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THE GEOLOGY OF THE SOUTH RAND GOLDFIELD 

ABSTRACT 

The South Rand Goldfield is one of the two minor fields which, 
together with the seven major gold-producing areas, are located within the 
Witwatersrand Basin. It is contained in the area between the Sugarbush 
Fault and the Vaal River and acts as host to the southeasternmost exposures 
of the Witwatersrand System witnin the confines of the basin. The nearest 
gold producers are the Witwatersrand Nigel Mine, in the East Rand Basin, 
26 miles to the northwest of the centre of the South Rand Goldfield, and the 
Bracken Mine, in the Kinross Goldfield, 29 miles to the northeast. Five 
gold mines - Edenkop, Kildare, Heidelberg-Roodepoort, Southeast 
Witwatersrand and Hex River - have been intermittently active in the 75 
years since gold was first discovered at the Heidelberg-Roodepoort Mine 
in 1887. 

All members of the Witwatersrand System are present in the area, 
but in a much attenuated form, thinning progressively southeastwards from 
the East Rand Basin, through Heidelberg, so that in the extreme south of 
the area, at the Hex River Mine, they have the following thicknesses : 
Hospital Hill Series - 2000 feet; Government Reef Series - 2500 feet; 
Jeppestown Series - 800 feet; Main-Bird Series - 800 feet; Kimberley­
Elsburg Series - 1100 feet. The Lower Division is thus 5300 foet thick in 
this locality, and the Upper Division 1900 feet, making a total thickness 
of the Witwatersrand System of 7200 feet. In the northernmost portion of 
the area the Lower and Upper Divisions are 8900 and 4700 feet thick 
respectively, and the System as a whole 13,600 feet thick. The Witwaters­
rand strata are overlain by amygdaloidal, porphyritic and massive andesitic 
lavas of the Lower Series, and tuffs, thin lavas, and sediments of the 
Middle Series of the Ventersdorp System. Above these again are the Black 
Reef and Dolomite Series of the Transvaal System, and the Middle Stage of 
the Ecca Series of the Karroo System. Underlying the Witwatersrand System 
are the Old Granite and the Moodies Series of the Swaziland System, the 
arenaceous members of which have been mistakenly ascribed in the past to 
the Orange Grove Quartzites at the base of the Witwatersrand System. 

Conglomerates in the South Rand area are substantially lesser in 
number and extent th<'m in the goldfields to the north, and in the whole 
System there are only two which contain economic quantities of gold. There 
are no payable reefs in the Main Stage, none in the Bird Stage, only one in 
the Kimberley Stage, and none in the Elsburg Stage of the Upper Division. 
The Vent:ersdorp Contact Reef, if present, at the base of the Ventersdorp 
System, has not been shown to carry economic values of gold. Many 



persistent auriferous conglomerate horizons recognized over extensive areas 
in other goldfields, such. as the Main Reef Leader (Nigel Reef) at the base of 
the Main Stage in the East Rand Basin, are not developed at all in the South 
Rand area. An anomalous feature of this area, when compared with the 
Central Rand, East Rand and Kinross goldfields, is the development of 
economic banket on the Coronation Reef horizon of the Government Reef 
Series. This is the only instance outside the Klerksdorp Goldfield where 
this reef has been successfully exploited. Intensive prospecting operations 
over an area of about 1900 square miles have failed to reveal any deposits 
of gold other than those contained in three narrow payshoots in the Kimberley 
Reef in four mines and one payshoot in the Coronation Reef in one mine 
south of the Sugarbush Fault. 

The area has suffered considerable deformation in the.form of 
folding and faulting that resulted from two stress fields in which compression 
was in a more-or-less horizontal plane, and a stress field where vertical 
forces were operative. Two sets of folds are present with axial plane traces 
tiending N 50° Wand N 30° W, and these can be correlated with the 
longitudinal and transverse folds recognized in the East, Central and West 
Rand areas, and in the Vredefort Dome locality. The interference of the 
f9ld systems has given rise to a series of structural culminations and 
depressions which, in turn, have produced the two regional synforms and 
two regional antiforms that control the distribution and preservation patterns 
of all pre-Karroo rocks in the area. The axes of these structures trend 
north-north-westwards and the regional plunge is in the same direction, 
resulting in a large mass of granite and Swaziland rocks terminating the 
South Rand area to the south and southeast. On the north the boundary of 
the area is. formed by the impressive Sugarbush Fault, a displacement which 
has a general east-north-easterly strike, is of the normal type, and has a 
downthrow to the south of up to 16,000 feet. A very considerable area of 
development of Witwatersrand rocks has. been pre served from erosion 
because of this fault which is one of a series of conspicuous normal, and 
attendant antithetic, faults that follow parallel, sinuous courses, the 
latter characteristic being the result of bending of these relatively early 
fault planes about the axes of the transverse folds. These and two other 
groups of normal faults are considered to be the products of the vertical 
stress field, while the remaining thrust and wrench faults, which abound in 
the area, can be satisfactorily assigned to the two horizontal stress fields. 

The systematic thinning and wedging-out to the southeast of all 
members of the Witwatersrand System is taken to indicate an original lirnit 
to the basin in this direction. However, the pattern of facies change and 
the direction of transport of sedimentary fill, as indicated by cross-bedding 
azimuths, render it doubtful whether any material was contributed to the 



basin along this original shoreline south of the present Vaal River. It was 
a shoreline which simply marked the edge of the depository against a static 
landmass which was not undergoing vertical uplift and consequent erosion, 
If these latter features were operative, then they were restricted to very 
early Witwatersrand times when auriferous material to form the locally 
significant Coronation Reef might have been derived from the southeastern 
shoreline. 

Regional and local evidence suggests a close relationship between 
sedimentological and structural features, Deformatlon according to patterns 
which persisted to at least post-Transvaal times was active during the pro­
cesses of sedimentation, and folding between cycles of sedimentation led 
to synclinal downwarps forming topographic troughs in which thicker 
accumulations of sediments took place, Material was transported down 
these synclinal troughs and spilled over the flanking, parallel anticlinal 
ridges. Thicker developments of conglomerates and greater accumulations of 

, gold took place in these long, narrow troughs, and hence pay shoots are 
parallel to cross-bedding azimuths and to fold axes. 

Sedimentological data also show that the South Rand Goldfield was 
formed in the half of the basin opposite to the northwestern rim. What is 
thought to be the central axis of the original depository runs through the 
area, indicating the considerable distance over which the small amounts 
of gold present have been transported. Facies changes point to the trans­
porting currents having had low velocities and load capacities by the time 
the centre of the basin was reached, and therefore having been incapable 
of bringing into the southeastern half of the basin any substantial quantities 
of coarser material and heavy minerals, The area lay at too great. a distance 
from the active edge of the depository for it to have any greater potential 
than has been indicate·d in the past by the meagre amounts of gold produced• 
A total of 45,786 ounces of gold has been recovered from 268,000 tons of 
ore crushed by five small mines and one prospect to give an. average 
recovery grade of 3,42 dwts. per ton. This amount represents only 0.007 
per cent of all gold produced in the Witwatersrand Basin. 

* * * * * * * * * * * * * * * * * * 
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THE GEOLOGY OF THE SOUTH RAND GOLDFIELD 

INTRODUCTION 

Contained within the Witwatersrand Basin are seven major goldfields -
Orange Free State, Klerksdorp, West Wits Line, West Rand, Central Rand, East 
Rand and Kinross - and two minor fi.elds, Vredefort and South Rand. The basin 
has a roughly arcuate shape, concave to the southeast, with the northwestern 
margin being formed by a granite ridge containing the Johannesburg Dome. To 
the southeast of the ridge lies the· Potchefstroom Synclinorium and this, again, 
is followed by a relatively elevated structure containing the Vredefort Dome. 
All the important mining areas are located on the northwester!'.\ limb of the 
synclinorium, while both the minor goldfields are on the southeastern limb. 
The source of the material which filled the basin lay to the northwest, and 
.thus the Vredefort and South Rand fields were formed in the centre or near 
the southeastern margin of the depository, and well away from the original 
shoreline, near the northwestern granite ridge, where optimum conditions for 
gold concentration prevailed: 

The contribution which the minor goldfields has made to production 
from the Witwatersrand Basin is meagre to the point of being almost negligible. 
Only a few small mines have been sporadically, and generally uneconomically, 
active at Vredefort' and the South Rand during the past 7 5 years, but both 
areas have witnessed extensive surface and ·subsurface prospecting operations. 
As a result, considerable geologic91 information has been accumulated, and 
this has aided in the understanding of the geology of the Witwatersrand 
Basin to an extent out of all proportion to the economic importance of the 
areas. 

A. LOCATION OF SOUTH RAND GOLDFIELD 

This field is the eastern one of the two minor goldfields and lies 
approximately 100 miles east.of the main workings on the western flank o.f 
the Vredefort Dome. Four dormant mines - the Kildare, Heidel.berg-Roodepoort, 
Southeast Witwatersrand and Hex River - constitute the actual South Rand 
Goldfield. The Kildare and Heidelberg-Roodepoort mines adjoin each other 
and represent the northeastern extremity of the field. Ten miles to the south­
south-west are the Southeast Witwatersrand and Hex River mines which have 
a ,;:;ommon boundary and which form the southern extremity. No mines or 
prospects exist between the above two groups of mines, but the reef horizon 
is, for the most part, either covered by younger formations or faulted out, 

2/ ... 
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and there is no evidence of any attempts to test the potentialities of the 
greater part of the gap. The centre of the mining area lies 57 miles _southeast 
of Johannesburg, 31 miles southeast of Heidelberg, 50 mlles east-south-east 
of Vereeniging and 34 miles south-south-west of Kinross (see Fig. 1). The 
nearest important gold producers are the Witwatersrand Nigel Gold Min_e, 
26 miles to the nortbwest at the southern extremity of the East Rand Ba.sin, 
and the Bracken Gold Mine, 29 miles to the northeast in the-centre of the 
Kinross Goldfield .. The Heidelberg-Roodepoort Mine is located approximately 
at longitude 28°46'E. and latitude 27°47'S., and has an el~vation of about 
53tl0 fee·t above sea-level. 

The South. Rand forms part of a large tract of country in ·which rocks 
of the Witwatersrand System outcrop at irregular intervals be.tween. the 
southern limit of the East Rand Basin.and the northern limit of the extensive, 
uninterrupted cover of the Karroo System which spreads into the Orange Free 
State and Natai. One pther gold producer - the Edenkop Gold Mine - and 
three prospects once existed outside the limits of the actual South Rand 
Goldfield,. but within this area, which also acted as host to numerous· 
prospecting ventures at various periods in-.the past. This paper deals with 
the geology of the whole of the area which is contained between. the Sugar­
bush Fault in the north and ,the Vaal River in the. south and l:ietween the 
eastern- and.westernmost exposures of the Witwatersrand, System .. The 
boundaries of the area and the. location of the actual South: Rand Goldfield 
within the area are shown in,Fig. l . 

The area measures approximately 57,.miles east-west and 34 miles 
north-south, and covers about 1900 square miles.· The New Springfield. 
Colliery at G~ootvlei is situated to. the north of the centre of the ·area, ,vhile 
the main collierie~ of the Veref'!niging, Coalfield - Cornelia, Sigma. and 
Coalbrook - lie within. 10. miles of the western boundary .. The South,Rand 
Goldfield occupies th~ central eastern. portion of the area, while the New 
Rand Locality·, the scene of intensive prospecting operations prior to the 
l920's, is located towards the southwestern corner, Balfour, the largest 

.· town.in the area, is 18 .miles southeast of Heidelberg. The only other 
settlement in the Transvaal is the village of Greylingstad, a further 12 miles 
in the same direction. Villiers, iii the Orange Free State, is 22 miles-south• . . . 

west of Greylingstad, and betweeh these two villages is the South Rand Gold-
. I 

field. Twenty-five, miles west of Villiers is Oranjeville, si~uated on.the 
western boundary of the New Rand Locality. Deneysville is 10 miles north­
west of Oranjeviile, both of these villages also being in the Orange· Free 
State. The main Johannesburg-Durban railwciy line runs thro.ugh the north­
eastern corner, the Balfour-Frankfort line through the central portion, and 
·the Vereeniging-Grootvlei line through the northwestern corner of the area. 

3/ ... 
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Physiographic features shown on the geological and structural maps 
(Figs. 2, 3 and 4) which accompany this paper are based on Sheets 2628 East 
Rand and 2728 Frankfort of the 1 : 250,000 Topo-Cadastral Series of the 
Republic of South Africa. According to these sheets, the mines and prospects 
in the area are located on the following farms: 

Edenkop G. M. Rietbult Estates 505 

Wilgepoort Prospect Rietfontein 561 

Heidelberg-Daspoort Prospect Daspoort 564 

Phoenix Prospect - Witpoort 565 

Kildare G. M. Roodepoort 5 98 

Heidelberg-Roodepoort G .M. Roodepoort 598 

Southeast Witwatersrand G. M. - Hexrivier 634 

Hex River G .M. Hexrivier 634 

Oceana Transvaal Colliery Modderfontein 410 

New Springfield Colliery Grootvlei 453 

Various names have been attached to the area since gold was first 
discovered in 1887. A map accompanying the Annual Report of the Transvaal 
Chamber of Mines for the year 1893 labelled the portion of the area stretching 
from the Hei.delberg-Roodepoort Mine, through the Edenkop Mine, to the town 
of Heidelberg as the South Heidelberg Goldfield. The Molyneux·, Rose Reef, 
Molyneux West, and the present Witwatersrand Nigel mines, all north of 
the Sugarbush Fault, were included in this goldfield, but the Hex River Mine 
was not considered to fall with.in the boundaries. Sawyer (1904) called the 
area embracing De Kuilen, Witkleifontein, Grootvlei, Rietvlei, Rooiwal, 
the Hex River Mine and the Heidelberg-Roodepoort Mine the South Rand 
Goldfield (see Fig. 2) . The locality subjected to intensive core-drilling 
from Lepelkop to Oranjeville and southwards up. the Wilge River in the Orange 
Free State was referred to as the New Rand Goldfield by Sawyer (1907), 
despite the fact that no payable gold was ever found in the locality. Subse­
quently, the name Balfour-Greylingstad Goldfield was ·applied to the 
Heidelberg-Roodepoort and Hex River localities, which were, still later, to 
be called the Southern Gold Area (Sharpe, 1956). Borchers (1961) discussed 
the mining activities as having taken place in the Balfour Area. 

4/ ... 



B. HISTORY OF PROSPECTING Al,J]) MINI NG 

(a) The Period 1886 - l 902 

The discovery of the Main Reef Leader at the end of Marci-,, 1886, on 
the farm Langlaagte near Johannesburg on the Central Rand ·started a search for 
auriferous conglomerates wherever rocks of the Witwatersrand System outcroppec 
Prospecting soon extended to Heidelberg and beyond to Greylingstad where the 
discovery of gold on Roodepoort 598 and Hexrivier 634 by persons whose names 
are unrecorded led to the official proclamation of these farms as goldfields in 
March and September, 1887, respectively. 

The Nooitgedacht Company prospected the Hex River discovery up to 
1889 and then abandoned the property without, apparently, any gold having 

_been produced. In August of the same year the Heidelberg-Roodepoort Gold 
Mining Company Ltd. was formed with a working capital of £10,000. \'l'ithout 
doing any extensive work, this company held the ground until February, 18 92, 
when it was tributed to the South African Trust and Finance Company which 

_ produced the first gold in the area, but at a substantial loss. In January, _ 
1893, the New Heidelberg-Roodepoort Gold Mining Company was formed to take 
over the mine and by February, 1894, had sunk a main shaft to an inclined 
depth of 510 feet, plus three subsidiary inclined shafts. These operations 
exhausted the financial resources of the company and in April, 1895, it was 
taken over by the Johannesburg Consolidated Investment Corporation which, 
with a working capital of £93,000, sank two further inclined shafts, traced 
the reef along the outcrop for 1200 feet, and started treating, in the plant 
shutdown in 1892, the old dumps and ore from the surface to the 200 foot-leve 
On October 10, 1896, a new battery of 40-stamps was opened and, despite 
being struck by lightening and temporarily closed down on October 20, 
crushed 13,000 tons of ore by the end of the year. By October, 18 97, the 
payable ore reserves had been depleted and no further production took place 
before the mine closed down completely on the outbreak of the Anglo-Boer 
War in 1899. 

The Hex River Mine was repegged in August, 1895, by the Hex 
River Exploration Company, but no gold was produced up to the end of 1902. 
In May, 1895, the Heidelberg-Daspoort Syndicate completed an inclined 
shaft to 95 feet on the prospect of the same name which was abandoned 
because of the absence of any significant mineralisation. The Kildare G. M. 
Company also came into being in the same year, but no ore was mined on 
this property. In 1896 an inclined shaft was put down to a depth of 413 
feet on the Phoenix Prospect without encountering any payable reef. The 
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Greylingstad G. M. Co. was formed in 1897 to work the deep-level extensions 
of the Heidell;,erg-Roodepoort Mine below 2000 feet, but nothing concrete came 
of these intentions. 

In 1895, A .R. Sawyer started, in the South Rand area, the first 
large-scale, systematic exploration program by means of diamond-drilling in 
the Witwatersrand Basin. Borcher_s (1961) described this undertaking, plus 
later work in the New Rand Locality, as "the beginning of the search for the 
continuations of the edge of the basin, under the Karroo, southwards into 
the Orange Free State" . Sawyer, who had been on the Witwatersrand since 
1889 and was a former Government Inspector of Mines, formed a partnership 
with J. Heath to work the South Rand coal deposit which was later to become 
the New Springfield (Grootvlei) Colliery. The profits were transferred to the 
South Rand Gold Corporation Ltd. for the purpose of carrying out a diamond­
drilling program to search for the Witwatersrand reefs under a cover of 
'{entersdorp lavas and Karroo sediments. A tot.al of 21 boreholes between the 
Sugarbush Fault and the Vaal River - shown on Fig. 2 as the SR. series -
was drilled up to July 3, 1899, when prospecting operations were suspended 
because of the imminence of war between the South African Republic and 
Great Britain. All the cores were preserved, but during the war the core­
tra·ys and the core-sheds were used for firewood by the belligerents and the 
cores themselves were scattered and lost. 

The South Rand Colliery and the Perserverance and Oceana Transvaal 
properties, which were all producing by 1895, were among the earliest coal 
mines opened up in the Transvaal. 

(b) The Period 1903 - 1918 

Some time was to elapse after the end of the Anglo-Boer War before 
mining operations were restarted,and it was not until 19.06 that the Bon Accord 
Syndicate, tributing from the New Heidelberg-Roodepoort G. M. Co. Ltd., 
commenced production from this property again. Between this date and 1910 
the mine reached the peak of its life . In the following year, the syndicate 
sold out to the New Heidelberg-Roodepoort Tribute which produced ~uring 
1911 and 1912 and then closed down the mine, again because of the inability 
to establish adequate ore-reserves. 

The Hex River Exploration Co. Ltd. produced gold from their property 
from 1911 to 1913, shutting down before the outbreak of World War I. Very 
small amounts of gold were produced during 1908 and 1909 by Kildare Gold 
Mine Ltd. from their property adjoining the Heidelberg-Roodepoort Mine, and 
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during 1913 by the M. C, Tribute from the Wilgepoort Prospect. Between 1906 
and 1908 the Edenkop Syndicate tributed the Edenkop Mine from Coronation 
Syndicate and Rietbult Proprietary Mines Ltd., and produced gold from a 
relatively rich payshoot which terminated at a shallow depth against a branch 
of the Sugarbush Fault. The considerable vertical displacement on this fault 
prevented any mining operations from taking place thereafter. 

Drilling operations during this period were conducted almost entirely 
by Sawyer, but,in addition.at least four other holes were put down, DMR .1 in 
1904 by the Daspoort·Main Reef Company at the Heidelberg-Daspoort Prospect, 
RB.3 and 7 in 1904 by Rietbult Proprietary Mines Ltd. at the Edenkop Mine, 
and WP .1 in 1910 by South East Africa Ltd. at the Wilgepoort Prospect. It is 
possible that boreholes other than the two mentioned above were drilled by 
Rietbult Proprietary Mines Ltd. , but there is no record of their location. 

Sawyer and Heath could not raise enough money from their coal 
mining operations to resume the South Rand drilling program immediately after 
the Anglo-Boer War. However, in 1912 they were able to form a new company, 
the South Rand Exploration Company Ltd. , and between this date and 1917 five 
m6re holes in the SR series were drilled, but no information is available 
concerning their positions or the formations encountered. The total number of 
holes drilled by Sawyer in the South Rand area thus amounted to 26, 

In 1903 Sawyer embarked on another venture - an intensive drilling 
program in the Orange Free State at the junction of the Vaal and Wilge Rivers. 
The reasons for selecting this so-called New Rand Goldfield for detailed 
investigation were identical to those which started the South Rand project. 
Two conspicuous outcrops of south-dipping, massive quartzites occur at 
Vaalrand and Lepelkop (see Fig. 2). Both of these were mistakenly 
identified as. Orange Grove Quartzites,and Sawyer, firmly believing that the 
conglomerate reefs were always better gold carriers where they dipped south, 
drilled south of these ridges which have subsequently been classified as 
Moodies quartzites of the Swaziland System. Boreholes SR, l, 2 and 3 went 
into granite beneath the Karroo cover and the South Rand program was changed 
immediately, drilling thereafter being restricted to localities where Upper 
Witwa·tersrand rocks were exposed. However, in the case of the New Rand 
holes, Witwatersrand strata were intersected beneath the Karroo and mis­
takenly logged as belonging to the Main-Bird Series of the Upper Division. 
It would now appear that the holes were drilled into members of the Hospital 
Hill and Government Reef Series of the Lower Division, Under this incentive, 
drilling operations were intensified and by the end of 19-07 boreholes NR.l, 
2, 4, S, 6 and 7 had been completed on Hartebeestfontein and NR. 3 on 
Schaapkraal. In none of these were any payable intersections of reef made, 
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butthisdidnotdeterSawyer, andbytheendofl910, NR.8, 9, 10, 11, 12 
and B had been drilled on Nooitgedacht and NR .13 on Hartebeestfontein. All 
these holes are shown in Fig. 2. A further 9 holes NR.14 - 22, were com­
pleted on Knoppiesfontein by the end of 1917. No records of these holes are 
available, but they must have been sited in the vicinity of Boreholes 0\1.1 
and OV. 2 drilled much later and shown on Fig. 2. There is no evidence to 
show that any encouraging values were obtained in any of Sawyer's holes 
and hence the name New Rand Goldfield for this locality is not .justified. 

The South Rand Colliery was still being worked by the partners in 
1917 and was producing about 400,000 tons of coal per year. As World War 
I drew to a close, Sawyer seems to have disappeared from the scene, leaving 
behind 48 boreholes drilled over 23 years in a program that must rank as one 
of the most historically important efforts in the exploration of the Witwaters­
rand Basin. 

(c) The Period 1919 - 1932 

Mining and prospecting activities came to an almost complete halt 
in the South Rand area in the years between World War I and the Depression. 
In 1921 - 22 the Alwado Syndicate produced a very small quantity of gold 
from retreating the old dumps at the Heidelberg-Roodepoort Mine. An even 
smaller amount came from similar operations by private individuals at the 
same mine in 1930 - 31. 

