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SEDIMENTOLOGICAL__CONTROL OF GOLD AND 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 System on the West Rand., It is
a quartzite with scattered pebbles and occasional 'banket' 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 properties of
the Livingstone Reef are qualitatively related to gold content., More in-
tensive studies have since confirmed the sedimentological control of gold
mineralisation, IFor instance, Pretorius (1974 a, 1975) recoghises 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 sandwaves, 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 and north-west trending
depressions, The major West Rand syncline running northéwest, and the
basin north of the Witpoortjie fault, are post-depositional features. The
White Reef is comparable in geometry and sedimentolegical features to
the Basal Reef (Sims, 1969) and generally conforms tc the model of Pre-
torius (1975). 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
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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 identificatici 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 to that from suspension loads.

Stepwise regression relates the metal - sediment properties as follows:
y (gold) = -33,5962 + 2,32798x. + 0,86630x_, with x_ representing pebble
size and x_ packing., This mathematical model suffered a 12 per cent
decrease in prediction accuracy (from a correlation coefficient of 0,76 -
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 Jower 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 HISTCRY 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 conglomerate (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 1nvest;gated 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, 2nd,

(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 localities elsewhere in order
to determine if the relationships were generally valid. This wes 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 resulis not capable of revealing subtie sub-regional trends.
The relationchips established in the pilot investigation were therefore utilised
to devise a new non-random method of sampling based on the geological
processes involved ana 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 patternus of metal content
which were compiled from mining sampling and evaluation records. On

the basis of results obtained and reiationships established, trends of best



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 8nciety of South Africa (Steyn, 1965). Ten years
have since passed and it is therefore possible to evaluate the degree of
success obtained with the predictions made.

Data processing was coutinued 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 studies
are that of Viljoen (1963), Pretorius (1964 a, b), Brock and Pretorius
(1964), Winter (1965), Armstrong (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
sedimentation of the Witwatersrand conglomerates to today's advanced and
sophisticated level. Even at this rate, aspects of the sedimentary processes
that determined the deposition of Witwatersrand ore bodies remain to be
revealed.

The results and cornclusions 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 environments related to gold and uranium minera-
lisation. The present study 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.
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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 (map 2, p. 225). [The 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 dip and
strike of the conglomerates of the Upper Witwatersrand in outcrop. These
are inclined towards the synclinal trough at angles ranging from near 90
in the west to a few degrees 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, elevatioa contour maps were compiled by the
author by means of conventional 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 noi
be established. This problem was overcome by integrating data from
existing structure plans for the underlying Monarch Reef horizon with
isopach thicknesses for the strata between the 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 tracsferred from existing
mine structure plans of the White Reef on a scale of 1 : 1 000. The
compiled 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



adjacent ones. The strike of the smaller displaced units are usually 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 the mild deflection of the elevation contours. The
axis of the major fold is 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 ine response
of sedimentation to structural movement. An isopach map of the footwall
sediments immediately beiow 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). The Livingstone Reefs
are underlain by the Main Reef Stage, which consists 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. 2293 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 secoud to provide an ore rescrve value map.

With the latter purposc 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 clear enough to make
further processing unnecessary. The use of 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 moving average tech-
nigues and because ol time and cost considerations.

The area studied was covered by a 500 feet square grid svstem, 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 value 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 20C to 300 feet.
Since blocks 250 feet square would have left too many open spaces without
values, it was decided to 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 units, In expressing gold and
uranium values the alternatives were to use inch/dwts, gold and inch/ lbs
U_.O_, or dwts/ton gold and lbs/ton U_O_. Dr. D.C. Krige (personal
communication) pointed out that accurate dwts/ton gold and lbs/ton uranium
maps can only be obtained by pre-compiling inch/dwts gold, inch/lbs U_O_,
as well as chennel thickness maps, and then converting these to dwts/ton
and lbs/ton. As inch/dwts gold and inch/lbs U_O_ are normally used for
judging payability in mining practice (alternatwegly dwts/ton over a fixed
stope width), it was decided to compile inch/dwts gold and inch/lbs U_O
maps first, and to use 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 records. However,
since the processing of these would have taken many months, alternative
sources of information had to ke found. The procedures described below
were adopted at the different 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 ore reserve blocks was
done as follows. A plastic transparent overlay was piaced over each of the
500 feet square blocks. The plastic overlay was marked with a grid system
so that the 500 feet squares were subdivided into 100 smaller squares,
each five feet square. The areas of the irregularly 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 blocks of different
values, the ore rescrve 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



give the actual conglomerate 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 White Reef were taken over a minimum width of

three inches by the mine samplers even where the conglomerate 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 availeble. Where several boreholes were close

to each other, average values were calculated. Single borehole results

are also indicated.

