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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 within 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, TFive
gold mines -~ Ldenkop, 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 attenusted 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;
feppestown Series - 800 feet; Main~Bird Series - 800 feet: Kimberley-
Elsburg Series -~ 1100 feet. The Lower Division is thus 5300 feet thick in
this locality, and the Upper Division 1900 feet, making a total thickness
of the Witwatersrand System &f 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
Midcle 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 than 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 Ventersdorp 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, Bast 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 fauliing that resulted from two stress fields in which compression
was in @ more-or-less horizontal plane, and a stress field where vertical
forces were operative. Two sets of folds are present with axial plane traces
trending N 50° W and N 300 W, and these can be correlated with the
Jongitudinal and transverse folds recognized in the East, Central and West
Rand areas, and in the Vredefort Dome locality. The interference of the
fold systems has givenrise 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 sirike, 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 preserved from erosion
because of this fault which is one of a series of conspicuocus 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 te the southeast of all
members of the Witwatersrand System is taken to indicate an original limit
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. Deformation 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 payshoots are
parallel to cross~bedding azimuths and to fold axes.

Sedimentological data also show that the South Rand Goldfield was
fi:)rmed 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 indicated 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 fields, 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 siructure containing the Vredefort Dome .
All the important mining areas are located on the northwestern 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 conceniration 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 75 years, but both
arcas have witnessed extensive surface and subsurface prospecting operations.
As a result, considerable geological 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 of
the Vredefort Dome . Four dormant mines - the Kildare, Heidelberg-Roodepoort,
Southeast Witwatersrand and Hex River - constitute the actual South Rand
Goldtield. 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 common boundary and which form the scuthern exiremity. No mines or
prospects exist between the above two groups of mines, but the reef horizon
is, for the most part, either covered by vounger 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 miles 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 Mine,

26 miles to the northwest at the southern extremity of the East Rand Basin,
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°947'S., and has an elevation of about

5390 feet 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 between. the
gouthern.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 Natal. One other 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 between the
easgtern- and westernmost exposures of the Witwatersrand: System. . The
boundaries of the area and the location of the actual South Rand Goldﬂeld

within the area are shown in Pig 1,

The area measures approximately 57 .miles east-west and 34 miles
north-south, and covers about 1900 square miles.” The New Springfield’
Colliery at Grootvlei is situated to.the north of the centre of the-area, while
the main collieries of the Vereeniging, Coalfield - Cornelia, Sigma and
Coalbrook - lie within 10 miles of the western boundary. . The South:Rand
Goldfield occupies the central eastern portion of the area, while the New
Rand Locality, the scene of intensive prospecting operations prior to.the’
1920'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, in the Orange Free State, is 22 miles-south=-
west of Greylingstad, and betweeh these two villages i‘s the South Rand Gold-
fleld.Twenty-five-miles west of Villiers is.Cranjeville, situated on.the
western boundary of the New Rand Locality. Deneysville is 10 miles north-
west of Oranjeville both of these villages also being. in the Orange Free
State. The main Johannesburg-Durban railwdy line runs through the north-
eastern corner, the Balfour- Frankfort line through the central portion, and
the Vereeniging-Grootvléi 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 598
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 = - Grootviei 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 Heidelberg-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 within 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,

a/. ..
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B. HISTOKRY OF PROSPLCTING AND MINING

(@) The Period 1886 - 1902

The discovery ot the Main Reef Leader at the end of March, 1886, on
the farm Langlaagte near Johannesburg on the Ceniral Rand started a search for
auriferous conglomerates wherever rocks of the Witwatersrand Sy stem cutcroppe
Prospecting scon 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 Nocitgedacht 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 Lid. was formed with a working capital of £€10,000. Without
doing any extensive work, this company held the ground until February, 1832,
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, 1897, 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 895 feet on the prospect of the same name which was abandoned
hecause of the absence of any significant mineralisation. The Kildare G. M.
Company alsc 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 PrQSpect 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 Heidelberg-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. Borchers (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 carryving out a diamond-
drilling program to search for the Witwatersrand reefs under a cover of
Ventersdorp lavas and Karroo sediments. A total 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-
trays 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 1906 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 during
1911 and 1912 and then closed down the mine, again because of the inability

to establish adeguate 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 1, Very
small amounts of gold were produced during 1908 and 13909 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 1306
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
more 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 guartzites of the Swaziland System. Boreholes SR.1, 2 and 3 went
into granite beneath the Karrco cover and the South Rand program was changed
immediately, drilling thereafter being restricted to localities where Upper
Witwatersrand 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 1907 boreholes NR.1,
2,4,5, 6 and 7 had been completed on Hartebeestfontein and NR.3 on
Schaapkraal. In none of these were any payable intersections of reef made,

7/
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but this did not deter Sawyer, and by the end of 1910, 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 1817, No records of these holes are
available, but they must have been sited in the vicinity of Boreholes OV.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 paritners in
1917 and was producing about 400,000 tons of coal per vear. 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 Witwaterg-

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 1932
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 adj oin-
ing Kildare Mine was acquired by the East Nigel G.M.. Company which
tributed it, for two years of production in 1941 and 1942, to the Day Dale
Mining Co. (Pty.) Lid. 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.

Lid. from 1935 to 1938,
8/...
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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 .
Pollowing on the survey, four boreholes, GOR,1 - 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 1A in the Rietvlei locality, RWL.1, 1A 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 XN .3 adjacent to the Sugarbush Fault in 1935, and in
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 Odendaalsrus area of the Orange Free State
prompted a resumption of prospecting in Sawyer's New Rand Locality. The
O.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)

(1ii)

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

Sheet 62, Vereeniging, surveyed by L.T. Nel in 1922, 1925 and
1934, H, Jansen in 1946 - 1948, and A.W . Rogers in 1818 - 1921
(Nel and Jansen, 1957)

an unpublished series of field sheets of the area between '
Fortuna and the Hex River Mine surveved 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 -
sStryfontein - Kildare - Hex River locality. In other instances modifications in
the generalised geology have been made by incorporating information brought
to light by diamond-drilling operations.

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

(i)

{ii)

{iii)

reports by A.R. Sawyer (1904, 1907 and 1917} on the investiga-
tions in the South Rand and New Rand localities

the geclogical map of the Heidelberg area prepared by Rogers
(1922)

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 borchole logs compiled by B.V. Carmichael
(1952)

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

(vi} the paper writien 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.) Lid.

(iii) field work carried out by M, ], 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 1880 -

1898,
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STRATIGRATVHY AND LITHOLOGY

The area desaoriked in this paper corstitulies 3 foided and heavily
faulied portior of the Witwaler wvarad RBegir, nreserved from erosior as a result
of an aporeciable down'throw slora the Sugarbush Fault . Three major structures
are clearly discernible = the Dereysville Syrform ir the west . the Villiers
Antiform in the centre . avd the Baliowm Syrform iv the east. These fold
structures have a rorth-ro-th-westerly trend and plunge ir the same direciion
As a resull of this regiors) plunge . mooressively older rocks appesar south-
wards alorg each structure. However  the elevatior of the courtry decreases
towards the scuth sc tha' more and more of the younger Karroo cover is
preserved, and alorag the Vaal River ‘he effects of the reduced elevation are
more prorounced thar those of the recioral plunge . with the result that ro
further exposures of older rocks avpear thiough the Karroo strata .

A larcge vumber of borebotes in the De Kuiler-Witkleiforiein Jocalily
permitied a reliable determivatior of the shratigraoshic succession along the
eastern limb of the Perevysville Syrform. Ixrellert exposures from Vaalrand
through the Wilgeonoort Prespect 1o Batfour ard the Fortuna lecality provided
data for a comvilztior of 3 columr or the rorithwester ard certral portiors
of the Balfowr Syrformr rela'ively ¢lose 10 the Haidelberg srea. logs of
boreholes coupled with irformaijor from mire workirgs ard surface axposures
rendered i1 possible to draw un & third colum: for ihe Hex River Mire locality
where the southernmosi exnosures of the Witwaitevsrard Svstem occur in the
hinge zore of the Belfcur Syrform

Sigrificant variatiors occur in the thickresses of the various
formations in each of the localities Corseguently . it was considered
advisahle to present all three columrs rather than to aﬂei‘npi one gepreralized
stratigraphic column for the ares as s whole. These are shown in Table 1
where a compariser is made with the columrs for the Heidelberg area of the
Fast Rard Rasin and the Tobsrreshurg ares of Certral Rand.

All the forwatiors »ormallv ercourered in drospenting cperalions
within the Witwalersrard Rasiv, with the excentior of the Dominior. Reef
System, are presert ir the aven  and thewe veach a mayimum jot2] thickress
of 23.000 feet in ~he cexire of ~he Balfour Syrform. Aporeciahle thirning of
the Witwalerstard. Vertersdmp avd Trapsvasl sv tems tales place somb-
wards from *his localiiy, and this decrease ir thickrees js accomoaried by
facies charges. The combhivatior of the two pheromers irdicotes that ‘the
edges of the depozitorigs of the vaions sedimer ary fomaticorns originally
13y at not too grear a distaree soulh ard sonthea~twarda from the present
South Rard ares .

13/
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Deneysville East Rand
Eornation Synforn Balfour Synform Bacin Central Rand
Witkleifontein { Wilgepoort - Hex River Heidelberg Johannesburg
) Fortuna Mine
Karroo System + 1000 + 400 + 200 + 800 4+ 200
Transyaal Systen .- + 400 - + 100 3600
Middle Ventersdorp ‘ '

Series ] 1700 - - + 2000
Lower Ventersdorp

Series + 3000 5000 + 2100 5000 5000
Kinbertey-E1sburg ‘

Series 2100 3000 1100 3100 6100
Main-Bird Series 900 1700 800 1800 3300
Joppestoun Series 1200 1800 800 1900 3700
Government Reet
Series 2800 3500 _ 2500 4100 5300
Hospital Hill

Series 2500 3200 2000 3200 4500
Suaziland System ? + 1800 7 + 1000 + 100
01d franite 7 -1 1 7 ?
fotal Thickness of ¢ 14,100 -+ 22,900 + 9,500 + 21,600 + 35,800

olumn )

Table 1 : Regional Stratigraphic Succession South of the Sugarbush Fault Compared with
Tnose of the Heidelberq and Jehannesburg Areas (thicknesses ia feet)

Formalion ﬂeg;ﬁ?;;l]e Balfour Synform Eagisﬁind Central Rand
" HWitkleitontein | Wilgepoort - Hex River Heidelberg Johanpesburg
| Fortuna Wine
Upper Witwatersrand 3600 4700 1900 4900 9500
| Lower Witwatersrand 6500 8300 5300 9200 14,900
”é;zg;;rsra“d 9,100 13,600 7,200 14,100 24,300

Table 2 : Thicknesses of the Witwatersrand System South of the Sugarbush Fauli Compared
with Those of the Heidelberg and Johanneshurg Areas (thicknesses in feet)
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A. OLD GRANITE
No exposures of the Old Granite have been recorded in the area south

of the Sugarbush Fault, However, its presence bereath the Karroo cover has
~ been amply proved by koreholes on the Villiers Antiform and on the Waterval
Antiform which separates the Balfour Synform from the synclinal struciure
coniaining ithe Kinross Goldfield to ithe northeast., The average depth to

the granite beneath the Karroo is 700 - 800 feet below surface near the
hinge zones of the antiform structures. No information is available from
‘the logs concerning the nature and composilion of the granite intersected

in these holes,. except that in. NR.3 in ihe New Rand Locality . a gne1551c

. structure was pre sept

: Norfh of The Sugarbush Pault Rogers (1922) reported the granite
'northwcst of the Edenkop Mine to be of the biotite variety and to be slightly
gneissose .. The gneissosity trends in a WNW . direction, parallel to the
Schi_stosi_’r.y 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 occur's near the Edenkop Mine . Aplites and quartz -felspar
pegmatites cut the granite in all ditections.