(d) The Period 1933 - 1945 

South Africa's departure from the gold standard at the end of 19.3 2 
revitalised the gold mining industry and interest was again shown in the South 
Rand area. The Heidelberg-Roodepoort Mine was brought back to production 
in 1938 - 39 by the Greylingstad Gold Recovery Syndicate and mining opera-, 
tions were continued up to 1942 by the Goedehoop Maatskappy. The adjoin­
ing Kildare Mine was acquired by the East Nigel G. M· .. Company which 
tributed it, for two years of production in 1941 and 194 2, to the Day Dale 
Mining Co. (Pty .. ) Ltd. To the south, the Hex River Mine was worked by 
New Rand Reef Ltd. in 1935, by Phoenix Reefs (Pty,) Ltd. in 1936 and 1937,and 
by the Last Hope Mine in 1939 and 1940. A new mine adjoining the Hex 
River Mine was exploited by the South East Witwatersrand Gold Mining Co. 
Ltd. from 1935 to 1938. 
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Geophysical exploration was first applied in the area in 1934 when 
the Elbof Geophysical Prospecting Co, Ltd, carried out a magnetometric 
survey for Coronation Syndicate in the De Kuilen ° Witkleifontein locality. 
Following on the survey, four boreholes, COR, l - 4, were drilled by 
Coronation Syndicate in 1935, but no payable reefs were located. Another 
drilling program was put into affect in 1934 by East Witwatersrand Gold 
Mining Areas Ltd., resulting in the completion of EWG .1 at the Hex River 
Mine, RTV .1 and lA in the Rietvlei locality, RWL. l, lA and 2A in the 
Rooiwal locality, and NS .1 southwest of Nurney Hill (see Fig, 2), Tlie 
results did not encourage any further prospecting. Klip Nigel Estate and 
G.M. Co. Ltd. drilled KN ,3 adjacent to the Sugarbush Fault in 1935, and rn 
the same year Boreholes L .1 and R .1 were put down at the Heidelberg­
Roodepoort Mine by the East Nigel G. M. Company. The drilling marked the 
end of the surge of prospecting induced by the increase in the price of gold. 
No new deposits had been discovered in the South Rand area and the importance 
of this section of the Witwatersrand Basin appeared virtually negligible. 

(e) The Period 1946 - 1962 

At the end of World War II the earlier discoveries of significant 
gold mineralisation in the Odendaal srus area of the Orange Free State 
prompted a resumption of prospecting in Sawyer's New Rand Loc,\lity. The 
0 .F. S. Prospecting Syndicate drilled OV .1, OV. 2 and AB. 1 in 1946 and 1947, 
and proved the presence of Upper Witwatersrand rocks below the Karroo System, 
However, no economic auriferous conglomerates were present in the borehole 
intersections. The area belween Fortuna and the Hex River Mine was 
acquired in ·1946 by Coronation Syndicate and Eastern Holdings, then both 
subsidiaries of New Union Goldfields Ltd,, which group drilled RDP, 3 at 
the Heidelberg-Roodepoort Mine in 1948. 

In 1953 the South Rand Goldfield was taken under option by Mineral 
Search of Africa (Pvt.) Ltd,, an exploration subsidiary of the Rio Tinto Group, 
and 18 boreholes were drilled up to February 14, 1956, when the project was 
abandoned due to the lack of encouraging results. The area between the 
South Rand and Kinross goldfields was investigated by General Mining and 
Finance Corporation in 1956, but the holes WAK .1, HGF .1, KS .1 and KST .1 
and 2 failed to reveal the presence of the Upper Division of the Witwaters­
rand System . 

In this post-World War II period only the Hex River Mine was 
worked, the others all remaining dormant. South Geduld Gold Mines Ltd. 
produced in 1946 and 1948, and Doravale Investments (Pty .) Ltd. in 1961 
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and 1962, the latter company being responsible for reworking old dumps only. 

C. SOURCES OF INFORMATION 

The surface geology of the area south of the Sugarbush Fault, as 
shown in Fig. 2, has been compiled from three maps prepared by the Republic 
Geological Survey : 

(i) a geological map of the country around Heidelberg, surveyed 
by A .W. Rogers, A .K. Parrott and L. T. Nel in the period 1918 -
1921 (Rogers, 1922) 

(ii) Sheet 62, Vereeniging, surveyed by L. T. Nel in 1922, 1925 and 
1934, H. Jansen in 1946-1948, andA.W. Rogers in 1918 -1921 
(Nel and Jansen, 1957) 

(iii) an unpublished series of field sheets of the area between 
Fortuna and the Hex River Mine surveyed by A. Leube, K .E. Schalk· 
and A.A. Snyman in the period 1953 - 1956. 

Local detail has been filled in from geological maps prepared by the 
Elbof Geophysical Prospecting Co. Ltd. in 1934 of the De Kuilen-Witkleifontein 
locality, and by Mineral Search of Africa (Pvt.) Ltd. in 1956 of the Rietvlei -
Stryfontein - Kildare - Hex River locality. In other instances modifications in 
the generalised geology have been made by incorporating information brought 
to light by dial)lond-drilling operations. 

The positions and histories of mines, prospects and boreholes have 
been established from : 

(i) reports by A. R. Sawyer (1904, 1907 and 191 7) on the investiga­
tions in the South Rand and New Rand localities 

(ii) the geological map of the Heidelberg area prepared by Rogers 
(192 2) 

(iii) maps and drilling records prepared by the Elbof Geophysical 
Prospecting Co. Ltd. in 1934 for the De Kuilen-Witkleifontein 
locality. 
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(iv) maps and generalised borehole logs compiled by B, V. Carmichael 
(195 2) 

(v) maps, sections and detailed logs prepared by Sharpe (1956) 
for the South Rand Goldfield 

(vi) the paper written by R. Borchers (1961) on the history of 
exploration within the Witwatersrand Basin 

(vii) records in the Government Mining Engineer's office in 
Johannesburg. 

Data on folding presented in Fig. 3 have been obtained from : 

(i) the published and unpublished maps of the Geological Survey 

(ii) field work carried out in 1961 and 1962 by M. J. Mountain for 
the Economic Geology Research Unit, University of the 
Witwatersrand 

(iii) field work carried out by the writer in .1963. 

The pattern and history of faulting, as shown in Fig. 4, were 
determined from : 

(i) the published and unpublished maps of the Geological Survey 

(ii) a study of borehole logs obtained from Sawyer's publications 
and from Mineral Search of Africa (Pvt.) Ltd. 

(iii) field work carried out by M. J. Mountain in 1961 and 1962 

(iv) field work undertaken by the writer in 1963 

(v) a photogeological study of linear features and drainage patterns 
carried out in 1963 by the writer. 
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Sedimentological data contained in Figs. 3 and 5 were derived from 

(i) reconnaissance studies carried out by R. B. Hargraves (1962) 

(ii) detailed field work by M. J. Mountain in 1961 and 1962 between 
Heidelberg and Balfour 

(iii) detailed field work undertaken by the writer in 1963 in the South 
Rand Goldfield 

(iv) an assessment by the writer in 1963 of detailed drilling logs 
supplied for the South Rand Goldfield by Mineral Search of 
Africa (Pvt.) Ltd. 

(v) an examination of past mining activities in the South Rand 
Goldfield carried out in 1963 by the writer in the Government 
Mining Engineer's Office . 

All data on gold and silver production from the various mines and 
prospects in the area were obtained from records in the Government Mining 
Engineer's Office, Johannesburg, and from various issues of the "South 
African Mining Journal" published in Johannesburg in the period 1890 -
1898. 

* * * * * * * * * * * * * * * * * * 



STRATJGRN'HY AND LJTHOLOGY 

Tre ar8a 08(,C:fired i~ tf-iis D3D8T rors1i'utp5 i3 fo]rJed end r.eavi]y 
faulted po:rtior of 1he WH~.,.,n_:d.e! r:r~~rrl H,:=isi!~., nresenred f 1-om erosjor. ~s a result 

of a.r, apmeciar)P. rlowr:'..hrow a!(H·a tre SugBtl'ush fnul', Three m,ijor structures 
are clearly disc8r>,ih.le .- 1he Der·,eys,•ille Syrforl1' ir. •.he west, tJ,e Villiers 
Anti form in the C8 n' • e . c r,d '· re Ra If 0m Sydor m i r, 1.hP. east . These fold 
s1ruct1JTes ha,_,e a rorth~r--o•·'.ri-we·0 'erlv t,e,-,d ,F,d plunge ir the sal1'e direction 
As a resul1. of this '8aion3] Dlunqe. n,ooressivelv ol-:18r rocks aopear south~ 
wards aJor.g eoch :=: 1r1Jc!ure. Hc1V\1P\,·er the e]ev-3_~,io,... of the court.:)' decreases 
towards the sou,h sc 1.hc' 1r,01 e ,,,d more oft.he youJCger Karroo cover is 
preserved, ,n,d alor-q 1hr> '.',ial Ri· . .-e' 'he effec•.s oft.he reduced elevation are 
more pr0Po1vced '.har t.f-iose 0f •Ice •egioral µJu,:qe. wit.h the result that PO 

further exposures of olcl0r tocl--.s aDoe,;r thiouqh t.he Kaneo st.ra•.a. 

A l2rqe rur-,ber of borehole, ir• 1.hP. De Kuile,.~Wiif-leifor1.ein 1ocality 
permiUerl a reliable de•ermi''.3'ior' of 1he s1•il'iqra::,hic 2uccessior: alorg 1.he 
eastern Jimh of 1.he Der.eysq'Je Syrfonn. fyrel!er' cxoosu,es from \Taalrand 
through •.he, \1Vi]qeonor1 °,os;oec1 lo R:i'four ard t.he Fortun3 lec-rili1y vovided 
d;1ta for a corn:>na~jnr of a ,·.oJum: c,r the r0rifl\v00ie•·r ard certro! POl,.jors 

of 1:he B,dfo1n Syrforrr· •eL,',"eJy closn 1.0 the H'lidelre• g ,;rea. logs of 
boreholes cou:>~ed \11,•i-!h jrformni.ior• from rr~ir-8 wo~lir.qs arrl surfa<::e ;;;x·posures 
rendered it possirl0 lo rJ, ,,w uo n tbird columr, f(,r t.he Hex River Mire locality 
where the southmrm•os1 exnosures of the WHwiltersrard System oc>ctJY in the 
hinge zone of 'he Ba lfem Syr form 

Sigr:ificant. va•iatioPs occur in the thicknesses of 1he various 
format.ions in each of the locali1.ies Cor-seq1Jent !y. il was cor:sidered 
advisable to preser.1 i'Jll lhree columr.s rather t.har- t.o attemo1 one gereralized 
stratigraphic coli1mn frn ihe a1e'J ~s ;;i whole, 'These are shown in Table l 
where a comoari sop is made with the ro'.urnr s for t.he Heidel her,;, area of t.he 
East Rar.d Basir and !.he lob,nPesbura a.rer. of CeP1rc,J Fcsnd. 

A!l (he forrr-::,1jnr.s ro~rn,tJl.1v ercourtered jr; :.1ros~er::Ur:g operr1tior..s 

wjt.hjr;. the wnv11n1ersr~rd Ba~dr: wji}, 1hP P.XC8Dfi0r of 1he Dornjricnc Reef 
System, al.'e pre.se1). ir· 1:l·1e :~"Pa. -:'-H--;0 t,h('c.r-c. 1·f?ach ,1 JTll:!Yi.rrium tot~] thickress · 
of 23,000 fpe1. ir ·.hr, ce··'.r8 of ·.he P,,Jfr,w Syrfo,·nc. AnT·pr·iab.le 1hirrd,;g of 
the WH.wa1er.srard. \.'pr•1.e• sd0;p rnd T1r<1-:s,:ch-d sv :-i.0rns ~r.kes ;:1l.3r_~e s01Jtl"'~ 

wards from fhis ,ocAii1·1 .. 2nd f_hjq de•·!r::nse ir· 1 }1 ic.ki ,•<·s jc; ;H•r01nJ~ 1·-ied bv 
facies chnrcj~~;;, The cr--,;r.l_,jr,1tJ01.· of ~hP 1\,vo phR1-nrn0r,-, ir(-!irt1 fes t.h:!t the 
edges of the deno~_:i'..olies of th1:: v:011ions sedirner 1 -,r}' fo1 rna1icr-s orjqjr,.R1Jy 

la.·y n:-J r:ot. t.O0 gyen1. a rli,.~ 1 ,;p .. re so,J1b ,'H'd so111l1po~iw<1.1d,;; frcm 1,lie pri-:?2>en1 
Sout.h R~r.d a,po. 
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Oeneysville Bal four Synform East Rand Cenlra l Rand Formation Svnform Basin 
Witkleifontein Wilgepoort - Hex River Heidelberg Johannesburg 

Fortuna Mine 

Karroo Svstem • 1000 • 400 t 200 • 800 • 200 
Transvaal Svstem - • 400 - • 700 3600 

Middle Ventersdorp 1700 - - t 2000 
Series -

lower Ventersdorp 
Series t 3000 5000 t 2100 5000 5000 

Kimberley-Elsburg 
Series 2700 3000 1100 3100 6100 

Main-Bird Series 900 1700 800 1800 3300 

Jenaestown Series . 1200 1800 800 1900 3700 

Government Reef 2800 3900 2500 4100 6300 .Series 

Hospital Hill 2500 3200 2000 3200 4900 
Series 

Swaziland Svstem ? , 1800 ? • 1000 , 700 

·01 d Granite ? .. ? ? ? ? 

Total Thickness of , 14,100 • 22,900 , 9,500 , 21,600 • 35,800 Column 

Table l Re ional Strati ra hie Succession South of the Su arbush Fault Com ared with 
Those of the Heidelberg and Johannesburg Areas thicknesses in feet 

Oeneysville Balfour Synform East Rand Central Rand Formation Svnform Basin 
· Witkleifontein Wilgepoort - Hex River Heidelberg Johannesburg 

Fortuna Mine 

Uaaer Witwatersrand 3600 4700 1900 4900 9400 

lower Witwatersrand 6500 8900 5300 9200 14 900 

Witwatersrand 9,100 13,600 7,200 14, 100 24,300 Svstem 

Table 2 Thicknesses of the Witwatersrand S stem South of the Su arbush Fault Com ared 
with Those of the Heidelberg and Johannesburg Areas thicknesses in feet 



A. OLD GRANITE 

No exposures of the Old Granite have been recorded in the area south 
of the Sugarbush Fault, However, its presence beneath the Karroo cover bas 
beer. amply proved by coreholes on the Villiers Antiform and on the Waterval 

Ant.iform which separates the Balfour Synform from the synclinal structure 
containing the Kinross Goldfield to the northeast. The average depth to 
the granite beneath the Karroo is 700 ~ 800 feet below surface near the 
hinge zones of 1:he ant.iform structures, No _information is available from 
the logs concerning .the nature and composition of the granite intersected 
in these holes, except. that. in NR ,3 in the New Rand Locality, a_ gneissic 

. structure was present , 

North of the Sugarb.ush Fault, Rogers (1922) reported the granite 
northwest of the Edenkop Mine to be of the biotite variety and to be slightly 
gnei$sose, The gneissosity irends · in a WNW. direction, parallel to the 
schistosity in remnants of Swaziland rocks in the vicinity, and approximately 

. parallel to the axial plane traces of major folds in the area, Fresh granite 
porphyry occurs near the Edenkop Mine. Aplites and quartz-fel spar 
pegmatites cut the grariite in all directions. 

Snyman (1956) stated that the granite north of the Sugarbush Fault 
is usually grey or pink. Ort.hoclase, microcline, al bite., bi.otite and quartz 
are present. Jn some specimens small amounts of muscovite were noted, 
as well as amphiboles_ in streaks or schlieren, Rogers (1922) reported that 
the felspar is frequently converted to a mass of greenish micaceous material. 
In general, this- granite which belongs 1.o the Devon Dome, appears to be 
identical with that composing the Johannesburg Dome. 

B. SWAZILAND S'/STEM 

North of the Sugarbush Fault, near the Edenkop Mine, Rogers (l 922) 
found red schistose slates with some quartzose bands unconformably under­
lying the Orange Grove Quart.zites at the base of the Witwatersrand System, 
These, together with banded magnetic quartzites found further to the north, 
he classified as belonging to the Swaziland System. The strike of these 
beds is WNW. and the dip _is either vertical or very steep to the south, 
whereas the Orange Grove Quartzites strike NNW. and dip tot.he west. at. 
40° -- 55°, Cleavage in the slates is parallel to the bedding. In the 
quartzose bands, greenish mica is developed on the cleavage planes and 
the quartz grains are elongated parallel to these planes. In addition to the 
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above rock-types, Snyman (1956) found greywackes and serpentinites with 
amphibole schists developed on their contacts with the metamorphosed 
sediments, Possible isoclinal folds were also recognized. 

Lithologically, these rock-types appear to belong to the Onver­
wacht and Fig Tree Series of the Swaziland System, with the serpentinites 
possibly being members of the Jamestown Complex. However, south of the 
Sugarbush Fault, the Swaziland System appears to be represented mainly 
by the Moodies Series and intrusives of the Jamestown Complex. Conspic­
uous outcrops of massive quartzites at Vaalrand, north of the New Spring­
field Colliery, and at Lepelkop, north of Oranjeville, were originally 
considered by Nel (1933), Snyman (1956), and Nel.and Jansen (1957) to 
be the equivalents of the Orange Grove Quartzites. Present investigations 
indicate that they are probably pre-Witwatersrand in age and are most likely 
members of the Swaziland System. 

The quartzites at_ Vaalrand are thickly-bedded and have sporadic 
and inconsistent lenses of very coarse conglomerate at or near· the base (Nel, 
1933). Higher up, stringers of small-pebble conglomerates and grits are 
infrequently developed. The conglomerates are characterized by pebbles 
which are almost exclusively chert, both banded and massive, with a black 
va;:iety being the most prevalent among the latter. Snyman (1956) reported 
the presence of a number of thin layers of black shale, frequently brecciated, 
and, at the ea stern end of Vaalrand, thin folded bands of metamorphosed, 
impure limestone. Mountain (1962) found intercalated layers of talc schists 
in the quartzites, and cross-cutting bodies of serpentinite. The strata have 
been isoclinally folded with the axial planes dipping to the south at steep 
angles so that the southern limbs of the synclines are overturned. 
Pseudotachylite veins in the quartzites have been reported by Snyman (1956) 
from the eastern end of Vaalrand. 

At Lepelkop two bodies of quartzite are present separated by a zone 
of banded slates which are highly contorted. The quartzites are fine - to· 
medium-grained and contain no conglomerates (Nel and Jansen, 1957). The 
overlying formations are composed of a thick succession of ferruginous ' 
shales and banded ironstones with intercalated, thinly-bedded, fine-grained 
quartzites in bands up t9 5 feet thick. Isoclinal folding is not obvi0us and 
the general dip is much less steep than at Vaalrand, being of the order of 
30° to the south. In Borehole NR: 3 to the southeast, intercalated qua;tzites, 
chlorite schists and massive talc rock were found above the gneiss. Sill­
like bodies of quartz diabase, enstatite peridotite and serpentinite were 
also present (Sawyer, 1917). 

The influence of these occurrences of quartzites on prospecting 
operations in the area has been mentioned earlier. The assumption was made 
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that they belonged to rhe Orange Grove Quartzites, bu•. subsequent drilling 
results could not effect a satisfactory correla1.ion betweeri the st.rata actually 
encountered and 1he rocks that. should have been ir•.'ersected if the supposition 
were valid. This discrepancy is cor,sidered t.o cast. cor.siderable doubt on the 
quartzit.es represertir.q the base of •he Wi1.watersrand System. and the follow-• 
ing arguments are offered ir. furr.he1 suppor1 oft.he \'aalrand ard Lepelkop 
quart.zit.es being members oft.he pre•,Wifwatersn,nd Swaziland System; 

(i\ the true straUgraphic thickr:ess of the quart,ites at Vaalrar:d 
is approximately ·800' ar.d at Lep<olkop 10(1()'; the thickness 

(") ,11 

(' ") ,11 l 

(iv) 

of the ur-doub•.ed Orange Grove g:·oup of quartzites and shales 
at Heidelhe,g is 500 feel and at. Johanr,esburq 770 feet.; 
evider,ce shows 1ha1 the Witwatersrard formations all.thin to 
the sou!.h and southeast; and it seems unlikely t.hat the Vaal.­
rand and Leoelkop occunepces. if 1hey are Orange Grove 
equivalents, should be such a no1able exception t.o this trend, 

at no localities if! the area. where ur,disputecl Lower Witwaters­
rand strata' have beerc niapped. are substar>liol developments of 
quartz.ites to be found at 'he hase; t.he evidence would appear 
to indicate that 1.he Orange Grove Quartzites rnther t.hor, 
thickenir,g 3ppreciably have lhir,Ped and char,aed facies to 
1he extent. of beir.g represer.t:ed hv a r. ➔now hori;.on of 
alternaiing t.hin qua•tzites ar.d sha)P,s hardly dist.inquish0ble 
from highe, members of the Hosoil.c<i Hill Series. 

the sjze of 1.he oehhJes jr.1 rhe ba.:,:;o] cor:g.~ornerat.e <J.-1, Voalrcnd 
' . i's too large to fit into ,he pa•.terr. of progressive deqeneraUon 

of Witwat.ersrar:.d banket, in 1he same dir.ectior, as the thinning 
of the s•.rat.a , 

the composilior of the pebbles is'also foreigr to the normal 
character of both lower and Upper Witwa1e1 srand conglomerate; 
!.he almost total ar•ser.ce of quartz pebbles and the predominance 
of chert simi.l;,r t.o that four,d in the Fig Tree Series, are features 
commonly associated wit.h Moodies conglorr,e1a,c,s. 

{v) the presence of Jimestor>e har.ds jr, :;1i;J11zites as found at. •he 
ea stern end of Vnn. lr ~1 rid - is ~ ohenoi' 10ror: :1r:k r•ovvn in the 
Wit.wa1ers:ar.d Sys1em elsewhere iD the r,,sir. 

(vi) serper;tir·ites c1rcd •.ale. bodier bo'.h cor;fo•n°abl8 with 1.he beddir;g 
and cross~cu1Hr.g, are Also UP!<r.owr, 1n 1he Vvitwa1e1srand 
sedimeP'.s elsewhere. but. are common occurrences in 1.he 
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Swaziland System. 

(vii) there is a marked angular unconformity between the Vaalrand 
quartzites and the Contorted Bed and underlying quartzites east 
of Borehole SR .1 , such a relationship between the Orange Grove 
Quartzites and the overlying members of the Hospital Hill 
Series is unknown in the remainder of the basin. 

(viii) the tectonic style of the Vaalrand quartzites - isoclinal folds,. 
with overturned limbs - is also foreign to the rocks of the 
Witwatersrand System, but is typical of the Moodies and other 
rocks of the Swaziland System. 

C. WITWATERSRAND SYSTEM 

The variations in thickness of the Upper and Lower Divisions and of 
the Witwatersrand System as a whole in three localities in the South Rand area 
are shown in Table 2. A comparison is also made with the thicknesses of the 
equivalent divisions in the Heidelberg and Johannesburg areas. The general 
thinning of the system to the south can be readily seen, 

(a) Lower Division 

(i) Hospital Hill Series 

In the above arguments it has been shown that previously classified 
Orange Grove Quartzites probably do not belong to the Witwatersrand System. 
Nel (1933) concluded that no evidence had been obtained to indicate the 
presence of the Water.Tower Slates, the ·Ripple Marked Quartzites and the 
Speckled Bed in the area south of the Sugarbush Fault. It thus seems that 
the basal members of the Ho·spital Hill Series were not deposited over a 
large portion of the area, a deduction which particularly applies to the 
southernmost exposures where the mapping of Schalk (1956) and Leube (1956) 
around the hinge zone of the Balfour Synform south and east of the Hex River 
Mine showed that the lowest members of the Witwatersrand System are 
represented by thin quartzites and ferruginous shales about 100 feet below 
the Contorted Bed, In the Johannesburg area approximately 2500 feet of 
sediments lie between the Contorted Bed and the Old Granite, while in the 
Heidelberg area the thickness of these strata has been reduced to about 
1400 feet. 
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At the confluence of the Vaal and Waterval rivers south of the Hex 
River Mine, the lowest rocks in the Witwatersrand System consist of fine­
grained quartzites 20 feet thick (Leube, 1956). These are overlain by highly 
ferruginous shales in which is the Contorted Bed. The degree of deformation 
in the Contort,ed Bed is considerably less than that developed in the Heidel­
berg and Johannesburg areas, and in most places the bedding is almost 
totally undisturbed. Folds are replaced by brecciation in some instances 
where numerous small pieces of ferruginous shale are cemented to quartzite 
lenses (Leube, 1956). The Contorted Bed is no longer the useful marker 
horizon it is elsewhere in the basin, and its stratigraphic position can be 
fixed in the majority of cases only by reference to the more definite Black 
Grit higher in the succession. The ferruginous shales become more sandy 
upwards and thin intercalated quartzite bands appear. 

