,6 17% 13" 6 84 43 603 
44 10,l 101 4,5 25% 10" 7 74 42 461 
45 7,8 107 3,7 17% 9%" 13 140 89 932 
46 8,1 144 5,4 25%% 10" 6 7i 44 479 
47 8,9 86 4 ,s 21% 8" 8 79 49 441 
48 9,3 92 5,0 22% 9~" 2 27 17 186 
49 10,2 86 s,o 36% 6" 16 112 86 602 
50 9,2 154 5,2 38% 9~" 4 46 26 266 
51 8,5 112 3,9 19½% 1011 4 41 26 285 
52 8,1 140 4,6 18% 13" 8 121 45 632 
53 9,3 109 6,1 27% 9" 11 118 38 383 
54 8,6 134 4,4 26% 1011 6 65 43 478 
55 9,0 91 4,9 22% 9" 8 85 so 488 
56 9,0 27 5,7 15% 4" 23 115 78 390 
57 10.l 58 7.2 46% 4" 5 25 29 145 
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Third Sampling: 

p M N St.D P.p Ch Dwt I.Dwt Oz I.Oz Ag l s 

58 13,5 15 4,5 41 l½ 6 14 50 113 
59 9,7 20 4,6 18 2½ 22 78 72 252 
60 11,8 35 6,1 41 3 21 85 217 868 
61 7,6 77 3,3 

I 
10 10 3 35 41 456 

62 8,4 79 4,6 11 13 7 111 52 739 
63 8,0 58 4,2 6 14 3 44 23 345 
64 9,4 81 5,2 31 13 12 178 55 773 
65 9,1 95 5,1 21 10 3 39 42 463 
66 9,2 '.)5 5,3 27 8 10 94 41 369 
67 10,5 63 3,6 22 7 8 64 61 488 
68 9,6 40 3,9 14 6 20 146 107 749 
69 9,0 88 3,7 15 11 2 32 35 389 
70 10,0 84 5,0 20 11 7 84 38 454 
71 8,6 111 3,8 18 11 2 33 22 264 
72 9.0 79 4.0 21 7¼ 7 61 28 242 

Fourth Sampling: 

73 9,9 30 4,8 74 1 12 26 
74 14 ,0 18 6,0 38 2½ 27 97 
75 8,8 69 4,4 32 4 17 106 
76 10,5 70 5,1 24 8 6 59 
77 8 5 49 
78 9,9 76 4,9 19 10 5 62 36 402 
79 8,7 91 3,5 12 13~ 6 87 67 977 
80 10,8 69 5,9 17 12 5 68 
81 9,5 80 5,6 16 12 4 53 37 488 
82 11,6 50 6,4 22 8 6 56 36 324 
83 8,8 98 4,1 18 10½ 4 48 26 299 
84 10,l 64 5,0 25 7 13 110 64 448 
85 9,2 112 4,4 28 8½ 11 106 53 504 
86 9,7 114 4,7 45 6 9 67 48 336 
87 9,4 83 4,6 31 6 9 68 62 434 
88 8,7 143 5,1 22 13 3 53 25 356 
89 8,5 119 3,9 19 11 8 103 53 633 
90 9.4 65 5 5 52 3 4 19 33 132 

Fifth Sampling: 

91 10,5 26 6,8 I 72 1 
2~ I 59 

92 10,8 17 4,4 24 2 17 
93 11,4 50 4,8 56 3 69 I 278 
94 14,8 22 6,0 47 2 26 79 
95 3 27 111 
96 11,0 56 6,0 60 3 17 68 
97 7,8 94 3,6 17 8 
98 8,5 71 4,7 21 6½ 3 25 
99 10,4 72 5,5 25 7½ 3 30 

100 9,4 90 4,9 18 10 5 63 
101 10 6 71 
102 9,1 113 5,6 18 14 12 180 
103 9,4 98 4,7 20 11 3 45 
104 9,2 98 4,1 17 12 4 55 
105 10 4 73 4,9 20 9¼ 5 73 
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p M N St .D P.P Ch Dwt I.Dwt I Oz . I.Oz Ag s 

106 9,1 78 4,3 21 7% 2 - 22 
107 9,2 105 4,0 22 9% 4 42 
108 10,2 88 5,1 31 7% I 
109 10,7 98 5,1 26 9% 6 63 
110 9,7 128 4,5 37 8 5 46 
111 9,2 116 4,4 I 27 9 4 49 
112 9,8 100 5,0 22 11% 7 90 
113 15 14 231 
114 11 3 36 
115 8.8 :i 1 4.7 ! 20 5 5 32 

Sixth Sampling: 

116 15,6 18 6,5 52 2 35 107 
117 11,4 18 5,9 38 2 26 79 
118 10,7 14 4,9 40 1 37 76 
119 12,1 29 6,2 43 2% 60 213 I 
120 11, 8 23 4,9 25 3 38 152 
121 12,7 28 5,4 36 3 20 84 
122 8,1 103 4,8 34 5% 13 87 
123 10,8 73 5,3 26 8 8 74 
124 11,0 42 .) '9 16 8 4 38 
125 10,0 39 5,0 14 6% 4 32 
126 8,9 76 4,0 18 8 2 23 
127 7,7 78 4,0 8 15 6 97 
128 10 13 146 
129 9,3 67 4,8 15 10 5 59 
130 8,7 112 5,1 23 10 8 96 
131 9,0 82 4,4 22 7% 6 52 
132 9,0 116 4,3 23 10 5 57 
133 11,0 95 6,1 35 8% 12 116 
134 9,1 106 4,4 26 8% 8 83 
135 9,0 102 4,2 27 7% 5 43 
136 8,7 146 4,4 33 8% 11 107 
137 8,6 136 5,2 23 12 5 70 
138 11 6 81 
139 8,7 76 4,1 28 5 4 28 
140 4 3 18 

Seventh Sampling: 

141 11,2 20 9,3 43 1 33 I 66 164 328 5,4 I 
142 2 31 I 94 134 402 7,7 
143 1% 23 58 109 273 6,6 
144 14,6 29 6,1 24% 3 93 37 354 1416 18, 2 
145 2 68 205 301 903 8,7 
146 11, 2 51 5,8 28% 3 32 129 260 1040 8,0 
147 3 
148 9,5 141 4,9 30\ 51'3 10 63 73 456 3,0 
149 8 11 105 33 297 1,8 
150 8,6 182 4,1 18% 9 7 74 44 440 1,9 
151 12 7 97 65 905 1,7 
152 9,9 201 4,5 20 12 5 76 44 566 1,4 
153 10 19 208 89 974 2,6 
154 10,3 163 5,0 21 11 11 132 78 936 2,2 
155 10 7 87 71 710 1,7 
156 8 5 192 4.2 17 11 2 25 18 216 1,2 
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p M N St.D P.P Ch Dwt I.Dwt Oz I.Oz Ag i s 

157 8 6 60 60 480 2,4 I 
158 9,2 261 4,8 36 8 10 91 49 441 2,1 I 
159 9 8 81 54 540 2,7 
160 9,7 211 4,8 31 8 6 60 45 405 2,0 
161 7 3 26 27 216 1, 0 
162 9 9 91 59 590 2,2 
163 8.4 247 3 7 20 10¼ 3 36 27 284 1.0 

Eighth Sampling: 

164 1: 2 22 46 113 170 
165 1 6 12 42 84 
166 2~ 24 84 85 298 
167 3 21 87 77 308 
168 4 29 147 208 1040 
169 3~ 22 102 158 711 
170 6 18 130 116 812 
171 7 2 22 16 128 
172 6 7 54 54 378 
173 15 7 122 40 653 
174 12 4 62 37 481 
175 13 4 57 50 702 
176 11 12 146 67 804 
177 11 14 172 89 1073 
178 16 6 114 40 680 
179 9 6 66 46 460 
180 7 7 52 46 368 
181 7 8 62 65 520 
182 6~ 13 103 56 420 
183 6 13 91 63 441 

Ninth Sampling: 

184 11,2 18 5,2 65 1: 2 9 18 45 90 
185 1% 4 11 40 100 
186 12,6 17 7, 2. 72 1: 2 16 32 59 118 
187 1 43 86 216 432 
188 10,5 60 4,6 28 2% 17 60 101 378 
189 2% 18 63 102 357 
190 11,8 60 5,2 I 40 2% 12 43 82 287 
191 5 10 62 69 414 
192 9,9 170 4,9 23 9 5 50 43 428 
193 6 5 41 39 273 
194 9,7 194 5,4 20 12 4 53 27 345 
195 11 5 62 39 468 I 
196 8,9 · 272 4,2 22 12 8 103 53 693 
197 10 8 95 58 639 
198 8,9 196 4,6 15 13~ 9 139 35 509 
199 11 3 42 23 272 
200 8,0 188 3,6 13 8% 5 49 28 267 
201 7 9 72 42 334 
202 9,2 235 4,5 25 10 5 60 44 480 
203 6 12 84 61 427 
204 10,3 151 4,9 20 10 7 78 49 539 
205 10 6 163 4.8 34 8 11 100 49 441 
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Tenth Sampling: 

p M N St.D P.p Ch Dwt I.Dwt Oz I.Oz Ag s 
I I 206 1 33 66 I 207 1 24 49 

208 1 5 11· 
209 1 8 17 
210 2 56 169 
211 1 17 35 
212 2i 29 104 
213 2 28 84 
214 5 9 58 
215 10 13 151 
216 10 4 53 
217 
218 9 6 60 
219 14 6 99 
220 13 3 47 
221 14 3 47 
222 14 2 37 
223 13 4 61 
224 10 5 57 
225 11 4 49 
226 6 24 174 
227 7 9 72 
228 10 8 88 
229 I 9 11 111 



154. 

