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In recent years, rapid depletion of the higher grade reserves, allied to decreases 
in paylimits, has led to the exploitation of secondary, erratically mineralized 
placer horizons on various marginal and low grade gold mines. On Blyvooruit
zicht Mine, the rich Carbon Leader Reef has limited reserves, necessitating 
exploration of the lower grade Middelvlei Reef. This placer has always 
presented evaluation and exploration problems, to such an extent that it was, 
at one stage, considered uneconomic. Despite an extensive underground drilling 
programme no ore reserve targets of reasonable size were apparent. However, 
when a certain degree of parallelism between sedimentological trends in the 
Middelvlei Reef and the underlying Carbon Leader was recognized, a mean
ingful exploration model could be developed. 

Firstly, all historical sampling records for the Carbon Leader were entered 
into a computerized system; the database comprised in excess of 340 000 data 
points. Variables captured consisted of gold value, uranium value, con
glomerate thickness and total reef thickness. The raw data were then averaged 
into blocks, and plots of different variables were computer-generated for fur
ther analysis. This enabled the Carbon Leader to be modelled sedimentological
ly and, thereby, exploration targets for the 'Middelvlei Reef were generated, 
based on the Carbon Leader facies trends. 

Geostatistical analysis of sampling data in exposed areas of the Middelvlei 
Reef underground has confirmed the sedimentological breakdown of the placer 
into distinct facies areas. A facies model relating value distribution patterns 
to depositional trends, both for the Carbon Leader and the Middelvlei Reef, 

has thus been incorporated into a mine planning strategy. 

Introduction 

The continuing depletion of the high 

grade reefs in the Witwatersrand Basin, 

as we 11 as decreases in pay 1 i mi ts due to 

extended well into the future. The mi nes 

of the Orange Free State, exploiting the 

Basa 1 and Leader Reefs, are good examples 

of this. the high gold price, have focused 

attention on the possi bi 1 ity of mining 

1 ess important, often erratically 

mineralized reef placers on many gold 

mines. By selectively mining and blending 

these lower grade ores with the 

higher grade 'sweetener', the 

1 i fespan of many go 1 d mi nes 

remaining 

projected 

has been 
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Blyvooruitzicht Gold Mine was originally 

established on the high grade Carbon. 

Leader reef. The orebody has di sp 1 ayed a 

high degree of consistency in terms of 

the distribution of payable ore and has 

presented little in the way of evaluation 

problems. Mining of the entire reef 
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hori zon from one end of the 1 ease area to 

the other is const ra i ned on ly by the need 

to leave stabilizing pillars. 

The limited reserves of Carbon Leader 

sti 11 available has necessitated the 

exploration of the lower grade Middelvlei 

Reef, which had for many years been 

considered uneconomic. No coherent 

exploration strategy had been developed 

during that time and evaluation of the 

available data, consisting mainly of 

borehole values, had indicated no ore 

reserve targets of reasonable size. 

In the Main Conglomerate Formation in 

the northern porti on of the vJitwatersrand 

Bas in, there appears to be a concordance 

between distributional trends in one reef 

and those above or below it both on a 

regi ona 1 scale 1 and more 1 oca lly on a 

mine scale 2. An analysis of limited data 

on Blyvooruitzicht Gold ~line indicated a 

similar coincidence in trends 3. The fol

lowing critical assumptions were therefore 

adopted in the formulation of an explora

tion strategy on the mine: 
1) The dispersal patterns of major 

reef 

2) 
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channel systems in the three 

horizons comprising the Main Reef 

Conglomerate Formation at Blyvoor

uitzicht were controlled, primarily, 

by reactivation of pre-existing 

structura 1 phenomena, in 

low amplitude folding. 

particular 

Footwall 

control 

caused 

would, theoretically, have 

a spatial distribution of 

certain facies types in one reef which 

coul d be repeated in the other reefs 

on the mine. 

A general observation can be made 

that thin, sheet-like and kerogen 

dominated reefs tend to have hi gher 

gold concentrations and be 1 ess 

variable in the pattern of economic 

mineralization on a mine scale than 

the more channelized, banket reefs. 

While the distribution of gold, 

therefore, differs in some respects 

between a kerogen (carbon) dominated, 

seam-type reef (e.g. Carbon Leader) 

and a more discretely channelized, 

banket-type 

Reef) it 

reef (e.g. Middelvlei 

could, nevertheless, be 

predicted that the dominant deposi

tional and value distribution trends 

in the Carbon Leader will reflect 

similar, but obviously not identical, 

patterns in the overlying Middelvlei 

Reef. 