The shales are overlain by the Black Grit horizon which attains a 
ljlaximum thickness of 100 feet, but is lenticular in nature and pinches to 
25 l:eet at intervals along strike. This horizon, which can be traced into 
the Heidelberg area, is composed of medium-grained,reddish quartzites 
with sago structure and ripple marks (Leu be, 195 6) . Angular or subangular 
black chert pebbles up to one inch in size, but generally less than ½-inch, 
are·· scattered throughout the quartzite which also contains lenses of black 
grit. The presence of black chert spots i-n white-weathering quartzites 
makes this an easily recognizable marker horizon on outcrop (Nel, 1933). 
Two quartzite bands succeed the Black Grit and these, in turn, are over-
lain by 450 feet of shales which become more ferruginous upwards. Two more 
quartzite bands then occur in which is sporadically developed a conglomerate 
horizon 12 in,ches thick with pebbles up to a maximum of ½-inch in a fine­
grained matrix. · The top of the Hospital Hill Series is marked by a thick 
succession of hard, yellowish or reddish quartzites which are fine-grained 
and contain lenses of felspathic quartzite with sago structure.· Sheets of 
quartz dolerite and dolerite are numerous and add appreciably to the thickness 
of the succession. 

In the Witkleifontein locality on the eastern limb of the Deneysville 
Synform, 400 feet of Hospital Hill Series strata were intersected in one bore­
hole.· The Black Grit horizon occurs above at least ll 0 feet of banded shale 
and is overlain by 135 feet of quartzite containing narrow shale bands some 
of which are contorted and schistose. Joints in the quartzites are smeared 
with green phyllosilicates. In thin section the quartzite consists of a mosaic 
of quartz and felspar containing shreds and needles of hornblende, granules 
of pyrite and stringers of mylonitic quartz (Sawyer, 1904). Shales with 
numerous slickensided surfaces, and at least 1 SS feet thick; occur above 
the quartzites. Quartz and calcite veins are abundantly developed in all 
rock-types and pyrite is usually present. The whole succession has the 
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appearance of being highly sheared and altered. 

In the New Rand locality the Black Grit horizon is 75. feet thick and, 
in addition to the characteristic black chert fragments, contains pebbles of 
less than ½-inch diameter of white and grey quartz, quartzite, calcareous 
quartzite, shale and limestone (Sawyer, 1907 and 1917). Pyrite occurs in 
a finely-disseminated form or as oval granules up to O. 25 in, in diameter. 
This horizon occurs at the top of at least 950 feet of quartzites, magnetic 
shales, green, grey, blue and purple shales ,. and numerous intercalated 
sheets of quartz dolerite, diabase, mica diorite and enstatite peridotite. 
Biotite is often present in the shales. Above the Black Grit is a 350 feet­
thick zone of quartzites and shales devoid of igneous material. Patchy 
conglomerate bands and lenses of grit occur in these quartzites., A 1150 
feet-thick succession of intercalated quartzites, shales and sheets of intru­
sive rock apparently forms the top of the Hospital Hill Series in this locality, 
but the possibility exists that some of the rocks in this succession might 
belong to the lower portion of the Government Reef Series. Again the rocks 
give the impression of having suffered appreciable shearing and alteration 
and the amount of igneous material intrusive into the sediments is. exceptional­
ly large. 

In the Balfour Synform the Hospital Hill Series thins by about 1200 
feet over 20 miles between the Wilgepoort Prospect and the Vaal-Waterval 
confluence. A decrease in thickness of approximately SOO feet occurs over 
10 miles in the Deneysville Synform between the Witkleifontein locality 
and Oranjeville. 

(ii) · Government Reef Series 

This series is not as well-exposed as the Hospital Hill Series in 
the South Rand area, nor are there any complete borehole intersections to 
allow of the detailed succession being determined.· South of the Hex River 
Mine Leube (1956) found that the lowest exposures consist of four narrow 
bands of fine-grained quartzite with intercalated shales and infrequent 
pebbles of black chert. These are overlain by a thick group of shales with 
numerous diabase sheets. White, yellow or red quartzites of the Government 
Reef group then occur containing beds of ferruginous shale and grit near the 
top. The top of the series consists of the Blue Grit horizon which attains a 
maximum thickness of 600 feet in this locality. This easily recognizable rock, 
which is also well-developed in the Heidelberg area, consists of a bluish, 
somewhat argillaceous matrix in which are set pebbles less than ½-inch in 
diameter of chert, limestone, microcline, brown mica schist and chlorite 
schist, as well as scattered angular fragments of pebbles of up to S inches 
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in sh:e of quattzite irnd devitrified lava, No bedding is apparent in the 
horizon whioh 1G 1ntrndtld by quartz dolerite, ln the Rooiwal locality Schalk 
(1956) mapped 11 200-thiok expo11urn of Blue Grit underlain by quartz dolerite 
and overlain by medium-grained rlpple~marked quartzite, 

In the BdEJfikop Mimi the Goverfiment Reef Serles occurs between two 
faults whioh upthrnw the Old Granite to the. fiorth aftd downthrow the Venters~ 
drop System to the south, l'htc1 strata dip southwards into the faulted contact 
with the lavas irnd the tlUOQetJsion from the fault northwards, aooording to 
ll.ogern (1922), ifi shQWfi in Table 3., 1t is estimated that about 200. feet of 
thfl basal pottl<'lfi ot the Prnmise !Hage, inc:iluding the Promise Raef, are not 
flxpos@tl, and that about 900 frrnt, lnoluding the GovGrnmfclnt Reef, have been 
mJt out !Jy laultlfig from the top of th@ Government Stage , 

A oofl!ljllououtl featurn <'lf the Government Reef Series south of the 
llugatbutJh Fault ill th@ apparnnt ab!l@fietl of the tlllitt\l and the magm1Uo West 
Ramt l'lhal@fl, bt:ith of whioh form Ufleful stratigraphlo markern in the East Rand 
!la Sill a!ld @1irnwh@rn, 

A§ 1§ th@ §a§@ fit:irmally within the WHwat@rnranei System, the Jeppes~ 
tGIWfl l!lefl@§ doe§ ne,t form got:id out©rop§ and, a§ no. borehole penetrated thf;l 
wh@lil thlolrn@§tl, it ill fiOt flOtl!libl@ to prnt@nt th@ d@tailed llUm.Jessiem. \:if 
§ttata, ifl th@ WHkleHtJfit@lfi .lmwHty abemt 3!Hl feiet of Jeppeiitown r0oks 
lmm@tHate1y .ufid@rlylflg th@ Maift•l:llrd Seri@!l wern ifihil'!lElf'll@ei il'I ol'IEI h0le, 
'l'h@ t@p of th@ irnri@§ ill fotmE!t:I by 4/l f@@t ©f flhalE!!l sl'ld thElii@ srn f\:iUowl.ld 
by is !@et of QYartzHe!l, 'l'h@ mrnt 147 f@@t am tlornp©!leiel CJf !lhales, ll5fi\Ei 
bafld!l of Whi@h ate! highly 06fih:lrted 61:' brtWtliat@el, V@il'lll of ttuart.>. al'lel 
@ai@H@ arn JJte!ltlflt ift all th@ bafttlfl, A thiolrn@!l!l of 78 feet 5f 11uart~Hes 
afld 411 fa@t cJf flhal@!l theft @O§Uf!l abov@ aft amygdaloielal lava flow into whitlh 

· the b@rn!wi@ J:J@fietrat@tl for l tl f1rnt, 

Ifl !l@rnhai@ ll'l', 2 at th@ Meitlelb@tt;J~ll©odepemrt Mil'I§, afi amygdal5id~ 
a11ava ~48 f@@t thitik lmm@cliately uritlerlil'l!l qm1rt~it§!l ©f the Mail'l,.Bltd 
/fari@§, 'l'hi§ i!l /HWti@ecl@cl cl©wnward!l by 14 feet ©f ttuart~Hes, l ~ fllet 5f 
§Yia1@§ irncl i 17 feet @f aHeffiatift(l thifl ttuart~H@ sfid !lhall'l bal'ld!l, A ~ofitl ©f 
bia@k §hale!§ HI§ f@E!t thitik 'Wa§ theft @fl(:j(:j\Jftt@rntl and bel5W l:hi§ thtl hol§ pel'le~. 
trat@d 144 f@@t tJf qm1rt~He!l b@f@rn b@ifit;J llh'ipped, 

Nel (HI~~) rnptirt@El that, at th@ MeiM !liver Mi fie, the Jeippei Afilygda~ 
i@icl @tJft§i§t§ ©f twtJ fi©W§ ifl the Upper part ('Jf th@ J@pp@sl:5Wfi ~eries, '!.'he 
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Stage Substage Rock-type 

Government Stage quartz ites 

• 60 feet . conq l omerate 

Coronation A quartz Iles 
470 feet Coronation Reef 

quad, ites 

Coronation B shales 
340 feet quartzites 

Coronal ion C shales 
· Coronation Stage 160 feet quartzites 

1830 feet shales 

quartz Hes 
grits 

Coronation D quartzi tes 
860 feet nicaceous quartziles 

quartz i tes 

micaceous quartzites 

quartzites 

Promise A sha 1 es 

720 feet quartzites 
Promise Stage 

Promise B shales 
+ 1040 feet 

210 fset quartzites 

Promise C • 110 feet sha les 

Total thickness of Government Reef Series exposed 

Table 3: Detailed Succession within Portion of the Government Reef Series 
at the Edenkop Mine on Rietbult Estates 505 

T~ickn)ss 
i foe! 

• 60 
3 

460 

2 
10 

10 

330 

100 
60 

110 
220 

1 
260 

30 
20 

20 
200 

440 
280 

10 
200 

• 110 

2930 



one is a dark Java with a few i so]ated large an'ygdale s. The other is devoid 
of amygda]es ,· but cor:1.air,s small fel spar phenocrysts. To the sout.heast of 
the mif!e Leube (1956) found or,e flow or.ly, 300 feet thick. with felspar 
phenocrysts but no amygdales. The lavas are underlair> by a thir> bar>d of 
reddish, fine~grained quartzite and overlain by sandy shales ir> which is 
present an horizor, of lenticulm, medi um~grained.whlte quart zi1es. The 
rest of the series is composed of shales. 

(b) Upper Division 

(i) Main-Bird Series 

It was orce thought (Sharpe, l '?56.l that the MaiP~Pi!d Series t.hir-red 
progressively southwards frort the Sugarbush Fa.ult to 1he extent of r,,ot being 
developed at all in tbe South Rar,d Goldfield, Howe,.:er, this cor.c:lusior, was 
based on '.J,e assummior. that. all the amygdaloidal Java flows er,countered 
were members of tqe Jepoestown Series. Subsequer.t drillirg results per~ 
mitted a di stinc'.ion 1.o be made bet.we er the Pi~d Amygdaloid ar:-d the Jeppe 
Amygdaloid ar,d sup;:,ort. was thus provirled for Nel' s (i 9331 comen1Jor> that 
the Main-Bird Series was present. hut ir> a J.ighly aue~ua•.ed fo,ir. 

Variations ir, the thick Pces s of the hor i zo:<cs conipri sing 1.he Mair•.~ 
Bird Series in four localities in the area are sJ.owr ir.· Ta\->.le 4 a,d a corrpari-· 
son is also rr.ade with the m-:t.en1 to which 1.he equivaler:1 beds are developed 
ir. the Heidelberg a.ref', T\,e amour>ts tv wJ.i>::h the ov8rn.ll U-,icl<.rcess of ~he 
series is increased by lava flows '.lre also E-r,owi: ir. •.J.is •.shle. From tbe 
large number of bornh0les drilled in the De Kuiler.~Wi 1.k 11oifoJ:1.P.in locsJi1.y. 
it has been possible 1:0 compile dei.ailerl successicrs wi,J:ir. the Main Stage 
(Table 5) andthe Bird Stage (Table 6). No such comvehe,·sive ir.formcUon 
is ava.ilable elsewJ.ere ir>. the a.rea. 

The Maip Stage has been divided into four suhs1ages in this locality 
and ai: attempt has beer made to correlate these with tJ.e two substages 
preser,it in the Heidelberg area, Four substages have also beer- proposed for 
the Bird Stage and these have beer. compared with the fow substages dis~ 
tinguished in the Heidelberg area. Tr-P. thinnirg of all suhstages ir. hotJ. 
the Ma.in arid Bird Stages southwards from the ffeidelberg :i.rea can be 
clearly seen. being more pror:-.ourced ir. 1.h1o case of the former stage. The 
degeneration ir the frequer>cy ar:".l rohus1rcess of corgl0rnerr.fes,wr.ich 
develops betweer 1 oh2r:resburg arrl Hei~elrerq,is cor.t.inuerl ir1o the Sou1h 
Rand area, Shale beds which, exr.eot. for t.0e Yimt,erlev Shales. are vir1ua!ly 
unknown ir- the Mair.~P.ird Series ire the Cer.·:.ral Rand ar:d f'JS1 Rar.d hecon°e 

23/ ... 



e 

- 23 -

Witklei- Hex River Heidelberg- Wilgepoort-
Stage Horizon fontein Mine Roodepoorl Fortuna Heidelberg 

Mine 

Kimberley Shales 80 110 140 300 380 

Upper Bird Quart,ites 510 50 70 210 280 

Bird Marker - - - - 30 

Bird Middle Bird Quarlzi!es 40 - - - 40 

Upper Bird Amygdaloid - 240 480 2&0 110 

Lower Bird Grits 10 90 110 80 30 

Lower Bird Amygdaloid - 110 120 90 &O 

Bird Reef Conglomerates 10 - - 50 &O 

quartzites, grits, 
Main c ong 1 omerates 250 200 280 710 810 

Total thickness Main-Bird 900 800 1200 1700 1800 
Series 

Thickness of sediments only 900 450 in Series 
600 1350 1&00 

Table 4 Variations in Thickness of Members of !he f:ain-Bird Series South of !he 
Sugarbush fault Compared with Thn.,e of !he Heidelberg Area (thicknesses in feet) 

Witkleifon!ein Heide ]berg 

Subs!age Horizon Thickness Subs!age 

quartz i tes l' 
conglomerates 32' 

Main A quartz i tes 22 1 I 

30 1 conglomerates &• I 
I 

quartzites 2' 

conglomerates 2' Livingstone Reef Subs!a,;e 
-· 

Hain B shales 2" 510' 

l&' quartzites 15 1 

sha 1 es 1." 

Main C 
quartzites l I 

]4 I conglomerates 3' 

quartz ites .... , 
1;_. 

cong 1 c,,erates ' " -{ --~~·--------------il---
Main 0 190 1 quartzites 190 1 Nigel Reef Sub~t2~~ ~~a 1 

,-=.=.= 

Total Thickness Main Stage 250 1 810 1 

Table 5 Detailed Succession within Main Stage on the Witkleifontein Portion of 
Grootvlei 453 Compared with Thicknesses of Main Substaoes In Heidelberg Area 



Substage 

Bird A Subslage 
590 1 

Bird B Subsbge 
44 I 

Kimberley Shalos 
Upper Bird 
0ut1dzites 

" 24 -

llci,:elbmJ 

Thickness ' SubslagB Hcrizon Thickness 
-----+-------+-----

80 1 Upper Bird ~ubdage Kirr,berley Shelec 380 1 

&50 1 Upper Bird 
1i Ou:irh i ~es --, --------. . ----- --··------- - ···-----

5101 280 1 

~~:~t~ Hes 2i: ,i Midd;e Bird S,bsfag,i Died f',,rv.or 30 1 

grits 2' , 70' I f',\odlt' Bfrd 

I-B-ir_d_C_S-ub_s_t_a_go-+-:~~-:;·::ites ;~: -1: --··-----------· ", L~~:~'~:~:s - --- 401 . 
13 1 quarb.Hes 21 ! Lover Bird St!~shgt Amyqdai:,id nr,1 

----+------- _______ J _____ 140 1 ________ l.o\'i:.t· Bid'Gl'its ___ .30 1 __ 

shales 21 1• Bird Reef Subdaqo La,er Bird Bird D Subsfage 
31 grits 81' 1701 A·nrqdal,,i,'. 50 1 

I o. ' p , 
, c1ro .d':i 
j {;! Lfl l t ;,'l_lj'f'{P3 I ljQI 

, ~o!a 1 ·-;;:;;;;1'SS
0 

Bird Ster•~·- ~1=_&50:--=!: =c lotal. t1,i,;kness ,Biro -s,,~go-~~-~~~~~--1=·9901-

J.s!JJ.il.._6.: Detailed Succr,ssionyi'hin Rird Shqe or, !he W'itt-i2ifor,!sir, Por',k;_of 
Groobld 1,53 Come._arcd wilh Hi~! of H:~iCelbd:g A:'B3 

:~ooo 

?00 

lb?O 

200 I JOO ------!------,-, ___________ ' ----· -----
:rnuo L :,100 

---------·- -

T c;b.le} : V<.itid l iow· J:-1.Jhi:.l-::iB:>~- d _Ms::,~•tJ'S_ d {h~ ~ h:;<-:1'1tt""~·1.:,t-LT:t S·:c:_•-;e$ South 

l
ot !~:. S11qatb~::~1 . F 01:: ·1 l f.c:,T.!;3ted. 1d ih Jtw~:~_ n 1, Hn-; He i (W ·, ~;,;·-.i. 1\1-f::i 

t.h ~ (":11 :-:%.c;;es i !1 fet t .l 
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prominent in the area south of the Sugarbush Fault, particularly in the Bird 
Stage. 

The Main D Substage, in the Rooiwal and Hex Riv.:,r Mine localities, 
has a medium-grained white or yellow, cross-bedded quartzite lying immediate­
ly above the Jeppestown Series (Leube, 1956). Mica and felspar occur in 
some places. The quartzites are coarse-grained at the base and locally pass 
into grits, but no equivalent of the Nigel Reef (Main Reef Leader) of the 
Heidelberg area is developed on this horizon. In the Witkleifontein locality, 
the Main D quartzites are characterised by the development of conspicuous 
amounts of phyllosilicates on parting planes between bedded units (Sawyer, 
1917). Conglomerates, which might be the equivalent of the Livingstone 
Reef, are pre sent, but poorly and sporadically developed, in the Main C 
Substage throughout the area. In the Witkleifontein locality the amounts of 
phyllosilicate s present in this substage are substantially less than in the 
underlying Main D Sub stage. Higher up, the quartzite s of the Main A and 
B Substages in this locality have a particularly clean matrix and phyllo­
silicates are virtually absent (Sawyer, 1917). The conglomerates found in 
the Main A Substage do not appear to have any equivalents in the Heidelberg 
area. 

The Bird quartzites in all four substages in the Witkleifontein 
locality contain thin layers of chlorite and have a chloritic matrix (Sawyer, 
1917). Thickly-bedded cream or pinkish quartzites in the Bird C Substage 
contain scattered pebbles, grit bands and lenses of small-pebble conglomerate 
in most localities in the area. In the Tweefontein locality, Snyman (1956) 
reported that the Bird B Substage contained quartzites which weather to a 
dirty-white or brown colour on outcrop, but which are grey to green when 
fresh. Ser{cite is common and appears to be more abundant where the rocks 
have been intensely sheared. The shales at the top of the succession are 
red on surface, but become green or grey at depth. They also contain con­
spicuous amounts of sericite. In tne Bird A Substage, the quartzite under­
lying the Kimberley Shales are fine-grained,reddish or brown varieties on 
outcrop at the Hex River Mine (Leube, 1956). In borehole intersections · 
at the Heidelberg-Roodepoort Mine, they form a useful marker horizon, being 
fine-grained, white and silicified and containing occasional pyritic planes 
and green chloritic partings (Sharpe, 195 6) . 

Of the volcanic material in the Main-Bird Series, the Bird Marker, 
persistently developed in the East Rand Basin, does not appear to be present 
in any locality south of the Sugarbush Fault. The Lower and Upper Bird 
Amygdaloid seem to be restricted to the deeper portions of the synforms and 
do not extend over the upper sections of the limbs and over the Villiers 
Antiform. This phenomenon has a parallel in the Johannesburg area where the 
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Bird Marker and Amygdaloid do not occur over the Palmiet.fontein Anticline 
which continues north from the Villiers Antiform. 

The maximum recorded thickr.ess of the Upper Bird Amygda.\oid is 
510 feet in Borehole RT .1 at the Heidelberg~Roodepoort Mine, There is no 
information as to what happens to the east of this hole towards •.he Waterval 
Antiform. However, southwards and westwards a definite thinning takes 
place, Jn RT. 2 the Upper Amygdaloid is 380 feet..• in HR.. l at the Hex River 
Mine 240 feet. in RWL.l 100 feet. and on the outcrop iD the Rooiwal locality 
only 20 feet thick. It apparently wedges out to zero against the ar,1.iclir,al 
structures on the western limb of the Balfour Synform, ard in the Wit.le.lei~ 
fontein locality, on the eastern limb of the Deneysville Synform .. has not 
reappeared although it might be developed again further to the west, The 
Lower Amygdaloid shows an identical trend from its maximum observed 
thickness of 120 feet at the Heidelberg-Roodepoort Mine. 

Jn the Malanskraal locality Rogers (1922) found the an,ygdaloid to 
be composed of andesine and albite~oligoclase in a devitrified matrix of 
chlorite, act.inolite, brown mica, epidote and small a mounts of quartz. The 
rock is highly altered down to a depth of at least 1000 feet suggesting that 
the alteration is not the result of weathering along the present out.crop. 
The amygdales reach up to 4 inches in size,. but are generally less than 0. 25 
inch, and are filled with quartz, although chlorite and epidote fillings 
have also been observed. 

The Kimberley Shales at the top of the Main-Bird Series are 
ubiquitously developed and form the only persistent marker horizon in the 
Main-Bird Series in the area. As is the case with the Bird Amygdaloid, 
the shales show a tendency to thin southwards and westwards. They are 
usually dar]:;. grey to black in colour and either massive or well~banded .• the 
latter feature becoming more prominent towards the top of the horizon. The 
topmost layer sometimes has a khaki colour ar.d is suggestive of the originally 
dark shales being weathered before the deposition of the overlying Kimberley 
quartzites. Thin bands of fine~grained, silicified quartzite ard. sandy shales 
alternate with the normal shales, 

Kimberley~EJsburg Series 

This series is better exposed than 1.he underlyir.g members of the 
Upper Division and,because of its con1.air:.ing 1.he orly ecor:omicaJ!y exploit~ 
able auriferous reef in the area, has received greater attention during pros~ 
pecting operations than the Main~Bird Series. Variations in the thickness 
of the main components of the two stages of this series are shown ir: Table 7 
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for five localities south of the Sugarbush Fault, and are compared with those 
of the Heidelberg area. The progressive thinning of this series in a south­
easterly direction from Johannesburg to Heidelberg is shown to be continued 
into the South Rand area. As is the case with the Main-Bird Series, the 
minimum thickness of the Kimberley-Elsburg Series has been observed in 
the southernmost exposures at the Hex River Mine. 

Boreholes have penetrated the complete Kimberley succession in 
the Witkleifontein and Stryfontein localities on the eastern limb of the 
Deneysville Synform and in the south-central section of the Balfour Synform 
respectively. Table 8 shows the subdivision of the strata intersected into 
six substages of the Kimberley Stage and an attempted correlation is offered 
with the three substages recognized in the Heidelberg area. In Table 9 a 
detailed succession for these two localities is given in respect of the 
Kimberley F or Lower Kimberley Substage. The succession within the Kimber­
ley C,. D and E or Kimberley Reef Sub stage is shown in Table 10, and within 
the Kimberley A and B or Upper Kimberley Substage and the Elsburg Stage in 
Table 11 . Changes in facies from the Heidelberg area can be seen in the 
development of shale bands in the Kimberley Reef and Upper Kimberley 

· Substages which are exclusively arenaceous north of the Sugarbush Fault, 
and in the decrease in number and thickness of conglomerate bands in all 
the substages of the Kimberley Stage and in the Elsburg Stage. 