Snyman (1956) stated that the granite north of the Sugarbush Fault
is usually grey or pink. Orthoclase, microcline, albite, biotite and quartz
are present. In some specimens small amounts of muscovite were noted,

‘as well as amphibo]es‘in streaks or schlieren. Rogers 1922) reporied that
the felspar is frequently converted to a mass of greenish micaceous material.
In general, this granite which belongs to the Devon Dome, appears to be
identical with that composing the Johannesburg Dome .

"B, SWAZILAND SYSTEM

North of ’fhe Sugarbush Fault, near the Edenkop Mine, Rogers {l 922)
. found red schistose slates with some guartzose bands unconformably under-
lying the Orange Grove Quartzites 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 Quartzifes sirike NNW . and dip to the west at
409 - 559, Cleavage in the slates is parallel to the bedding. In the
guartzose 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, Sn.yman (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-iypes 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 guartzites 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
whlch are almost exclusively chert, both banded and massive, with a black
varlety 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 eastern end of Vaalrand, thin folded bands of metamorphosed,
impure limestone. Mountain {1962) found intercalated layers of talc schists
in the guartzites, 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
quartzifes in bands up to 5 feet thick. Isoclinal folding is not obvieus and
the general dip is much less steep than at Vaalrand, being of the order of
30° to the south. In Borechole NR.3 to the southeast, intercalated quartzites,
chlorite schists and massive talc rock were found above the gneiss. Sill-
like bodies of quartz diabase, enstatite peridotite and serpentlmte 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 bhelonged 1o the Orange Grove Quartzites, bu' subsequent drilling
results could not effect a satisfactory correlation beiweer the sirata actually
encountered and the rocks that should have heen irtersecied if the supposition

were valid.

This discrepancy is considered to cast corsiderable doubt on the

guartziles represerting the hase of the Witwatersrand System . and the follow-
ing arguments are offered in further <upport of the Vasalrand and Lepelkop
quartzites being members of the pre=-Witwatersrand Swaziland System ¢

)

{ii)

fiii)

(iv)

(v}

the true siratioraphic thickress of the guartzites at Vaalrand
is aporoximately 1800 and at Lepelkop 1000°; the thickness
of the urdovlred Orarge Grove group of guarizites and shales
at Heidelberg 1¢ 500 feet and at Johanrasburg 770 feetl;
eviderice shows thal the Witwatersrand formations all.thin to
the south and southeast, and it seems unlikely thal the Vaal-
rand and Lepelkop occuirences . if they are Orange Grove
equivalents, should be such a nolable exception 1o this trend,

at no localities ir the ares where undispuled Lower Witwaters-
rand stratd have beer mapped. are substianriial developments of
quarizites to be found st the hase; 1he evidence would appear
to indicate thal the Orange Girove Quartzites rather ithan
ithickenir.g appreciably . have thinred and charged facies to
the exient of beir.g revresented by a rarrow horizon of
alternaiing thin quartzites ard shales hardly distinguishable
frem higher members of the Hosninsd Hill Series.

the size of the pebbles ir the hasal conglomerate al Vaalrend
is oo large to fit into the patterr. 'of progressive degeneration
of Witwatersrand barket, in ihe same direciion az the thinning
of the strata . '

the compositior of the pebbles i3'also foreigr. to the normal
character of both Lower and Upper Witwafersrand conglomerate;
the almost fotal sheerce of quariz pebhles and the predominance
of chert similar ic that fourd in the Fig Tree Series, are features
commonly associated wilth Mcodies conglomeraias.

the presernce of limesiore bards in quatziles . ze found a* the
eastern end of Vaalrangd . is 2 pheromeror unkrown in the
Witwater szard Svstem elsewhere in the basgir .

serperiirites arnd talo bodieg . ho'h conformable with the hedding
and crosg-cuitirg, are also urkrowr in the Witwatersgrand
sediments elsewheare, but are common occurrences in ithe

17/ ...



-17 -

Swaziland System.

{vii) there is a marked angular unconformity between the Vaalrand
quartzites and the Contorted Bed and underlying guartzites east
of Borehole SR.1, such a relationship hetween 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.

(@) 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 Hospital 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 {LLeube, 1956). These are overlain by highly
ferruginous shales in which is the Contorted Bed. The degree of deformation
in the Contorted 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 hecome more sandy
upwards and thin intercalated quartzite bands appear.

The shales are overlain by the Black Grit horizon which attains a
maximum thickness of 100 feet, but is lenticular in nature and pinches to
25 feet at intervals along sirike. This horizon, which can be traced into
the Heidelberyg area, is composed of medium-~-grained,reddish quartzites
with sago structure and ripple marks (Leube, 1956). Angular or subangular
black chert pebbles up to one inch in size, but generally less than 4-inch,
are scattered throughout the guartzite which also contains lenses of black
grit. The presence of black chert spots in white-weathering quartzites
makes this an easily recognizable marker horizon on outcrop (Nel, 1933).
Two guartzite 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 inches thick with pebbles up fo a maximum of 3-inch in a fine-
grained matrix. The top of the Hospital Hill Series is marked by a thick
succession of hard, yellowish or reddish guartzites 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 110 feet of banded shale
and is overlain by 135 feet of guartzite 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 155 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 —;—-in'ch 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 0.25 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 500 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 %-inch in
diameter of chert, limestone, microcline, brown mica schist and chlorite
schist, as well as scattered angular fragments of pebbles of up to 5 inches
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in Bize of quartzite and devitrified lava. No bedding is apparent in the
horizon which {s intruded by quartz dolerite. . In the Rooiwal locality Schalk
(1956) mapped a 200=thick exposure of Blue Grit underlain by quartz dolerite
and overlain by medium«grained ripple-marked quartzite,

In the Edenkop Mine the Government Reef Beries ooours between two
faults whigh upthrew the Old Granite to the north and downthrow the Venters-
drep Bystem to the south, The strata dip southwards into the faulted contact
with the lavas and the sucoession from the fault northwarde, ascording to
Regers (1922), is shown in Table 3. It is estimated that about 200. feet of
the basgal portion of the Promise Btage, inoluding the Promige Reef, are not
exposed, and that about 900 feet, ineluding the Government Reef, have been
out out by faulting from the top of the Government Stage,

A gongpieuous feature of the Government Reef Series south of the
Bugarbush. Fault is the apparent absence of the tillite and the magnetic West
Rand Shales, both of which form useful stratigraphie markers in the Bast Rand

Basgin and elséwh@fé.

(i1) Jeppsstewn Berles

As is the gase nermally within the Witwatersrand System, the Jeppes~
town Series does not form good outerops and, as no. borehole penetrated the
whole thickness, it is not possible to present the detalled suecession of
strata, In the Witkleifonteln lesality about 350 feet of Jeppestown rooks
immediately underlying the Main«Bird Berles were intersected in one hele,
The top of the series is formed by 45 feet of shalee and these are followed
by 25 feet of quartzites, The next 147 fest are composed of shales, some
bands of which are highly eonterted or breeelated, Veins of guartz and
calgite are present in all the bande. A thickness of 78 fest of quartzites
and 46 feet of shales then eseurs éb@\fé an amygdaloidal lava flew inte whieh

‘the berehiele penetrated for 10 fest,

In Berehole RT 4 at the Heldelberg«Roodepoort Mine, an amygdaloid=
&l lava 248 feet thiek immediately underlies quartzites of the Main«Rird
Beries, This is suceeeded downwards by 14 feet of quartzites, 12 feet of
shales and 117 feet of alternating thin quarteite and ehale bande, A zone of
black shales 186 feet thisk "was then eneountered and belew thig the hele pene~’
trated 144 feet of quarteites befere being stopped.

Nel (1633) reported that, at the Hex River Mine, the Jeppe Amygda-
leid gensists of two flows in the upper part of the Jeppestown Serles., The
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Stage Substage Rock-type T?;gtgiss
Government Stage quartzites + 60
+ 60 faet i cenglomerate 3
Coronation A guartzites 460
470 feet Coronation Reef ?
guartzites 10
Coronation B shales 10
340 feet quartzites 330
Coronation C shales 100
~Coronation Stage 160 feet quartzites 60
1830 feet shales 110
quartzites 220
grits 1
Coronation D quartzites 260
860 feet nicaceous quartzites 30
quartzites 20
nicaceous quartzites 20
quartzites 200
Promise A shales 440
720 feet quartzites 280
Pronise Stage Promise B shales 10
+ 1040 feet
210 foet quartzites 200
Promise C + 110 fest shales + 110
Total thickness of Goverament Reef Series exposed 2930

Table 3 : Detailed Succession within Portion of the Government Reef Series

al the Edenkop Mine on Rietbult Estates 505
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cne is a dark lava with a few isolated large amrygdales. The other ig devoid
of amygdales. but cortains small felspar phenocrystis. Te¢ the southeast of
the mire Leube (1956) found ore flow orly, 300 feel thick. with felspar
phenocrysts but no amvgdales. The lavas are underlair by a thin bard of
reddish, fine-grained quartizite and overlair by sandy shales ir which is
present an horizon of lenticular, medium=grained,white quartziies, The

rest of the series is composed of shales,

{o) Upper Division

() Main-Bird Series

It was orce thought {Sharpe . 1956} that the Mair=Rird Series thirred
progressively souithwards from the Sugarbush Fault fo the extert of not heing
developed at all in the South Rand Goldfield, However, this corclusion was
- based on wne assumotion thal &ll the amygdzaloidsl lava flows encourtered
were members of the Jepoesiown Series. Subseguernt dvillirg resulls per-
mitled a distinction 1o be made hejweer. the Rird Amyodaloid ard the leppe
Amygdaloid and support was thus provided for Nel's {1933) comenrtion that
the Main=Bird Series was present . kul ir 5 highly atieruated form.