APPENDIX 2 

CHECKS ON PILOT STUDY 

TEXTURAL AND METAL PROPERTIES 

Column Headings £,-Location 

tl-Mean size of pebbles (mm) 

N-Number of pebbles measured 

St.D-Standard deviation of pebble size (mm) 

f.:J?.-Pebble packing percentage 

Ch-Reef channel width (inches) 

Dwt-Gold, pennyweight/ton 

§.-Sulpher, weight percent of total rock 

Oz-Uranium ounces/ton 

~-Silver pennyweight/ton 

Upcurrent - 7AVW18 - West Rand Consolidated 

p M N St.D P.p Ch Dwt s Oz Af!. 

21 12,5 216 6,3 40 10\ 26 3,4 113 2,1 
22 12,1 143 6,9 32 17\ 25 3,4 147 2,6 
23 12,7 241 6,1 58 8% 80 3,4 140 3,5 
24 11,8 205 6 ,.1 43 9\ 33 3,2 133 3,3 
25 11, 1 150 5,7 26 19 9 3,1 59 2,0 
26 10,4 179 6,2 35 15 16 3,1 66 2,1 
27 11,5 260 6,2 35 17 16 2,2 85 2,4 
28 11, 7 142 6,3 25 13½; 11 2,1 50 1,6 
29 8.2 193 3 6 11 22 8 2.5 61 

Downcurrent - 26/0 - R:mdfontein Estates 

31 11,2 79 I 3,7 21 5\ 38 

I 32 11, 2 163 I 4,2 34 7% 17 
33 11, 2 81 I 5,1 35 3\ 68 
34 11, 9 97 I 5,6 30 5\ 27 I . 

35 11, 1 209 4,8 34 9 24 
36 9,2 114 4,6 15 8 12 
37 11,l 134 5,0 19 11 7 
38 10.9 196 I 5.1 24 12 11 I 
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APPENDIX 3 

ANALYSIS OF VARIANCE - PILOT STI!!!X, 

TESTS FOR DTFFERENT METAL AND SEDIMENT POPULATIONS 
RELATED TO VARIABLE FLOOR TOPOGRAPHY 

BASIC STATISTICS 

Column Headings ~-Elevated floor, reef thicknesses O - 4,9 11 

~-Intermediate floor, reef thicknesses 5 - 9,9" 

f-Low floor, reef thicknesses 1011 + 

N-Number of Observations (reef sections) 

~-Mean for Group 

~-Standard deviation for group 

A B J C I 

Pebble Sorting N 44 56 48 
(st. dev. in mm) X 5,5 4,8 4,6 

s 1,2 0,7 o, 7 

Pebble Packing N 33 49 40 
(percentage) X 41,4 25,5 18,8 

s 15,7 7,0 5,4 

Pebble Size N 34 49 43 
(m.m.) X 11,4 9,5 9,0 

s 2,2 ,9 ,8 

Gold Content N 66 77 81 
(dwts/ton) x 27,0 8,8 6,9 

s 21,6 4,7 3,9 

Uranium Content N 42 49 55 
(ounces/ton) :x 155,4 51,7 44,9 

~ 140.0 20.9 18.3 

GRAND MEANS: 

Group A+B+c 

Sorting 4,96 Standard deviation m.m. 

Packing 27,61 percent 

Size 9,82 m.m. 

Gold 13,46 dwts/ton 

Uranium 78,97 ounces/ton 
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TABLES OF ANALYSIS OF VARIANCE 

Column Headings : SV-Source of variance 

DF-Degrees of freedom 

SS--Sum of squares between groups 

MS-Sum of squares within groups 

I-Calculated F ratio 

A. SORTING OF PEBBLES 

sv DF ss NS F 

Between 2 22,00 11,00 13,89 
Within 145 114, 82 0,79 
Total 147 136. 82 

Fis significant at the one percent 
level (F_

01
=4,60) 

B. PEBBLE SIZF;_ 

sv DF ss MS F 

Between 2 115, 06 .)7,53 36,13 
Within 123 195, 88 1,59 
Total 125 

Fis significant at the one: percent 
level (F_

01
=4,60) 

C, PEBBLE PACKING 

sv DF ss MS F 

Between 2 9610, 83 4805 ,42 50,49 
Within 119 11325,05 95,17 
Total 121 

Fis significant at the one percent 
level (F "-"4 60) 

.01 ' 
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D, GOLD 

sv i DF ss MS F 

Between 2 17293,33 8646, 92 57,67 
Within 221 33135,79 149,94 
Total 223 

Fis significant at the one percent 
level (F. Ol =4, 60) 

E, URANIUM 

sv I DF ss MS F 

Between 2 345706, 96 172853 ,48 29,33 
Within 143 842797, 87 5893 ,69 
Total I 

Fis significant at the one percent 
level (F_ 01=4,60) 



APPENDIX 4 

PILOT STUDY 

REGRESSION ANALYSIS OF PAIRWISE RELATIONSHIPS 

~SIC STATISTICS 

Column Headings N-Sample size 

i-Mean of x 

X 

CONGLOMERATE 
THICKNESS 

CONGLOMERATE 
THICKNESS 

CONGLOMERATE 
THICKNESS 

MEAN PEBBLE 
DIAMETER 

For reef thickt1 
exceeding 3" on 

MEAN PEBBLE 
DIAMETER 

For reef thickn 
exceeding 3" or 

PEBBLE 
PACKING 

For reef thickr 
exceeding 311 or 

MEAN PEBBLE 
DIAMETER 

MEAN PEBBLE 
DIAMETER 

PEBBLE 
PACKING -

Sx-Standard deviation of x 

y-Mean of y 

~-Standard deviation of y 

B-Correlation coefficient 

y N X sx 

GOLD 222 7,50 4,13 

MEAN PEBBLE 126 7,59 3, 77 
DIAMETER 

PEBBLE 125 7,63 3,76 
PACKING 

PEBBLE 23 10,13 1,52 
PACKING 

esses 
ly 16 9,38 ,78 

STANDARD 23 10,15 1,52 
DEVIATION 

esses 
ly 16 9,39 , 78 

STANDARD 23 29,09 14,91 
DEVIATION 

esses 
ly 16 22, 94 6,61 

PEBBLE 196 11,58 2,43 
PACKING 

STANDARD 198 11,60 2,42 
DEVIATION 

STANDARD 196 31, 77 16,14 
DEVIATION 

-l< Regional study 

y 

13,17 

9,82 

27,39 

29,08 

22,93 

5,07 

4,58 

5,06 

4,56 

31,77 

6,22 

E.,21 

s R 
y 

15,09 0,52 A 

1,59 -,60 B 

13,07 -,72 C 

14,93 ,54 D 

6,65 ,49 

1,20 ,66 E 

,49 ,84 

1,22 ,57 F 

,53 ,43 

16,14 ,72 

1,93 ,91 

1,95 ,60 
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,_,.,,... 