In order to reconstruct the sedimen

tary and gold distribution patterns 

in the mi ned-out areas of the Carbon 

Leader, and to use these trends to 

predict areas of exploration potential 

in the Middelvlei Reef, a comprehen

sive analysis of all the Carbon Leader 

chip-sampling data was initiated. 

Methodology 

Data capture 

The fo 11 owi ng parameters were extracted 

from historical sampling records and 

entered into the computer database: 

1) thickness of each conglomerate layer, 

2) thickness of internal quartzite, 

3) gold concentration in each conglome

rate and i nterna 1 quartzite 1 ayer 

(g/t) , 

4) uranium concentration in each conglo

merate and i nterna 1 quartzi te 1 ayer 

(kg/t) . 
Initially, only stope sampling data were 

captured, but in areas that had not been 

stoped extensively these were supplemented 

with development data. In order to co

ordinate these sample data points two 

methods were used. For stope sampling the 

top and bottom corners of each stope face 

were digitized on a quarterly basis. The 
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date of the sampling being known, the 

progr am log i c wou 1 d th en i nterpo late 

between the quarterly positions and assign 
a monthly face position to the date of 

sampling. Each individual sample section 

would then be assigned co-ordinates. In 

the case of the development sampling, co

ordi nates were assi gned on the bas i s of 

the distance of the samples from survey 

pegs. Sections were also cod'ed depending 

on whether there was full exposure or 

only partial exposure of the reef. (All 

of the data capture programs as well as 

the analytical programs were developed in

house) . Eventually the database compri sed 

in excess of 340 000 co-ordinated data 

points representing more than forty years 

of mining. 

Data analysis 

Witwatersrand gold reefs are subject to 

seemingly random fluctuations in many of 

their grade distribution and sedimento

logical parameters on a small scale. In 

order to obviate this problem, the raw 

data were regularized into square blocks. 

The size of grid could be chosen to suit 

the scale of analysis; in this study the 

size of blocks varied from 25 m x 25 m to 

100 m x 100 m depending on the level of 

detail required. All data points within a 

block were arithmetically averaged and 

thi s value assi gned to the centre of the 

block. In order to fi lter the data even 

further an option to smooth the values by 

an inverse distance weighting function was 

also available. 

Trend pattern plots of the different 

variables were then computer-generated for 

further analysis. In spite of the limited 

sedimento 1 ogi ca 1 data recorded in the 

hi stori ca 1 samp 1 i ng records, plots of the 

following variables were compiled from 

which facies areas were reconstructed: 

1. Total reef thickness (cm). 
2. Conglomerate thickness (cm). 

3. Internal waste quartiite thickness 

(cm) . 

4. Gold concentration in reef (g/t). 

5. Uranium (oxide) concentration in reef 

(kg/t) . 
6. Gold accumulation in reef (cmg/t). 

7. Uranium (oxide) accumulation in reef 

(cmkg/t) . 

8. 

9. 

Gold variance (g2/t2). , 
Slope of reef thickness, (i. e. the 

rate of change in reef thickness 

between adj acent block s. In th is way 

a measure of the degree of footwa 11 

scouring is obtained). 

10. Correlation plot of reef thickness 

versus grade, (i.e. a relative measure 

of the association between reef 

thickness and gold concentration). 

Simplified contour plans of the total 

reef thickness and gold concentration 

drawn from the computer plots are shown 

in Figure 1. 

Data interpretation 

An investigation of reef morphological 

trends and gold concentration and variance 

patterns in the Carbon Leader showed that 

the reef could be divided into at least 

two basic depositional areas' representing 

two placer-forming systems on the mine:-

a) A western distributary system domin

ated by a prominent linear zone of 

relatively thick reef (greater than 

30cm) probably representing an axis 

of fluvial channelization, and 

b) an eastern system domi nated by areas 

of thin reef (less than 30cm) and 

relatively shallow scouring probably 

represent i ng i nterchanne 1 en vi ronments 

of placer deposition associated with 

algal (kerogen) development. 