The Kimberley F Substage, occurring between the Kimberley Reef 
(UK. 9A beds of the East Rand Basin) and the Kimberley Shales is 300 feet 
thick at Heidelberg, decreases to 200 feet at the Wilgepoort Prospect,.100 
feet in the Stryfontein locality and zero at the Heidelberg-Roodepoort Mine. 
The footwall quartzites of the Kimberley Reef are thus not developed at all 
on the upper portions of the limbs in the southern section of the Balfour 
Synform with the result that this reef rests directly on the Kimberley Shales 
in the Rooiwal locality, the Hex River Mine and the Heidelberg-Roodepoort 
Mine. However, this substage is present on the eastern limb of the 
Deneysville Synform in the Witkleifontein locality where it reaches a 
thickness of 200 feet. 

In the Tweefontein locality Snyman (1956) found that the Kimberley 
F Substage contains dirty-white quartzite s, coarse -grained, sheared and 
with abundant sericite. Cross-bedding occurs in a number of beds. In the 
Malanskraal locality, Rogers (1922) observed that these quartzites contained 
lenses, up to 5 feet thick, of black, cherty-looking grit in a matrix of cherty 
silica, chlorite and chloritoid. Subangular and angular grains and pebbles 
of quartz, quartzite and chert also occur in the quartzites, and the rocks 
bear a resemblance to the MK. 3 horizon of the Lower Kimberley Substage in 
the Heidelberg area. The lithology of this substage to the south of the 

28/ ... 



Subslage Thickness 
Witk i e i fo_n_j_g_i_n Strvfo 

Kimberley A Subslage 410 27 

Kimberley B Subslage V.20 9i. . ----
Kimberley C Subslage 20 1 

. Kimber 1 ey D Substage 1,0 i 

K fo,ber 1 ey E Substage 10 "1 
-· ----------··-,-·------· 

I 

Kiv.Lerley F ~bsl~- =="~~t··-~ 
Tota 1 thickness 2100 . r· 

· Kimber 1 ey Stage · ·'' 

Tab le 9 

~-- ---------------

lhickr,esses of the Kimberley Subsfaqes South of the SuJl.arLush Fault 
fQrcf'ared with Those cf the lleidelbe1'q_ A1·as (thick,;esses b feel) 

Dela iled Success io;, vHhb½er K imb,riey _Subdaoe. cc. the 
W-Hfieifodein Podior1 of fo•o0l·.1~ei 453 and S:£Yf 1.;:1teh, 609 
n .. ·------·-·i ·--·---------···--·-·· ·---------t,hicknesses in fee-!. . 
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Substage Wilkleifonlein Thick- Slryfonlein Thick-
ness ness 

(i) fine quarlziles with shale 20 (i) coarse quarlziles with 10 
band 5 inches thick al lop, large-pebble basal con-
but no cong l omerale bands glomerate 24 inches thick 

and poorly mineralised, 
separated by parting 18 
inches thick of quartzite 
with scattered pebbles from 

Kimberley C second large.pebble, poorly 

Subslage 
mineralised conglomerate 
band 24 inches thick; then 
parting 18 inches thick of 
quartzite with scallered 
pebbles overlain by small-
pebble conglomerate band 
9 inches thick, and fine, 
silicified quartzites 24 
inches thick al lop 

(iii) fine quartziles 2 feet ,, 
thick with basal conglo-
merale 3 inches thick 
and shale band 18 inches 
thick al top 

(ii) fine quartzites with 25 (i) coarse silicified quart- 10 
basal conglomerate 6 ziles with large-pebble, 

Kimberley D inches thick poorly mineralised basal 
Subslage ( i) medium-grained quartzites ll 

conglomerate 28 inches 

with basal conglomerate 
thick 

9 inches thick, and two possible equivalent of 
small-pebble conglomerate UK.7 beds of Heidelberg 
bands 12 inches and 2 area 
inches thick at 3 and 8 
feel above base respec-
lively, and fine quart-
zites 3 feel thick at lop 

(i) medium-grained quarlzites 10 (i) coarse quarlziles with 10 
with well-developed medium- scattered pebbles, with 
pebble basal conglomerate large-pebble basal con-
40 inches thick; then quart- g l omerale 12 inches thick 

Kimberley£ ziles 15 inches thick,well- overlain by fine quart-

Substage developed conglomerate 20 ziles 30 inches thick 
inches thick, quarlziles 9 

I 
inches thick, small-pebble possible equivalent of 
conglomerate 6 inches thick, UK.9A beds of Heidelberg 
fine quarlzites 24 inches area 
thick, and shale band 6 
inches thick at top 

Table 10 Detailed Succession within Kimberley Reef Substages on the Witkleifonlein 
Portion of Groolvlei 453 and Slryfonlein 609 (thicknesses in feel} 
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S!ago or -- ... ~•tkl 'fo t,in 
---~.- . ·•-~-

lhlck_J Slryfontein ,-..~bSW]9__ -~- , e1 n o ll!:SS 

' (iii) coarso quarll Hos un:ler 150 
Yenlersdo,·p lava slth 
basal conglomerate 12 
inches thick 

(ii) coarse quarlzites wllh ' 410 (I) coarse quartzl\es anri £1shurg 
Stage basal conglomerate 18 grits, but no conglo,,,ir• 

Inches thick and two ate bands 

fioO 

conglomerate bands less 
ihan 12 Inches thick at 
200 and 210 fee! above 
besc, 

( j) coarse quartzi!es 1,0 
-

(I) coarso qu1rl1lto1 with 410 
basal conglo•oralo 12 

( I) coarse quarlzites and Kimberley A inchss thick and one 270 
Substago cong 1 omr;rafo bend 3 i,,chas grlts, but no cong 1 o»er• 

111 lck at 280 feet above ate or shale bands 
base, and vHh shale band 
3 feet thick at top I ~- .. ···-~~~~"•~'• 

. 

(II) modlum•grained quartz1les 515 
wllh basal conglomerate 
3 · inches thick and sha lo 
band 12 inchos thick al 
t&p 

( I) coarse quar!zi!es with 845 (i) c,,,rse i-ilic!fied quart-

Kieberley B basal conQlo:maio 12 

I 
z i fos \i'ith t, ,'r:::: ~r.a 11 ~ 

Sub~!ago inr.hos !hlcx, ons con• p(;VUn conglu:r,arolC! :.--_1i1'.f. 
gloeerate band 6 inchos each 12 Inches thick s{: 
thick at 275 feet above 649, 651 and 671 feet 
baso, ar.d f I ve poor 1 )'• i .:~1!)v;; base 
developed cor,9lomeraie 
b8nds all le~s than 3 
inches thick al 455, 490, 
585, 790 and 825 feet 
above bzso 

-

920 

l 

J __ _I 
Table 11 Detailed Succession with~n flsburg S!a'l_'l .. ~d UQP_ll£__K~mb_,e~~ubs!ages 

on tho K1lkle\fon!ein Portion of Grootvlei 1,53 and S;rvfcclcln 609 
(thicknosses in feet) -
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above localities is shown in Table 9. 

Other than in the Witkleifontein aPd Stryfonteir, localities. it has not 
been possible to distinguish between the Kimberley C; D and E Substages, as 
shown in Table l O. In the Rooiwal locality, Schalk (1956) hc1s shown that the 
Kimberley Ree·£ at the base of the Kimberley E Substage consists of well­
rounded, whitish quartz pebbles in a fine-grained matrix. Above the reef are 
medium-grained quartzites, Ji'ght red . white or greenish in colour, with 
cross-bedding and ripple·•marking common. Small lenses of conglomerate 
are developed in certain places. At the Hex River Mine the Kimberley Reef 
Substage consists of a conglomerate at the base with well-rounded pebble.s 
averaging 1 inch in diameter, overlain by dull-weathering, coarse-grained 
quartzites, micaceous in some instances and frequently cross-bedded 
(Leu be, 195 6) . 

In the Wi.tkleifontein locality, the El sburg Stage ar.d Kimbedey A 
Stage, as shown in Table 11, codain numerous thin, Jen'.icula.r bands of grit 
with scattered small pebbles. Flaky phyllosilicate minerals are abundant in 
the quartzites and grits, and pyrite is also a common component (Sawyer, 
1904). Only a few thin shaly partings, usually less than one inch thick, are 
intercalated with the quartzites, The Kimberley B Substage contains a lesser 
amount of grits and scattered pebbles,a.nd the quadzites are of a finer grain. 
Phyllosilicates are still conspicuous, but, together with pyrite, become 
progressively Jess abundant downwards. Thin shale bands are definitely 
more abundant than in the overlying rocks. 

In. the Annie's Rust locality J\Tel and Iansen (l 957) found that the 
Elsbur.g quartzites are medium- to coarse-grained and a.re. usually dull­
weathering. Grits and pebble b.ands are rare and, wher. present, normally 
take the form of thin washes with the thick,ness of a sir.gle line of coarse, 
gritty grains or small pebbles less than O. 25 in. in diamete~. Leube (1956) 
observed that the Elsburg Stage in the Drukfontein locality is composed of 
quartzites., with grits and scattered quartz pebbles appearing only near the 
~p. . . 

D.. VENTERSDORP SYSTEM 

'Members of both the Lower and Middle Division of the Ventersdorp 
System are present in the area. The lower group of rocks consists essential".' 
ly of basic lavas with a zone of tuffs, as_h, t.uffaceous sediments and volcanic 
breccias developed at the base in certain localities. The lavas occur through­
o.ut the area and form by far the majority of ~he outcrops. Jn surface areal 
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extent they are second only to the sedi ment.s of the KaEoo System, The 
Middle Division is restricted to the ext.reme r..ort.herr, limit of the area adjacent 
to the Sugarbush Fault where the r:orthwestwards--plur,ging structures have 
their maximum depression, This group consists esser,.tially of conglomerates, 
grits, shales and thin lava flows. 

(a) Lower Division 

Jn Table 12, data are presented to show the r.ature of the basal 
portion of the Ventersdorp System as revealed by outcrops and boreholes over 
the whole area. The trar.sit.ion zone, or passage beds, range from zero to a 
maximum of 280 feet in thickness and there is no readily apparer,.t pattern to 
their distribution. They are probably localised in what were depressions in 
the pre-Ventersdorp and post -El sburg erosion surface but insufficient 
inform~tion is presently available to ascertain whether the formation of such 
depressions was structurally controlled or not. 

Jn the Annie's Rust locality the passage beds, 70 feet thick. rest 
on Elsbutg grits and are overlain by amygdaloidal Java .. They consist of 
dark, very fine-grained tuffaceous rocks, with gritty frcgments., and volcanic 
breccias (Nel and Jansen, 1957). In the Tweefontein locality the whole 
·thickness of 30 feet consists of tuffaceous sediments (Snyman. 1956), 
while in Borehole DMR .1 to the southeast. the transition ·zone was composed 
of clay-rich sedimer.ts. In the Rooiwal locality. the base of the Ventersdorp 
lavas is made up of a hard .. dark tuffaceous rock (Schalk, 1956). At the Hex 
River Mine, Borehole 'BR. 6 disclosed the presence of 54 feet of amydaloidal 
lava above the Elsburg Series, This was succeeded by l 6 feet of dark grey, 
coarse to gritty quartzites with numerous lava fragments, capped by a·gabbro 
intrusive 50 feet thick, Ir. the Drukfontein locality, the passage beds con­
sist of a narrow band of quartzite with scattered quartz pebbles lying above 
the Elsburg grits. Above this are tuffaceous rocks with two intercalated 
narrow bands of amygdaloidal lava (Leu be, l 956), Borehole RT. 8 at the 
Hyidelberg~Roodepoort. Mine intersected a dcuk, fir,e~grained basic extru~ 
sive at the bottom of tre Ventersdorp lavas, cor.tairir:q incluE.io,.s of bleach~· 
ed quartzite. Fox (1939) found that the trar.sit.ion zone at or,e )ocalit.y on 
the outcrop at the Heidel rerg~Roodepoort Mine cor. si steel cf •:he following:~ 

t 18() fee1 amygdaloidcl lsP.1a 

220 feet porphyritic a:'l.d amygdaloidal lavas 

50 feet .. decomposed lava with relict amygdales 
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Borehole 
llo. 

RF. l 

OV.2 

outcron 

outcrop 
outcrop 

OMR,l 

RWL.l 
RIV. l 

RW.2 

SO. l 

HR.6 
HR. l . 
HR.4 
HR.5 
IIR. 7 

outcroo 

outcrop 
RT.8 

RT.3 
RT.4 

ROP.3 
RT .2 
RT.5 

llS. l 
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localily 
Overlying Venlersdccp Ventersdorp Basai ~ Underlying 
Formation L 01r1::r_ Lava Jraosi!ioo Zone [ormation 

Rielfonteio 177 (O.F.S.) Vent.Mid. 480 Qbsenl Old GranHo 
Seds. 

Kooppiesfootein 5 Karror:i 880 '/ 7 
(O.F.S.) . f 

Annies Rust 763 O.F.S.) nOrit' , 100 ____ 70 -- Elc.bura 

Modderfonlein 1,10 none t 100 :10 E"lsb•irg 
Jweefonlein 560 none , 100 30 Kimberley A 
Oasnoor! 564 r.one ll()O ___ ~--- bO _____ Bfrd A ----·---'---
Rooiwal 607 fj'JrJE- nn 230 Bir'd A 
Ri"eh lei 600 none 60 780 Bird A 
Rooiwa l 607 none 1010 absent ____ , .~imberl~y_B. 

Strvfonte in 609 none 342_1)_ __ abseitL ______ _flsb~r,L_ 

Hex River Gold Mine none 80 70 [l sbucg 
do. none 1,90 aoseo! Elsburg 
do. none 1790 abseot Elsburg 
do. none 1980 absen! Elsburg 
do. none 2]1,0 absaol Elsbura 

Orukfor.leio 613 nore t J.00 _____ _____ 50 __ El sburo 

Roodepoorl 598 none ' 1,50 120 [1 sburg 
Heidelberg-Rocdepoorl Karroo 390 !10 Kimberley B 

Mine 
do. Kar,·oo 790 10 [lsburg 
do. Karroo 30 ,ibsent Kimberley B 
do. ncne 90 absent Kimberley B 
do. none 190 10 Kimberley~ 
do. none 880 

I 
absent ---- _Kimberl."Y B 

Van Ko,lderskon 547 none --· 150 ab·;ed Bird __ A__ 

Table 12 ![alure of the Base of the Venlersdor::p_jy_stem Sr.oshg __ [!:~•1c_g_r~e2,iY_s_ 
Relaliorships with Wii,atersrand Sysi_eEJ. (true thickoesses of 

in!ersedions in teet) 



50 feet 

30 feet 

4.0 feet 

10 feet 

+ 100 feet 
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shale or ash, and deeply wcalheruJ h1own 
111icac,~ous sha]y rnateridl possi}.,}y f!::prescnl in'J 

decomposed lava 

quartzite, clear arid white in th8 up-per fe,v f<H1t, 

but darker with inkrstitial chlorite in lowu pc:1'1 

volcanic ash, g1acling up through fine•"graim,d d01l: 
chloritic quartzite to the' purer quartzite c:bove 

lava, in th8 form of a thin, impersistent, badly 
weathP.red flow 

Elsburg grits 

.. The lavas of the Lower Division were classified by Rogers (1922) us 
acid andesites. They are invariably highly altered and composed of secondary 
minerals which include epidote, chlorite, actinolite, calcite, quartz, augite 
and felspar set in a matrix of devitrified glass. The felspar is frequently 
replaced by chlorite and quartz, Massive, amygdaloidal and porphyritic 
varieties occur, with the last-named being relatively rare and confined to 
one particular horizon. The phenocrysts, up to 4 inches in length, are com­
posed of felspar. The amygdales are of quartz, chalcedony, epidote and 
c'cilcite. Near the base of a flow they are r,ire, but ir. the middle they are 
common and generally rounded, while at the top of the flow they are most 
abundant and flattened. Leube {1956) r,oted that the flows near the Hex 
River Mine varied between 20 and J 00 feet in thickness, while near Balfour 
Snyman (1956) observea 20 flows over a distance of one mile. 

An analysis of !uva from Carsar's Vlei, west of the Lagerspoort 
locality, showed the following composition (Rogers 1922): 

Si Oz 54.85 re 2o3 l . 30 Ca0 7.HO 

Ti02 0,95 Fe0 9.60 Na 2o 3.05 

Al 2o3 15.15 Mg0 4. 30 Kz0 l. 50 

In the HeideJ~erg crc~o. c, zcr.e of porphy1ific 1~,,r..1, 30 feet ltll1~k, 

occurs between 300 and 9CO foci ,d,,,\.'e the base of the S,• 1terr !(: ·i · P.1 

Jansen, l >157). Southwards inio tt," South Rand a,e'o ihL~ u,:cful m.:;,.·;_ cues 
down lowqr and lower tov,ards the L- ~e as the i1v.crvcr:11; 1J ,:1~:£,~;iv:.: Dr.CJ. 
amygdaloid,d lavas thin, until in ths Lcpell'.op locality only c·, fc•." .'eet of 
lava separate the porphyritic hori:'.on frc,rn the 1op of th(, tr.:ii,sition zo,1e, 
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(b) Middle Division 

The Middle Division of the System is exposed in the Fortuna locality 
and at Nurney Hill. Jn the former place a basal conglomerate overlies the 
uppermost lavas of the Lower Division which are much paler 1.han the normal 
dark gree_n to dark grey, probably due to alteration by weathering subsequent 
to the pouring out of the lavas and prior 1o the deposition of the sediments. 
The conglomerate has a clayey matrix and pebbles and boulders up to 1 0 
inches in size. These consist of quartz, quartzite, black ard white chert, 
shale and Java of a more acid. compositior. thar. normally four.d iP the Lower 
Division (Rogers, 1922). Above this basal corglomerate are t.uffs, shales, 
sandy shales, grits and further conglomerates with t.hin lava bands towards 
the bottom (Snyman, 1956). At Nurney Hill a similar assemblage is found. 
The basal conglomerate is, in fact. a boulder bed with angular and well~ 
rounded boulders up to 36 inches in diameter. The pebbles, which are badly 
sorted,include numerous specimens of banded ironstone (Sr,ymar,. 1956). 

(c) ~~Jationship with W~twaters!..~:.1:'d _ _§ystem 

The \/en1ersdorp System is conformable with the Wif.wa1w srar-d Syster 
in some places and unconformable in ot.he~s. The •.rarsg,essior. of :.he lavFJs 
can be well seen around 1he eo.stern section of 1:he hinge z.one of the \Ii Jliers 
Antiform. Near the axis of this structure t.he Vent.ersdorn System Jies co1'•· 
formably on the Elsburg Stage, as on Modderfontei n 4 J (), nor•.h of the defunct 
Oceana Transvaal Colliery. P.roceedi ng east.words towards the axis of the 
Balfour Synform the lavas cut down over successively Jower s1.rat.a, resting 
on the Kim_berley A Substage in the Tweefonteir, locality aul 1.he Bird A 
Substage at the Heidelberg-Daspoort Prospect. This is the lowest horizon 
in the Witwatersrand' System on which the lavas have been proved to rest. 
However, the possibility exists that. the 1.ransgressior> might. extend over 
the Lower Division of this System P.ort.h of Greylir,gst.ad, Jn Borehole RF .1 
southwest of Oranjeville the Ventersdorp rocks rest directly or the Old 
Granite. 

There appears to be _a possible relationship belweer conformable and 
unconformable contacts and the present structures. suggest.ir:.g 1.bat. the lc1.l.er 
features were being or had been formed at. the t.irne of the out.pouring of the 
Java s and have been subsequently reactivated, Cor..for mable cor•.ar::1.;o, are 
seen on the relatively shallow~plunging hir,<Je zone-, of tro,,d fold suuctures 
and along the axes of synforrns. Uncor:formable rela1.ior:sbips are most. 
pronounced or the more steeply dippirg limbs of the same structures. 
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The lavas are conformable with th_i, Elsburg Stage in the hinge zone 
of the Deneysville Synform, as seen at Annie's Rust, of the Villiers Antiform 
aroundithe Oceana Transvaal Colliery, and of the Balfour Synform. as shown 
by the drilling results at the Hex Rjver Mir,e. Jr. the Stryfonteir: locality .. 
the Ventersdorp System is also conformable wil:h the Elsburg SUige along the 
axis of the Balfour Synform. Unconformable relationships are evider.t in.the 
Witkleifontein locality on the eastern limb of the Der.eysville Synform; 
between Tweefontein and the Phoenix. Prosnect on the northerr, port.ion of the 
western limb of the Balfour·synform, in the Rie1.viel•·Rooiwal locality in the 
southern portion of the same limb, and around the Heidelberg--Roodepoort 

. Mine on the eastern limb of the Balfour Synform. DrillJng results have shown 
that Ventersdorp rocks transgress across lower and lower members of the 
Witwatersrand System, the higher the elevation up the limb. Thus the 
change from cohformity to unconformity is a product of the charcoe in attitude 
of the ~nderlying · sediments fron{ near horizontal towards the a~is of a 
synform t9 relatively steeply dipping midway between this axis a,nd the axis . . . 
of the adjoining antiform. 

E. TRANSVAAL SYSTEM 

The only occurrence of the Trar:s,!aal Sys1.em in the ar'ea lies at the 
northernmost point where the Black Reef ar:d Dolomite Series have been pre­
served in the folded Fortuna basin. The base of the System in this syncline 
consists of a conglom_erate wll.h a dark clayey matrix in which are pebbles 
of quartz, quartzite and 'amygdaloidal \/entersdorp lava. Argillaceous 
quartzites, shales, sandy shales and quartzites with grit lenses complete 
the 300 feet thickness of the Black Reef Series. A few small exposures of 
dolomite and chert, belonging to the Dolomite Series, appear throu7h the 
karroo cover . 

F. KARROO SY-STEM 

Members of the Karroo System cire ,he most abundarc,·,ocks ir '..hP. 
ar.ea. Outliers occur in the northern por1.ior., becoming ::iroqressively Jaroer 
and ·more numerous to it,e 'south, east and west un1.il eventublly all the older 
rocks disappear completely under an ir.creasinqly 1:hicker cover of younger 
sandstones,, shales and igneous material. Only +.he Middle Ecca S+.age is 
represented, the underlying Dwyka. which prob;ibly once exJs;ed. having 
been eroded and reworked to form the basal members of the Middle f.cca, 
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Variations in the preserved thickr..esses of the Karroo System fro•m 
west to east across the area are shown in Table 13. The gradual thickening 
from north to south is illustrated by the data from the Deneysvi]Je Synform 
where the northernmost borehole COR .1 ir.tersected 525 feet of Karroo and 
the southernmost AB .1 1477 feet. From west to east there is no marked change 
in thickness across the Villiers Antiform from the Witkleifontein locality to the 
New Springfield Colliery. It would seem that. the Karroo rocks were deposited 
in a trough in this latter locality and t,hat a ridge occurred in the pre~Karroo 
floor between this trough and the Rietvlei-Rooiwal locality where the preservec 
cover is unusually thin. The differences between the thickness of Karroo on 
the eastern limb of the Balfour Synform and over the Waterval Antiform are not 
marked. The higher figure for Borehole NS .1 indicates an increased accumula­
tion of sediments over the most depressed portion of the Synform. 

The lower portion of the Middle Ecca Stage is composed of conglomer 
ates, grits, brown shales and rnudstones, and, in some places a coal seam. 
The conglomerate is not the Dwyka Tillite, but it might have been produced 
as a result of disintegration and reworking of the glacial material almost in 
situ. The maximum recorded thickness of this basa..1 group is about 300 feet 
in the Fortuna locality. Detai.ls of the succession within it ,3re shown. in 
Table 14, compiled from boreholes around the Hei delberg-Foodepoort. Mine 
where the thickness has decreased to a maximum of a little over 200 feet. 
Both striated and unmarked boulders have been found, some reaching up to 
48 inches in diameter. They are composed almost exclusively of Witwater s-· 
rand quartzite and \/entersdorp lava. To the south ar.d east of the Hex River 
Mine numerous well-rounded pebbles of quartzite ar..d quartz. up to 8 inches 
in size occur in a soft, medium-grained matrix. 