MEAN PEBBLE GOLD 23 10,13 1,52 14,10 18,91 , 77 J 
DIAMETER CONTENT 

!For reef thickr esses 
iexcecding 311 or ly 16 9,38 ,80 7,02 2,82 ,45 

PEBBLE GOLD 23 29,09 14,91 14,09 18,92 ,09 K 
PACKING CONTENT 

For reef thickn esses 
exceeding 311 on ly 16 22,94 6,61 7,00 2,83 ,so 

STANDARD GOLD 22 5,06 1,24 14,14 19,38 ,48 L 

DEVIATION CONTENT 

For reef thick~esses 
iexceeding 3" o ly 16 4,57 ,so 6,94 2, 86 ,38 
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FAMILY REGf.ESSION 

FIT OF REGRESSION MODELS: 

Column Headings Model 1 - Exponential y = aebx 

Model 2 - Power y = a xb 

Model 3 - Logarithmic y = a+b lnx 

L - Linear Model y = a+ bx 

p - Parabolic a+ bx + ex 2 or y = 
Quadratic Model 

Model 1 a= Constant, b x Coefficient, 2 Square of the = r = 
correlation 
coefficient 

2 a = Constant, b = Power 
' 

r2 = II 

3 II b = ln x Coefficient, 2 II a= r = 

L a= Intercept, b = Slope r2 = II 

' 
p a= II 

' 
b = Linear Coefficient, C = Quadratic Coefficient 

2 Square of the multiple correlation r = 
coefficient 

As CONGLOMERATE THICKNESSLGOLD 

1 2 3 L p 

a 21,79 28,40 31,97 27,97 35,53 
b - ,12 - ,64 - 10,51 - 1,93 - 4,74 
C ,19 
r2 .35 .37 .29 .27 .32 
Best fit modei 2. Model P nlotted on figure 4 (a) 

1k CONGLOMERATE THICKNESSLMEAN PEBBLE DIAMETER 

1 2 3 L p 

a 11,63 12,16 12,23 I 11, 74 12,49 
b - ,02 - 0,12 - 1,32 - ,25 - ,ss 
c2 ,02 
r .37 38 .38 .36 .39 
Best fit model P ulotted on fi2:ure 4 (b) 
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c. CONGLOMERATE THICKNESS/PEBBLE PACKING 

1 2 3 L p I 
a 47,58 54, 82 52,73 46,43 53,28 
b - ,09 - ,43 - 13,81 - 2,50 - 5,15 
C ,19 
r2 .53 .52 .61 .51 .55 
Best fit model 3. Model P plotted figure 4 (c) 

D, MEA.~ PEBBLE DIAMETER/PEBBLE PACKING 

1 2 3 ! L p 

a 5,02 ,36 -108,23 - 24,67 -207,31 
b , 16 1, 86 59,54 5,30 39,45 
C - 1,56 
r2 • 34 .38 .32 129 141 
Best fit model p elotted on figure 5 {a) 

For reef thicknesses exceeding 3" only 

1 2 3 L p 

a 3,57 ,35 - 64, 87 - 15, 88 -237,31 
b ,19 1,85 39,29 4,14 51, 77 
C - 2,54 
r2 .29 .30 .25 .24 .29 
Best fit model 2 

E, MEAN PEBBLE DIAMETER/STANDARD DEVIATION 

1 2 3 L p 

a 1,84 ,41 - 8,15 - ,21 - 10,69 
b ,10 1,08 5,73 ,52 2,48 
C - ,09 
r2 .53 .56 .46 .43 .49 
Best fit model 2. Model P Plotted on figure 5 (b) 

For reef thicknesses exceeding 3" only 

1 2 l 3 L p 

a 1,47 ,36 - 6,61 - ,39 - 23,56 
b ,12 1,14 5,00 ,53 5,51 
C - ,27 
r2 .73 .75 .74 .72 • 32 
Best fit model p 



F, PEBBLE PACKING/STANDARD DEVIATION 

1 ' 2 3 L p 

a 3, 89 1,80 - ,53 3,72 2,34 
b ,01 ,31 1, 71 ,05 ,13 
C 0 
r2 • 35 .39 36 .32 . 37 
Best fit model 2. Model P Plotted figure 5 (c) 

For reef thicknesses exceeding 3" 

. 1 2 3 L p 

a 3,76 2,42 1, 86 3,77 2,05 
b ,01 ,20 ,87 ,03 ,18 
C ,oo 
r2 .19 .21 .21 .19 .24 
Best fit model p 

G8 MEAN PEBBLE DIAMETER/PEBBLE PACKING 

1 2 3 L p 

a - 23, 39 - 38,28 
b 4,76 7,28 

c2 - ,10 
r .52 .52 
Best fit model L Plotted in figure 6 (a) 

H, MEAN PEBBLE DIAMETER/STANDARD DEVIATION 

1 2 3 L p 

a - 2,24 - 1, 85 
b ,73 ,66 
C o,oo 
r2 . 83 . 83 
Model L best fit Plotted in figure 6 ( c) 

I. PEBBLE PACKING/STANDARD DEVIATION 

1 2 3 L p 

a 3,90 4,41 
b ,07 ,04 
C ,oo 
r2 .36 .'?.7 
Model L Plotted in figure 6 <b:) 



J. MEAN PEBBLE DIAMETER/GOLD 

1 2 3 L p 

a ,so ,02 -26 ,oo - 7,84 -19, 78 
b ,27 2,55 14,78 1,58 4,16 
C - ~14 
i-2 .21 .21 20 ·20 _. 20 
Model l and 2 are best fit 

For reef thicker than 3" 

1 2 3 L p 

a ,12 ,00 -206,56 - 82,90 228,07 
b ,43i 4,53 95,69 9,57 - 48,66 
C2 2,66 
r 64 
Best fit is mode 

K8 PEBBLE PACKING/GOLD CONTENT 

1 2 3 L p 

a 5,49 , 71 - 6,49 10,82 - 8, 85 
b ,02 ,79 6,29 ,11 1,31 
C - ,01 
r2 .11 .16 .02 .01 .05 

For reef thicker than 311 only 

1 2 3 L p 

a 2, 87 ,57 - 7,52 2,13 10,43 
b ,03 , 78 4,69 ,21 - ,so 
C ,Ol 
r2 .22 .20 .21 .25 .29 
Best fit is model P nlotted on figure 9 (b) 

L, STANDARD DEVIATION/GOLD CONTENT 

1 2 3 L p 

a 1,00 ,12 - 60,60 - 24,05 - 96,88 
b ,44 2,70 46,76 7,55 32,57 
C 1,99 
r2 .41 .45 .26 .23 .29 
Best fit is model 2. . 

For reef thicker than 311 only 

1 I 2 3 L p 

a 1,16 ,48 - 8,24 - 2,95 - 88,34 
b ,37 1, 71 10,03 2,16 40,84 
C - 4,32 
r2 14 16 ,16 .14 ,28 
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APPEND:r:X 5 

CHECK ON PILOT STUDY AT UPCURRENT LOCALITY 

7A-VW18 STOPE 

RASIC STATISTICS 

Column Headings N-Sample s~ze 

~-Meanof x 

X 

MEAN PEBBLE 
DIAMETER 

PEBBLE 
PACKING 

STANDARD 
DEVIATION 

Sx-Standard deviation of x 

i-Mean of y 

~-Standard deviation of y 

~-Correlation coefficient 

y N x Sx y 

GOLD 9 11.38 1.39 24. 89 

GOLD 9 34.56 12. 95 24,89 

GOLD 9 5.99 • 95 24. 89 

Sy 

22.34 

22.34 

22.34 

R 

.56 

• 86 

.26 
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FAMILY REGRESSION 

FIT OF REGRESSION MODELS: 

Model 1 Exponential bx - y = ae 

Model 2 - Power y = a xb 

Model 3 - Logarithmic y = a+b ln x 

Linear Model (L) y = a+ bx 

Parabolic Model (P) y = a+ bx + cx2 

A, MEAN PEBBLE DIAMETER/GOLD CONTENT 

1 2 3 L p 

a ,29 .00 - 185. 93 - 77 .23 518. 08 
b .37 3.63 86. 97 8.98 - 107.53 
C 5.57 
r2 .49 .46 .28 .31 .55 
Best fit is model pl curve Elotted on fig. 12-a I 

B, PEBBLE PACKING/GOLD CONTENT 

1 2 3 L p 

a 3.11 .16 - 98.15 - 26.41 25.77 
b .05 1. 38 35.50 1.48 - 1.91 
c2 .05 
r .88 • 72 .50 .74 • 97 
Best fit is model P. Curve is plotted on fig. 
12-b 

c, STANDARD DEVIATION/GOLD CONTENT 

1 2 3 L 0 ... 

a 2.11 • 75 - 30.27 - 11.19 - 96. 82 
b .37 1. 83 31.07 6.02 41.44 

c2 - 3.45 
r .23 .23 .07 .07 .09 
Best fit is models 1 and 2 
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APPENDIX 6 