Variations in the thickness of the horizons comprising the Main-
Bird Series in four Jocalities in the area are showr ir Table 4 ard a compari~
son is also made with the extent 1o which the eguivaleri beds are developed
ir the Heidelberg area . The amouris v which the overall thickress of ithe
series is increased by lava flows are also shown in this tasble. TFrom the
large number of boreholes drilled in ithe De Kuiler=-Witkleiformein localily
it has beern passible to compile deiailed successicrs witkin the Main Stage
(Table 5} and the Bird Stage {Takle 6). No such comprehersive irformation
is available elsewhere ir the ares.

The Main Stage has heern divided inlo four substages in this locality
and an attempt has beer made to correlate these with the two substages
present in the Heidelberg area, Four subsiages have also been proposed for
the Bird Stage and these have beenr compared with the fouwr substages dis-
tinguished in the Heidelberg area. The thinnirg of a1l substages in hotlbp
the Main and Bird Stages southwards from the Heidelberg area can be
clearly seen. being more pronourced ir. the case of the former stage. The
degeneration ir the frequenrcy ard robusiness of conglomerates.which
develops betweer ioharreshurg and Heidelhero.is continued jrio the South
Rand area. Shale beds which, excent for the ¥Fimberlev Shales . are virfually
unknown ir the Main=Rirg Servies ir. the Ceriral Rand and Fsst Rard become
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Heidelberg-

, Witklei- | Hex River Wilgepoort- :
Stage Horizen fontein Hine Roog?ﬁ:ori Fortena Heideiberg
Kimberley Shales 80 110 140 300 380
Upper 8ird Quarizites 510 50 70 210 280
Bird Marker - - - - 30
Bird Middle Bird Quarizites 40 - ) - - 0
Upper Bird Anygdaloid . 240 480 260 10
Lower Bird Grits 10 90 110 80 30
Lower Bird Anygdaloid - 10 120 99 60
8ird Reef Conglomerates 10 - - 50 ]
quartizites, grité,
Kain conglomerates ' 250 200 260 o 810
Total thigkngss Hain-Bird 900 800 1200 1700 1800
eries
Thickness'of se@iments only 900 450 600 1350 1600
in Series
Table 4 : Variations in Thickness of Menbers of the Main-Bird Series Sowth of the
Sugarbush favll Conpared with [ho=e of the Heidelberq Area ({thicknesses in feet)
¥itkleifontein - Heidelberg
Substage Horizon Thickness ‘ Substage
quartzites 1!
conglomerates 32
Hain A : quartzites 22!
KHE . conglomerates H
quartzites 2!
conglonerates 2° Livingstone Reef Substoge
Hair B shalas 2® 510
16! quartzites 15!
shales hL
14 1
Hain C quartzites 1
1! conglomerates 38
quartzites Fud
ronglenerates . _
Hato B 190! quartzites 190 Higel Reef Substegs 2000
Total Thickness Main Stage 2501 80!
Table 5 : Detailed Succession within Main Stage on the Witkleifontein Portion of

Grootviei 453 Compared with JThicknesses of Main Substages in Heidelberg Area
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i HitkTeifontein T lofdeloerg
Substage Herdzon Thickness | Subsiage Herizon Thickness
Bird A Substage | Kimberley Shales 80! i Upper Bird Substage { Kirberley Shelec RGN
596¢ Upper &ird i & Jpper Bird
- Quartzites S B . Buartziles 780!
shales i) :
Bird B Substage | quartziles 204 ; Widdie Bird Substage] Bicd Marker il
44! grits 2 i Widdle Bird
quarizites 10 l o 4 Querliites _hor
Bird ¢ Substace | shales 18 E Upper Bivd
3 quartzites 2 b Lover Bird Suhstage | Amyedaicid 16!
! et Lover Bipd Grits 30
S & AN S L S B L
Bird D Substage | shales 2t Bird Reel Substage 1 Lower Bird
3 grits g 120 Aaygdataid ol
‘ Rire Paezi
i L'fglt“o.iiﬂw | LY |
Total Eh1anP 5 Bird Staos NI é ]nth this knﬁ°° Bira S*agL i 9401 ]

ird S*de or, dhie Hitkieifontein Portion of

Table 7 :

Vapiations in Thizbaese of e

of the Sugarbush Favll Connared

Tfhicinesses in feet!

wWith

" Py
g gf the

i

thase ! the

- Witklei- | Hex River I Stry- - Witgepsort=1 . ., -
Stage Horizon fentein Hine l Tonlein R(Qﬁifz wrt Fortuna Hedeiberg
Elsborg | quarlzites, grits,] 500 350 590 400 509 650
conglanerates
R . e e eI Bt
Upper Kisberley [
. Quartzites 1830 140 1190 /49 206G 1670
Kinberley | Kimbsrley Reef
{onntomerales T 10 30 i0 200 538
Lover Rimberley
Quartzites 290 - O - 200 H 300
[t el ! oyl eejoyist =i pegesions Mgty Spriny et el T T T e T T T T T T T T DT T I T TR TN AR
Total thickness {imbericy- o - - . . .
Elsburg Series S A _‘_gfi”._q_ﬂ-m.‘.:‘?.‘L,“Jw_-i‘l“ig_._dm__f_”?_“____
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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 River 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 present, but poorly and sporadically developed, in the Main C
Substage throughout the area. In the Witkleifontein locality the amounts of
phyllosilicates present in this substage are substantially less than in the
underlving Main D Substage . Higher up, the quartzites 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 guartzites 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. Sericite 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 the 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, 1956).

Of the volecanic 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 Amygdalegid do not occur over the Palmietfontein Anticline
which continues north from the Villiers Antiform.

The maximum recorded thickress of the Upper Bird Amygdaloid is
510 feet in Borehole RT .1 at the Heidelberg-Roodepoort Mine., There is no
information as to what happens 1o the easi of this hole towards the Walerval
Antiform. However, southwards and westwards a definite thinning takes
place. In RT.2 the Upper Amygdaloid is 380 feet, in HR.1 at the Hex River
Mine 240 feet. in RWL,1 100 feet and on the outcrop in the Rociwal locality
only 20 feet thick. It apparently wedges out to zero against the anticliral
siructures on the wesiern limb of the Balfour Synform, ard in the Witklei-
fontein locality, on the eastern limb of the Deneysville Synform. has not
reappeared although it might be developed again further to the wesf. The
Lower Amygdaloid shows an identical trend from its maximum observed
thickness of 120 feei at the Heidelberg-Roodepoort Mine.

in.the Malanskraal locality Rogers {1922) found the amygdaloid to
be composed of andesine and albite-oligoclase in a devitrified matrix of
chlorite, actinolite, brown mica, epidote and small amounts of guartz. 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 outcrop.
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 Amvygdaloid,
the shales show a tendency to thin southwards and westwards. They are
usually dark grey to black in ¢olour 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 and is suggestive of the originally
dark shales béing weathered before the deposition of the overlying Kimherley
~quartzites. Thin bands of fine-grained, silicified quartzite ard sandy shales
alternate with the normal shales,

{ii) Kimberley-Eisburg Series

This series is betier exposed than the underlying members of the
Upper Division and,because of its conlairing the orly ecoromically exploit- .
able auriferous reef in the area, has received greater attention during pros-
pecting operations than the Main<Rird Series, Variations in the thickness
of the main components of the two stages of this series are shown in 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 Heldelberg 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 Substage 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

-8ubstages 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 &
thickness of 200 feet. '

In the Tweefontein locality Snyman {1956} found that the Kimberley
F Substage contains dirty-white quartzites, 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 lithclogy of this substage to the south of the
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| elege Hitk1gjj}g£;};kn9888tryfuniein Hhstage i
Kinberley A Substage 410 270 Upper.ﬂimberley Substage 1620
Kimber1py B Substage - 1420 1 920 S I
Kinberley C Substage 20 10
Kinberiey D Substage 40 ' 10 Kimberiey Reef Substage 53¢
Kinberley E Substage 10 “10 . L R
Kirberley F Subsiage 200 100 Lewar Kiaberiey Substage | 300

tab | e | w | pmee | w

Substage T Witkleifortein | ihickpess | Sfr§¥5;¥gfﬁruwm*‘duf‘fg;zghess i
. o e ALl
(1) aedivn-grained quartzites 200 (i) coairse, silitified 100 l
Kinberley F #ith seatiared pebbles o guarizites with
Sﬁbsta o and mpumerous thin inter- scatlared anguia I
g calated shale bands, but | pebbles - |
: sonolemerate hands ‘ :
no congicmerate bands possibls equivsient
] of MK.2 heds of
! |- Heidaeiherg =rea %

e boiamm et - £ty o

i the
ir, b03

Table § : Detailed Succession vithin Lover Kigheriey Subsiace o
Witkleitortein Pordion of Grostviet 453 and Stryiunlel
{thicknesses in feel) '
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. : . Thick- . Thicks
Substage Hitkleifontein hoss Stryfontein noss
(i} fine quartzites with shale 70 {i) coarse quartzites with 10
band 5 inches thick at tep, large-pebble basal con-
but no conglomerate bands glomerate 24 inches thick
and poorly mineralised,
separated by parting 18
inches thick of quarizite
with scattered pebbles from
Kimberley € second large~pebble, poorly
Substage mineralised conglomerate
9 band 2k inches thick; then
parting 18 inches thick of
guarlzite with scattered
pebbles overlain by small-
pebble conglomerale band
9 iaches thick, and fine,
silicified quartzites 24
inches thick at top
(i11) fine quartzites 2 feet 4
thick with basal conglo-
merate 3 inches thick
_and shale band 18 inches
thick at top
(i1} fine quartzites with 25 | (i) coarse silicified quart- 10
basal conglomerate b zites with large-pebhble;
Kinberley D inches thick peorly mineralised basal
Substage (i) mediun-grained quartzites 1 2zqg;omerate 28 inches
with basal conglomerate i
9 inches thick, and two possible equivalent of
small-pebble conglomerate UK.T beds of Heidelberg
bands 12 inchas and 2 area
inches thick at 3 and 8
feet above base respec-
tively, and fine quart-
zites 3 feet thick at top
(i} medium-grained quartzites 10 {1) coarse quartzites with 10

Kimberley £

with well-developed medium-
pebble basal cenglomerate

40 inches thick; then quarie
zites 15 inches thick,well-
developed conglemerate 20

scattered pebbles, with
arge=pebble basal con-
glomerate 12 inches thick
overlain by fine quart-
zites 30 inches thick