The upper members of the Karroo Sysrem prnser,1 in the area consist 
of medium- and coarse-grained arkoses, lenticular co:,glomerat.es with.large 
pieces of unweathered felspar in places, fine-grained while and yellow 
sandstones with mica and decomposed fel spar, a.nd grey, purple or•d black 
shales. The sandstones are calcareous i.n places and co"toin concretions 
of calcite and also silicified wood, Cross--bedding and rip;:,le··markir.g are 
common. Lenses of sandy ar.d pure limestone up t.o J 8 inches thick hcive 
been noted along or.e stratigraphic horizon in the vicinity of 1.r:e Hex Fiver 
Mine (Leu be, J 956). There i.s a suggestion of a qenernl coarsenirr; ir. grain 
size of !he sandstones from north to sout.h across the whole area. 

Coal has been intersected in a number of boreholes in many 
localities, but at present is being exploited only in the New Soringfield 
Colliery at Grootvlei. Here the mined seam is J 2 feel thick and occurs about 
400 feet below the surface and 300 feet above the base of •he Kar<oo System, 
Annual production is of the order of 2,250,000 tons almost all of which is 
consumed by the Klip Power Station of Escom. 
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Table 13 
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or~'lP--Ys v i 'j 1 e Vil I icrs 
Svnforro _kc\ iJ.?!•' 

Bore- Thir.k- BC,"';!~ lhick-
ho le 11es3 __ i)plc .. ne•;s ---

AB.1 14 77 NP..) 150 
- ---------

0V.1 1071 Spring- !25 

0V.2 883 field 
- -

1/R. 2 &70 SR. 1:i ?1? 

llR.5 ·bG0 Sf<.!', 20£ 

NR.fi 680 _ .. _ R1Vo 1A _ __2i_ __ _ 

1/R, 10 720 Rl,3 ',81 

NR. 11 740 

NR.12 760 

~_N_l!,l]__ 820 -------
SR.lo 200 

RT.', :iJI. j 
•--~-~:~ ~~~-::~:··-· 

SR, 1B 951 

SR,19 626 

SR,20 6% 

-- SR,21 491 i 
C0R.1 5?5 

. ~-----·-·----····-----, ... ----------·•·J 

Va:--iaiiun:.; in ln!erse:::led Thickrie~se::: oi" K3t,·,J~• S·.rsh,1: b Bl·re11:..HeJ 

frorr: W8d_Jo Ea~;li_Scuth_uf_the_Su_g_:Ji'bu:h f2~•ii 111·{:hw~•;c'. .. ~ i1 ir-·l) 



Borehole RJ,3 
Thickness E_levation 

alternating sandstones and· 
dark sha l es + ] 2] I t 581 

alternating bright and dull 
coal with narrow shale 
partings 42' 460 

alternating sandstones and 
dark sha l es 145 1 456 

alternating bright and dull 
coal with r.arrow shale 
partings 15' Jil 

alternating sandstones and 
dark sha les ]45 I 310 

- -
bro,n mudstones 25 1 165 

alternating bright and dull 
coal with narrow shale 
partings 56 11 140 

conglomerates, grits, bi-own 
shales, audstones 135 1 135 

---
Vcnlersdorp System 800 1 0 

~ 

·---·iforehole RT.8 
Jhick11ess I Elevalion 

cut out by 

dolerite 

fotrusio11 

+ 1431 + 480 

12' 337 

182 1 336 
.L _______ 

2,1 154 

absent 

13;,1 132 

4301 0 

-----Torehole Jn.4 __ 
cl_D~_5.Lrleva li 0,1 H,L 

+ 82 1 + 514 

121 1 43? 

·---·-

----

21 11 

95 1 

6, 1 

:Hi 

:J09 

?14 

·---~- -------
301 0 

--~-•------ l.-------· --

147
1 j 147 

-•----~ ··-·-~~---

Tabl.i_ r4 0etailed-Sucoession-wilhlr,-lho Basal -Perl ien-of !r.e Kar1·cu S1.stem 1r, the 
Vicinily of the Heidelbe_ro-f!.code,_p_oort Gold Nine (elevation of top d 
horizon in feet above lop of Ventersdorp Systea 
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G. EXTRUSIVE AND INTRUSJl!E ROCKS 

There is ample evidence of cor.siderable igneous acti,iity in the area 
and the volume of material resulting from such phenomena definitely exceeds 
that of the sedimentary fill ·of the various basins which existed throughout 
geological time. Extrusive rocks are best represented by the "lmygdaloidal 
lava flows in the reppestown Series and the Bird Stag<:? of the Witwatersrand 
System and by the massive. porphyrif.ic and amygdaloidal andesites of the 
Lower Division of the Ventersdorp System. However. it is possible tha.t 
other lavas might exis.t among the mass of igneous material. particularly in 
the Hospital Hill Series and the Kan·oo Sys1em. Jr.trusive rocks occur in all 
formations from the Swaziland to the Karroo System and have been injected 
at a number of different periods. 

The oldest intrusives are 1he serpentinites found ir the Moodies 
Series at Vaalrand and Lepelkop. Borne of the chloritic and t0 ic schists 
associated with these rocks might al so represent. altered ir,trusives of 
different composition. The next oldest group of intrusives ;;re the highly 
altered diabases which occur in the Witwaten,rand System, particularly the 
Lower Division, and which are probably of Venter sdorp age. Un.like those 
of sifl)ilar age on the Central Rand, these diaba ses a~e predominant !y sills, 
<!J]d dykes appear to be of mir,or importance. In the l\'ew Rand locality they 
are. exceptionally common and in one borehole drilled by Sawyer (l 917) l 4 
diabase sheets ranging in thickness from 7 inches to 352 feet. were en•· 
countered over a vertical distance of 3000 feet. Sheets of ull.rahasic corn·· 
position, including enstatite periclotites ar.d pyroxenites, are also present 
in this area, but. it is·not known whether,they are associated in 1irrce with 
the diabases, 

Quartz dolerite intrusions which are plentiful throughout. the area 
might be of Bushveld age. They intrude the Witwatersrnr,d and Ventersclorp 
Systems, forming sills in the former and dykes ir< the lat1er. They are more 
abundant in the shales of the Lower Division of the Wi\watersrand System 
than in the quar1zi1es of the Upper Division. Flat-clipping bodies of norite 
and gabbro which reach up to 800 feet in thickr.ess iI'. the same two sys1ems 
might also belong to the Bushvelcl period of igneous actfvily, but 1he 
possibility of their being of Pilanesberg age cannot be di scount.ed. 

Intrusives of definite ?ilar-esberg age have been recognized by Nel 
and Jansen (1957) as comprising diori1e, quartz gabb~o, diabase of the calc·· 
alkali sui1e_, and sligh1ly lamprophyric types. The most consnicuous dykes 
in the area belong to this group, They strike coi.sistently NNW, and NNE. 

Karroo dolerite of the Kokstad,.type (Nel ,,Pd Jansel", 1957) is 
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intruded as numerous sill-like sheets up to 350 feet thick and dipping slightly 
towards the south. Dykes of this age and composition are much less common. 
The intrusions occur in members of the Witwatersrand, Ventersdorp and 
Karmo Systems .. Southwest of a line running approximately from the Hex 
River Mine to the New Springfield Colliery, the dolerites are essentially 
coa~se-grained, while to the northeast they are_ fine-grained (Leube, 1956). 

The general impression is gathered that igneous intrusions, 
particularly in the form of sills, are more common in the South Rand area 
than on the Central Rand and East Rand. In the area itself there are also 
indications that intrusions beco_me more frequent southwards, reaching an 
unusually high figure in the New Rand Locality. The influence of these 
intrusives and extrusives on the thickness of the Uppe_r Division of the 
Witwatersrand System is shown in Table 15. Their overall affect is to· 
increase the thickness of the succession in the southern portion of the 
Balfour Synform by one -third. 

* * * * * * * * * * * * * 
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CONGLOMERATES AND GOLD MINERALISATION 

The only kr,own gold occurrences south of 1he Sugarbush Fault are 
found in conglomerates of the Witwatersrand System. There are no recorded 
instances of the metal havir,g been f<:•und in har,ded pyritic quartzites_. or as 
thin films on parting planes ir quartzites l•etwee1; unconformities or dis~­
conformities, or in quartz veir-s _. O' ir: dykes, as elsewheie ir. the Witwaters~ 
rand Basin. Wherevel"co,,g).ornerate bands outcrop ir the iJrea ;:irospectii,g 
operations have been ·conduc1.ed, ord r:>o inconsidernhle arr,oun'.s of time aLd 
money have beeh spe,,1 in tesUrg the :,~ote!ltialilies of all formctio1°s within 
the Witwatersrand System, Coun.t.1es.s trel'ches. pi•.s. wi.r.zes a0d. shafts 
are to 'be found all t_he way from Nmr:ey Hill tc, An>cies Rust, Jr, Fig, 2 r,o 
attempt has been_ made to show aJJ tr.ese a•:rl onlv those prospects and rr;ir:es 
where the more j_;Jensjue invesi~.ig.3Ucns vvere carried out .rave Ceen p1.ottec}. 
At least 95 boreholes have been drilled in the search for ~,ew rec;fs or to 
test knowr, ore~bod.ies at deptr.. 

As Nel (]'933) stated, from the Centrcil Ra.nd southeastwards there 
is a distinct failina of( ir: thickr,ess a1!d number of conalomerates. ar,d in 
the area between B~J.'four ar;d the '!aa l Rive1 the pebble heds become even 
more reduced in impmt,mce. The economii:; potentialities suffer a 
sympathetic deterioraticn. Kessler {19(•4). reporting or. the Heidelberg­
Roodepoort Mine, stated th'lt the "reef attair,s a good widt.h, but; is of such 
a low grade that the mine canr,ot be worked at. a profit", Despite al.l the 
work that was undertciken ir, the ir,tervening years.· Borclv,rs (196)) could 
riot draw a more favourable cor,clusion lhar, that 'consistent gold values 
seem to be lacking in the reefs ir, 1his area". Tr.e Sou1:h Rand Goldfield 
would thus appearto be a pauper among the princes of the Witwatersrand 
gold mining industry, 

A. CONGLOMERATES JN THE LOWER DJVJSTOJ\' ,()F TEE 
--•·-- --- .. -------· --- -·-- ·----· --· - -·-·----- . 

WJTWATERSRJ,ND SYSTEM 

(al Hospital Hi]}. Series 

J.ro the mistaken belief that rhe V,,-ci.lror,d quart:,i1e:; of Moodies age 
were members of the Hospital Hill Series. 1.be hasal c:orc:,lomera'.es and 
stringers of oehb]es vvere prospe.c1erl ~1i 1 .. hou 1 0ny ~..;igr,ir.1~.!Z-~r~t gold values 
being ohr.ained. No exploital:le aurifProus hori?.or.s r,-"ve yet been four,d 
in this ;,eries anyw];;ere in t.he vVi1w"lterS''lt,d Basir. (tLd r,owhere out.side '.he 
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Basin have the Moodies conglomerates been proved important. Consequently, 
it cannot be anticipated that any minable bank.et is presert either at Vaal~ 
rand or Lepelkop, 

In his prospecting of the New Rand Locality, Sawyer con elated redd·-
ish coloured quartzites in the Black Grit horizor> wi1h the Red B2r which 
underlies the Main Reef group of reefs on the Central Rar.d. A" a resul.1 
he drilled hole after hole iP.to the Black Grit itself se3rching for a corglom•­
erate development comparable with the Main ReeL Scattered pebbles of 
white and grey quartz, quartzite, calcareous quar1.zit.e _ shale ay,d lime store. 
all Jess than ½-inch in dia.meter, occur in a dark grey mat!.·ix mrer a thickLess 
of 75 feet. Only one 3 inch-wide conglomerate band was irtersected and, 
although it was mineralised with pyrite, no gold values were proved. 

(b) Government Reef Series 

Only in the extreme north of the area, at the Edenkop Mine adjacert 
to the Sugarbush Fault, has gold been found ir and won from conglomerates in 
the Government Reef Series, Elsewhere in 1he South Rand urea_ t.he ;:,ebhle 
beds, if present, have proved to be devoid of sigrificant rnir,erali satior. 

The Coronatior Reef at Edenko;:, Mir.e attains a.r average t.hickress 
of 30 inches on the outcrop and, where mined, had arc avercqe geld cori.ert 
of 11 .0 dwts. per tor. on the surface, The reef was well~developed. per~ 
sistent for a short distanc.e along strike, and cor.iained pebbles up ,.o '!, 

inches in diameter. Further cor.glomerates are present 460 feet higher in 
the succession, at the base of the Goverr.ment Stage, but, these do not 
contain payable quantities o·f gold, Neither the Government Reef por the 
Promise Reef is present due to the top and bottom of the Government Reef 
Series being faulted out, 

This occurrence is of considerable interest because it represer.+.s 
the only locality in the Witwatersrand Basin. outside the KJerksdorp 
Goldfield, where conglomerates in the Governmef'.t Reef Series have beerc 
mined. Too little is knowr> of this series ir, the Central Rard. East R5nd 
and Heidelberg areas to draw any defirite corclusicr.s. but it. would seem 
unlikely that the presence of sigrificant amourts of gold car, be fiUed j, 
with the normal sedimentological trends which indico.t.e 2 somce of 
material north of Johannesburg and a dissipation of pebl:]es r.rr:J l:eavy 
minerals in a southeast.erly direction from this source, Rogers 11 922) 
was unable to find similar conglomerates ir the Governmer,t Reef Series 

, around Heidelberg, but did find a possible equivalent on S•eynskraal, 8 

45/ ... 



- 4 5 •. 

miles to the west on the north side of the Sugar bush Fault. The indications 
are, therefore, that a local source, possibly to I.he r..orth over the present 
Devon Dome of Old Granite ar,d Swa?.iland rocks, or along the origir,al 
southeastern edge of the hasin,was respoi,sible for 1.he clevelopment of the 
conglomerate and the provisior, of the gold. 

(cl Jeppestown Serie_s_ 

Jn no surface exposures or borehole jr,tersections have c01,glomerates 
been found in this series. However. outcrops a.re invariably poor ar,d the 
holes have penetrated for only·a short distar..ce ir:to the successior-, with 
the result that the possibility cannot be entirely excluded of pebble beds 
being present 

B. CONGLOM~RATES JN THE UPPER DJVJ_Sl,<2_!')_ OF ~~}!):_ 
WITWATERSRAND SYSTEM 

On the Central Rand, the conglomerate bands in the Main~Bird and 
Kimberley~-Elsburg Series total about 2000 feet in thickness. The Upper 
Division is there 9400 feet thick and the cor,glomerate$ •.hus represePt some 
21 per cent of the total column .. The ext.en.t. t.o whic:h this Divisio1, has 
changed facies by the time i•. rea.ches couth oft.he Sug,nbush Fault car. be 
seen in Table 16, The two series total or.lv 3600 feet aLd the corcglorr:erate 
content has dropped to O. 6%. Probabl;• there are of the order of 300 weJl-, 
developed pebble beds bstweer; the Nor1.h Reef a!'.d the topmost Elsbu~g Reef 
on the Central Ral'.'d" ln the Witkleifontein locali!v only 29 have been 
recorded. The Mail'.'~Bird Series which aci.s as host to most of the 
significant auriferous horizons e]sP.where. hwe contains only 7 thii,-, 
i mpersi stent conglomerate horizons r,of!e of which contains gold in 
exploitable quantities. The Kimberley~Elsburg Series, ire which are developed 
at least 250 pebble hori.2.ons on the Centrnl Rand, contoins only 22 in the 
South Rand area,, a.nd all of these, except for localised pBt.ches of one only, 
are totally devoid of any ecor.omic conc,er:trations of gold. 

(a) Main-Bird Series 

The Nige.l Reef or Main Reef Leader which is the mc,s,. irr,;:,orl.ant. 
gold carrier ir.. the East Rar,d Basic. 3r,(l persis1.s as for as •.h8 1,Vir.wdt.e,sra,,d 
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Substage 

Elsburg 

Kimberley A 

Kimberley 8 

Kimberley C 

Kimberley D 

Kimberley E 

Kimberley F 

Kimberley Stage 

Kimberley-
Elsburg Series . ·, 

Bird A ' 
Bird B 

Bird C 

Bird 0 

Bird Stage 

Main A 

· Main B 

Main C 

Main 0 

Main Stage 

Main-Bird Series 
. 

Upper Witwatersrand 
Division 

Table 16 
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Wilkleifon\ein Str fontein 

No. of :t of No. of Range in Average Rang'e in Average 
Bands Thickness Thickness Subslage Bands Thickness Thickness 

Thickness 
. 

4 9 - 18 12 o. 7 nil - -
2 3 - 12 8 0.2 nil - -
8 3 - 12 5 0.2 3 9 - 12 12 

nil . - nil 3 9 - 24 19 

5 3 - 12 6 7 .1, 1 28 28 

3 6 - 40 22 51,_9 l 12 12 

ni 1 - - nil nil - -
18 3 - 40 8 0.6 8 9 - 28 17 

22 3 - 40 9 0.6 8 9 - 28 17 

nil - - nil not intersected 

1 2 2 0.4 do. 

nil - - nil do. 

1 8 8 ·22.2 do. 
··--

2 2 - 8 5 0.1 do. 

3 2. 32 13 11.1 I do. 

nil . • nil do • 

2 3" 23 13 15.5 do. 

nil • . nil do • 

5 ·2 - 32 13 2.2 do. 

7 2. 32 11 0.7 do • 

29 2 - 40 9 0.6 

Percentage of Cong l omera les in Upper Witwatersrand 0_ixi s ion on the 
Wilkleifontein Portion of Grootvlei 453 and Slryfontein 609 

(thicknesses in inches) 

• 

:t of 
Substage 
Thickness 

nil 

nil 

0.3 

47.5 

23.3 

10.0 

nil 

0.8 

0.6 
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Nigel Mine at Heidelberg, is ·not present ir\ the South Rand area. The Main 
D Substage which lies above the Jeppestown Series is composed essentially 
of quartzites with only a few lenticular bands of grit in places. There is no 
recorded instance of the development of a conglomerate immediately above 
the Jeppestown shales, which is the stratigraphic horizon occupied by the 
Main Reef Leader. In a number of localities the presence of this reef has 
been alleged by prospectors, but as more detailed information was provided 
by further investigations, it was invariably shown that the cor.glomerate 
found lay above the Kimberley Shales and not a member of the Jeppestown 
Series, and was, therefore, the Kimberley Reef and not the Main Reef 
Leader. At its best, in the Malanskraal and Tweefontein localities, Rogers 
(1922) found that the Main Reef Leader horizon was composed of nothing 
better than thin, coarse grits devoid of any sign of sulphide or ~ther 
mineralisation. Jn his summin9 up of drilling operations in the South Rand 
Goldfield, Sharpe (1956) concluded that, in all instances, the h_orizon was 
very poorly represented and contained no economic reefs. 

In the Main A, B and C Substages which occupy a relatively thin 
zone at the top of the Main Stage are lenti.cular ,_ small-pebble conglomerates 
which have been observed on outcrop or intersected in boreholes in a few 
localities. They were possibly deposited during the Livingstone Substage. 
The maximum recorded thickness of any one of these bands is 32 inches in 
the Witkleifontein locality. At Tweefontein the most conspicuous band is 
6 inches wide and consists of white and blue vein quartz pebbles set in 
a matrix of clea.r quartz and sericite. No gold values of interest have been 
obtained. from these conglomerates in any locality, 

The Bird Reef_ conglomerates which occupy the Bird D Substage do 
not occur in the area, except for one thin barren band at Witkleifontein. 
They are poorly developed in the southern portion of the East Rand Basin 
and seem to have- virtually disappeared before the Sugarbush Fault is 
reach,ed. In the 1Nqgepoort-Fortuna and Witkleifontein localities quartzites 
without conglomerates are present in the bottom portion of this substage, 
but at the Heidelberg-Roodepoort and Hex River mines they have been cut 
out and the overlying Lower Bird Amygdaloid rests directly on the arenaceous 
members of the Main Stage . 

Between the Upper and Lower Amygdaloid, at the base of the Bird 
C Substa9e, there is frequently developed a series of grits which locally 
pass into small-pebble conglomerates. They have been found only in the 
Balfour S;ynform but insufficient evidence exists at present to conclude 
that_ the,, are totally absent from the Deney:,ville Synform. The maximum 
observed thickness of one of these bands i,; JO inches. No payable values 
have been encountei;ed, although both the grits and the conglomerates are 
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usually mineralised with pyrite, One very narrow pebble band of no economic 
significance was noted in the overlying Bird B Substage in the Witkleifontein 
locality, while no conglomerates appear to be present in the thick Bird A 
Substage which is topped by the Kimberley Shales, 

(b) Kimberley-Elsburg Series 

(i) Kimberley Reef 

In the East Rand Basin 80 or more conglomerates are present in the 
Kimberley group, but in the South Rand goldfield only one appears to have 
any persistent development (Sharpe, 1956). In the Heidelberg area 300 feet 
of quartzites, grits, puddingstones and shales form the Kimberley F or 
Lower Kimberley Substage which occurs between the exploited UK, 9A 
Kimberley Reef and the top of the Kimberley Shales, In the Wilgepoort­
Fortuna locality the thickness has decreased to 200 feet which is the same 
as at Witkleifontein, At Stryfontein the substage has been further reduced 
to 100 feet, Quartzites with scattered pebbles and intercalated narrow 
shale bands are the constituents and there are no conglomerates south of 
the Sugarbush Fault in this substage. 

By the Heidelberg-Roodepoort Mine, the Kimberley F Substage has 
been cut out completely and the Kimberley E Substage, containing the 
exploited Kimberley Reef at its base, occurs in direct contact with the 
Kimberley Shales at the top of the Main Stage, This condition still prevails 
at the Hex River Mine, Only in the vicinity of these two mines has the 
Kimberley Reef been proved to contain economic quantities of gold. Else­
where in the area, intensive prospecting work has failed to disclose any 
localities where conditions have favoured the concentration of the metal, 

1 . Heidelberg-Roodepoort Mine 

The Kimberley Reef in the Heidelberg-Roodepoort Mine, originally 
known as the East Reef and thought to be the equivalent of the Nigel Reef 
of the Main-Bird Series, consists of a well-developed conglomerate with 
a dark matrix, almost black in the upper levels of the mine, in which are 
pebbles of white, milky white, grey and black quartz, greenish lava or 
shale, and·massive and banded chert. The white quartz pebbles predominate 
by far, Maximum pebble size is 2 inches, with the average being less than 
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0. 7 5 inch. In some places the matrix becomes decidedly chloritic towards its 
bottom contact with the Kimberley Shales. Quartzite partings are frequent. 
Pyrite mineralisation is heavy in places, generally surrounding the pebbles, 
but in some instances almost completely replacing chert. pebbles up to 1 inch 
in diameter. In other places the pyrite content is low to the poir.t of being 
almost non-existent. The conglomerate is generally intensely fractured and 
becomes friable when weathered. 

On the surface the reef was payable over a strike length of 1300 
feet, averaging 14 dwts. per ton over a width of 26 inches. In places it 
swelled to a maximum of 60 inches, and in others pinched to a minimum of 
12 inches. The strike of the conglomerate on surface along the payable 
zone was south-south-east and the dip ss0 to the west. By the 4th level, 
the dip had flattened to 30°. The average value decreased down dip, but 
the mine was worked to at least 1000 feet down the incline, although the 

: actual depth might exceed this figure. No plans of the workings are available .. 
Mining operations eventually ceased when an oblique fault was encountered 
upthrowing the reef an appreciable distance vertically on the downdip side. 
To the north of the mine workings, a normal fault caused the reef to be 
upthrown on the northwestern side and the outcrop to be advanced west­
wards. Ttle much smaller Kildare Gold Mine was developed in this locality 
(see Fig. 5). 