CHECK ON PILOT STUDY AT DOWNCURRENT LOCALITY 

26-0_ NO, 4 SOlTH. N0 8 3 PANEL 

BASIC STATISTICS 

Column Headings li-Sample size 

i-Mean of x 

X 

MEAN PEBBLE 
DIAMETER 

PEBBLE 
PACKING 

STANDARD 
DEVIA':'ION 

Sx-Standard deviation of x 

i-Mean of y 

~-Standard deviation of y 

B-Correlation coefficient 

y N ~ Sx y 

GOLD 8 11.03 .79 25.50 
CONTENT 

GOLD 8 27.00 8.26 25.50 
CONTENT 

GOLD 8 4. 80 .60 25.50 
CONTENT 

Sy 

19.91 

19.91 

19.91 

R 

.29 

.51 

.02 
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FAMILY REGRESSION 

FIT OF REGRESSION MODELS; 

Model 1 - &q;onential y = aebx 

Model 2 - Power y = a xb 

Model 3 - Logari. thmic y = a+ b ln x 

Linear Model (L) y = a+ bx 

Parabolic Model (P) y = a+ bx + cx2 

A• MEAN PEBBLE DIAMETERLGOLD CONTENT 

1 2 i 3 L p 

a .56 .01 - 154.63 - 54.25 - 209.75 
b .32 3.:n 75.09 7.23 37.39 
C - 1.45 
r2 .12 .12 .08 .08 .08 
All models have a Poor fit 

B, . PEBBLE PACKINGLGOLD CONTENT 

1 2 3 L p 

a 4.93 .32 - 71.42 - 7.66 37. 35 
b .05 1.28 29. 82 1. 23 - 2.52 
C .07 
r2 .34 .33 • 25 • 26 .28 
Model 1 is best fit. Curve p is plotted on 
fig. 14-b 

C, STANDARD DEVIATIONLGOLD CONTENT 

1 2 3 L . n 
s: -

a 35.00 59.70 26.97 22.60 425.57 
b - .12 - .70 - • 94 .60 - 176.18 
C 19.08 
r2 .01 .02 .00 .00 .12 
All models have a poor fit 



APPENDIX 7 

PILOT STUDY 

T-TEST TO DETERMINE WHETHER PROPERTIES 
AT AVERAGE REEF WIDTH COULD COME FROM 

A POPULATIJN WITH MEAN= GRAND MEAN 

= x - Grand Mean 
s.D. I Jn 

where x = Mean of all observations at average width 

S.D. = Standard deviation of above observations 

Column HeadL1gs Group 1 = Total_observations with grand 
mean X 

Group 2 = Samples at average reef width 
with mean x 

~-Number of observations (Conglomerate 
sections in group) 

Sx-Standard deviation 

~-Mean pebble size in 

t-Mean pebble packing 

So-Mean pebble sorting 
in m.m. 

Au-Gold dwts/ton 

Q-Uraninite lbs/ton 

I-Calculated T-value 

!2.-Degrees of freedom 

of group 

m.m. 

per cent 

as standard deviation 

!_-Tabled t value at 95% level for> 120 
degrees of freedom= 1,960 
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Group 1 Group 2 

N X sx N X sx T D 

s 126 9.82 1.58 6 9.52 .61 .47 130 
p 125 27.40 13.07 6 25.17 3. 87 .41 129 
So 126 4.89 .98 6 4.62 .56 .68 130 
Au 224 13.45 15 .04 5 5.00 1.58 1.25 227 
u 147 78.45 90.23 19 42.32 13.95 I 1. 74 164 

Conclusion: Since T~t the hypothesis of no dif-
ference between the means of the two groups is 
accented 

Remarks: 

Average reef width fer group 1 = 7,5 inches. All 
reef widths for group 2 samples except U = 7,5 inches. 
As there are not adequate samples for U at 7,5 inches, 
samples were increased to include these between 7 and 
8 inches. 

Adjustment for unequal variances: 

In view of the large differences in standard deviation 
between the two groups, especially for the metals, and 
considering also the unequality in sample numbers, it 
becomes necessary to adjust the degrees of freedom (D) 0 

associated tabled t-value and the calculated T. 

Da (adjusted degrees of freedom)= 
l/(C2 (1 - C) 2 ) + 

(n1 -1 n2 - 1 ) 

where C = s 2, 
1 n 

s2 s2 
1 2 + 

nl n2 

with s1 and s 2 = standard deviations of the 
two groups 

n1 and n2 = number of observations of the 
two groups 

Ta (adjusted calculated T-value) = x1 x2 

s2 + s 2 
1 2 

{See Two sample T-tests with unequal variances, Welch's 
treatment described in Brownlee K.A. Statistical Theory 
and Methodology. John Wiley 1965, pp 299 - 303). 
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Da ta Ta Result 

s 8.7 2.34 1.05 Ta~ ta 

p 11. 8 I 2. 20 1.14 Ta.e:.. ta 

So 6.6 2.41 1.10 Ta.:::. ta 

Au 34.1 2.0316. 88 Ta> ta 

u 160.3 1. 9617. 96 Ta> ta 

Conclusion: The hypothesis of no 
difference is valid for S, P and So 
but not for Au and U 
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APPENDIX 8 

REGIONAL STUDY - WHITE REEF CONGLOMERATE - rEXTURAL PROPERTIES 
MEASURED 

Column Headings : f-Location Prefix R = Randfontein Estates, 
W = West Rand Cons., L = Luipaardsvlei 
Estates, E = East Champ D10t. 

X.-Coordinate of Longitude 

!-Coordinate of Latitude 

N-Number of pebbles measured 

M.-Mean size of all pebbles present in 6" 
wide vertical section of conglomerate (nnn) 

&12,-Standard deviation of pebble sizes (mm) 

f.J2.-Pebble packing percentage 

Ch-Channel width of White Reef (inches) 

~-Percentage of conglomerate in White Reef 

Randfontein Estates 

p y :x N M St.D Po Ch Co 

I ; 

R1 218 9,7 4,3 8 2,6 100 
R2 149 10,3 5,1 38 10 50 
R3 240 9,7 4,2 22 10 100 

¾ 296 9,5 4,1 27 10 100 
R7 235 9,8 4,9 28 5 100 
Ra 382 7,8 3,2 22 7 100 
R9 174 9,0 4,3 27 7 100 
R10 97 6,7 1,7 4 20 100 
RU 224 8,2 4,1 15 8 100 
R12 193 9,4 5,0 18 7 100 
R13 68 10,1 5,0 32 3 100 
R14 101 8,9 4,7 29 14 43 
R15 171 10,0 4,4 18 14 100 
R16 202 11,2 5,8 27 1 100 
R17 133 10,8 4,6 14 3~ 100 
R18 259 10,9 5,4 32 2 100 
R19 229 12,2 5,7 33 3 100 
R20 294 11,0 4,8 36 3 100 
R21 247 11,3 5,0 32 3 100 
R22 275 10,6 5,9 25 3 lGO 
R23 337 9,7 4,6 33 6 100 
R24 265 11,5 5,9 48 1 100 
R25 279 11,6 5,5 37 3 100 
R26 189 9,3 4,6 16 10 100 
R27 307 10,8 4,7 35 16 100 
R23 248 8,9 3,7 19 14~ 100 
R29 209 10,3 5,4 23 10 100 
R30 219 9,8 4,9 21 5 100 
R31 346 9,2 3,9 29 9 1100 
R-:,0 219 12.4 6.0 37 3 !too 
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R33 299 11,5 4,8 39 4 100 
R34 162 11,6 5,4 47 3 100 
R35 243 10,5 5,6 29 6 100 
R37 187 12,3 I 5,7 31 4 100 
R38 230 12,0 6,1 32 4 100 
R39 306 11,4 5,1 40 2 100 
R44 266 8,8 4,2 22 10 100 
R45 324 10,0 4,6 32 7 100 
R48 319 10,l 4,8 32 10 100 
1¼9 345 9,2 4,5 29 7~ 100 
R51 309 8,4 3,9 22 8 100 
R52 339 10,0 4,9 33 5 100 
R53 197 9,4 4,7 18 6 100 

Rs4 182 10,6 5,8 22 18 100 
R55 214 9,3 3,7 18 16 100 
R56 204 8,8 5,5 15 30 100 
R57 162 8,3 3,5 7 35 55 
R58 145 9,2 4,8 13 4 100 
R59 194 9,6 4,5 20 3 100 
%0 224' 9,2 4,1 17 10 60 
1¼1 139 8,4 3,2 9 6 6l~ 

¾2 220 10,0 4,3 26 'l 100 .., 

¾3 253 8,0 3,5 16 8 100 
%4 416 10,8 5,0 51 2 100 

~5 
168 8,8 5,0 14 12 100 

97 7,5 2,8 5 12 100 
%~ 242 10,9 5,2 31 3 100 
%8 267 10,8 5,3 32 3 100 
%9 369 10,3 5,2 42 6 100 
R70 285 9,8 4,9 30 16 100 



West Rand Consolidated 

p 1Y Ix N M St.D Pp Ch Cp 
! 