Substage inches thick, guartzites 9
inches thick, small-pebble possible equivalent of
conglomerate b inches thick, UK.9A beds of Heidelberg
fine quarizites 24 inches area
thick, and shale band &
inches thick at tep
Table 10 Detailed Succession within Kinberley Reef Substages on the Witkleifontein

Portion of Grootvlei 453 and Stryfentein 60Y

{thicknesses in feet)
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Elsturg
Stage

Gt L b o b bR e e e —

Witkieifontein

Stryfontein

e

7

;;Efftk

ness %

{i1i) coarso qrartzites wnder
Yertersdorp lava with
husal conolonerate 12
inches thiek

coarse geartzites with
basal conglomerate 18
inches thick and fwo
conglomerats bands less
{han 12 fnches thick at
200 and 210 feat above

bese

(1i)

(§) coarse guartzites

510

At

{1) coarse quartzites and
grits, but no conglosar-
ate bands

s b

Kimberlay A
Substags

{1) coarso guarizites with
besal cenglosereie 12
tnchas thick and one
congiomerate band 3 inches
thizk at 280 feet abovs
base, and vith shale band
3 feet thick 2t top

£10

(1) coarse quarizites and
grits, but ne conplonars
ate or shals bands

Hig

ettt et 21

Kinkerley B

{11} mediumegrained quartzites
vith basal conglomerate
3 inches thick and shale
band 12 inches thick at
tep

{1) coerse quartzites vith
basal conglozsrats 12
inches thick, ona cone

515

b45

{1) crarse cilicified quart-
zites with ¢ rec small-
pubtla conelomerate i onds

Substage glomsrate band 6 inches gach 12 inches thick =t
thick at 275 feet above 643, 651 and 671 feet
baga, and five poorly- chovs base
devetcped conglorerale
bands all less than 3
inches thick at 455, 490,
585, 190 and 825 feet
above base

Table 11 : Detailed Succession within Elsburg Sizqe aad Upper Kirberlay Substages

on the Witkleifontein Portion of Greetviei £53 and Siryforicin €09

{thicknesses in feot]
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above localities is shown in Table 9,

Other than in the Witkleifontein and Stryfontein localities, it has noi
been possible to distinguish between the Kimberley C,; D and E Substages, as
shown in Table 10. In the Rooiwal locality, Schalk (1956) has shown that the
Kimberley Reef 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 gquartzites, light 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 pebbles
averaging 1 inch in diameter, overlain by dull-weathering, coarse-grained
quartzites, micaceous in some instances and frequently cross-bedded

(Leube , 1956},

~In the Witkleifontein locality, the Elsburg Stage and Kimberley A
Stage as shown in Table 11, cortain numerous thin, lenticular bands of grit
with scattered small pebhbles., Flaky phyllosilicate minerals are abundant in
the quartzites and grits, and pyrite is also a common component {Sawyer, _
1304} . Only a few thin shaly partinags, usually less than ore inch thick, are
intercalated with the quartzites., The Kimberley B Substage cortains a lesser
amount of grits and scattered pebbkles,and the quartizites are of a finer grain,
Phyllosilicates are still conspicuous, but, together with pyrite, become
progressively less abundant downwards. Thin shale bands are definitely
more abundant than in thé overlving rocks.

In the Annie's Rust localily Nel and Jansen (1957) found that the
Elsburg quartzites are medium- to coarse~-grained and are usually dull=
weathering. Grits and pebble bands are rare and, when preseni, normally.
take the form of thin washes with the thickness of a single line of coarse,
gritty grains or sma}} pebbles less than 0.25 in, in diameler., Leube (1956)
observed that the Elsburg Stage in the Drukfontein Jocality is composed of
quartzites, with grlts and scattered guartz pebbles appearing only near the

‘top.

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 tufis, ash, tuffaceous sediments and volcanic
breccias developed at the hase in certain localities. The lavas occur through-
out the area and form by far the majority of the outcrops. In surface areal
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extent they are second only to the sediments of the Karrco Svstem. The
Middle Division is restricted to the extreme rortherr. limit of the area adjacent
to the Sugarbush Pault where the rorthwestwards-plurging struclures have
their maximum depression, This group consists essentially of conglomerates,
grits, shales and thin lava flows,

@) Lower Division

In Table 12, data are presenied to show the nature of the basal
portion of the Ventersdorp Sysiem as revealed by outcrops and boreholes over
the whole area. The transition zone, or passage beds, range from zero to a
maximum of 280 feet in thickness and there is no readily apparent pattern to
their distribution. They are probably localised in what were depressions in
the pre=Ventersdorp and post-Elsburg erosion surface butl irsufficient
information is presently available to ascertain whether the formation of such
depressions was structiurally controlled or not.

In the Annie's Rust locality the passage beds. 70 feet thick, rest
on Elsburg grits and are overlain by amvygdaloidal lava. They consist of
dark , very fine-grained tuffaceous rocks, with gritty fregments, and volcanic
breccias (Nel and Jansen, 1957). In the Tweefontein localily the whole
thickness of 30 feet consists of tuffaceous sediments {Snyman. 1956),
while in Borehole DMR.] to the southeast. the transition zone was composed
of clay-rich sedimenris. In ithe 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 HR.6 disclosed the presence of 54 feet of amydaloidal
lava above the Elsburg Series. This was succeeded by 16 feet of dark grey,
coarse to gritty guartzites with numerous lava fragments, capped by a-gabbro
intrusive 50 feet thick. Ir. the Drukfortein locality, the passage heds con-
sist of a narrow band of quartziie with scattered guariz pebbles lying above
the Elshurg grits. Above this are tuffaceous rocks with two intercalated
narrow bands of amygdaloidal lava {Leube, 1956). Borehole RT.8 at the
Heidelberg=Roodepoort Mine intersected s dark, fine-grained basic extru-~
sive at the bottom of the Ventersdorp lavas, corisining inclusiors of bleach-
ed quartzite. Fox (1939) found that the trarsition zone at one Yocality on
.the outcrop at the Heidelherg-Roodepoort Mine consisted of the following:-

+ 180 feet : amygdaloidal lava |
220 feet : porphyritic and amygdaloidal lavas

50 feet : decomposed lava with relict amygdales
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Borehole Localil Overlying | Ventersderp | Ventersdorp Basal | Underlying
He. y Formaticn Lover Lava Irznsition Zone Formation
RF .3 Rietfontein 177 (0.F.S.) Vent, Mid, 480 absent 0ld Granita
Seds.
ov.? Knoppiesfontein b Karren 880 1 -t
{0.F.5.) . _
outcrep Annies Rust 763 {0.F.S.) none ¢ 160 0 Eishurg |
outcrop Hodderfentein 410 nane + 100 30 Elsburg
outcrop Tueefontein 500 nona + 100 30 Kimberiey A
KR 1 Daspoort 564 none 1100 60 ol Bind A,
RHL.1 Rooiwal 607 aone nil 230 Bird A
RTY.1 Rietvlei 600 none 60 260 Bird A
RH.2 Rooiwal 607 nope 1010 sbsent 1 dimberley B |
50,1 Stryfontein 609 none 3420 absent Elsburg |
HR.6 Hex River Gold Mine none 80 10 f1sburg
HR.1' do. nane 490 abseni Elsburg
HR .4 do, none 1750 absent Elsburg
HR.5 do. none 1580 abseal Eisburg
iR do, none 2148 abseni Elsburg
ouicrop Drukfontein 613 nore + 100 - 50 Elsburg
auterop Roodepoort 598 none + 450 170 £1sburg
RI.6 | Holdelber g-Rocdepoort Karroo 390 50 Kinberley B
RY.3 do, Karroo 130 10 Eisburg
RT.4 do. Karroo 30 abgent fimberley 8
ROP.3 do, nerne 480 absent {imberley B
Ri.2 do. none 160 19 Kimberiey B
RI.5 do, none 880 absent 1 Kinberley B 1
HS.1 none 150 absent __B;igih_&ﬂﬂp_!
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50 feetl : shale or ash, and deeply weatheved brown
nicaceous shaly material possibly representing
decomposed lava

U

et : quartzite, clear and white in the upper few feet,
but darker with interetitial chlorite in lower pari

40 1

40 feet : wvolcanic ash, qrading up through fine-graingd derk
chloritic quartzite to theé purer ¢uartzite ebove

10 feet : lava, in the form of a thin, impersistent, badly
weathered flow

+ 100 feet Elsbilrg grits

. The lavas of the Lower Division were classified by Rogers (1922) as
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 phenocrvsts, up to 4 inches in length, are com-
posed of felspar. The amygdales are of quartz, chalcedony, epidote and
calcite, Near the base of a flow they are rare, but ir the middle they are
common &nd generally rounded, while at the top of the flow they are most
abundant and flattened., Leube {1956) noted that the flows near the Hex
River Mine varied between 20 and 100 feet in thickness, while near Balfour
Snyman {1656) observed 20 flows over a distance of cne mile .

An anelysis of lava from Carsar's Viei, west of the Lagerspoort
locality, showed the following composition {Rogers 1922):

510, 54.85 Fe 03 1.30 Ca0 7.80
Ti0, 0.95 Fel 9.60 Na 50 3.05
Aly0s 15,15 Mg0 - 4.30 Ky 0 1.50

In the Heldelberg erea a zone of porphytitic lava, 30 feet inick,
occurs batween 300 and 900 feet ahove the base of the System ‘7.1 woa
Jansen, 1957). Southwards inic th> South Rand ares . thiz vraful mizon cuis
down lowa)r and lower towards the I se as the intervening L2ssive ana
amygdaloid::] Javas thin, until in the Lepelkop localily oniy & fow reet of
lava separate the porphyritic horizon from the 1op of the trapsition zone.

an f
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{b) Middle Division

The Middle Division of the System is exposed in the Fortuna locality
and at Nurney Hill. In the former place a basal conglomerate overlies the
uppermost lavas of the Lower Division which are much paler thap the normal
dark green to dark grey, probably due to alteration by weathering subsequent
to the pouring out of the lavas and prior to the deposition of the sediments.
The conglomerate has a clayey matrix and pebbles and boulders up to 10
inches in size. These consist of guartz, guartzite, black ard white chert,
shale and lava of a more acicd composition thar normailly found ir the Lower
Division {Rogers, 1922). Above this basal corglomerate are tuffs, shales,
sandy shales, grits and further conglomerates with thin 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 {Snymarn, 1956) .