In this figure an attempt has been made to prepare an inch-dwt. 
plan of the Kimberley Reef in the vicinity of the two mines. All available 
information from surface sampling, underground workings and diamond 
drilling has· be.en considered, but due to excessive spacing between points .. 
at places, the plan has suffered a certain amount of subjective extrapolation. 
What does appear to emerge is that a well-defined NW-SE trend influences 
the distribution of the contour lines and that this trend is oblique to the 
strike of the bedding, the angle between the two directions being about 20°. 
A single payshoot trending northwestwards includes both the Heidelberg­
Roodepoort and Kildare Mines. There is no indication of a further pay shoot 

' of similar importance occurring to the southwest although a zone of 
relatively higher values, parallel to the pay shoot, is present between bore­
holes RT. 4 and RT. 2. No prospecting has been carried out to the northeast 
to determine whether further payshoots might be anticipated between the 
Kildare Mine and Greylingstad. It is also apparer,t that no exploratior:_ has 
taken place at depth on the northwe stwards extension of this shoo1., all 
previous drilling operations being concentrated to the southwest. 

so/ ... 



- 50 -

2. Hex River Mine 

This was a much smaller undertaking than the Heidelberg-Roodepoort 
Mine, but still represented the second most import.ant producer in the area. 
Payable values were found on surface over a strike length of 500 feet 
approximately, and averaged 8. 6 dwts, per ton over l 5 inches, the variations 
in reef width being between 9 and l 8 ir,ches, The conglomerates had a strike 
of almost due east-west.. Dips on. the outcrop reached up to 45°,. but 
flattened to 25° a short distar.ce down the mine. The reef. where worked, 
was generally thinner, less well -developed, and of a lower grade than that 
exploited in the Heidelberg-Rood.epoort Mine. Kessler (1904) reported that 
where the reef was thick, poor values were er.countered., but that where it 
narrowed, much better values were obtained. Workings were continued to 
750 feet down the incline where a shallow-dipping, 800 feet-thick gabbro 
still W<!S encountered. The reef was displaced. vertically downwards by an 
amount equivalent to the thickness of the sill and this deterred further 
mining ,operations. On the adjoining Sout.heas1. Witwatersrand Gold Mine, 
the sill was encountered at a depth of 250 feet down dip. and also terminated 
mining activity. 

An inch-dwt.. plan of the Kimberley Reef in the locality surrounding 
the two mines is shown in Fig. 5. The trends shown by the contours are 
·tdentical with those disclosed in the Heidel berg-Roodepoort Mi r.e , Again., 
the payshoots are oblique to the strike of the beddir.g. Two separate pay-shoots 
occur, the one through the Hex River Mine cont:ain.ir:.g appreciably higher 
values than the one to the east., but n.eEher compares in gold cor.ted with 
the payshoot through the Heidelberg·•Roodepoort and Kildare mines. The 
shoots have not beef" tested in depth, and it. is al so apparent that. the tract 
of country between the Hex RJver ar..d. Heidelberg-Roodepoort mir:.es might 
possibly contain further pay shoots rurwJng parallel to those already proved, 
but concealed beneath a cover of Vef"tersdorp lava and Karroo sediments. 

(ii) 2_ther Reefs in the Kimber!ev Sta9.~ 

Where a thicker d.evelopmeLt of the Kimberley Stage is present, as 
in the Witkleifontein, Malanskraal, Tweefor-teir,, Heidelberg-Daspoort and 
Stryfontein localities, further conglomerates are developed in the Kimberley 
Reef Substage. These occur in the Kimberley C and D Subst.ages above the 
exploited Kimberley Reef, The maxi mum recorded width of ar.v ore such band 
was 28 inches ir:s Borehole SD.l, Gold values are generally low ar:.d erratic 
and no economic importance car. be au.ached t:o their presence, Where the 
Kimberley Stage is relatively thin, as at Rooiwal, the Hex RJver Mir:se and 
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the Heidelberg-Roodepoort Mine, conglomerates are absent from the Kimberley 
C and D Substages. 

The Kimberley A and B formations in the thick, Upper Kimberley 
Substage act as host to 10 conglomerate bands in the Witkleifontein locality 
and 3 at Stryfontein. These have a maximum width of 12 inches, but are 
almost totally devoid of gold mineralisation. 

(iii) Elsburg Stage 

Unlike the Central Rand, where conglomerate bands form at least 
half the succession within the Elsburg Stage, the South Rand area contains 
at the most four pebble beds ranging up to 18 inches in width, In all localities 

,.the conglomerates deteriorate over short distances into thin washes of grit 
arid scattered pebbles less than O. 25 inch in diameter. Gold values are 
poor without exception. Rogers (1922) reported an appreciable development 
of conglomerate bands in the Elsburg Stage north of Heidelberg, but added 
that they became considerably less conspicuous southwestwards and 
disappeared altogether north of the Sugarbush Fault, There is no evidence 
to show that they reappear in any strength south of this structure. 

(iv) Ventersdorp Contact Reef 

Conglomerates at the contact between the Ventersdorp and Witwaters­
rand Systems have been reported only from the Annies Rust and the Heidelberg­
Roodepoort Mine -localities. Small pebbles are contained in a dark matrix, 
and the maximum width recorded is 12 inches in the former locality. In one 
borehole intersection at the mine the reef was only one inch wide, Gold 
values are negligible. Although sediments are present in the Ventersdorp 
transition zone in a number of localities, conglomerates do not appear to 
be a normal component. 

The average thicknesses and gold contents of all conglomerates _which 
have been sampled in the area are summarised irr Tables 17 arrd 18, Pebble 
bands other than those shown are not known to be auriferous. It can be 
clearly seen that in no instance does any conglomerate horizon at.her than 
the Kimberley Reef and the Coronatiorc Reef constitute a potentially economic 
source of gold in the South Rand area, 

* * * * * * * * * * * * * k 
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Loca 1 ity VG KE BG V1ABG 
T • V T - V T • V T • V 

Hex River Mine Outcrop n 15 • 8.6 12 • 2.2 15 • 0,8 
HR. l a 25 · 8.4 3 • tr. n 
HR,3 n 12 · tr. n n 
HR.4 a 9 • 1,0 n n 
HR.5 a 19 - 2,6 n n 
HR,6 a 25 · 0,8 n n 
HR.7 a B • tr. n n 

Heidelberg<Roodepoort Mine Outcrop n 26 • 14,0 n n 
RT .1 n B . 0,2 6 • tr. n 
RT .2 1 • tr. 25 • 5.5 B • tr. a 
RT,3 a 10 • 0,2 n n 
RT.4 a 12 • 3,5 4 • tr. n 

RT.5 a 16 • 4.2 n n 
RT.7 n ·B. 1.0 n n 
RT.B a 14 • 3.2 n n 
L.1 n 9. 19.5 n n 
R, l n n n 12 • 0,8 

Tab le 17 Average Thicknesses and Values of Auriferous Conglomerates in the 
South Rand Goldfield 

VG Ventersdorp Contact Reef T thickness of reef in inches 
KE reefs in Kimberley E Substage V value of reef in dwts, per ton 
BC reefs in Bird C Substage a no reef developed on horizon 

MABC reefs in A, Band C Substages n reef horizon not intersected 
of Main Stage or observed 
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STRUCTURE AND SEDIMENTATION 

The pattern of deformation in the area is dominated by four structures -
the Sugarbush Fault and three large folds. The fault is of the normal type, 
follows a sinuous course in a general east-north-easterly_ direction, and has 
a considerable, but variable, downthrow to the south. It is the most striking 
representative of a number of "faults of the same class-, and these, in turn, 
are only one group amidst an array of normal, thrust and wrench displacements 
which affect the whole area. The fold structures are the Deneysville Synform, -
the Villiers Antiform and the Balfour Synform, large-scale regional features 
which have been brought about by the superimposition of two fold systems of 
differing trends. These systems are exactly the same as those disclosed in 
fine detail by mining operations in the East Rand Basin. 

'A regional plunge in a general north-north-westerly direction causes 
the Witwatersrand System to outcrop around the hinge zones of folds against 
the Old Granite constituting the Devon Dome, east of Heidelberg. These out­
crops would have represented the southern "limit of preservation of the System 
had the entire succession, plus the overlying Ventersdorp and Transvaal rocks, 
not been downthrown by amounts of up to .16 ,·ooo feet vertical.ly by the Sugar­
bush Fault. The result has been that the strata lying up the plunge axes in 

. the Heidelberg area, instead of being eroded, have been dropped into the 
South Rand area, and thus a considerable development of Witwatersrand rocks 
has been preserved. The structural pattern clearly delineated by detailed 
mapping of excellent exposures in the Heidelberg area is thus repeated south 
of the Sugarbush Fault .. 

A. THE PATTERN OF FOLDING 

(a) Trends of Folds 

The traces of the fold axial planes which have been distinguished in 
the area are shown in Fig .. 3. The longitudinal fold axes are those which are 
parallel to the long axis of the original elongated basin of Witwatersrand 
sedimentation, while the transverse fold axes are those which are more or 
less right angles to this long axis, i.e. the former are parallel to the length 
of the basin, while the latter lie in the same direction as the width. Flexure 
of the longitudinal axes has taken place, either about the transverse axes, 
or as a result of a third deformation, the imprint of which has not yet been 
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distinguished from that associated with the two clearly recognized fold trends. 
While the transverse fold axes maintain a relatively constant trend, the 
flexuring has caused the longitudinal axes to assume a very open Z-shape. 

From east to west across the area the strike of the transverse fold 
axes shows a swing westwards by .about 20°. The Winterhoek Anticline on 
the eastern boundary of the area trends N 15° W, while theKri.igersdorp Syn­
cline, towards the western extremity, runs in a direction N 35° W. Along 
their length, the axes show a slight sinuosity, exemglified by the Springs 

. Syncline, which in the north of the area strikes N 20 W, in the centre 
N 10° W, and in the south N 35°W. The general trend of the axes of these 
folds is N 25° - 30° W. 

In the South Rand area, the longitudinal fold axes correspond with 
the diagonal arm of the Z. The two parallel arms, lying outside the area, are 
represented by the east-north-easterly fold trends in the Potchefstroom Syn­
clinorium which sweeps round the Vredefort Dome, and by the folds which 
extend from the southern limit of the Kinross Goldfield northeastwards towards 
the Eastern Transvaal Lowveld. The arm is parallel to that which extends 
from the Johannesburg Dome through the East Rand Basin towards the Kinross 
Goldfield. The flexuring can be well seen in the Dale side Anticline, among 
others. In the extreme northwest of the area this axis trends N 50° W and 
shows the commencement of the swing around the Vredefort Dome to join 
the folds in the Potchefstroom Synclinorium. In the centre of the area the 
axis strikes N 45° W, while at the eastern boundary it has altered to S 70° E 
as it starts to bend round again in the country south of the Kinross Goldfield. 
The general strike of the longitudinal fold axes in the area south of the 
Sugarbush Fault is about N 50° W. The angular difference between the 
trends of the longitudinal and transverse folds in this area is thus about 
25° which, bein'g relatively small, makes it difficult in some instances to 
classify the folds recognised in the field. Elsewhere in the Witwatersrand 
Basin, where the transverse folds intersect the parallel arms of the Z, the 
angular difference is substantially greater, and the two fold trends are 
clearly distinguishable. 

There are no definite indications of the dips of the axial planes for 
either class of folds. However, the dispositions of successively higher 
strata in certain synclines suggests that the dip for both categories is towards 
the southwest at high angles. · 

In almost all cases, the longitudinal fold axes can be followed 
through into the East Rand Basin and Potchefstroom Synclinorium,and the 
names attached to them are those given where the structures have been 
previously identified. The northwestwards extensions of the transverse fol.ds 
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have also been recognised in \he past along the West. Rand, Central Rand 
and East Rand areas, and established names have been retained. 

(b) Effects of Superimposed Folds 

The overall effect of the superimposition of .J.he two fold trends has 
been the production of a number of structural depressions where syncllne has 
intersected syncline, and structural culminations where anticline has cut 
across anticline, This phenomenon can be well seen in the development of 
the Sprucewell Depression where the longitudinal Glenroy Syncline and the 
transverse Springs Syncline intersect, and in the Beerlaagte Culmination 
wh e the transverse Palmietfontein Anticline trends across the longitudinal 
Mc ,rton Anticline, Where the cumuiative affect of a number of structural 
de· :ssions is greater, a synform will develop, but where structural cul­
milk .ions· combine to produce general elevation of the formation, an anti­
form will develop. The Deneysville Synform contains the Bethbron and 
Badfontein Depressions, the Villiers Ant.iform the Lepelkop, Beerlaagte and 
Rietkuil Culminations, and the Balfour Synform the Fortuna and Sprucewell 
Depressions. The Waterval Antiform, plunging towards the Sugarbush Fault, 
embraces the Boskop Culmination as well as others outside the area. The 
relative upthrow on the northern side of this fault brings this structure back 
to. surface or to a shallow depth beneath the Karmo formations, and here three 
further culminations - Kuilfontein, Junction and Vlakplaats - are seen to be 
developed on the anti form. 

The maximum amount of Witwatersrand strata is found in the sydorms, 
and, depending upon the degree of plunge and the extent of erosion, the 
members might also be preserved on the hinge zones of antiforms as a 
connecting link between th·e synforms. Lower a.n.d Upper Witwatersrand beds 
sweep round over the Villi.ers Antiform betweec the New Springfield Colliery 
and the Sugar bush Fault, so that there is an unbroken lir.e, except for 
por'.ions faulted out., of the Kimberley Reef and Nigel Reef horizons bei:ween 
thE estern edge of the Deneysville Synform and the east.err limb oft.he 
Bal· ur Synform (see Fig. 3), However, on the Wat.erval Ar.Uform, there is 
su'.: "ient room between the grcnHe on the Boskop Culmination and the granite 
uptL: own north of the Sugarbush Fault, for a portion of the Lower Witwaters­
rand Division ·only to be found on the hinge zone , 

In that the synfonns and antiforms are interference structures, 
their shape_s will show a certain amount of irregularity due to the local 
dominance of one fold trend over the other, The outcrop and suboutcrop 
pattern of the contact between the Upper and Lower Witwatersrand Divisions 
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in the northeastern and northwestern section of the Balfour Synform is 
parallel to the longitudinal trend of the Glenroy Syncline, while in the 
southeastern and southern sections it conforms with the disposition of the 
transverse trends of the Springs and Zesfontein Synclines. The eastern 
portion of the Villiers Antiform has a transverse trend parallel to the Palmiet­
fontein Anticline, while the western portion runs in ·the same longitudinal 
direction as the Vanderbijl Anticline. In the Deneysville Synform the nort)1ern 
half is aligned along the transverse direction parallel to the Roodepoort 
Syncline, but the southern half reveals a pattern symmetrical about the 
longitudinal Verdun Syncline. 

(c) Parameters of Folds 

The fold pattern along each separate trend in-the area is the product 
of several orders of folds of progressively increasing wavelength and ampli­
tude complementing each other and building up through synclines and anti­
clin~_s of varying magnitude to the end-product represented by the. synforms 
and antiforms. Sed.imentological evidence from the Heidelberg-Roodepoort 
and Hex River mines suggests that the samllest, or fourth-order, folds 
belonging in the longitudinal category have an average wavelength of 2500 
feet and an amplitude of about 80 feet, Rogers' (1922) mapping adjacent 
to the Sugarbush Fault, where 14 alternating anticlines and synclines are 
pre sent in Witwatersrand rocks over a horizontal di stance of 13 miles, 
indicates that the_ third-order folds have a wavelength of about 5500 feet. 
Second-order folds, the axial-plane traces of which are shown in Fig. 3, 
are developed with a wavelength of the order of 14,000 feet (2½ miles) 
whereas first-order folds which are represented by the troughs and crests 
of the synforms and antiforms shown in the same figure have wavelengths of 
approximately 85,000 feet (16 miles). Insufficient data are available 
concerning the elevations of marker horizons throughout the area to make 
assessments of the amplitude of any but the fourth-order folds. Wavelength 
parameters for the transverse folds are approximately : fourth-order 2000 foet. 
third-order 9000 feet, second-order 18,000 feet (3½ miles). and first--order 
90,000 feet (17 miles). Again only the second- and first-order structures 
are shown in Fig. 3. 

Because of the local development of culminations and depressiom,, 
there are local changes in the directions of plunge, as have been plotted gn 
Fig. 3. On a regional scale, all folds. both of the longitudinal and trans­
verse classes have a general plunge to the north-north-west towards the 
deepest portion of the Witwatersrand Basin along the Potchefstroom Synclin­
orium. For the transverse folds, the amount of plunge is about 25° in the 
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hinge zone of the Balfour Synform at the Hex River Mine. The plunge of these 
folds in the hinge zone of the Deneysville Synform at Annies Rust is of the 
order of 20°. An indication of the nort.hwestw.:i'ds plunge of the longitudiraJ 
folds can be obtained along the Glenroy Synform. Jr the South Rand area 
the hinge zone forms a nose arourd Greylingslad. Due to the upthrow of the 
Witwatersrand strata r.orth of the Sugarbush Faull. the hi>cge zone fo,rrs " 
nose again around the old Molyneux Mire. The dist2r.ce bet.weer, the 
duplicaUon of the noses is 23 miles anrJ where the axis crosses the fc1u1t 
the vertical displacement is approyjrrately 16. COO feet.. ir.dica'i:·.g that •he, 
plunge of this axis must be of the order of 1 c0 . 

The regior.al plunge indicates ar, area of considerable st.ruc\ural 
elevation southeast of the Vaal River ar.d the ir·tersect.ior.s of Old Granite 
beneath the Karroo System in a number of boreholes towards Frankfort_ ar,d 
Vrede in the Orange Free State (Borchers, 1961 \ supports this cor.1en•.ior .. 
This granite mass, probably consisting of several antiforms building up ir;to 
one or more domes, has protuberances stabbirg deep into the Witwc1tersrar.c! 
Basin a.Jong the antiforms, as can be clearly seen in the case of the Villiers 
and Waterval structures. 

(d) Ages of Folds 

One or more periods of iPtense deforma1ioP precede:l t.he l2y' · 
down of the Witwatersrand System, as can be seer in the developmer,t of 
isoclinal folds if' the Moodies quartzites. Gnei ssosit.y in the grani•.e '3rd 
schistosity in the metamorphics are prob;,bly consequences of these s,,rr,e 
periods. The unconformities betweer. the Swaz.ilar:d rocks a"d the lower 
Witwatersrand Division testify to the floor of the basir, havif'g beer folded 
before deposition of the latter sedimer.ts corrwer>ced. 

Sedimentological evidence from other aoldfiel<'ls shows tha'. b:,!.h 
fold trends, presently observed. we_re in the prosess of forma\.ion dm.ir,g •.he 
actual accumulation of the Witwatersra:'d sediments. They e:x.erf.ed a>, irr.~ 
portant control on the distribution and disposiiior cf the material fillit:<;1 
the depository ard s:1me evidence of this car be sr>eP in the Sourh Rc1r.rl 
Goldfield. The longitudir;al folds were r:,osaib]y ;he first to form. but i; 
would seem that, for the most part. deformatior, aloro the l.wo dire,•.io"s 
was contemporaneous .. Vertical movemer.t was also active clu'i'.9 Wi'..vht.0rs 
rand times, as is evidenced not only by the recessc1.ry uolift. of •errair 
around the rim of the basin in order 1.o effect the ,.,or;tinued supo]y Gf e~osio1: 
products into 1.he depository, but also by !he .large~scale de,,e·,o;,n;er · of 
normal faults which came into l:eing in time to influer,ce Upper Wi'wa•<c·s•3r:.d 
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sedimentation at least. Vertical movement might have been the prime ·producer 
of stress in the horizontal plane responsible for the development of the two 
fold systems. 

The fold pattern possibly influenced the topography of the surface 
upon which the· Ventersd9rp lavas were poured out, as has been previously 
described. The same can be said for the floor of the basin in which Transvaal 
sediments accumulated, and there is even a suggestion that Karroo sedimen­
tation might be related to the pattern. Certainly, the Witwatersrand, 
Ventersdorp and Transvaal Systems have been deformed subsequent to 
deposition along the same fold axes. It is apparent, then, that the folding 
cannot be dated as being post-one system or another. It started in Witwaters­
rand times and continued, probably in pulses, through Ventersdorp and 
Transvaal times, and might have lasted, in a very much enfeebled form, 
right up to Karroo times . .. ' 

It can be said that the relative strengths of the two compressive 
forces respon·sible for the folding changed with time. The longitudinal folds 
were brought about by pressure from the northwest and, during the early 
stages of the history of the Witwatersrand System, this pressure was greater 
than that from the northeast which caused the transverse folds. During later 
stages, and during Ventersdorp and early Transvaal times, the pressures were 
of equal intensity. As the Transvaal period advanced so the northwest com­
pression began to decrease while that from the n'ortheast assumed much 

. ·, 
greater importance. In post-Transvaal times this was the dominant direction 
and the flexur>ing of the longitudinal axes about the transverse axes is 
probably a product of this period. 

Vertical movement was active at all times and the present regional 
plunge to the northwest is probably the result of the continued elevation of 
the granite mass southeast of the Vaal River where elevated ground, marking 
the southea,stern rim of the basin, possibly existed since pre-Witwatersrand 
times. 

B. THE PATTERN OF FRACTURING 

(a) Faults 

Faulting is intense in the area and has played a considerable part 
in determining the present distribution pattern of the Witwatersrand strata. 
In Fi:g. 4 all major faults which can be recognized on the ground or an aerial 
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photographs have been shown. Jn addition there are appreciable nurnbEr.1 of 
faults of smaller extent. which cause local displacement of strata. as ca11 be 
seen on outcrop and in mine workings. 11: Table 19 these major faults have 
been classified and their relative frequency showri. This information ls 
also plotted on the above figure. 

(!) Thrust and Wrench Faults 

The most abundant are the S!lverbank-type thrust faults which are 
probably associated with the development of the trapsverse folds, the axes 
of the latter trending about N 25° W compared with •.he average strike of 
N 10° W for the faults. The Kalksprult-type dextral wrench faults (N 40° F} 
and the Drukfontein-t.ype sinistral wrench faults (N 80° E) would the11 
represent the products of shearing Jr, the same stress field in which P max 
would' have been directed from N 60° E. As ls normally the case, one 
direction of shearing is much more pronounced than the other, the Kalk­
spruit-type being twice as plentiful as the Drukfonteln-type, 

The remaining wrench faults which have been recognized in the 
South Rand area - dextral Lagerspoort-type (N 1 o0 

E) and sinistral Vaalkop­
type (N 30° W) - are therefore possible products of another stress field in 

. -which P max was directed from N 20° W. The Mispa~t.ype thrust faults 
(N 60° E) conform to such a. direction. lt can be concluded that this was 
the stress field which brought about the longitudinal folds Jr.dic,Hing that. 
the original long axis of the Witwatersrard Basin was orler.tated east~r.orth­
east before being bent about the transverse fold axes. The Vaalkop-1.ype 
shears are four times as frequent as the other member of the pair. 