Wl 375 12,1 5,7 57 H; 100 
w 272 11,9 5,3 39 41/3 100 
w3 226 13,0 5,8 38 2 100 
w4 220 10,1 4,7 22 4 100 
w5 306 11,0 5,1 38 7 100 6 
WlO 220 10,6 5,'.} 25 100 
W12 359 9,5 4, 7 34 6 100 
W13 215 9,5 4, 1 27 14 100 
W15 140 8,7 4,2 17 15 100 
W17 209 11, 7 5,1 25 7 100 
W21 86 9,9 4,2 38 3~ 100 
W19 133 10,2 3,3 11 
W23 230 11, 1 4,5 
W25 120 12,5 6,6 
w28 332 I 8,8 3,8 26 21 100 
W29 231 11,1 5,8 30 11 100 
W30 341 8,9 4,0 27 6 
W31 123 13,5 9,0 27 16 100 
W35 1265 12,0 7,1 29 36 100 
W37 I 150 8,8 4,3 6 44 100 
W42 425 8,2 3,7 28 5 100 
W44 144 12,2 8,0 23 22 100 
W47 300 8,1 3,8 10 22 
W54 207 8,9 4,9 12 36 100 
W57 206 9,4 4,4 11 42 100 
W59 399 9,4 4,4 16 62 100 
w66 276 10,3 5,2 24 24 J.00 
w63 380 9,0 4,8 17 38~ 100 
w6o 352 8,2 3,8 11 33 100 
w67 358 I 10,3 6,0 18 20 100 
w68 298 9,7 4,4 31 
w69 182 12,4 7,2 17 40 
W72 154 14,6 9,9 28 26 100 
W74 236 14,3 8,5 31 42 
w76 178 10,2 6,3 21 24 100 
W77 248 10,8 6,9 11 60 
w8o 267 9,6 5,4 10 32~ 100 
W81 101 9,7 5,7 6 44 
w82 230 12,6 9,8 15 52 
w83 398 9,9 5,5 19 43 
w86 284 9,5 5,5 11 62 
W89 207 10,5 6,0 17 28 
W90 433 9,3 4,7 20 47 
W95 259 9,0 3,9 16 32 
w96 355 11,4 6,6 46 13\ 
W97 401 9,3 4,6 20 43 
W93 277 12,4 7,2 48 8 
W99 210 11,4 7,9 34 16 
W100 334 12,9 6,3 42 31 
W101 141 11,5 5,8 37 9 
W102 223 12,4 8,0 56 12 
W103 167 12,6 7,1 29 12 
w104 296 12,3 7,9 53 3 
W105 301 10,6 6,3 33 40 
Wl07 262 10,7 6,2 25 69 
Wl08 137 9,0 5,1 12 16 
Wl09 187 9,9 7,4 18 24 



J. I--,. • 

Wll3 393 10,6 5,7 42 23 
W114 116 8,7 4,5 16 14 
W117 331 8,6 5,2 12 43 
W119 271 11,3 6,4 30 27 
Wl21 323 10,0 5,5 42 20 
W122 219 9,0 4,1 9 36 

I 
W126 304 10,0 5,6 11 67 
W127 315 12,8 6,8 27 36 

W128 150 9,5 4,6 11 31 
W129 36 10,8 5,2 35 3 
W130 261 12,3 7,2 54 17 
W132 546 12,8 7,8 46 99 
W133 255 9,3 5,8 18 34 
W134 220 11,5 7,0 27 40 

:us 148 10,1 6,3 4 78 I 
136 132 , 12,0 6,3 43 6 

W139 198110, 7 4,8 44 6 
W140 239 12,2 5,7 36 3 



LIJ• 

Luipaardsvlei Estates 

p :y X N I M St.D PP Ch Co 

i 

L1 128 14,9 8,9 19 24 100 
L2 242 13,2 7,6 42 26 100 
L4 490 11,4 4,6 27 60 100 
L5 267 11, 8 5,2 36 27 80 
L6 193 14, 8 8,5 46 18 100 
Ls 180 18,6 12,7 76 23 100 
L10 248 15,5 9,1 63 15 100 
L12 261 13,3 7,7 51 35 
L13 231 14,0 7,0 47 21 100 
L14 257 15,0 7,7 30 50 100 
L15 185 14,7 9,3 38 45 50 
L16 206 16,4 7,7 57 22 
L17 241 16,7 10,2 78 12 100 
L18 168 19,i' 11,9 74 4 100 
L19 249 13,7 7,9 51 30 
L20 90 14,9 9,8 24 25 100 
L23 243 14,9 8,9 62 14 100 
L24 148 15,1 9,4 40 11 100 
L25 238 14,9 8,9 60 I 14½ 100 
L26 225 13,7 7,7 44 24 100 
L27 127 9,8 5,7 19 28 
L2s 353 13,5 8,3 56 32 luO 
L29 246 13,2 8,7 38 80 
L31 236 12,8 8,4 26 40 
L32 308 14,2 8,5 47 36 100 
L33 206 13,6 7,3 41 24 100 
L34 417 12 ,,~ 7,7 60 35 
L35 201 10,2 7,0 14 52 
L36 141 13,6 6,9 14 50 100 
L37 547 12,7 6,5 43 55 100 
L33 169 15,1 8,9 29 36 100 
L39 121 15,6 10,7 36 18 100 
L40 212 12,9 6,9 38 13 100 
L41 137 15,9 9,6 40 9 100 
L42 293 13,1 6,1 55 9 100 
L43 325 14,1 7,4 70 17 100 
L44 225 15,7 9,2 45 33 100 
L45 167 16,7 9,5 52 8 100 
L46 214 16,6 9,0 65 9 100 I 
L43 322 14,3 7,6 71 24 100 
L49 202 16,7 9,5 61 18 100 
L50 331 15,2 8,7 49 42 100 
L51 I 255 13,1 7,3 37 31 100 
L52 277 14,7 8,3 66 20 100 
L53 182 12,8 6,6 I 49 24 
L54 275 10,7 6,1 20 42 100 
L56 124 13,5 8,2 24 26 100 
L57 222 14,4 9,2 53 18 100 
L53 145 14,4 8,5 26 31 100 
L61 217 12,6 7,6 38 21 100 
L62 243 11, 7 6,2 20 40 100 
L63 172 15,8 8,2 40 100 
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East Champ D'Or 

p y X N I M St.D Pu ' Ch CP 

I 
El 399 17,8 11,0l 44 6l: 100 
E4 556 15,7 9,0 42 87 100 
E5 295 14,3 8,0 17 40 75 
E6 197 13,S 7,1 14 33 100 
E7 164 13,9 8,9 29 30 54 
E3 280 15,0 8,7 64 51 45 
E9 310 15,3 8,2 46 33 100 
ElO 243 14,1 8,9 59 35 78 
Eu 257 14,7 8,0 66 11 100 
E12 512 13,9 7,9 55 47 100 
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APPENDIX 9 

THE WHITE REEF FOOTWALL PALEOCURRENT SYSTEM 

MOVING-AVERAGES OF DIP AZIMUTHS OF CROSSBEDS 
MEASURED WITHIN A DISTANCE OF 5 FT 

BELOW THE WHITE REEF 

(EACH AVERAG1 REPRESENTS AN AREA OF 4000 SQUARE FEET) 

Column Headings : X.-Coordinate of Longitude in ft. 

~-Coordinate of Latitude in ft. 

g-Number of crossbedded units, each 
with a minimum of 3 measurements 
per unit 

&-Vectoral Mean Azimuth in degrees 
from T. N. 