(c) Relationship with Witwatersrand System

The Verersdorp System is conformable with the Witwatersrand Syster
in some places and uncornformakle ir others, The transgression of the lavas
can be well seen around the eastern section of the hinge zone of the Villiers
Antiform. Near the axis of this siructure the Veniersdorp System Jies conr-
formably on the Elsburg Stage. as on Modderfontein 41, north of the defunct
Oceana Transvaal Colliery. Proceeding easiwsrds towards the axis of the
Balfour Synform the lavas cut down over successively Jower sirata, resting
on the Kimberley A Substage in the Tweefontein locality ard the 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 exisis that the iransgression might extend over
the Lower Division of this System north of Greylingstad, In Borehole RF.1
southwest of Oranjeville the Ventersdorp rocks rest directly or the Old
Granite . '

There appears to be a possible relationship belween conformable and
unconformable contacts and the present siructures. suggesting that the lelier
features were being or had been formed at the time of the ouipouring of the
lavas and have been subsequently reactivated. Conformable cortacis are
seen on the relatively shallow=plunging hinge zone=s of breoad fold siructures
and along the axes of synforms. Urconformable relationships are most -
pronounced or the more steeply dippirg limbhs of the same siruciures.,
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The lavas are conformable with the Elsburg Stage in the hinge zone
of the Deneysville Synform, as seen at Arnie’s Rusi, of the Villiers Antiform
aroundithe Oceana Transvaal Colliery, and of the Balfour Synform. as shown
by the drllhng resulis at the Hex River Mire. Ir the Stryfontein locality,
the Vemersdorp System is also conformable with the Elsburg Stage along the
axis of the Balfour Synform. Uncornformable relationships are evident in 1he
Witkleifontein locality on the eastern limb of the Dereysville Synform;
between Tweefontein and the Phoenix. Prospect on the rorthern portion of the
- western limb of the Balfour Synform, in the Rietviei-Rooiwal locality in the
- southern poriion of the same limb, and around ihe Heidelberg-Roodepoort
‘Mine on the eastern limb of the Balfour Synform. Drilling resulis have shown
that Ventersdorp rocks transgress across lower and lower members of the
Witwatersrand Syslem, the higher the elevation up the limb. Thus the
change from conformlty to unconformity is a preduct of the change in attitude
of the uvderlylno sediments from near horizontal towards the axis of a
synform to relatively steeply dmplr-g mIdway between thlq axis and the axis
of the adjoining antiform. :

E. TRANSVAAL SYSTEM

The only occwrepce of the Trartsvsal System in ‘the‘a,rea lies at the
northernmost point where the Black Reef and Dolomile Series have been pre-
served in the folded Fortuna basin.' The base of the System in this syncline
consists of a t:ongl,omerate with a ddrk clayey matrix in which are pebbles
of quartz, quartzite and amygdaloidal Ventersdorp lava. Argillaceous
quartzites, shales, sandy shales and quarizites with grit Jenses complete
the 300 feet'ihlckne'ss of the Black Reef Series. A few small exposures of
dolomite and chert, be]onging to the Dolomite Series, appear through the
Karroo cover ., ‘ | ‘ -

F. KARRQO SYSTEM-

Members of the Karroo System are the most abundant'rocks ir the
area. Outliers occw in the northern portion, becoming nrogressively laroer
and more numerous to the ‘south, east and wesl until eventually all the older
rocks disappear completely under an increasingly thicker cover of younger
sandstones, shales and ignecus material. Only the Middle Ecca Stage is
represented, the underlying Dwyka. which probably once ex] sied . having
been eroded and reworked to form the basal! members of the Middle Ecca.
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Variations in the preserved thickresses of the Karroo System from
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}‘ve Synform
where the northernmost borehole COR.1 intersected 525 feet of Karroo and
the southernmost AB,1 1477 feet. From westi to east there is no marked change
in thickness across the Villiers Antiform from the Witkleifontein locality to the
New Springfield Colliery. II would seem thatl ihe Karroo rocks were deposited
in a trough in this latter locality and that a ridge occurred in the pre-Karroo
floor between this trough and the Rietvlei-Rooiwal locality where the preserver
cover is unusually thin. The differences beiween the thickness of Xarroo 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 mudstones, and, in some places a coal seam,
The conglomerate is not the Dwyka Tillite, hut it might have heen produced
as a result of disintegration and reworking of the glacial material almost in
situ, The maximum recorded thickness of this basal group is abour 300 feet
in the Fortuna locality. Details of the succession within if sre shown in
Table 14, compiled from boreholes arocund the Heidelberg-Roodepoort 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. Thevy are composed almost exclusively of Witwaters-
rand quartzite and Ventersdorp lava, To the south and east of the Hex River
Mine numerous well-rounded pebbles of quarizile and quartz vp to 8 inches
in size occur in a soft, medium=grained matrix,

The upper members of the Karroe Sysiem present in the area consist
of medium- and coarse-grained arkoses, lenticular conglomeraies with large
pieces of unweathered felspar in places, fine-grained white and vellow
sandstones with mica and decomposed felspar, and grey, purple and black
shales. The sandsiones are c¢alcareous inr places and contain concretions
of calcite and also silicified wood., Cross=bedding and ripple-markirg are
common. Lenses of sardy arnd pure limestone up 1o 18 inches thick have
been noted along one stratigraphic horizon in the vicinity of the Hex River
Mine (Leube, 1956). There is a suggesiion of a general coarsenir.g in grain
size of the sandsiones from north to south across the whole srea.,

Coal has been intersected in a number of boreholes in many
localities, but at present is being exploited only in the New Svringfield
Colliery at Grootvlei. Here the mined seamn is 12 feet thick and occurs about
400 feet below the surface and 300 feel above Lthe base of the Karoo System,
Annual production is of the order of 2,250,000 tons almost all of which is
consumed by the Klip Power Stalion of Escom.
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Sthaaplaats Deneysviile Yilliers Balfowr . Haterva
hitiform Synforn Artiforn Swiifore _Aetifern
Bori- Thick- Bore- Thicke erae | Thicke Boj-e= irich- Bore« T ihise=
hole ness hole P53 hole, ness | cheis 4 asse 1 hede  f n2es
R | 1 8.1 | T w2 |7 st | e |68
ov.1 101 Sering- 125 SR.G 177 WAK.1 | &4
0v.2 883 fiels SR.E 212 _’_Z}..__I_,_ZS_E.,_,_
R.2 670 SRL33 212
HR.5 thl SR T 70t
MR..6 680 RIA A
KR, 10 120 R1,2 581
R o Ri.t 514
R, 12 760 B4 L O T
R3] 820 | ns.t 190
s f w0 [T T 7
SR.18 951
SR.19 626
R.20 695
| SR 491
{eR.) 525 !
Table 13 Varialieny in_[ntersecied Thickriesses of K

Trom West 1o Easd, Seuth uf the Sugaibuch




- 39-:

Borehole R1.3 Borehole R7.8 Borehole RILA
Thickness | Elevation | Thickuess [ Elevation | Thickness [ Flevalion]
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G. EXTRUSIVE AND INTRUSIVE ROGKS

There is ample evidence of considerable igneous activity in the area
and the volume of material resulting from such phenomena definitely exceeds
that of the sedimentary fill of the various basirs which existed throughout
geological time. Extrusive rocks are hesi represented by the amygdaloidal
lava flows in the Jeppestown Series and the Bird Stege of the Witwatersrand
System and by the massive, porphyritic and amygdaloidal andesites of the
Lower Division of the Ventersdorp System. However. it is possible that
other lavas might exist among the mass of igreous material , particularly in
the Hospital Hill Series and the Karroo System. Intrusive 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 the serpentinites found ir the Moodies
Series at Vaalrand and Lepelkop. Bome of the chloritic and tale schists
associated with these rocks might also represent altered intrusives of
different composition. The next cldest group of intrusives are the highly
altered diabases which occur in the Witwatersrand System, particularly the
Lower Division, and which are probably of Ventersdorp age. Unlike those
of similar age on the Central Rand, these diabases are predominantly sills,
and dykes appear to be of minor importance. In the New Rand Locality they
are, exceptionally commor and in one borehole drilled by Sawyer (1917) 14
diabase sheets ranging in thickness from 7 inches to 352 feet were en-
countered over a vertical distance of 3000 feet. Sheets of ullrabasic com-
position, including enstatite peridotites and pyroxenites, are also vresent
in this area, but it is'not knownr whether.they are associated in time with
the diabases.

Quartz dolerite intrusions which are plertiful throughout the area
might be of Bushveld age. They intrude the Witwatersrand and Ventersdorp
Systems, forming sills in the former and dykes in the latter. They are more
abundant in the shales of the Lower Division of the Wiitwaiersrand Sysiem
than in the quartzites of the Upper Division. Flat-dipping bodies of norite
and gabbro which reach up to 800 feet in thickress ir the same two sysiems
might also belorig to the Bushveld period of igneous activity . but the
possibility of their being of Pilanesberg age ¢cannot be discounted,

Intrusives of definite Pilaresherg age have been recogrized by Nel
and Jansen (1957) as comprising diorite, guartz gahbro, diabase of the calc-
alkali suite, and slightly lamprophyric types. The most conspicuous dykes
in the area belong to this group. They strike consistently NNW, and NNE.

Karroo dolerite of the Kokstad-type (Nel ard Jansen. 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

Karroo Systems. .Southwest of a line running approximately from the Hex
River Mine to the New Springfield Colliery, the dolerites are essentially
coarse-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 become 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 Upper 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.

ok ok ok ok k k kK k% k k%
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CONGLOMERATES AND GOLLD MINERALISATION

The only known gold occcurrences south of the Sugarbush Fault are
found iA conglomerates of the Witwatersrand System, There are no recorded
instances of the meial havinrg been found in handed pyrilic quartziles, or as
thin films on parting ovlanes ir gquartzites between unconformities or dis-
conformities, or in quartz veirs, or in dykes, as elsewhere ir. the Wilwaters-
rand Basin. Wherever'cornglemerate bands oulcrep irn the area prospecting
operations have been conducted, ard ro inconsiderable amouris of time ard
money have beeh spent in testing ithe potentialivies of all formations within
the Witwatersrand Svstem. Counlless frenches, pits. wirzes and shafts
are to be found all the way from Nurney Hill to Annies Rust. In Fig. 2 no
attempl has been made to show all these and onlv thoss prosvects and mines
where the more irlensive inves'igations were carried out Peve heen plolted.
At least 95 horeholes have been drilled in the search lor new reafs or 1o
test known ore-bhodies at depth . ‘

As Nel (}'933,‘, stated, from the Central Rand southeastwards there
is a distinct falling off in thickrness and number of conalomerates. and in
the area between Balfouwr ard the Vasl River the pebbie heds become ever
more reduced in importance. The economig polentislilies suffer a
sympathetic deterioraticn. Kessler {1904), reporting on the Heidelberg-
Roodepoori Mire, stated that the "reef allains a good width, but is of such
a low grade that the mine canrnot be worked at a profit” . Despite all the
work that was undertaker ir the intervening ymars Borchers {1961} could
not draw a more favowable conclusion tharn that "consistent gold values
seem 10 be lacking in the reefs in this ares”. The South Rand Goldfield
would thus appear to be 8 pauper among the princes of the Witwaiersrand

gold mining indusiry.