(ii) Normal Faults 

Six of the fault types which are present car:. thus be related to the 
two stress fields respor,sJble for the developmer.t of _t:he folds. Th" P m•·· 
directions - north-north-west for the longit.udlPal folds and east-north"0~a·. 
for the transverse folds ~ were approximatelv "l•. right angles to each c,Urnr 
and were contained in horizontal. or ne,;rly horizontal. plar:es. 1'he 
remaining three fault-types - Brandkraal. Malar.skra,d and Sugar bush - are 
all of the normal variety and probably represer.t the effects of a vert.Jcal P 
max with was operative throughout the history of the area. Neither the 
Brandkraal - nor· the Malanskraal-type are as frequent or of such consequer.ce 
as the Sugar bush-type , 
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Type 

Brandkraal 

Ma l anskraa l 

Vaa lkop 

Sil verbank 

Lagerspoorl 

Kalkspruit 

Mi spa 

Drukfontein 

Sugarbush 

Table 19 

Formation 

Karroo sandstones 

Ventersdorp lavas 

Kimberley quartzites 

Main quartz ites 

Government quartzites 

Moodies quarlziles 

Table 20 
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Trend ' Na lure 

N 75 W normal 
N 60 W norma 1 

N 30 W sinistral wrench 

N 10 W thrust 
N 10 [ dextra 1 wrench 

N 40 E dextra 1 wrench 

N 60 E thrust 
N 80 [ sinistral wrench 

N 80 E normal 

Classification of Observed Major Faults South of the 
Sugarbush Fault 

No, Observed 

8 

6 

17 
18 

4 

11 
12 

6 

13 

Loca 1 ity Point Most .:: Freouencv Least 
1 2 3 4 

Riviersdraai 416 4 N 85 E N 40 W N 30 [ N 30 W 

Lagerspoorl 406 1 N 45 W N 15 W N 65 E N 5 [ 

Vlakfontein 556 3 N 30 W N 20 W N 25 E N 80 W 
Modderfonte in 410 7 N 45 W N 20 W N 75 W N 60 E 

Modderfontein 410 8 IJ 45 W N 70 £ N 5 E N 85 W 

Ma 1 anskraa 1 407 9 N 55 W N 55 [ N 65 W N 5 W 

' Tweefontein 560 10 N 40 W N 35 £ II 10 W N 80 W 

Rietbuilt Estates 505 2 N 35 E N 5 [ N 15 E N 80 W 

Modderfonte in 562 5 N 10 W N 20 E N 30 E N 10 E 
Panfontein 452 6 N 5 [ N 15 [ N 15 W II 85 W 

Main Trends of Most Frequent Joints South of Suqarbush Fauit 
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At least 13 faults of the last~r.amed type occur in the area ar,d they 
are characterised by their sinuous courses and by substai,1.ial vertical di S•· 

placemercts iP some cases. On Fig .. 4 the displacements alonq 1.he Suqarbush 
Fault., calculated by Rogers (1922), have beer, shown t.o reach a maximum of 
16,000 feet in the Fortuna locality .. lr,sufficiem data are '-"·ailable to !he 
east of this point, but to the ;west there is o gradual denease !.o 4500 fee1 
south oft.he old Heidelberg~Platkop Prospect. heyord which there is ar, 
ir:crea se again _followed by a further dimi r:ui.ion. The mc>xirnum di snlace;rer.t. 
occurs over !he cen\re of the Balfour Svr:forrr· ard 1he first. minimum over 1.he 
centre of the Villiers Antiform. This would sugges1 that the s1ra1a moved 
downwards in a number of separate fault blocks of restricted si2e. rather 
than in the form of solid, extensive masses of rock. lt is possible that. 
the other bounding faults .of these blocks belonged to the Brandhaal ~ and 
Malanskraal~type, in which case the blocks must have had a r.anow diamond 
shape. There was a preferential dropping of these fault. blocks ir:to depressed 
areas and relative retention above elevated areas formed by foldirg, 

The most conspicuous of this type of displacement are the ;:;3ired 
Sugarbusb and Meyerskop Faults "'.nd the Dasville ard Bergsig Faul· c;. They 
car> be traced across the whole of the area Bnd are reflected through ,.he 
Karroo cover ir the form of drainage patterr,s and lirear fe;,tures or ae•ia! 
ohot.ographs. Vertical movemeDt on those faull.s soU1.r· of 1J--e Sugar bush F0,d1 
is as impressive ir> places as on !he laPe fe ➔ tu:-e. Jn 1.he Ar-Lies Rus1 
localif.y movement of up to 800(1 feet apr:iecrs 1o have develooed or: !he 
Dasville Faull. 

lr, mos1. cases the dowr,thrown side of such fcJult.s lies to !.re snu•.r. 
but in the case of the S1xybult, Wi1.poort, Doorr>hoek ard Groenv!ei Faults 
the reverse is t.he case. This latter group prnbab)y represert. ar1.i'.he1.ic 
faults which are usually developed where J.:,rge~scale norrPal faul,.iLg has 
taken place, They occu.o.y curved fault planes down dip which l:ade towards 
the Sugarbush and Meyerskop Faults and towards the DasvilJe ard BPrqsig 
Faults. 

A conspicuous characteris1jc of these faults .is 1.heir t.erdency to 
change course alorg certain directions. At. firs'. a,opeararce this Finuosifv 
would seen1 to be caused by the plane of movemer·. moviPq f··orr, ore •.vpe C'i 

fault. 1.0 arother so that the fault actually represen1.s a comcound of o ]c3,cr 

number of intersecting linear plar,es, However, the parnJ:el na 1.ur8 ot the 
curving courses across the whole area ar,d the fendencv fo• the poir1 s of 
flexure to be aligr>ed along constant d•irectiors from one fault 1.0 the next, 
renders this assumption open to doubt. Closer examination of the poirt s of 
flexure sl')ow t.hat 1hey coincide with the points of irtersect.ion of the faul 1 

planes and !he axial plare traces of tra•:sverse folds. The direct.ion of 
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concavity of the flexure points also assumes a constant pattern with the 
concave side of the curved fault plane being to the south where a synclinal 
axis crosses and to the north where an anticlinal axis intersects the fault. 
This is precisely what would happen if a southward-dipping planar feature 
were folded. The Sugarbush-type faults are normi;il faults with downthrows 
to the south and therefore dip to the south. The sir.uosity is thus a result 
of the originally east-north-easterly oriented fault planes being bent 
around the axes of transverse folds. This is the same effect, only less 
marked, which these transverse folds have on the longitudinal fold axial 
plane traces. 

(iii) Relative Ages of Faults 

Because the thrust and wrench faults are associated with folding 
processes which were contemporaneous, it follows that these displacements 
probably have the same age of origin. However, since compression from 
the east-north-east continued to prevail after that from the north-north­
west subsided, faults of the Silverbank-, Kalk spruit- and Drukfontein-types 
appear to displace those of the Mi spa-, Vaalkop- and Lagerspoort-type. 
Tectonic adjustments consequent upon the continued vertical movement 
reactivated all previous lines of weakness, with the result that, in many 
instances, the reverse of the above holds true, as a vertical P max probably 
continued to act after the horizontal east-north-east P max weakened. 

Only the Sugarbush-type fault planes have been folded to any 
extent, indicating that they were probably in existence before the other 
fault-types which still maintain a relatively linear disposition. As com­
pression from the east-north-east has been sporadically continuous since 
early Witwatersrand times, it follows that the longer any structures have 
existed, the more they will show the affects of this stress field. The 
relatively older age of these faults is supported by detailed work undertaken 
by Mountai·n (1962) in the Lagerspoort locality where i.t has been shown that 
the Sugarbush Fault is displaced by faults which can be assigned 1.o the 
Lagerspoort-•, Kalkspruit-, Mispa-. Drukfont.ein- and Brandkraal••types. 

All faults have been reactivated at various periods up to and includ­
ing Karroo times. There is evidence of strata of this System suffering relative­
ly small displacements alor.g faults of the Sugarbush- and Silverbank-1.ypes. 
Hence, it is not feasible to date .the movements in any of the faults as 
being exclusively of any particular period in geological time. 
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(b) Joir.ts 

The pattern of jointing in Witwatersrand ar.d other rocks in 1.he area 
betweer· the Sugar bush Fault and Vaalrand has been studied by MourJ air 
(1962). The results have been summarised in Table 20 and plotted in Fig, 4.. 
There is a marked differer.ce bet.ween the patterns in post-Jeppestown 
formations and those in rocks formed earlier than this series, In the Mair, 
and Kimbc:,rley quartzites, the \lentersdorp lavas a.nd the Karroo sands1ores, 
joirJ.s oriented at about N 45° W predominate, but in the Gm•ernment Reef 
and Moodies quartzites no such joints have been observed .. Each formafior 
has i! s characteristic joint pattern with certain directions of frac,uri ng 
peculiar to it and not represented al all in other groups of rocks. 

With the complex structural imprint left upor,. the area by a tecto1:.ic 
history of faultii:g and folding caused by a vertical and two horizoPtal sr.ress 
fields of varying relative intensities at various times, attempts to dec\:oher 
the sigr'1ficance and origins of the different patterns are fraught with corcside,·­
able difficulty. However, it is possible to relate, in part, the pattern of 
fracturing in the Moodies and Govern.mei,t Reef Series to the horiz.orinl stress 
field which produced the longitudinal folds. The predominart joints ir- 1.hese 
formations. seem to be of the shear-tvpe, The most prevalent fractures i!, the 
Upper Wit.water srar.d and \ler.t.ersdorp rocks are of 1.he tensior:a-type ,3rxl ear 
be fitted in reasoi,ably well with the horizontal stress field which exis•.ed 
du,ring the time of development of the transverse folds. The Karroo ioir'.s 
appear to have been brought ir.to existence by a vertical stress field, 

A oossible conclusion which might be drnwn from the varia'.iors ir. :hs 
joir.t patterns support.s ,the deductions made from ~he foJd patterns that. 
al:hough both horizontal stress fields were more or less contemporaneous. 
the P max directed from the north-north-west was stronger ir. pre~ ard Lower 
Witwatersrand times, whereas the P max act.iPg from the eas1~r·.or'.h~e ➔ s•. 
gradually assumed progressively greater importance in Upper Wi'.waters,ar.d 
Ver,tersdorp a,1d Transvaal times. Vertical uplift was more imoo~tart. thc>r> 
either of these horizontal compressive forces during Karroo times. 
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C. THE PATTF.RN OF SEDIMENTATION 

(a) VariaUons in ThJckness of Strata 

· (1) Regional VarJation .. ~. 

In Table 21 the varJous series ar;d stages which cor:prise tlie 
Witwatersrand System have been listed for differer!. localities ir, decreasing 
orders of thickness. What Js significant in thJs arrangement is that the trends 
of diminishing thickness remalr. the same for all groups of rocks from locality 
to locality. The sediments contair-ed Jn any one stage or series are thickest 
in the Heidelberg area, and have i.he same, or slight.ly lower, thickr.ess in the 
Wflgepoort-Fortuna locality. Jn the W!t.kleJfontein locality they have a 
l(l.SSer development thar. in eithe1 of these two localities. but represent a 
greater accumulation thar,. Jn the Stryfont.eir, Heidelberg-Roodepoort Mine 
and Hex River Mine local!t.Jes, where the thinnest development. is alwa.ys 
round the Hex River MJne. This applies or.ly i1: the case of actual sedimen~ 
tary material Jn the particular stage or series. The figures shown for the 
Bird .. Stage do r.ot repre'sent 1.he whole thJckr:ess of this group, the lava flows 
comprising the two Bird AmygdaloJds ard !.he Bird Marker having been excluded, 
The regional pattern of changJng t.hJcknesses of the flows is ve':y much differe~·t. 
to that associat.ed with the sediments. and it is apparen.1. that, although Joc;,i 
controls for the accumulat.lon of volcar.Jc and sedimentary mci1.erial might have 
been the same, the reqior.al distrihutlon of the lavas was influenced hy 
conditions whJ_ch did not prevail during the ;:,eriods of sedimer>t.ary in.filling 
of the basin. 

Jsopach contours prepared from the data in Table 2l would show that 
the form-lines strike in a dJrectior. more or less normal to the axes of the 
longitudinal folds, indicaUng that the formations, as presently disposed, 
thin towards the south east. MaYJmum thlcknesses occur along 1.be axis of 
the Glenroy Syncline which struct.ure, when continued west.wards into t.he 
basin, probably coincides with the trough of the Pot.chefstroom SyrcliBorium. 
Information from other areas suggests that m.,ximum thicknesses ;,lwcvs 
occur along this axis, increasing ir, magr..Hude WP.stwards to !.he oriqir.a.l 
central, and deepest.· port.Jon of •.he deposit.o,y sorr>?whcre hs~v.ar;er \lr,,<le',.;;_ 
and Potchefs•.room, F'roin 1_.he northwest wbe.te or;e ,shorelir.e of ,he oriqi>:.'\J 
basin clearly lay, strata thick.en toward~ thlf ay.is ord then thin ~µ,i" 
southeastwards away from JJ.,. This lat.1.e> wedgira a:fec1. •;2.r he +al:P.r a.s 
strong evidence for the closing of the basJ,-. again~t. a seccn·.d shorelrne 
beyond the southern limit of the Soul.h Rand ;c;rea. J\1eil! ~•ohore cor;ditiors, as 
shown in t.he major goldfJelds alorg t.he r,orthweE'e>T. rirr of fre basi:c. are 
most favourable for the conr,eri1.rat.ior- of ecoromic quar.1.i'.ies of golrl. 1hus, 

6'5/ .. 



., I 1 

i ,,-, 

Sys lerria I_ i~ _ Ge~_raoh; ~ -Variation ~ n ,1 r. ·j ::K Je% · o'f: MernbM··;,: of __ thb' 
W i twd t er!ir-and Sys l em S:ndh uf the _ Sugrbu3h f al.I H. TTi1 ;( k 11e.s!l ~ n feel) ,. 

' Heid · tleide lb erg area 

w - f 

Wits/ 

Wi1gepac:'i~Forl:Yra 1oca1~ty 

Wit.k.]eHo·,h=!i'n -lr-~~ditv 

. ,, ·. i ·. 

Si i':i T 

Heid-R 

Si ·,-'c.,'ci•; k.a:ily 

Ht i de 1 Le:·o-Rocdenc ~,t t 1·\·j !··: 
" ' .. _,' 

Hr), 6 R :': Hi) 'fH_•;t,;( -·NJ;i9. 



on the evidence of the vc1rlatlons of thJckrens alorp,, the South Rard area 
should h11ve acted as hos•. to sJgntfJcar.1. aurJl.e1ous deposl's However, Jt has 
been shown by the dat"l refp,rrJng f.o corg!omerMes ard aold rr.lre·illlsaUor, 
that thls Js clearly rot the case. The dtsnepanr.y rr:us'. theref0·e bet.he 
result of sedlmentafJor. factms other thar deptJ, of deposJ'Jcr ar.d dlst.ilr,ce 
from a shorelfre. 

The fact that the Jsopach cor'.ours would also Brow~ sltn1lar pat.tern 
for each series or stage must mear, !ha1 the morpholoav of the t•ilsir floo' Jr• 
thJs area was the same st t.he comwencemer• of each major cvd8 of sedim8r~ 
tat.Jon, DepressJors, aft.er havlra been filled up durtro ore cyc 1e. must h/Jve 
been depressed again approxlmat.ely alorg thP. s;;rne !louoh aYes l0 efore 1.he 
onset of the following cycle,, Rot.Ii tectonic stress fields ext sterJ cor:1.em­
poraneously through qP.oloqJcal Ume, and t.he Jongi111c'lnal ar.d 1,a1"sverse 
folds, arid their accompanyJr.g faul1s, were repeatedly beir·g 0rtJvl1ated along 
the same axes,, The con,1.an1. Da'terr. of sedirn8rtatior, wi'h iesvect to 
{ormaUonal thJckr-,esses, might thus be a result of 1hts cor st.a,t.ly reac:Uvated 
fold pat.tern. Troughs of maximum accumulation coJr•clded wJ1h the hinge 
zones of major syncJJr,es, whlle thinner developments of strat;i took place 
over antJclJna1 axes, The interference pall.em oroduced by the two fold 
dit..ectlons was responsible for local superimposed vatl.~tio,.,s of thlckr>ess on 
the regJonal trends where st•ucturaJ depressiors arrl culmJnaiJors occurred, 

(JJ) Local \',,,Jatlors 

Jsopach maps h~ve beer prepa,erJ for varJous meP'1-,,, ,, nf the Blid 
Stage of the Main~PJrd Serles J,, •hR So11th Jhrc' G,,!rl\leld. Ore nf these ~ 
for the Kimberley Sha.1es ~ Js showr Jn fig, 5. The cortnms fc,, r-1: rrembets 
are cor:_sJster.tly ailared i•··" ?St'P.ral r•orthweste;ly d!rec1i0r, an::>rn>.if"1'1•e!y 
parallel to the axJal plane l•s~,P. of !he Glenoy Syr.c 11rP. [)c,•.,,ilP.d S'clJctural 
investigations Jn 1.hfs localitv )',,we showr. that. r.umerou', •hJ,,J~ a1·d f0ut1h .. 
otdet folds of the lor:gl1udLn' class lhJ 10 the soufhwPS' of •h0 Gler;ov c:}!s. 
'l'he maximum thlckresseE, whethw of Ktrnl·e1 1ey ShJle o' H:cuw •>i•r1 Quart,He~ 
coincide with such syrclti~es,whlle tl,lr de,,elonrr,»' 0 a•e loc~1,,rJ ovet al"U"' 
ell nsJ axes, 

The K1mf1et1s-v HhaJP<:.: thf,- 1,o }ni:.--, fl>:r 4(1 f,=,.,;t n\"/'.'.f ';'" 2H'~i.-:-·~,--. 

between Boreholes R'f .5 a"'rl RT R 1h•rl n,, 'n O'-'P' i )(' fc, 0 : t•e•wec,, 10'1 t. 

and RT ,4, er,d ther, ihJr •"Cl'li• to:,,:;·, 't.,,. fH" fecc 1,,,,wrc,e1, R1 '· .-, s T l 
'l'hickenlng agair Js sugaesferl aln•,1 a sv,,r 11··:.J a>'" t.0 the rnr'rwdF' of 1.J,e 
KJJdare illld HeldelbP.lg-RoorJ,,;:,00~1 rPtres Ou:.1 tJ..,, ftr 0. 1 2rtk'f•e t}·,e TJo;:,c,r 
Bird QuarJzltes are less 11,.,r zr fr,?' fh1rl 0"P' •.hr, "'\",·\)l"e 70 feet -''O over 
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the second ant.iclir,e less t.har., 50 feeL Jnsufficier:t complete intersections 
of the Upper Bird Amygdaloid were made to carry comparison further than sayir:g 
that the maximum thickness of over 500 feet of this lava flow occurs along 
the syncline between RT. 2 and RT. 4, Similar relations between isopach 
maxima and minima and longitudinal synclines and anticlines respectively 
apply to the locality around the Hex River and Southeast. Witwatersrand mines. 
There are also some i1:dications that the thinnest. strata are present where 
culminations have been formed by the second-order transverse Sundra and 
Tweefontein Anticli r.e s cut ting across the fourth-ord&r longitudi r.al fold c1xi s, 

Jn both mining localities 1.he axes of the isopaeh rr:axjma. ler..d to 
remair: fairly const.an1. ir. plar. positior, from one fo:ma1.ior._ to the r.ext, but the 
axes of the minima show a.r. inclinatior. to wander to a cert.air. extent. between 
the axes of the maxima. The centre-lines of the local troughs thus rem.air.ed 
more o• less constant, but the widths altered from format.ion to format.ion. 
\lariat.ions in the iD,.ensity of dowr:ward movement. in the syr:clines ur.derlying 
the local trouahs at each pulse of tectonic activity possibly caused differ­
ePtial t.litir.g ~f the strata in between, and this led to the migratior: of the 
axes of the intervening ridges towards the synclir..e with the lesser dowr.warp. 

The local variations in t.hJckr.ess point to the same conclusion 
suggest.ed"by the regional varialio1cs, viz .. that the accumulat.ioL cf Witwaters­
rand sediments in this port.ior. of the basin was influenced by the longit.udir.a.1 
folds to a marked extent and also, possibly, by the transverse folds to a 
lesser degree, Sedimer.ta'.ion and foldir.g therefore must have goJ1e har,.d-ir..­
hand, Previously deposited strata were folded aJor:.g consta.m aY.es prior 1.o 
each cycle of sedimentation, Jn this way local troughs cor..tair.irg rela,ively 
great.er accumulated thickr.esses of any of one formation were cor.1.ir.,.uously 
beir:g stacked vert.ic.ally one above the other, A zone of relatively thicker 
Elsburg quartzite, say, on surface could thus be employed 1.o demarca.te 
zones of thicker development of a1cy underlying unit in the Wi1.watersrand 
System. 

(b) Facies Changes 

Zor.es of equal t.hicknesses of accumulated Witwate,swr,d strata 
occur on both sides of the Glenroy Syr,c.lir,e, but the facies developed ir: such 
zor .. es show very marked differences, Jr, ·.he Mair.~Bird Series 3".Y, ,.,·here 
40(10 feet of sediments occur r:.orth of the fold axis, :iua'.tzi1.es e:-.clusivelv 
are developed below ~he Kimherley Shales a.r-.d corglomera1.1c h,.nds am r.u1r,erous. 
robust and cont.ir,uo11s along .s1.rike, Where 1.re equivalen thicl·.r.ess is oreser..t. 
south of the syr:c)ir.e, shille ·ceds are cor.spicuous corrporert.s the qu:1rt.zi1.es 
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themselves are more argillaceous, ar,d cor.glornerate bands are poorly­
developed, leD1icular gradational ir,to gril.s .- ar.d in maf)y piaces tot3Jiy 
abser.1. This applies to all stages ard substages wilhir tre Witwat.ersran:! 
System with a few minor local exceotions, such as 1 .. he de•Je]oprnent of the 
Coronatior> Reef at the Edei,k.op Mine. 

Jn Table 16, the frequency and na1ure of cor-glomera'e developir,er,t 
ir> the Upper Witwa1ersrand Division h;,ve l)een shown, and fr the sectio0 
dealing with conglomerates and gold mineralisat.ior,, eviden.ce wos preser-1ed 
t.o demor.strete the marked deterioratio•~ ir, the importarce of cor.gJorr,ern1es 
between the Cernral Rand and the South Rard area. The relative oro·oor-.ior" 
of coDglornerates, quartzites and shales ir, so!T'e localities south of the 
Sngarbush Fault have been shown fo: '.he Coronation St.3ge ir. Table 3, for 
the Mail: Stage in Table 5, for the Bird s,age ir Table 6, for tbe Kimberley 
Stage iic Tables 9, JO and 11 , and for 1 he E.l sburg Stage in Table l .l , 

Jn the South Rand area, therefore, near~·shore conditions, as 
indicated by the southeastwards wedging••ou1 p3tterr> of the thickness of 
accumulated material, did not act as host to the sarr.e assemblage of sedirneDts 
as did similar conditions north of the Glenroy Synclir.e, The ;:,reva.lence of 
fir,e ~grair.ed components in the form of quar!zites and shales over coarser-­
grained varieties such as conglomerates and grits suggests that no mat.eri.al 
was con1ributed into t.he basir> from the original edge of the depository lying 
south of ,he Vaal River. The uninterrupted ::,attern of facies chilr:cies from the 
northwesterr• half oft.he basin across the Glenroy 8yr,cline into the south~ 
eastern half indicates that the source of material was on the r.orthwestern 
edge of the basin only, and that the distribution pat.tern of ser!imer.t_s from 
this provenance was. r.ot influenced hy the influx of any subsV;nUal amount< 
of ir>fill frorr: the opposite edge, Large ,HP.our;1s of heavy mir,erals. inclucl.irq 
gold .. were r,ot tra,nsported great distances in•o t.he basir, from the sr,orn~lir,e 
Thus. such com:ionents, corning in alo;~g the northwes>ern edge, di,:1. rot 
reach the G!er,rcy Syncline in any subs•.anial :iuar1.ities. let alone cweeu 
beyond this axis of the basin. With very lHtle oold washing frorP 1.he r.ortr,­
west and no material beir,g comributer! from 1.he southeastern rim ii.is 
apparer:t wby the r,ear~shore condif.iors in the South Rand area a.P2 --·(,~. 

associatecl with any significant accumula·.ior:s of the rr.etal, 

Corrobor;,rory evidence for the mode of di suibu1ior: of serlimer1s 
postuJ.a1ed above 1s provided by the direcUnr.s of t.ranspor:arJor of mct.e1ia1 
witr.in trir; ]:;;sin. 2s det.ermir.ed from cross~-heddi>og observatior-s. Hargraves 
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(l 962) concluded that the pattern of such measurements in the Main-•Bird 
Series from the East Rand southwards indicates a cor.sistent southeasterly 
directioi, of transport continuir.g as far south and southeast of Heidelberg 
as the Main-Bird Series can be identified.- More detailed. ai,d extensive 
work by Mountain (l 962) has produced the results which have l:een sun:miJrised 
in Table 22 for cross-becldir,g in Moodies quartzites, in Table 23 for 
quartzites ir the Jeppestown .. Government Reef and Hospifal Hill Series, ir, 
Table 24 for quar1zites in the Main Stage. and in Table 25 for quart.2ites ir. 1he 
Kimberley Stage. 'A condensation of all this iPformatior.. is presen1ed fr Table 
26, The azimuths of the maiP directions of cross-bedding at each poir,+. l•a, .. e 
also been plotted in Fig. 3. 