B-Vectoral Magnitude as a percentage 
of the Consistency Ratio 

y X n x., R 

15000 26000 2 180 85 
16000 26000 2 188 94 
17000 26000 2 168 99 
19QQQ I 26QQQ 3 220 90 

27000 3 148 89 
28000 4 150 91 
29000 2 175 97 
30000 3 154 98 

20000 25000 3 211 77 
26000 4 223 80 
27000 6 146 93 
28000 6 140 94 
30000 2 148 96 
31000 3 137 81 

21000 26000 3 145 96 
27000 4 138 96 
28000 4 158 89 
31000 2 135 90 

22000 26000 2 135 97 
28000 2 197 98 
31000 2 182 97 

23000 26000 2 155 80 
30000 3 215 98 
31000 4 201 92 

24000 26000 4 161 91 
30000 2 220 98 
31000 3 201 90 

25000 26000 3 168 99 
32000 2 118 94 

26000 30000 2 148 100 
31000 2 152 77 
32000 5 139 85 



J./ 0. 

27000 30000 3 146 100 
31000 4 . 168 90 

' 32000 5 159 87 
28000 29000 2 158 95 

30000 2 152 99 
31000 3 160 93 

29000 29000 3 154 94 
30000 3 149 97 

30000 33000 3 190 83 
31000 29000 4 188 85 

30000 2 205 90 
31000 3 181 82 
32000 3 163 75 

32000 31000 2 165 90 
33000 31000 2 143 68 
34000 31000 5 155 80 
35000 26000 2 188 99 

31000 5 189 85 
36000 28000 2 150 99 

29000 5 140 84 
30000 4 152 61 

I 37000 27000 I 3 189 92 
28000 2 187 87 
30000 3 128 78 

38000 22000 7 199 97 
27000 4 235 94 

I 

28000 7 j 187 69 
39000 15000 4 . 198 87 

16000 5 166 87 
22000 8 207 93 
27000 4 . 234 95 
28000 7 208 77 

40000 15000 7 195 89 
16000 4 205 98 
17000 5 196 85 
18000 3 150 78 
19000 4 142 79 
23000 9 212 68 
24000 11 203 90 
25000 10 187 87 
26000 6 175 41 

41000 13000 5 134 98 
14000 8 i 168 85 
15000 7 / 114 74 
16000 5 185 65 
17000 5 195 81 

41000 18000 5 177 75 
19000 3 166 90 
22000 4 195 92 
23000 9 210 90 
24000 10 212 87 
25000 5 208 80 

42000 13000 11 160 87 
14000 9 175 86 
15000 6 169 68 
16000 7 159 75 
17000 4 191 81 
21000 7 195 68 
22000 9 199 73 

43000 13000 12 182 92 
14000 8 180 91 

45000 11000 2 180 98 
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APPENDIX 10 

THE WHITE REEF PALEOCURRENT SYSTEM 

MOVING-AVERAGES OF DIP AZIMUTHS OF CROS~BEDS 

(EACH AVERAGE REPRESENTS AN AREA OF 4000 SQUARE FEET) 

Column Headings : X.-Coordinate of Longitude in ft. 

!-Coordinate of Latitude in ft. 

a-Number of crossbedded units, each 
with a minimum of 3 measurements 
per unit 

Xv-Vectoral Mean Azimuth in degrees 
- from T.N. 

B-Vectoral Magnitude as a percentage 
of the Consistency R~tio 

y X n I X;v R 

15000 26000 3 153 88 
16000 26000 5 160 92 

27000 3 131 98 
17000 26000 4 153 94 

27000 5 145 92 
18000 26000 3 155 92 

27000 5 158 92 
19000 26000 3 158 91 

27000 2 153 87 
22000 28000 2 183 98 

31000 2 158 98 
23000 31000 2 158 100 
24000 28000 2 193 92 
24000 31000 2 180 96 

32000 2 200 99 
25000 31000 3 178 90 

32000 4 167 82 
26000 31000 2 165 90 

32000 2 130 97 
29000 32000 3 149 87 
30000 33000 3 149 87 
31000 29000 5 202 76 
32000 31000 4 237 55 
33000 31000 6 215 63 
34000 22000 2 198 95 

31000 5 215 72 
35000 31000 5 223 95 
36000 28000 9 215 93 

29000 11 216 94 
30000 7 219 93 
31000 7 220 97 
32000 7 206 90 

37000 27000 7 184 77 



28000 10 215 92 
29000 8 213 93 
30000 4 230 95 
31000 7 226 97 
32000 6 205 88 

38000 I 22000 2 206 99 
31000 3 214 85 

39000 16000 4 134 86 
40000 20000 3 164 90 
42000 13000 3 141 93 
43000 13000 2 163 98 
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APPENDIX 11 

THE WHITE REEF HANGINGWALL PALEOCURRENT SYSTEM 

MOVING-AVERAGES OF DIP AZIMUTHS OF CROSSBEDS 
MEASUREiJ WITHIN A DISTANCE OF 5 FT ABOVE THE 

WHITE REEF 

(EACH AVERAGE REPRESENTS AN AREA OF 4000 SQUARE FEET) 

Colunm Headings : X-Coordinate of Longitude in ft. 

!-Coordinate of Latitude in ft. 

n,-Ntnnber of crossbedded units, each 
with a minimum of 3 measurements 
per unit 

iv-Vectoral Mean Azimuth in degrees 
- from T.N. 

R-Vectoral Magnitude as a percentage 
of the Consistency Ratio 

y X n Xv R 

15000 26000 4 164 95 
16000 26000 8 175 97 

27000 4 167 97 
17000 26000 6 177 98 

27000 5 175 98 
18000 26000 5 175 98 

27000 5 178 98 
19000 26000 4 180 97 

27000 5 181 96 
28000 3 161 95 
29000 3 145 97 
30000 3 146 97 

20000 26000 3 176 98 
27000 4 178 99 
28000 2 158 93 
30000 2 150 98 
31000 2 150 98 

21000 26000 4 157 96 
27000 3 168 99 
28000 2 150 98 

21000 30000 2 149 99 
31000 2 145 99 

22000 26000 5 174 88 
28000 2 165 98 
30000 2 149 98 
31000 3 145 98 

23000 26000 4 187 97 
28000 2 183 85 

24000 26000 4 172 96 
31000 2 186 99 

25000 26000 4- 163 74 
30000 4 195 95 
3100() " 1 q7 QQ 
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32000 2 200 98 
26000 25000, 4 189 81 

30000 4 196 94 
31000 4 206 99 
32000 2 197 98 

27000 25000 4 193 90 
30000 4 190 92 
31000 2 192 99 
32000 2 150 72 

28000 30000 3 139 87 
31000 3 140 87 

29000 31000 3 150 75 
32000 3 227 94 

30000 33000 2 214 98 
31000 29000 3 188 91 
32000 31000 6 180 63 
33000 31000 10 187 82 
34000 22000 2 155 98 
34000 28000 4 151 98 
34000 31000 10 185 69 
35000 31000 4 140 69 
36000 I 28000 10 210 87 

29000 7 185 64 
30000 2 128 73 
31000 2 171 80 
32000 4 167 90 

37000 27000 6 209 97 
28000 12 220 91 
29000 8 zoo 87 
30000 3 177 98 
31000 2 178 99 
32000 2 162 98 

38000 22000 23 199 88 
28000 5 192 93 
31000 2 179 100 
21000 9 216 90 
22000 20 205 88 
27000 2 220 98 

40000 15000 2 160 85 
17000 5 180 86 
18000 7 158 76 
19000 10 131 71 
22000 5 200 91 
24000 13 220 98 
25000 15 223 94 
26000 5 221 83 

41000 14000 2 88 54 
15000 3 52 57 
23000 10 220 90 
24000 21 222 92 
25000 15 227 92 

42000 14000 2 66 80 
15000 5 50 55 

43000 14000 2 80 85 



Exposure 
Parallel 

to 
paleo-
current 

Paleo-
current 
direc-
tion 

Exposure 
direc-
tion 

Flat 
pebbles 
(p. C .) 

Dipping 
up-
current 
(p. c.) 

Dipping 
down-
current 
(p • C .) 

Av. dip, 
up-
current 

Av. dip, 
down-
current 
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APPENDIX 12 

PEBBLE FABRIC ON TWO-DIMENSIONAL 
EXPOSURES, LUIPAARDSVLEI FACIES 

Localities Exposure Localities 
Parallel 

to 
D25 D27 G2s I20 paleo- D25 D27 02s 

strike 

i>aleo-
145° 140° 170° 185° strike 55° 50° so0 

direc-
tion 

125° 125(.' 125° 225° 
Exposure 
direc- 55° 50° 50° 
tion 

Flat 
0 8 8 3 pebbles 6 10 10 

(p.c.) 

Dipping 
66 70 70 65 west 54 42 42 

(p • C .) 