A. CONGLOMERATES TN THE LOWER DIVISION -OF TH

WI’[WATER.SRAND Sf’S“:§M

{a) Hospital Hi!} Series

In the misiaken belief that the Vaalrernd gquartzites of Moodies age
were members of the Hospitel Hill Series, the hasa) noralomerates and
stringers of pebbles were prospecied withow any significant gold values
being obtsined. No exploitable awiferous horizons have vetl bheen found
in this series anywhere in ithe Witwatersrand RBasir. ard nowhere outside the
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Basin have the Moodies conglomerates been proved important. Consequently,
it cannot be anticipated that any minable banket is presenrt either at Vaal-

rand or Lepelkop.

In his prospecting of the New Rand Localily, Sawyer correlated redc-
ish coloured quartzites in the Black Grit horizon with the Red Bar which
underlies the Main Reef group of reefs on the Ceniral Rard. As a resuli
he drilled hole after hole irto the Black Grit itself searching for a corglom-
erate development comparable with the Main Reef. Scattered pebbles of
white and grey quartz, quarizite, calcareous quartzite shale and limestore.
all less than %-inch in diameter, occur in a dark grey malrix over a thickness
of 75 feet. Only one 3 inch-wide conglomeraie band was irtersected and,
although it was mineralised with pyrite, no gold values were proved.

(b) Government Reef Series

Only in the exireme north of the area, at the Edenkop Mine adjacernt
to the Sugarbush Fault, has gold been found ir and won from corglomerates in
the Government Reef Series., Flsewhere in the South Rand area . the pebble
beds, if present, have proved to be devoid of significant mineralisatior .

The Cororatior Reef at Edenkop Mire attains ar average thickress
of 30 inches or the outcrop and, where mined, had ar average agcld contert
of 11.0 dwts., per ton on the surface. The reef was well-developed. per-
sistent for a short distance along sirike, and contained pebbles up to %
inches in diameter, Further corglomerates are present 460 feet higher in
the succession, at the base of the Goverrmenrt Stage, but these do not
contain payable quantities of gold. Neither the Government Reef nor the
Promise Reef is present due to the top and bottom of the Government Reef
Series being faulied out.

This occurrence is of considerable interest because il represerts
the only locality in the Witwatersrand Basin, ouiside the Klerksdorp
Goldfield, where conglomerales in the Governmert Reef Series have beern
mined. Too little is knownr of this series in the Ceniral Rard, East Rznd
and Heidelberg areas io draw any defirite corclusicns. but il would seem
unlikely that the presence of sigrificant amourts of gold can be fitted jv
with the normal sedimentological trends which indicate & somce of
materia) north of Johanneshurg and a dissipatior of pebkles ard heavy
minerals in a southeasterly direction from this source. Rogers 1922)
was unable to find similar conglomerates ir the Government Reef Series
. arounid Heidelberg, but did find a possible equivalent on Steynskraal, 8
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miles to the west on the north side of the Sugarbush Fault. The indications
~are, therefore, that a local soufce ., possibly to the north over the present

" Devon Dome of Qld Granite and Swarziland rocks , or along the original
southeastern edge of the hasin was responsible for the development of the
conglomeraie and the provisiorn of the gold.

lc) Jeppé stown Setvies

In no surface exposures or borehole infersections have conrglomerates
been found in this series., However. oculcrops are invariahly poor and the
holes have peneirated for only s short distarnce into the succession, with
the result that the possibility canrot be entirelv excluded of pebble beds

being present

B. CONGLOMERATES IN THE UPPER DIVISION OF THE
WIUIWATERSRAND SYSTEM

On the Central Rand, the conglomerate bands in the Main-Bird and
Kimberley-Elshurg Series total about 2000 feet in thickness. The Upper
Division is there 9400 feet thick and the conglomeraies thus represent some
21 per cent of the total column. The extent to which this Division has
changed facies by the time it reaches south of the Sugarbush Taull ¢an be
seen in Table 16. The two series total onlv 3600 feet and the corglomerate
content has dropped t0-0,6%. Probahly there are of the order of 300 well-
developed pebble heds between the North Reef and the topmosi Elsburg Reef
on the Central Rand.. In the Witkleifontein locality only 29 have been
recorded. The Main-Bird Series which acis as host to most of the
significant awriferous horizens elsewhere . here contains only 7 thin,
impersistent conglomerate horizons nore of which contains gold in
exploitable gquantities. The Kimberley=-=Elshurg Series, in which are developed
at Jeast 250 pebble horizons on the Centrel Rand, contsins only 22 in the
South Rand area, and all of these, except for localised palches of one only,
are totally devoid of any economic concentrations of gold. -

(a} Main-Bird Series

The Nigel Reef or Main Reef Leader which is the moss imporiani
‘gold carrier ir. the East Rand Basir and persisis as far a5 the Wiwwatersrand
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Hitkleifonlein Stryfontein
Substage No. of | Range in| Average Sufsgf o Ho, of | Range in} Average 395322 o
Bands | Thickness | Thickness fhickﬁzss Bands | Thickness Thickpess Thickngss

Elsburg 4 9 - 18 12 0.7 nil - - nil
Kimberley A 2 3-12 8 0,? mil - - nil
Kinberliey B 8 312 5 8.2 3 9.1 12 0.3
Kinberley C nil . - nil 3 9 . 2% 19 41,5
Kimberley B 5 3-12 b 1.4 ] 28 28 23.3
Kimberiey £ 3 b~ 40 22 54.9 1 12 12 10.0
Kimberley F nil - - nil nil - - nil
Kimberley Slage 18 3-40 B 0.b 8 9 .28 17 0.8
Kimberiey- -

Elsburg Series . - 22 3- 40 8 0,6 8 g -28 17 0.6
Bird A ¢ nil - - il net intersected

Bird B i ? 2 0.4 de.

Bird € nil - - nil do.

Bird D 1 8 8 22.2 do.

Bird Stage 2 | 2-8 5 0.1 do,

Main A 3 2. 32 13 1.1 do. .-
"Main B nil - - nil do,

Main € 2 3.23 13 15.5 do.

Main D nil . - nil do.

Main Stage 5 |2-32 13 2.2 do.

Fain-Bird Series i 7.3 N 0.7 do.

Upper Witwatersrand

Division - 2 2-40 9 0.6
Table 16 Percentage of Conglomerates in Upper Witwatersrand Division on the

Witkleifontein Portion of Groeiviel 453 and Stryfontein 509

(thicknesses in inches)
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Nigel Mine at Heidelberg, is not present in 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 corglomerate
found lay above the Kimberley Shales and not a member of the Teppestown
Series, and was, therefore, the Kimberley Reef and not the Main Reef
Leader. At its best, in the Malanskraal and Tweefontein localitlies, Rogers
(1922) found that the Main Reef Leader horizon was composed of nothing
better than thin, coarse grits devoid of any sign of csulphlde or other
mineralisation. In his summing up of drilling operations in the South Rand
Goldfield, Sharpe (1956) concluded that, in all instances, the horizon 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 lenticular, small-pebble conglomerates
which have been observed on outcrop or intersected in boreholes in a few
localities . They were possibly deposited during the Livingsione Substage.

- The maxirnum 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 clear 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
reached. In the Wilgepoort-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 Amygdalmd rests directiy on the arenaceous

members of the Main Stage.

Beilween the Upper and Lower Amyvgdaloid, at the base of the Bird
G Substage, there is frequently developed a series of grits which locally
pass into) small-pebble conglomerates. They have been found only in the
Balfour Siynform but insufficient evidence exists at present to conclude
that they are totally absent from the Deneysville Synform. The maximum
observed thickness of one of these bands is 10 inches. No payable values
have been encountered, 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 conglomeraies 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 prospeciing 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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0.75 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 poinrt of being
almost non-existent. The conglomerate is genera}ly intensely fractured and
becomes friable when weathered.

On the surface the reef was payable over a sirike 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 pavyable
zone was south-south-east and the dip 55° 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 westi=-
wards, THe much smaller Kildare Geld 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 been 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 payshoot
of similar importance occurring to the southwest although a zone of
relatively higher values, parallel to the payshoot, 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 beiween the
Kildare Mine and Grevlingstad. It is also apparert that no exploratior. has
taken place at depth on the northwestwards extension of this shoof., all
previous drilling operations being concentraied to the southwest,
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2, Hex River Mine

This was a much smaller undertaking than the Heidelberg-Roodepoort
Mine, but still represented the second most important producer in the area.
Payable values were found on surface over a strike length of 500 feet
approximately, and averaged 8.6 dwtis, per ton over 15 inches, the variations
in reef width being between 9 and 18 irnches. The conglomerates had a strike
of almost due east-west. Dips on the outcrop reached up to 45° . but.
flattened to 25° a short distance down the mine. The reef. where worked,
was generally thinner, less well-developed, and of a lower grade than that
exploited in the Heidelberg-Roodepoort Mine. Kessler (1904) reported that
where the reef was thick, poor values were erncountered, 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 was 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 Southeast 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 FPig. 5. The trends shown by the contours are
‘identical with those disclosed in the Heidelberg-Roodepoort Mine ., Again,
the payshoots are oblique to the strike of the beddinog. Two separate pay-shoots
occur, the one through the Hex River Mine containing appreciably higher
values than the one to the east, but neither compares in gold cortent with
the payshoot throucjb the Heidelberg-Roodepoort and Kildare mines. The
shoots have not been tested in depth, and it is also apparent that the tract
of country between the Hex River and Heidelberg-Roodepoort mires might
possibly contain further payshoots runring parallel to those already proved,
but concealed beneath a cover of Ventersdorp lava and Karroo sediments.

(i} Other Reefs in the Kimberlev Stage .