It is evi dent from the pattern of 
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REEF THICKNESS (cm) 

GOLD CONCENTRATION (gft) 

I II 
HIGH ENERGY SYSTEM LOW ENERGY SYSTEM 

WITH LOW .. 10 WITH HIGH 
GOLD CONTENT GOLD CONTENT 

(ZONE OF COALESCENCE) 

VERY HIGH HIGH ~~~IMEDIUM ~LOW 

o 500 1000 , . , 

METRES 

FIGURE 1. Relationship between reef thickness trends and gold concentration patterns which define major 
depositional systems in the Carbon Leader at Blyvooruitzicht Mine 
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shallow channelization that the streams 

depositi ng the Carbon Leader flowed in a 

genera 1 southerly direction. However, 

there is also a distinct variation in the 

palaeoflow pattern and size of the 

channels on either side of a north-south 

1 i ne runni ng through the western half of 

the mine. This suggests a coalescence of 

two different brai ded systems, one bei ng 

of a hi gher energy than the other. Thi s 

i nterpretati on is borne out by the si gni

ficant difference in the tenor of gold 

distribution in the two systems. The more 

uniform distribution of higher gold 

concentrations occur in the eastern, lower 

energy system and, in most cases, the 

hi ghest accumul ati ons are associ ated with 

the interchannel areas. 

This scale of facies modelling using 

plots of different variables and combi

nations or ratios of variables has 

provided a means of demarcating the major 

different areas of gold variance in the 

reef. Furthermore, detailed analysis which 

combined underground 

observations with trend 

---------------...:. 

=====:t========= --------

sedimentological 

pattern inter-

REGRESSION AREAS 

pretation of the variable plots has led 

to a more accurate definition of the 

facies areas for the purposes of mine 

valuation 4 When the regression areas 

used in traditional valuation techniques 

at Blyvooruitzicht G.M., which have been 

determi ned independent ly of sed i mento 1 ogy, 

are superimposed on the facies area pl an 

(Figure 2), the correspondence is clear, 

indicating that regression areas are 

mere ly a ref 1 ect i on of the d iff er en t 

facies areas. 

This accurate facies delineation has 

enabled 

modelled 

meani ngful 

for the 

variograms 

separate reef 

to be 

popula-

tions. Kriged ore reserve estimates could 

then be compiled for the Carbon Leader. 

The exploration model 

The basi s of the model is the percei ved 

facies repetition on a broad scale through

out the Main Conglomerate Formation. Major 

channel flow trends as well as ore distri

bution trends in the Middelvlei Reef would 

therefore parallel those in the lower 

reefs as a result of the reactivation of 

F ACIES AREAS 

2 

3 

~d 4 

I I 5 

E-------~ 6 

o 500 1000 . I , 

METRES 

FIGURE 2. Location of Carbon Leader facies areas 
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(ZONE OF COALESCENCE) 

o 500 1000 
1111 __ 11IIIIIIII:====' 1°00: 0°00
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o 09 00 

ELEVA TED AREA (THIN REEF) 
METRES 

~ DEPRESSED AREA (THICK REEF) 

FIGURE 3. Predicted areas of elevation (thin reeO and depression (thick reeO in the Middelvlei as modelled 
from Carbon Leader morphological trends 

footwall 

therefore 

mi ne the 

structures. The hypothesis would 

imply that over most of the 

Middelvlei Reef would consist of 
thin, small 

(Figure 3). 

pebb 1 e conglomerates or 

Narrow di screte pay 

grits 

zones 

would be 

in the 

present in thi s 

west and east 

area, 

would 

but on ly 

thicker, 
channelized and better mineralized 

conglomerates be present. Target areas 

were then assigned priorities for develop

ment based on this reasoning combined with 

the little information then available on 

the value distribution within the 
Middelvlei Reef. 

After two years of exp lorati on deve 1 op

ment had been completed, the model was 

reassessed in the light of the information 

obtained from the selective exposures. 5 

Palaeocurrent directions obtained from 

scour orientations and cross-bedding in 

the Middelvlei Reef indicated flow 
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patterns trending 

the eastern si de 

mately north-west 

from north to south on 

of the mine and approxi

to south-east on the 

western side of the mine. These directions 

match those predicted for the target areas 

and serve to confi rm the footwa 11 control 

postulated for 

Middelvlei Reef. 

Sedimentological 

reef coup 1 ed wi th 

the deposition 

facies analysis 

statistical 

of the 

of the 

the value distributions has, 

analysis of 

however, 1 ed 

to a major modification of the exploration 

model. Four facies areas have been defined 

(Figure 4). 

Faci es Areas and 2 in the western and 

eastern parts of the mine, respectively, 

have been shown to contain reef th at is 

genera lly thi cker, channel i zed and better 

mineralized than in the other areas. In 

this respect the model has held. However 

the narrow discrete pay zones predicted 
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F ACIES AREAS DOMINANT CHARACTERISTICS 

Lpc 

Mpc 

Spc 

/ 

2 

3 

4 

THICK, SINGLE OR DOUBLE 'BAND' CONGLOMERATE, (30-50cm) 
IN SHALLOW CHANNELS. Mpc - Lpc. 