Dipping 
34 22 22 32 east 40 42 48 

(p • c.) 

Av. dip, 
24° 16° 15° 110 west 70 110 "10 

J. -

16° 22° 22° 130 
Av. dip, 
east 90 15° 15° 

I20 

I 

95° 

100° 

0 

55 

45 

15° 

19° 



Exposure 
Parallel 

to 
paleo-
current 

Paleo-
current 
direc-
tion 

Exposure 
di rec-
tion 

Flat 
pebbles 
(p.c.) 

Dipping 
up-
current 

Dipping 
down-
current 

Av. dip, 
up-
current 

Av. dip, 
down-
current 
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APPENDIX 13 

PEBBLE FABRIC ON TWO-DIMENSIONAL 
EXPOSURES. WEST RAND FACIES 

Localities Exposure Localities 
Parallel 

to 
BlO DU D13 GlO paleo- BlO Dll D13 

strike 

Paleo-
200° 200° 190° 200° strike 110° 110° 100° 

direc-
tion 

215° 170° 180° 210° 
Exposure 
direc- 100° 80° 90° 
tion 

Flat 
10 6 2 12 pebbles 24 22 26 

(p • C .) 

Dipping 
20 38 20 26 west 50 36 38 

(p • C .) 

Dipping 
70 56 78 62 east 26 42 36 

(p • C .) 

Av. dip, 
12° 110 10° 14° west 90 70 110 

Av. dip, 
130 130 14° 17° east 90 110 80 

I 

GlO 

110° 

120° 

34 

26 

40 

80 

18° 



Exposure 
Parallel 

to 
paleo- J7 
current 

Paleo-
current 210° 
direc-
tion 

Exposure 
direc- 220° 
tion 

Flat 
pebbles 10 
(p • C .) 

Dipping 
up- 45 
current 
(p • C •) 

Dipping 
down- 45 
ci.1.rrent 
(p.c.) 

Av. dip, 
up- 18° 
current 

Av. dip, 
down- 12° 
current 
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APPENDIX 14 

PEBBLE FABRIC ON TWO-DIMENSIONAL 
EXPOSURES, RANDFONTEIN FACIES 

Localities Exposure Localities 
Parallel 

to 
K5 M8 s6 paleo-

strike 
J7 K5 M8 

Paleo-
220° 200° 170° strike 120° 130° 110° 

direc-
tion 

Exposure 
80° 225° 150° 200° direc- 115° 144° 

tion 

Flat 
26 18 10 pebbles 20 20 44 

(p.c.) 

Dipping 
52 44 74 west 43 28 30 

(p. C .) 

Dipping 
22 38 16 east 37 52 32 

(p. c.) 

17° 
Av. dip, 

25° 21° west 17° 50 15° 

12° 130 14° 
Av. dip, 
east 14° 80 14° 

s6 

80° 

90° 

48 

28 

24 

12° 

90 



Locality 

BlO 

B15 

C26 

BlO 

B15 

C26 

APPENDIX 15 

PEBBLE SHAPE AND SPHERICITIES AT OUTCROPS 
OF THE WHITE REEF ON THE WEST RAND 

Pebble- Pebble Shapes (per cent) Average 
size Spheri-
Range city 

Disc Spheroid Blade Roller 

31 50 2 17 o, 74 

32-64nnn 25 6 25 44 0,59 

28 65 3 4 0,74 

27 54 3 16 o,77 

16-32mm 43 32 6 19 o,72 

26 67 3 4 0,79 

No. of 
pebbles 

Measured 

62 

16 

53 

84 

180 

67 
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APPENDIX 16 

Pairwise relationships between and within the four sedimentological 
measures (mean Pebble diameter, standard deviation of Pebble diameter, 
Pebble Packing and channel width) and the yields of gGJ.d, silver and 
uranium were studied by means of bivariate linear regression. In 
cases where the relationships were not linear, the regressions were 
fitted to log transformations of the variables, 

The model is of the form: 

y=a+~+e 

where y is the dependent variable 

xis the predictor variable 

and e is the error which is assumed to be distributed indepen­
dently of x, with constar.t variance, 

a and bare the parameters which are estimated by the least 
squares method. 

In each case the data was checked for linearity aad homoscedasticity 
(constancy of vari~nce) before fitting the model. 

Most of the regressions were fitted from the regional data, because of 
the greater number of observations involved, However, in five cases 
regressions were also fitted to the pilot study area. 

Results: 

Variable 

Mean Pebble diameter 

Standard Deviation of Pebble diameter 

Density of Pebble Packing 

Channel Width 

Gold in dwts/ton 

Uranium in oz/ton 

Silver in dwts/ton 

Notation 

1 

2 

3 

4 

5 

6 

7 

/2 ... 



.... ---,. 
Variables No. of Correlation Standard 95% confidence interv 

Observations Coefficient deviation Conunents for correlation coeff 
?S.. Y. ~ 2. of error cient 

1 3 23 .545 -24.512 5.281 12.078 (.171, . 782) 

1 2 23 .651 - 0.167 0.516 0.897 (.327, • 838) 

3 2 23 .574 3.695 Oo04-7 0.966 (.212, . 797) 

Log (5) Log (7) 29 .919 - o. 749 Oo725 0.279 (.833, • 961) 

Log (5) Log (7) 17 .703 - 0.144 0.412 0.200 values not con- (.336, • 884) 
sidered when 
reef thickness ~ 
3" 

Regional Data No~ Correlation Standard 95% confidence interv 
Observations Coefficient deviation Conunents for correlation coeff 

X Y. ~ b of error cient 

1 3 212 .720 -24.066 4.826 10. 948 ( .648, • 779) 

1 2 213 .911 - 2.313 0.732 0. 777 ( . 885, • 931) 

3 2 211 .605 3. 848 0.072 1.507 ( .512, .684) 

Log (4) 3 96 -. 538 52.625 ~ -13.807 6.396 (-.666, -.378) 

Log (4) 1 96 -.188 10.383 - o.532 0.824 (-.374, +.013) 

Log (4) 5 168 -. 358 19.087 - 5 .189 4.654 (-.483, -. 218) 

Log (4) Log (5) 168 -.306 3.013 - 0.521 0.558 (-.437, -.162) 

Log (5) Log (6) 113 .699 2.537 o.678 0.410 values not con- ( . 590, . 783) 
sidered when 
reef thickness ~ 
3" I-

C 
· Statistical Analysis by D.M. Hawkins and P.L. Fatti, June, 1971. C . 



APPENDIX 17 

MATRIX ANALYSIS, STEPWISE REGRESSION AND PREDICTION 

PILOT AND FOLLOW-UP STUDIES 

A matrix analysis and stepwise regression routine was done on the data 
of the pilot study in order to determine the relative strengths of 
correlations established between sedimentary and metal properties of 
the conglomerate. The mathematic relationship, derived was then 
applied in gold value prediction at both the pilot study and upslope 
check localities. 

Attributes involved: 

Metals: Gold 
Uranium 

Sediment properties: M2au diameter 
Standard deviation 
Packing 
Reef Width 

RESULTS 

1. Correlation Matrix 

Feb.diam St.dev. Feb.pack 

Feb.diam 1.0000 0.6645 o. 3706 
St.dev. o. 6645 1.0000 o. 3489 
Feb.pack 0.3706 0. 3489 1.0000 

(dwts/ton) 
(lbs/ton) 

(mm) 
(mm) 
(%) 
(inches) 

Rf.width 

-o. 5966 
-o.4526 
-0.5881 

Gold 

o.4o56 
o. 2996 
0.7402 

Rf.width -o. 5966 -0.4526 -0.5881 1.0000 -0.4268 
Gold o.4056 o. 2996 0.7402 -0.4268 
Uranium o.4760 0.3307 0.7097 -0.4780 

2. Stepwise Regression 

(i) The variable dependant is Gold 
Pebble packing enters the regression 
The multiple correlation is 0.7402 
Pebble diameter enters the regression 
The multiple correlation is 0.7536 
Reef width enters the regression 
The multiple correlation is 0.7596 
Standard deviation enters the regression 
The multiple correlation is 0.7613 

1.0000 
o. 9615 

Uranium 

0.4760 
0.3307 
0.70'37 

-0.4780 
0.9615 
1.0000 

(ii) /2 .•. 



3. 

J.:IUe 

(ii) Conclusio_g: The correlation is stabilised by the p'ebble 
packing and i:ebble diameter parameters being responsible 
for Q.7536. 