Where a thicker developmert of the Kimberley Stage is present, as
in the Witkleifonteir, Malanskraal, Tweefortein, Heidelberg-Daspoort and
Stryfontein localities, further conglomerates are developed in the Kimberley
Reef Substage. These occur in ithe Kimberley C and D Substages above the
exploited Kimberley Reef, The maximum recorded width of any orne such band
was 28 inches in Borehole SD.1. Gold values are generally Jow ard erratic
and no economic importance car. be atiached fto their presence., Where the
Kimberley Stage is relatively thin, as at Rooiwal, the Hex River Mire 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
1he conglomerates deteriorate over short distances into thin washes of grit
and scattered pebbles less than 0.25 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
1o 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 localily., 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 in Tables 17 and 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 other than
the Kimberley Reef and the Coronation Reef constitute a potentially economic
source of gold in the South Rand area.

k k k kR kR ok ok ok Rk ko v ¥



- 52 =

L.ocaH’cY ]’VE y TKF v TB? v TME\B&

Hex River Wine Quicrop n 1% - 8.6 12 - 2.2 15 - 6,8
HR.1 a 25 - 8. 3« tr, n
HR,J n 12 - tr. n n
HR.4 a 3. 1,0 n n
HR,5 a 19 - 2.6 n n
HR+6 a 25 - 0.8 n n
HR.? a 8- in n n
Heidelberg<Roodepoort Mine ﬂutcrép n 26 = 14,0 n R
RT.] n 8- 0,2 b - tr, n
RT.2 1« tr, 25 - 5.5 8 - tr, a
RT.3 a 10 - 0.2 n n
RT.4 a 12 - 3.5 b - tr, n
RT.5 a 16 -~ 4,2 n n
R1.7 n ‘8- 1.0 n n
RT.B a - 3.2 n n
£ n 9 -18.5 n n

R,1 n n n 12 « 0,8

Table 17 : Average Thicknesses and Values of Auriferovs Conglomerates in the

South Rand Geldfield

VG
KE
BC

HABC

Ventersdorp Contact Reef
reefs in Kinberley £ Substage
reefs in Bird C Substage

reefs in A, B and { Substages
of Main Stage

thickness of reef in inches
value of reef in dwis, per ton
ne reef developed on horizon

reef horizon not intersected
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 16,000 feet vertically 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 Fauit.-

-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, 1.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 the Kriigersdorp 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 207 W, in the centre
N 10°W, and in the south N 35°W. The general trend of the axes of these
folds 1s N 25° - 30° W,

In the South Rand area, the longitudinal fold axes correspond with
the diagonal arm of the Z, The two paraliel arms, lying outside the area, are
represented by the east-north-easterly fold trends in the Potchefstroom Syn-
clinorium which sweeps round the Vredefoi't 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 Daleside 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
259 which, being 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 folds
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have also been recognised in the past along the West Rand, Central Rand
and East Rand areas, and established names have been reiained.

{b) Effects of Superimposed Folds

The overall effect of the superimposition of the two fold trends has
been the production of a number of structural depressions where syncline 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
wt e the transverse Palmietfontein Anticline trends across the longitudinal
Mc srton Anticline. Where the cumulative affect of a number of structural
de; :ssions is greater, a synform will develop, but where structural cul-
mine.ions combine to produce general elevation of the formation, an anti-
form will develop. The Deneysville Synform contains the Rethbron and
Badfontein Depressions, the Villiers Aniiform 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 Karroo formations, and here three
further culminations - Kuilfontein, Junction and Vlakplaats - are seen to be
developed on the antiform.

The maximum amount of Witwatersrand strata is found in the synforms,
and, depending upon the degree of plunge and the exient of erosion, the '
members might also be preserved on the hinge zones of antiforms as a
connecting link between the synforms. Lower and Upper Witwatersrand beds
sweep round over the Villiers Antiform betweer. the New Springfield Colliery
and the Sugarbush Fault, so that there is an unbroken lire, except for
portions faulted out, of the Kimberley Reef and Nigel Reef horizons beiween
the . estern edge of the Deneysville Synform and the easterr limb of the
Bal' ur Synform (see Fig. 3). However, on the Waterval Antiform, there is
sui: sient room between the granite on the Boskop Culmination and the granite
uptli: own north of the Sugarbush Fault, for a portion of the Lower Wilwaters-
rand Division only to be found on the hinge zore.

In that the synforms and antiforms are interference structures,
their shapes 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-
font_ein Anticline, while the western portion runs in the same longitudinal
direction as the Vanderbijl Anticline. In the Deneysville Synform the northern
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-
clines of varying magnitude to the end-product represented by the synforms
and antiforms. Sedimentological 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
present in Witwatersrand rocks over a horizontal distance of 13 miles,
indicates that the third-order folds have a wavelength of about 5500 feet.
Second-~order folds, the axlal-plane traces of which are shown in Fig. 3,
are developed with a wavelength of the order of 14,000 feet (24 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 o make
assessments of the amplitude of any but the fourth-order folds., Wavelaength
parameters for the transverse folds are approximately : fourth-order 2000 foet,
third-order 8000 feet, second-order 18000 feet (3% 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 depressions,
there are local changes in the directions of plunge, as have been plotted on
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 259 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 northwestwards plunge of the longitudiral
folds can be obtained along the Glerroy Synform. Ir the South Rand area

the hinge zone forms a nose around Greylingstad. Due to the upthrow of the
Witwatersrand strata rorth of the Sugarbush Fauli the hinge zone forms a
nose again around the old Molyneux Mire, The distarce beiweern the
duplication of the noses is 23 miles and where the axis crosses the fauil

the vertical displacement is approrimately 16 000 feet . irdica’irg that the
plunge of this axis must be of the order of 109

The regional plunge indicates an area of considerable stroctlural
elevation southeast of the Vaal River and the irtersectiors of Old Granite
beneath the Karroo System in a number of horeholes towards Frankfort and
Vrede in the Orange Free State (Borchers, 1961) suvpports this cortentior .
This granite mass, probably consisting of several antiforms building up into
one or more domes, has protuberances stabbirg deep into the Witwatersrar.c _
Basin along the antiforms, as can be riear]y seen in the case of the Villiers
and Waterval structures.

(d)_ Ages of Folds

One or more periods of irtense deformation preceded the leyis
down of the Witwatersrand System. as can be seer i the developmernt of
isoclinal folds ir the Moodies quartzites. Gnelssosity in the granite ard
schistosity in the metamorphics are probably consequences of these same
periods. The unconformities betweer the Swazilard rocks and the Lower
Witwatersrand Division testify to the floor of the basin havirg beer folded
before deposition of the Iatt.er sedimerts commenced. :

Sedlmentologlcal evidence from other goldfields shows iba bath
fold trends, presently observed. were in the process of formation during the
actual accumulation of the Witwatersiand sediments . They exerted an im-
portant control on the distribution and dispositior ¢f the material fillirg
the depository ard snme evidence of this car be seer in the Sourh Rard
(Goldfield. The longitudiral folds were rossibly the first to form  but i}
would seem that, for the most part. deformatior. alora the lwo directians
was contemporaneous. Vertical movement was also sctive durir.g Witwstars .
rand times, as is evidenced not only by the recessary uplift of terrair
around the rim of the basin in order to effect the continued supnly of erosior
products into the depository, but also by the large-scale deveiopmer . of
normal faults which came into keing in time to influerce Upper Witwate crard
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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,possi'bly influenced the topography of the surface
upon which the Ventersdorp 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 responsible for the folding changed with time. Thé 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 northeast assumed much
greater importaflce. In post~Transvaal times this was the dominant direction
and the flexuring 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 southeastern rim of the basin, possibly existed since pre-Witwatersrand

times.,

B. THE PATTERN OF FRACTURING

(8) Faults

Faulting is intense in the area and has plaved a considerable part
in determining the present distribution pattern of the Witwatersrand strata,
In Fig., 4 all major faults which can be recognized on the ground or an aerial
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photographs have been shown. In addition there are appreciable numbers of
faults of smaller extent which cause local displacement of strata. as can be
seéen on outcrop and in mine workings. In Table 19 these major faults have |
been classified and their relative frequency shown. This information is
also plotted on the above figure.

(i) Thrust and Wrench Faults

The most abundant are the Silverbank=type thrust faults which are
probably associated with the development of the transverse folds. the axes
of the latter trending about N 25° w compared with the average strike of
N 10° W for the faults. The Kalkspruit-type dextral wrench faults (N 40° F)
and the Drukfontein-type sinisiral wrench faults (N 80° E) would then
represent the products of shearirg it the same stress field in which P max
would have been directed from N 60° E, As is normally the case, one
direction of shearing 1 much more pronounced than the other, the Kalk-
gpruit-type being twice as plentiful as the Drukfontein-type.

The remaining wrench faults which have been recognized in the
Scouth Rand area - dextral Lagerspoort-type (N 10° 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-type thrust faults
(N 60° E) conform to such a direction. 1t can be concluded that this was
the stress field which brought about the longitudinal folds indicating that
the original long axis of the Witwatersrard Basin was oriertated east-rorth-
east before being bent aboul the transverse fold axes. The Vaalkop-iype
shears are four times as frequent as the other member of the pair.

(i1) Normal Faults

Six of the fault types which are present car thus be related to the
two stress fields respornsible for the developmert of the folds. The P mr:-
directions - north=-north-west for the longitudiral folds and east-north-cu.l
for the transverse folds - were approximatelv at right angles to each other
and were contained in horizontal . or nezrly horizontal, plares. The
remaining three fault-types ~ Brandkraal. Malarskraal and Sugarbush « are
all of the normal variety and probably represent the effects of a vertical P
max with was operative throughout the history of the area. Nelther the
Brandkraal - nor the Malanskraal-type are as frequent or of such consequerce
as the Sugarbush-~-type
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Type Trend ) Nature No. Observed
Brandkraal NTO W normal 8
Malanskraal NGOY normal b
Vaalkop N3OW - sinistral wrench 11
Silverbank N0 W thrust 18
Lagerspoort NIOE dextral wrench 4
Kalkspruit NiDE dextral wrench 1
Hispa 60 E thrust 12
Orukfontein N8k sinistral wrench b
Sugarbush NB0E nermal 13

Table 19 Classification of Observed Hajor Faults South of the

Sugarbush Fauit

formation Locality Point Mo$t e grequency——§-——43~ Lzast
Karroo sandstones Riviersdraai 410 4 NB5E N4b | N30k N30W
Ventersdorp lavas Lagerspoort 406 ] Nib K Hioh Nb5E N 5¢E
' Vlakfontein 556 3 N3GW | N20W | N25E | NBOW
Hodderfentein 410 N&5 o N 20 W N5 ¥ N6l E
Kimberley quartzites Hodderfontein 410 H45 i NT0E N 5E NBhH
Malanskraal 407 W55 ¥ NS5 E N 65 ¥ N bW
Main quartzites Tweefontein 560 10 NAOK | N35E | NIOW | NBOW
ﬁovernment quartzites Rietbuilt Estates 505 2 N3E N 5¢E NI1SE Na0w
Hoodies quartzites Hodderfontein 562 5 NI10H NZ20E M 30 ¢ HI10E
Panfontein 452 6 | N SE | NI15E| NisW | nedw
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At Jeast 13 faults of the lasi-named Lype occur in the area and they
are characterised by their sinuous courses and by subsiantial vertical dis-
placements ir some cases. On Fig. 4 the displacements along the Sugarbush
Fault, calculaied by Rogers (1222), have been shown to reach 8 maximum of
16,000 feet in the Fortuna locality, Insufficient data are avaitable 1o the
easl of 1this point, but 1o the west there is a gradual decrease 1o 4500 feer
south of the old Heidelberg-Platkop Prospect hevyord which theve is an
increase again followed by a further dimirution. The maximum displacerert
occurs over the centire of the Balfour Svrnforw ard the first minimum over the
centre of the Villiers Antiform. This would suggest 1that the strata moved
downwards in a number of separate fault blocks of restricted size . rather
than in the form of solid, extensive masses of rock . It is possible that
the other bounding faulis of these blocks belonged to the Brandkraal- and
Malanskraal-type, in which case the blocks musi have had & rarrow diamond
shape ., There was a preferential dropping of these fault blocks into depressed
areas and relative retention above elevated areas formed by foldirg.