West Rand Consolidated

Ore reserve maps cover only a very small portion of the partially developed
ground and of the mine. Where a sufficient number of ore reserve blocks
had been laid 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.

These values were averaged over 500 by 500 feet blocks. Three or more
development 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 some mining had taken place. In this area the values
used for the stoped areas were based on the averages of the more numerous
stope sampling results,

Luipaardsvlei

Development 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 samvpling record with its exact 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.



East Champ d'Or

A high density of development exposures is available 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 ISOPACH 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 lime following the deposition of the White Reef to

be reconstructed. It 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-



TABLE 1

SUMMARY OF COMPILED DATA

White Reef

for 420 blocks of
500 ft. sq.

moving averages

TYPE OF DATA ABUNDANCE OF DATA | TREATMENT Ilifgp
Elevations - Main Reef | Very iarge* Contouring of 5
average values
- White Reef | Very large " 3&4
|
Thicknesses - Main/Sovth | Unknown* " 6
Reef
- White Reef | Averages compiled " 7
for 511 blocks of
500 ft, sq.
- White/ Unknown* " 11
Monarch
Reef
Gold content - White Averages compiled " 8
Reef for 513 blocks of
500 ft. sq.
Uranium content - Averages compiled " 9
White Reef for 554 blocks of
500 ft. sq.
Gold-uranium ratio - Averages compiled Contour of 10

* 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:

@) 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;

() 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 couirols 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 mine 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 cxist 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 examined nor beexi fully understood and that a detailed investigation
would add to the understanding of gravel 2nd 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 proporties

The internal parameters of the conglomerate selected for measurement
were the size, packing and sorting properties of the coarser particles of
the grain population, namely 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 gize In previous regional studies over large 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 previouvsly 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 required for this study it
proved necessary to measure all the grains present over many full-width
sections of the gravel. This approach thus entails 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 as 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 long 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 hydraulic energy, winnowing and sorting during
deposition, and vaviations 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 was 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. Fcr visual presentation of the sorting
characteristics 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
that 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 itaken 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 iuch for 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 attempt 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 nuvi 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 more 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 ininerals 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 urarium, and the finer
matrix constituents such as the clay minerals are 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 of 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, on the regional locality grid (map 2, p. 225).
The site satis_fied the following requirements:

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

®) 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 cn a mine stope face was
sampled at five feet intervals. To obtain a three-dimensional sampling,
the two-dimensional exposure on the working face was sampled after each
of ten consccutive 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
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on block diagrams, scatter diagrams and histograms (figs. 2 - 10).
Statistical analyses were carried out by computer for the pairwise relation-
ships between and within the four sedimentological properties - mean

pebble diameter, standard deviation of pebble diameter as a measure of
sorting, pebble packing and channel width - and the 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 nature 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 and presentation
are summarised 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 PRESENTATION
Pebble size 126 Variance and B-S-1i
regression
analyses
Pebble packing 125 " - B-S
Pebble sorting 126 -on 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

PURPOSE

It was not known whether the validity of the relationships established at
the locality of the pilet study extended over wide areas. The probability
existed that the conditiors 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, The correlations obtained from the more restricted
data are not 25 good as those for the three-dimensional pilot study.

Upcurrent area

At the upstream locelity at 7AVW18 stope (grid position 1, - J,) there are
no complicating factors due to narrowness of the reef as experienced in
the pilot study area.

Downcurrent area

The 26-0 mine workings on Randfontein Estates (S, grid locality) represent
the farthest downcurrent facies of the White Reef, 10 000 feet downslope
from the pilot study site (grid position K, map 2, p. 225); and are situated
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, scatter diagrams and hisiograms 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.
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TABLE 3

CHECKS ON PILOT STUDY

SUMMARY OF MEASUREMENTS

UPCURRENT DOWNCURRENT
LOCALITY (7AVW18) (26-0)
Number of full width conglomerate 9 8
sections measured
Width of sampling strips 6 inches 12 inches
Total pebbles measured 1 729 1 073

SUMMARY OF TREATMENT

CONGLOMERATE VISUAL

PROPERTY STATISTICAL TREATMENT | pppcpNTATION
Pebble sizez Regression correlation -S-H

G
Pebble packing " G
Pebble sorting " G
Conglomerate thickness " G-
Gold content n G
Uranium content " G
Sulphide content G
Silver content G

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

FOOTWALL DATA

The White Reef is the basal unit of the Bird Reef Séage. 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
argillaceous. 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-packed 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 planar variety is predominant, with the Alpha type (Allen, 1963) being
more abundani. 'These overlie level, non-erosional bases in contrast to the
Gamma cross-stratification, which is developed over eroded surfaces.
Trough crossbeds or Phi cross-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