THICK MULTIPLE 'BAND' CONGLOMERATE, (> 50 cm), OFTEN 
DEEPL Y SCOURED CHANNELS. Lpc, 

THIN SINGLE PEBBLE LAG (cc: 5cm). ISOLATED PATCHES OF 
CARBON. Spc - Mpc. 

THIN SINGLE 'BAND' CONGLOMERATE, (5-30cm), THICKENING 
IN LINEAR DEPRESSIONS, OFTEN ASSOCIATED WITH CARBON 
Spc - Mpc. 

LARGE PEBBLE CONGLOMERATE (J6mm - 32mm) 

MEDIUM PEBBLE CONGLOMERATE (Smm - 16mm) 

SMALL PEBBLE CONGLOMERATE (4mm-Smm) 

PALAEOFLOW D~ECnON 

o 500 1000 
! . 

METRES 

FIGURE 4. Location of Middelvlei Reef facies areas 

for the central part of the mi ne are not 

as promi nent as expected. It wou 1 d appear 

that the effect of the palaeo-elevation 

of the north-central part of the mine was 

underestimated. This area effectively 

separated the drai nage systems of Faci es 

Areas 1 and 2 and because of its elevated 

nature on ly i so 1 ated, narrow scours woul d 

have occurred. Relatively small, linear 

areas of payabi 1 ity would, therefore, be 

expected; these could be associated with 

the local development of kerogen. In 
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FIGURE 5.1 Histogram of untransformed grades, Middelvlei 
Reef 

log variance = 1,222 

FIGURE 5:2 Histogram of log-transformed grades 
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FIGURE 5.3 Normalized variogram 

Facies Area 4, the development of small 

shallow chan.nels has resulted in discrete, 

linear zones of payabi 1 ity. 

In order to confirm that the facies 

area demarcation based on sedimentological 

observations is valid, statistical and 

geostatistical analysis of grades 

regul ari zed into 25 m blocks was under

taken 6 A histogram of the total mine 

area yi e 1 ded the grade di stri buti on seen 

in Figure 5.1. A log transformation was 

taken, producing a mixed population with 

high variance (Figure 5.2). Consequently, 

144 

n=313 

FIGURE 6.1 Histogram of untransformed grades, Middelvlei 
Reef, facies area 

log variance = 0,416 

FIGURE 6.2 Histogram of log-transformed grades 
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FIGURE 6.3 Normalized variogram 

the semi -vari ogram, while showing some 

st ructure, h as a high nugget effect 

(Figure 5.3). This analysis serves to 

confirm that the reef should be decomposed 

into separate facies areas and analysed 

separately. Analysis of Facies Area 2 

validates the sedimentological breakdown, 

the histograms (Figures 6.1, 6.2) indica

ting that a single population of 

relatively low variance has been isolated 

yielding a semi-variogram with reasonable 

structure (Figure 6.3). 

Follow-up analysis of smaller grid sizes 
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(i.e. 12,5 m blocks) has led to better 

results due to the increased number of 

data points. Directional effects (aniso

tropy) have been noted and serve to 

further confirm the sedimentological inter

pretat i on of trends. Kri ged grade 

estimates have been obtai ned and thi s has 

enabled the effectiveness of selective 

mining of differing block sizes to be 

assessed in terms of revenue and working 

costs. 

Conclusion 

The application of sedimentological and 

geostatistical analysis at Blyvooruitzicht 

Gold Mine led to the development of a 

meaningful model for the practical and 

cost-effective exploration of the 

Middelvlei Reef. The basis of this 

integrated analysis was the construction 

of a 1 arge computer database, i ncorpora

ting all historical sampling records. This 

enabled rapid extraction and manipulation 

of data wh i ch cou 1 d then be synthes i zed 

into a model for prediction and linked 

with underground observations. 

The computer database further provides 

the basis for kriged ore reserves, the 

speed with which they may be produced and 

their accuracy being essential for maxi

mizing returns through selective mining 

and blending. 

It is too early to estimate the 

fi n anc i a 1 benef i t of the computeri zed 

evaluation to the mine. Undoubtedly, the 

1 ifespan of the mi ne coul d be si gnifi

cantly increased as a direct result of 

this modelling exercise, and the incorpora

tion of these sedimentological and geosta

tistical techniques into a mine production 

model will further optimize strategic 

planning and financial benefits. A 

generalized account of how these 

computerized techniques are used to 
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predict grade on a routine basis for mine 

planning at different scales on all the 

go 1 d mi nes of the Rand Mi nes Group has 

been published 7 
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