(iii) Standard deviation leaves the regression 
The multiple correlation becomes 0.7595 
Reef width leaves the regression 
The multiple correlation becomes 0.7536 
Variables left in the regression ~re 
Pebble diameter (x1) and Pebble packing (x2) 
Locally stable sub-regression:-

= 13.9014 - (2.32798 X 9.8006) - (0.86630 X 

28.4913) 

= - 33. 5962 

Regression equation: 

Y (gold) = - 33.5962 + 2.32798X1 + 0.86630X2 

note : The above equation could be used for the prediction 
of gold and uranium values which are related to the extend 
of 0.9615 

Prediction of gold content utilising pebble packing and size 

(i) Pilot Study Area 

The above formula can be applied to predict the gold content 
of samples taken for the pilot study. 

Observed Gold dwts/ton (X) Predicted Gold dwts/ton (Y) 

101 48 
14 20 
24 12 
11 7 
26 12 
15 18 

8 2 
11 5 
10 1 

3 -9 
7 ·-3 
5 7 
6 0 
7 11 

13 0 
7 7 
9 5 

3/ ••• 



Observed Gold dwts/ton (X) Predicted Gold dwts/ton (Y) 

3 7 
16 21 
4 20 
4 3 
8 0 

11 11 
6 8 
8 6 

23 0 
5 29 
6 33 

220 144 
21 29 

3 -7 
7 -4 

3 -9 
12 15 

3 5 
10 11 

8 9 
20 0 

2 0 
7 7 
7 5 

12 53 
27 31 
17 14 

6 11 
5 5 
6 -2 
5 6 
4 2 
6 12 
4 2 

13 11 
11 12 

9 27 
9 15 
3 5 
8 2 
4 33 

26 53 
5 12 

69 41 
26 41 
17 43 

3 4 
3 12 
5 3 

12 3 
3 5 
4 2 
5 7 
2 5 

/4 •.• 



192. 

Observed Gold dwts/ton (X) Predicted Gold dwts/ton (Y) 

4 6 
6 13 
5 21 
4 11 
7 8 
5 4 

35 47 
26 25 
37 25 
60 31 
38 15 
20 27 
13 14 

8 14 
4 5 
4 1 
2 2 
6 -8 
5 1 
8 6 
6 6 
5 7 

12 22 
8 10 
5 10 

11 15 
5 6 
4 10 

33 29 
93 21 
32 16 
10 14 

7 2 
5 6 

11 8 
2 0 

10 19 
6 15 
3 3 
9 48 

16 58 
17 15 
J.2 28 

5 9 
4 6 
8 6 
9 0 
5 -3 
5 9 
7 7 

11 20 

/5 •.• 
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Basic st~tistics (pairwise analysis) 

Average x = 
Average y = 

14.62 dwt/ton, standard deviation 25011 
15.56 II II II II 18.06 

CORRELATION eoEFJnCn:iJT = o. i6 

Nature of coLrelation as determined by family regression:-

Best fit (parabolic) y = a + bx + cx
2 

with a= 8.78 

b = .41 

C = 0.0 

Degree of fit = 0.60 

(ii) Check on Pilot Study (7AVW18 West Rand Consolidated) 

Observed gold dwts/ton Predicted gold dwts/ton 

26 30 
25 22 
80 46 
33 31 

9 14 
16 20 
16 23 
11 15 

8 -4 
38 10 
17 22 
68 22 
27 20 
24 21 
12 0 

7 8 
11 12 

Basic statistics of above. 
Average Gold observed 26.25 dwts/ton, standard deviation 20.74 
Average Gold predicted 20.30 dwts/ton, 11 11 10.38 

CORREIATION COEFFICIENT = 0.67 

f,ONCLUSION: The prediction is correct to the extend of 67 per cent, 
which indicates12 per cent loss in prediction accuracy over a 
distance of 1700 feet from the pilot study area. 



APPENDIX 18 

RELATIONSHIP OF LARGER PEBBLES AND~_QQ1Q 

7AVW18 LOCALITY, WEST RAND CONSOLIDATED 

Gold content, dwts/ton (x) 

101 
93 
69 
61 
43 
38 
33 
28 
26 
26 
26 
22 

6 
5 
5 
4 
3 
2 

Percentage of pebbles larger than 
12 nnn (y) 

68 
73 
47 
35 
50 
19 
57 
64 
55 
57 
38 
30 
24 
15 
34 
31 
20 
23 

Basic statistics - Pairwise analysis 

number N = 18 - 32.83, 41.11 means X = y = 
standard deviation Al = 30.41, 4 2 = 18.21 
correlation . R = o.69 . 
coefficient 

CONCLUSION: The correlation increases to 0.69 (from 0.56) when 
percentages of pebbles larger than 12 mm are substituted for 
mean pebble sizes (see appendix 5, fig. 11 and table 1~). 
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APPENDIX 19 

WHITE REEF 

VARIANCE ANALYSIS OF PEBBLE SIZES 

Statistics: 

Facies Luipaardsvlei West Rand Randfontein 

No.of sta-
tions. 62 75 60 

Grand mean (mm) 14,30 10,66 9,94 

St.deviation 
(mm) 1,83 ·1,53 1,24 

(b) Analysis of variance, West Rand and Randfontein facies: 

Source df ss MS F 

Between 1,00 17,59 17 ,59 8,83 
Within 133,00 264,91 1,99 -

Total 134,00 282,50 - -

(c)· CONCLUSION At the 95% level with land 133 degrees of freedom the 
F-table value is 4,35. Since the calculated F value is 8,83 it is 
concluded that there is a significant difference between the means ·of 

' the two groups. 

/ 
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APPENDIX 20 
i , 

I 

WHITE REEF 

VARIANCE ANALYSIS OF PEB:SLE 
SPHERICITIES AT THE C26 LOCALITY 

(a) Statistics +32mm size class -32mm size class 

No. of measurements 53 67 

Mean 0,74 0,79 

St. deviation 0,06 0,09 

(b) Analysis of variance 

Source df ss MS F 

Between 1 ,06 ,06 llf26 

Within 121 ,69 ,01 

Total 122 ,75 

(c) CONCLUSION: From a table of F values with 1 and 121 degrees of free-
dom the F value is 4,35 at the 95% confidence level. With the calcu­
lated F value at 11,26 there is a significant difference between the 
means of the two groups. 

/ 



J.::;,' • 

APPENDIX 21 

VARIANCE ANALYSIS OF PEBBLE 
SPHERICITIES OF THE WHITE REEF 
AT THE B AND C LOCALITIES 

10 26 

Minus 32 mm size class:-----------------------

Statistics -----------~---

no. of measurements \ 
I 

average value 
I 
I 

I st. deviation I 

Degrees of freedom (between 
(within) 

F value 

BlO 

84 

,77 

,08 

C26 

67 

,79 

,09 

1 
149 

2,93 

Conclusion: There is no significant difference between the 
means of the groups with the table value for 
F = 4, 35 



Facies ------------
Luipaardsvlei 

West Rand 

Randfontein 

r = 

D.F. = 

T.P. = 

t = 

C = 

198. 

APPENDIX 22 -----------
PAIRED T-TEST 

Relationshifl between p~bble litholo_g_y and_g_cld 
mineralisation (data of table 15) 

D.F. 
I I r I T. P. I ~---------------, 
I I 
I I 

,06 3 l -1 76 l 
I I 
I I 

, 41 3 I -12 71 I 
I I 
I I 
I I 

93 ·5 I -3 99 I 
I . I I 

correlation coefficient 

degrees of freedom 

T-p&ired value, calculated 

t 

3,18 

3,18 

2 57 

I 

95% t-table value for the related degrees of freedom** 

significance of correlation 

** Hewlett-Packard 9805A statistics calculator, expanded stat. 

operating guide (table p. 59). 

C 

No 

Yes 

Yes 
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APPENDIX 23 

WHITE REEF 

PAIRED T-TEST BETWEEN URANIUM AND PEBBLE TYPE 

FACIES 

Luipaardsvlei 

West Rand 

Randfontein 

r 

D.F. 

T.P. 

t. 

c. 

(DATA OF TABLE 16) 

r 

0,34 

0,68 

0,97 

= 

= 

= 

= 

= 

', 
\ 

D.F. T.P. t C 

3 3,73 3,18 Yes 

3 -4,69 3,18 Yes 

5 -4,33 2,57 Yes 

correlation coefficient 

degrees of freedom 

t-paired value, calculated 

95% t-table value for the related 
degrees of freedom. 

Significance of correlation. T.P.>t 
indicates a positive correlation. 
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