The pattern of azimuths remairs more or less tbe same nor1.h and 
south of the Sugar bush Fault. For the Government Reef ar,d Jeppest.owr. Series 
and for the Mai!c. and Kimberley Stages, tbe direction\ of trar.spor1.atior· of the 
sediments are essentially S 55° E an.cl S 3n° W, t.he two a:dmuths being al mos' 
at 1igh1 ar,gles '.o each other. A different pattern prevails for the Hospital Hiil 
Series arid yet anot.her for the Moodies Sedes. Certain aspects of the former 
are also disce:r:itle ir.• the Government. Reef Series. The parallelism betweer, 
the S 55° E azimuths and the trends of the loDgil.udinal fold axes is consid.ered 
to be more than coincidental. particularly in view of the foct, mentiored 
previously., that the strike oft.he isopach form~lines is also paraJJeJ 1.0 ·he 
fold axes. 

Considering certain azimuths in the Government Reef ar:<~ Ho,,,ii 1cl 
Hi]j Series, there apDears to have been a local clockwise directior of '.1,i-s• 
port rour-d ,he grarite mass forming the southwes1ern portion of the:, Devc", 
Dome. Material seems to have moved from <.he e'lst-south-ens! wes1wa.,c's 
ther r,orthwards. ,nd fir-ally north"•north-eastwards, This p31.T.err is to1.a!ly 
differer:1 from that which prevails ir, the Governmer.t Reef, )eppestowP 
Main-Bird and Kimberley~Elsburg Series away f.rom t.he grai,ite mass whwe 
sediments were transport.eel by currents flowing consistently to the 2ou'.hea 0

• 

across •be ce1c1ral ar.d sout.heastern portior>s of the basir., The conJYarv 
pall en, ir, the lowPr members of the Lower Wi1w,Jtersrand. Divi sior> migh' o:fey 
an explar:atior for the anomalous development in the Ederkop-Steyr si.,ra~J 
locality of significaDt auriferous conglomerates in the Coronation S1age of 
1.he Governmen1. Reef Series. If the material forming these reefs ciorr>e from 
southeast, as 1he o~oss~bedding seems to show ther. it would have J.r;o·.•,0 .'>,,! 
a relatively short distance from the southeasfern rim of the basir'. coc.c,e:,uer·'. · 
ly retaining its heavy mineral components. It has been discussed 7e11i0•J<J 
how di ffi cull i1. is to fit these conglomern1es into the pattern of facie s eh'"' c;<c, 
brought about by material entering the basirc along the nort.hwestern rim o• ;y 
and ther, flowi !'9 soutbeastwards, 
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Local Hy 

Vl akfonte in 448 

Panfontein 452 

Modaerfontein 562 

Averages 

Table 22 
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--·----·--
Direction of Flow Thickness of Unit Inclination of Furese 

N 55 £ 12 

N 85 £ 

N 85 £ 9 

S 65 W 

N 70 £ 13 

S 85 W 

N 80 £ 11 

S 75 W 

Par·ameters of Cross-Beddin9...iil_guartzites of the Swaziland 
S stem South of the Su arbush Fault 
thickness in inches I i nc 1 inat ion in degrees) 

25 

--
21 

" 

18 

···-·--
21 

-------- ·-----

I 

l -·• 
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South of Sugarbush faolt : North of Ssgarbush fault 

Point Direct ion 
of Flow 

- . 

5 N 65 W 
GRS S 85 £ 

S 60 W 

Av. S 85 £ 

GRS S 60 W 

Table 23 

l. 8linkpoort 396 
2. Rietpnort 193 
3. Steynsfraa l 399 

T~ickness lndination I Point Oiredion Thickness lridin1ti'Jn 
of Ii.nit of foreseb of Flow of Unit of Fciteseis 

" 
7 N 80 E 10 18 

I I 

! 
,JTS S 55 [ ; 

I ! 
----

s lo w i ' -- ·i 
Av. S 55 E I 10 ]9 i ,ITS I S 15 W I 

=---=--== =~~,......:,---:,--_,c-,.,..,___= ... -==-=~=·""'"'=== -=c,-----½-, 

,) 18 

I 
3 N 1,5 E 6 iS 

GRS S 45 E 

I S 25 W 

'i 4 N 60 E 9 22 

I S 60 E I 
I 

s 5 W 

! 6 N 85 E 8 21 i 
I S 25 W _L --

5 18 S 50 £ 8 ;,1 

I GRS S ,OW 
J/ Av. 

- - ·- -- , ...... ~------= F---~-...... = '~'"~==~=.,-c~,. 
I l f/ 25 W 6 ' 0 I I 
! 

' i HHS S 80 E I I --- -- -------- ·······1 
' 
j 2 II 40 E 9 

S 85 E 
·-------· .. 

I 
i A,' II sO £ 8 
I 

J HHS S 85 E 
·- ---------

Para•eters of Cross-Bedding __ in 0uarlz_ites_~i__the Lower Witwatersrand 
Division South of the Su arbush Fault Coag,,_red wilh Those of the 
Heidelbero Area lhickness in inches, indinatioo in degrees) 

4. Lager,,poort 4 06 7. Steynsk1·oa l 199 
5. RielbuH Estates 505 
6. Rielpoc,rl 193 

,..ITS.. .Jeppes f C'wn Ser ie5 
GRSo G'l_.·ernme'll Red SerlE:s 
IIIIS. Hcsplbl H,1i Series 

B ' I 

,, I 
' 



Point 

15 

Av, 
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-~ 
Soulh of Sogarbush f'aull llotlh o' Sugarbush Faul i 

Oirecl1on Thickness Inclination Poinl Direction H:ic~ness 
of Flow of Unit of Foresets of Fl ov of Unit 
S 50 £ 13 24 8 N 80 £ lf. 
S 25 W S 25 W I ' 

'' 
9 S 75 £ 15 

.s 10 ~ 

S 70 ~ 
--

10 N 65 £ 12' 

S 50 W 

11 5 15 £ 13 

S 45 W 

12 S .15 £ l3 

S 35 W 
~--

13 · S 55 £ 15 
S 20 W 

S 75 W 

14 S 70 £ 10 
S 10 £ 

S 50 W 
- -= 

S 50 £ 

S 25 W 

Table 24 

13 21, . Av, S 65 [ 13 
S 40 W 

Pa•amelers of G•oss-Beddi no in Quartz; tes · cf !he r.a i r. Stage South of 
toe Su arbush Fauli am ared with Those at the Heideiber A~ea 
(:hickness in inches, inclination in degrees 

8. 
G 
a, 

l 0. 
11. 

Poorlje 389 • 
Poorlje 389 
Houtooorl 392 
Nooitgedacet 390 

12. 
13. 
14. 
15. 

[1andsfonlein 412 
[iandsfonteln 412 
Plalko~pie . 420 
Tweefonlein 560 

. --
lil'; t inabcn 
of Forese!s 

22 

--
16 

1'1 

20 

]5 

15 

16 

. - -n 

------



Point 

16 

21 

22 

Av. 
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South of Sugarbush Fault North of Sugarbush Fault 
Direction 
of Flow 
S 1,5 £ 

.. S .50 W 

S 45 £ 

S 25 W 

s· 45 £ 

S 45 W 

S 45 E 
S 40 W 

Table 25 

Thickness lr.c I ination Point Direction Thickness Inclination 
of Unit of Foresets of Flow of Unit of Foresels 

19 17 l7 N 80 E 16 19 

S 20 E 

17 22 S 45 W 
·-

12 40 

---="' =--.......,,..=---===----== -· -
16 26 Av. S 20 E 16 19 

S 45_ W 

Parameters of Cro~s-8edding in Quarlziles of the Kimberley Stage South of. 
the Su arbush Fault Com ared with Those of the lleidelber Area 
( thickness in inches, illc l ination in degrees 

16. Modderfonlein 410 · 21. Malanskraal 407 
17. Langlaagle 186 22. Roodepoorl 598 



Forsalion 

Kiaberley Stage 

Hain Stage 

Jeppestown Series 

'· 

Government Reef Series 

Hospital Hill Series 

Hoodies Series 

Table 26 
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Di reel ion of Thickness of Inc 1 inalion of 
Flow Unit Foreset 

S 40 E 16 25 

S 40 W 

S 60 E 13 18 

S 35 W 

S 55 E ,] 0 18 

S 15 W 

S 60 E 7 20 

S 30 W 

N 40 E 8 22 

S 85 E 

N 80 E 11 21 

S 75 W 

Summary of Generalised Parameters of Cross-Bedding in Quartzites of 
the Witwatersrand and Swaziland Systems between the Heidelberg Area 
and the South Rand Goldfield 
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If there were local additions in the South Rand area of sedimentary 
fill from the southeastern shoreline, then they were restricted to the very 
earliest periods in the history of the Vvitwatersrand Basin. From the latter 
stages of the Government Reef Series onwards cross-bedding azimuths give 
no indication of transporL into the basin from the south, southeast or east. 
This confirms the concluslons drawn from a consideration of the facies 
represented in the various series that no appreciable amounts of material 
were contributed to' the depository from the original mc>rgin lying south of 
the Vaal River. 

Detailed measurements in the Kimberley Stage rocks surrounding the 
four mines in the South Rand Goldfield confirm the prevalence of two azimuths 
of cross-bedding, one parallel and the other normal to the axial plane trends 
of the longitudinal folds. This is illustrated in Fig. 5 where the long axes of 
the zones of maximum and minimum isopachs of the Kimberley Shales are 
parallel to the axis of the Glenroy Syncline, and the main azimuth of cross­
bedding is'parallel to the isopach form-lines. It would seem that sedimen­
tary fill entering the basin from the northwestern rim was transported into 
the South Rand area along troughs in the floor which were developed over 
longitudinal synclines. Spillage of material, possibly during periods of 
surging, consistently took place over the anticlinal ridge lying to the south­
west of the particular synclinal trough. Movement of the overflow in this 
direction is indicated by the S 30° W azimuth of cross-bedding. 

(d) Sedimentation and Gold Mineralisation 

All aspects of sedimentation show that the material from which the 
Upper Witwatersrand gold-bearing conglomerates were formed entered the 
depository from the northwestern rim, moved southeastwards, and dis­
sipated itself before reaching the trough of the basin which was possibly 
located along the Glenroy Syncline. The total amount of gold available 
for ,position in the South Rand area was thus very considerably less than 
tho n the areas to the north and northwest where the East Rand and Central 
Ra1 qoldfields were formed. What gold did reach the South Rand area was 
co: :1trated in ar.d confined to long, narrow payshoots in the Kimberley 
Ree nly. None of the gold and conglomeratic material deposited 
exte:,sively in. the East Rand Basin during the Main Reef Leader (Nigel Reef) 
period was transported much further south than Heidelberg. The sedimento­
logical characteristics of the Main Stage, as developed in the South Rand 
area, clearly show that an environment favourable to the accumulation of 
gold simply did not exist at the time of considerable reef formation to the 
north. The anomalous development of pa,Yable conglomerates in the 
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Coronation Stage of the Government Reef Series is possibly the result of an 
anomalous direction of transport of material from the southeastern rim of the 
basin during early Witwa!ersrand times. However, insufficient sedimento-• 
logical data are available for the Sou~h Rand area to prove conclusively the 
validity of this deduction. If a poter,tial source of gold did exist in the 
originally elevated land south of the Vaal River, then the mode of develop•• 
ment of the basin in post ·-Government Reef times did not permit the erosion 
products from disir:iegration of the positive area to er.ter the Witwatersrand 
depository lying to the north and northwest. 

The payshoots developed in the Kimberley Reef in the South Rand 
Goldfield (Fig. 5) are parallel to the main azimuth of cross-•bedding and to 
axes of longitudinal folds. They were obviously formed in the deepest portions 
of long, narrow troughs in the Kimberley Shales, where the maximum amounts 
of pebbles and gold accumulated. The troughs formed as a result of down'­
warping along pre--existing synclinal axes during a pulse of horizonta) 
compression subsequent to the deposition of the shales and prior to the 
washing in of the coarser elastics. The pulse was probably associa.ted 
with,or the product of.vertical uplift of the northv,estern rim of the basin, 
as a ·result of which elevation additional ma'..erial in the source provenance 
was made available for erosioTJ and distribution southeastw,-,rds into the 
Witwatersrand Basin. After the formation of the pay shoots further deformativ. 
of a similar nature fo.lded the conglomerates into their present synclinal form. 

The orientation of payshoots in the South Rand Goldfield with re:rnec1. 
to sedimentological and structural features appears to be the same as tha~ 
found in the East 'Rand Basin. Zones of optimum /(imberley Reef development. 
in the latter locality have tr.eir long axes in the direction of cross-bedding 
azimuths. Most of .the shoots lie parallel to the axes of the .longitudinal 
·folds, but some are al so cili gned along the I.rends of the transverse folds, 
a feature which has not been observed in the South Rand Goldfield. In the 
Witwatersrand Nigel Mine at Heidelberg the payshoots in the Ma.in Reef 
Leader are also parallel to the direction of transport indicated by cross~ 
bedding and to the longit.udinal fo.ld axes. Jn Fig. 5 one such shoot he s 
been plotted for comparison purposes. It can be seen that reef developme<';. 
at the southern end of the East Rand Basin and in the South Rand Goldfield 
was the product of sedirr:er:tologicaJ conditions which were ider;tical, to a:d 
intents and purposes, in the Main and Y.imberley Stages. Shoots are elongat 
ed along the southeasterly direction of transport of conglomeratic material, 
and the relative importance of individual payshoots decreases, in a very 
general way, in the direction of the second cross·~bedding azimuth, i.e. 
greater concentratior.s of go1d occur towards the northeast in the directioP. 
of the axis of the Glemoy Syncline and structures beyond this in the East 
Rand and Kinross Goldfields. The optimum pattern of exploration activities 
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in the South Rand area would therefore involve proceeding as far upstream as 
possible along the second, southwesterly, cross-bedding azimuth, and then 
searching for long, narrow payshoots, possibly less than 1000 feet wide, 
oriented parallel to the first, southeasterly, cross-bedding azimuth, 

* * * * * * * * * * * 
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GOLD PRODUCTION 
-·--~~-~ ... ,.,.. ... ,,.....r 

The total amounts of gold produced from individual mines in the 
75-year history of the South Rand Goldfield are shown in Table 27 for the 
Edenkop Mine, in Table 28 for the Wilgepoort Prospect, i.r: Table 29 for the 
Kildare Mine, in Table 30 for the Heidelberg••Roodepoort Mine, in Table 31 
for the Southeast Witwatersrand Mine, ar.d in Table 32 for the Hex River 
Mine. Production from the field as a whole is summed up in Table 33. 

The most important producer has been the Heidelberg-Rood.epoort 
Mine which, in 18 years of actual production during the 7 5-year period, 
crushed 78 per cent of the ore treated in the area, and recovered 83% of the 
goJd. The average recovery grade of 3. 61 dwts. per ton was not the highest 
for the area, being exceeded by the figure of 5. 53 dwts. per ton recorded by 
the Edenkop Mine. The purest gold was obtair,ed from the Kildare and 
Southeast Witwatersrand mines where workings wer.e at a shallower depth 
below surface than at the Edenkop. Heidelherg-Roodepoort and Hex River 
mine·s. Although records are insufficient to offer conclusive proof, there 
is a suggestion that the silver content of the Kimberley Reef ir,creased with 
depth below surface on both the Heidelbexg-Roodepoort and Hex River mines. 
On the former the average increase w.:1s about 80 parts of silver per l 000 of 
bullion per 500 feet inclined depth or, the plane of the reef, and on the latter 
about 60 pa.rts of silver per 1000 of bul.\ion per 500 feet inclined depth. 

The relative insignificance of the South Rand Goldfield can be clearly 
seen when the following comparisons are made with the Central Rand : 

Central Rand 

South Rand 

SR percentage of CR 

Tons Crushed 

1.023 ,063 .519 

267,969 

0.026% 

Ozs. Gold 
Recovered 

260,934,953 

45,786 

0.01.8% 

~~~erage Recove_::x 
Grade ----·-

5 .1 dwts. per. tor; 

3.4 dwts, per tor: 

67% 

When prod.uction f-om the whoJs of the vVitwa.ternrand Basin is 
considered, the very mino~ naturn of the South Rar,d Goldfield L; even fun.her 
emphasized, its gold output being r,o mo,e thi'ln O .. 007 per cent of the total 
amo,.int won from the seven major and two minor fields. 
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Year llame of Producing Ions Ozs, Gold 
Comoanv !coaled 

)906/7 Edenkop Syndicate 7,086 1928,42 

1907 /8 Edenkop Syndicate 3,557 1015,30 I 

Ozs, Silver Reco•1ery Grade 
dwh Au.IT. 

395,02 f,~44 

197.42 5, ?l 

-

fine ness A11 l 
ts /1000 I par 

8,o i 
837 : 
------1 

Total for 2 year·s' adua l 
-i 

10,643 29113. 72 592,411 5.51 L3_z ____ _l 

Year 

1913 

Total 

Year 

1908/09 

1941 

1942 

Total 

----

product ion I -------

Geld Produdior from the Edenkop Gold Mire on Rietbu1t Estates 505 

Name cl Prcduc i ag Tons Ozs, Gold Ozs. Silver Recovery Gracie Fineness Au 
Comeany Treated dwls Au,/T. parts /l_Q_QQ_ 

M.C. Tribute 266 1. 77 0.112 0.13 808 
-

I for 1 years I adua l 266 1. 77 0.42 0.13 808 production 

Table 28 Gold Production f!.:!'.ni_lli__\1il9QJloorl P,·ospecl on Ri etf onte in_ 56 l 

Name of Producing lC1ns ' 
Companv __ i reated I 

Kildare Gold Mine 123 I 
Day Dale Mining 2566 I 
Co. (Ply.) Ltd. 

I do, 2612 I 
! for 3 years I adua l 

I 5301 production 
---

Ozs, Gold I 
32.52 

325,67 

310.58 
·-

669.77 
---

Ozs, Silver I 
---

Recovery Grade I Finer.ess A1~ l 
_j_,,ts Au./T. _Lparts /l080j 

3,63 5<29 I 900 1 
34.97 2.55 ' I 903 l 

' I 
32.19 2.38 90b I -- . ------·----- --·-·----~1 
70.79 2,53 

--- 90•1 _____ j 
Geld Prduclion from \he Ki1dace Gold Mine on Rood~od 598 
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Year flame of Producing Tons I Ozs, Gold Ozs, Silver Recovery Gr·ade 
Cornp2nv lrealed dwts. Au ./T. 

1892 South African lrusl LOO 103,60 10,80 10,36 
and Finance Co. 

1896 Nee Heidelberg Roode- 12,837 2031.10 435.31 3,26 
poor! Gold Minino 
Co. Ltd. 

1897 do. 61,340 9725.45 3311,34 3, 17 

1906/7 Bon Accord Syndicate 3,910 735.01 11. 10 3,76 

1907 /8 do. 23,072 5512,23 589,45 4.78 

1908/9 do. 29,253 6110 •. 29 755.00 4. 18 

1909/10 do. 23,810 5645.00 699,00 4. 74 

1910 do. 9,1147 2229.00 259.00 4. 72 
1911 . New Heidelberg Roode- 6;375 1228.00 140.00 3.85 

poor! Tribute 

1912 do, 10,818 2977 .oo 335.00 5,60 

1921 Alwado Syndicate 445 47,92 7. 11 2.15 . 
1922 do. 35 3.26 0.82 1.86 

1930 Bawick and Charles 182 5.25 1.31 0.58 
Syndicate 

1931 Miss 0, Charles 23 2.49 0, 19 2,16 

1938 Greylingstad Gold 2,100 151.72 16,811 1.44 
Recovery Syr,c!icate 

1939 . do. 7,150 519,89 50.20 1,115 

1939 Goedehoop Maatskappy 3,503 V18.62 21. 71 0,85 

1940 do. 11,544 421,92 61,90 0.73 

1941 dp, 852 214,63 34,113 5 .• 04 
1942 do. 2,549 39.01 5,18 0.31 

·-· 
Tota 1 for 18 years 1 ac.tua 1 

209,117~ 37 ,65L39 6745.69 3,61 production 

.I;,b 12..J.Q 

-

Go 1 d Produd i o_n free, !he Heide 1 bero-Roodepoort Go 1 d Mine on 
RoodeµoorJ 598 

Fineness Au. 
oar!s /1000 

906 

8211 

746 

985 

903 

890 

808 

896 

898 

899 

871 

799 

800 

929 

900 

912 

873 

872 

862 

883 

849 



1936 

19}7 

1938 

1939 

1940 

194& 

1948 

1%1 

Go1d Produdi::-:r: L·c:: '.ht Sodthcast Wil~~1.et0rand Gold Mine on 
Herrid1,r fi34 

La:. i Hopr: Mine 

do. 

South G,01ld G•iid Mi,.ee, 
Ltd. 

Ow.-:.-..:a ~c! l;-,v:''- :mer.b 
(P'.,,) l!.1, 

R, Off/ 

I (t 

10:' 

7 j ·, ~ 1
1 

I 1/1:?, 

I 
TiO 

2151 

tc&.ob 

94 3. 97 

3., 1~7 

t':]. i't 

l 99. 98 

0.50 

3.09 

171,59 

0,99 

7 .! j' 

0.2, 

0,9;: 

2,Jf, 

o.94 
4 .,,, 

1.82 

2.88 

'/'2 

i:,.~ 7 

Hor, 

8'1' .J 

871t 

qs? 

[:04 

.,,.,· ,-_ . I h - i ! - .- - ' - IH 3 -,- c.._. I ! :J)/! 0-7~ i _: I ,1., .... 1t-: 1$L,. ..,t:.:i .,.:. ; 
r-· J -·-·------·-·-···-··-······ ·-·- ·- ·-··· •• .! ... _ ··---· •-r-•- ·-- --··--·-----·····--··-·-·--~- ·-···· •. ·· 1 
I i I ' ' . 
I 

:'.,< 'v ··: _·n··_i -~ ; ,fl ~ . .-;; 1· -:n·11 ~; ; &·•r1 hl ! ·., f,f; ! p,--i 1' I r::•L•;:·, I ., t .J , .. I ··•. ! .,. I ' 
~- • ----·-•-•- ···----- -- ·-·- ···---- ---- ------- -· • --- --------·-- --------- -----·-··· ---------- -------- - - --•-• .•• t. ..• ---· --- -- - - - --
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' 
Name of Prohucer I lor,s Dzs. Gold Ozs, Silver Recovery Grade 

Treated dots,. Au./L 

Heidolberg-Roodepoorl Gold Mine 209 ,t, 75 37,851.39 6,745.69 3.61 

Hex River Gold Mino 30,979 3,071.83 635.44 l,98 

Edenkop Gold !·line 10,6,,3 2/143~12 592 Y, 5,53 
. 

Sottheasl Witwalersrand Gold ~l,305 1,2,,7.89 12'? .29 2,21 Mine 

Kildare Gold Mine :,,301 669. 77 70. 79 2,53 

W il gopoof'l Prospect 266 L77 0.42 0, 13 

Total Production 26'i ,969 45, /86;3) 8,l72.07 3.42 
-

Total Gold Production from lrdividual Mines ;n the South Rand 
.G..0l!ll.ltl.<l 

-

F foer,ess Au:-
_J>arl, /1000 

849 

829 

832 

~01 

9C4 

808 
-----

848 
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