The most conspicuous of this type of displacement are the oaired
Sugarbush and Meyerskop Faults and the Dasville ard Bergsig Faul's . They
can be traced across the whole of the area and are reflected throuagh the
Karroo cover ir the form of drainage patterrs snd lirear features or aerial
ohotographs . Vertical movemeni on those faulls south of 1the Sugarbush Fsuli |
is as impressive in places as on the latier feature. In the Arries Rust
locality movement of up to 8000 feet sppears 1o have developed on the
Dasville Fauli, '

I most cases the downihrown side of such {3ulis lies 1o tre soutk,
but in the case of the Sixybult, Witpoort,, Doornhoek ard Groenviei Faults
the reverse is the case. This latier group probably represent. antithelic
faults which are ususlly developed where large-scale normzl fauliirg hag
taken place. They occupy curved fault planes down dip which hade 1owards
the Sugarbush and Meyerskop Faulis and towards the Dasville ard Bergsig
Faulis .

A consvicuous characterigtic of these faults is their terdency 1o
change course alorg certain divections. At firs: appeérance this sinvosity
would seem te be caused by the plane of movemer® movirg i>om ore *voe ¢f
fault 10 arother so that the faull actually represents a compound of &+ larce
number of infersecting linear planes. However, the paraliel nature of the
curving courses across the whole area ard the terdency for the poiris of
flexure 1o be aligned along constant directiors from one faull to the next,
renders this assumption open to doubt. Closer examination of the poirts of
flexure show that they coincide with the points of irtersection of the fault
plares and the axial plare traces of iransverse folds. The direction 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 normal faulis with downthrows
to the south and therefore dip to the south. The sinuosity 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-, Kalkspruil- and Drukfontein-types
appear to displace those of the Mispa-, Vaalkop~ and Lagerspoort~type .,
Tectonic adjustments consequent uoon 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 delailed work undertaken
by Mountain (1962} in the Lagerspoort locality where it has been shown that
the Sugarbush Fault is displaced by faults which canr be assigned to the
Lagerspoort-, Kalkspruit=, Mispa- . Drukfontein- 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 along faults of the Sugarbush=~ and Silverbank -types.
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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(bY Joirts

The pattern of jointing in Witwatersrand ard other rocks in the avea
beiweer the Sugarbush Fault and Vaalrand has been studied by Mourtair
(1962). The resulis have been summarised in Table 20 and plotied in Fig. 4.
There is a marked differerce between the patterns in post-leppestown
formations and those in rocks formed earlier than this series, In the Mair
and Kimberley quartzites, the Ventersdorp lavas and the Karroo sandstores
joirts oriented at about N 45° W predominate, but in the Government Reef
and Moodies quartzites no such joints have been observed. Each formatior
has i's characteristic joinl pattern with certain directions of fracturing
peculiar to it and not represenied at all in other groups of rocks.

With the complex structural imprint left upon the ares by a tectonic
history of faulting and folding caused by a vertical and two horizorial swress
fields of varying relative intensities al various times, attempts to decioher
the sigrificance and origins of the different patterns are fraught with corsider-
able difficully. However, it is possible to relale, in part, the paltern of
fracturing in the Moodies and Government Reef Series to the horizortal stress
field which produced the longitudinal folds. The predominart joirts ir these
formations. seem io be of the shear-tvpe. The most prevalent fractures in ithe
Upper Witwatersrand and Vertersdorp rocks are of the {ension-tvpe and car
be fitted in reasonably well with the horizontal stress field which existed
_during the time of development of the transverse folds. The Karroo ioir's
appear to have been brought into existence by a vertical stress field,

A possible conclusion which might be drawn from the variations ir. the
- joirt patterns supporis the deductions made from the fold patterns that
although both horizontal swress fields were more or less cortemporaneous.

the P max directed from the north=north=west was stronger ir pre- ard Lower
Witwatersrand times, whereas the P max actirg from the east-rorth-east
gradually assumed progressively greater importance in Upper Witwalersrard.
Verntersdorp and Transvaal times. Vertical uplifi was more impertart than
either of these horizontal compressive forces during Karroo times,
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C. THE PATTERN OF SEDIMENTATION

(8} Variations in Thickness of Strata

-{1) Regional Varfations

In Table 21 the various series and stages which comprige the
Witwatersrand System have been listed for differert localities in decreasing
orders of thickness. What is significant in this arrangement is that the trends
of diminishing thickness remain the same for all grours of rocks from locality
to locality. The sediments contaired in any one stage or series are thickest
in the Heldelberg area, and have the same, or slightly Jower, thickress in the
Wilgepoort=-Fortuna Jocality. In the Witkleifontein Jocality they have a
lesser development than in efther of these two localities, but represent a
greater accumulation than in the Stryfontein, Heidelherg-Roodepoort Mine
and Hex River Mine localities, where the thinnest development is always
round the Hex River Mine, This applies orly in the case of actual sedimen-
tary material in the particular stage or series. The figures shown for the
Bird Stage do rot repre’sent the whole thickress of this aroup, the lava flows
comprising the two Bird Amyagdalolds ard the Bird Marker having been excluded.
The regional pattern of changing thicknesses of the flows is vevy much different
to that associated with the sediments . and it is apparen:. that, alithough locsal
controls for the accumulation of volecanic and sedimentary malerial might have
been the same, the regioral distributior of the lavas was influenced hy
conditions which did not prevajl during the periods of sedimertary infiJling
of the basin. )

Isopach contours prepared from the data in Table 21 would show that
the form-lines strike in a directior more or less normal to the axes of the
longitudinal folds, indicating that the formations, as presently disposed,
thin towards the southeast. Maximum thicknesses occur along the axis of
the Glenroy Synclinewhich structure,when continued westwards into the
basin, probably coincides with the trovgh of the Potchefstroom Syrclinorium.
Information from other areas suggests that maximum thicknesses alwavs
occur along this axis, increasing in magritude westwards to the origiral
central, and deepest . portion of the denpository somewhsre hatweer Vredefo
and Potchefstroom. From the northwest whete orne shorelire of the originai
basin clearly lay, strata thicken towards this axis srd then thin sgzin
southeastwards away from 11.. This latier wedgira affect car bhe takar as
strong evidence for the closing of the basin against a secord shorelhine
beyond the southern limit of the South Rand area. Nearwshore condiliors, as
shown in the major goldfields alorg the northwesterr rim of the basir, are
most favourable for the concentryatior of ecoromic guartilies of gold. Thus,
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on the evidence of the variations of thickress alore, the South Rand area
should have scted as host. to significant auriferous deposits However, it has
been shownr by the datlz referring to coralomerates ard aold mireralisation,
that this fs ¢learly rof the case. The discrepanny must therefore be the
result of sedimentation factors other thar depth of depositicr ard distarce
from & shorelire.

The fact that the fsopach cortours would also show 3 similar pattern
for each serles or stage musl mean that the morpholooy of the basin floor ir
this srea was the same at the commrencemer! of each malor cvele of sedimer -
tation, Depressiors. after havirg been filled up durirg ore cvcle . must have
been depressed again approsimalely aloro the same hhrouch axes before the
onsel of the following cycle. Both tectonic stress flelds existed cortem-
poraneously through geological time, and the longitudinal and trarsverse
folds, and thelr accompanyirg faults . were repestediy beirg sctiviteted along
the same axes. The corsiant vatlerr of sedimertatior. withresvect to
formational thickresses, might {thus be a result of this cor startly reactivated
fold pattern. Troughs of maximum accumulation coircided with the hinge
zoneb of major synclires, while thinner developments of sirata ook place
over anticlinal axes, The interference patiern produced by the two fold
directions was responsible for local superimposed veriations of thickress on
the regiohal trtends where sttuctural depressiors ard culminatiors occurred.

{i1)  Lowal Vartatiors

Jsopach msps have beer prepared for various member= of the Bird
Stage of the Main=-Pird Seriec ir the Sonlh Rard Goldifeld, Ore of these -
for the Kimberley Shales = is showr in Fig., 5. The cortours for &1t members
are consisterntly aliared i» a gereral rorthwesierly dirtectior ., anorosimately
parallel to the axial plare tr3-¢ of the Glerroy Syrclire  De‘ailed siructural
investigations In this locality have showr thatl pumerous *hird- ard fouriths
order folds of the lorgitudi-al class lie te the southwes: of the Glerroy axjs,
The meximum thickresses . whether of Kimbeiley Shale o llouer W@ Quartailes
coincide with such sveclires,while thir develobmert=z sre located qver arti=
clneal axes,

The Kimberley Shales thiy 1o leus thar 40 fant aver 2 gpticli-s
between Roreholes RT.5 and RT R thiclen ‘o gues 120 {eal hetweer BY g
and RT.4 end ther thir agsi tg ini= ~bar 80 fea” booween RT 4 2ed T 1
Thickenino sgalr 15 suggesied alora a sveehi-o) axis to the rariheasgt of the
Kildare and Heldelherg-Reodesoort pires  Ouer ke firet avijeive the Tloper
Bird Quartzites are lesc thar 20 feet thicl  over the syvoiire 70 feet  a+d over
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ihe second anticlire less than 50 feet. Insufficient complete intersections

of the Upper Bird Amygdaloid were made 1o carry comparison further than sayirg
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 localily around the Hex River and Southeast Witwatersrand mines.
There are also some indications that the thinnest strata are present where
culminations have been formed by the second-order transverse Sundra and
Tweefontein Anticlines cutling across the fourth=order Jongitudinal fold axis.

In both mining localities ithe axes of the isopach maxima tend to
remain fairly constant ir plar positior from one formation io the rexi. but the
axes of the minima show ar. inclination to wander 10 a certair exteni between
the axes of the maxima, The centre=lines of the local troughs thus remained
more or Jess constant, but the widths altered from formaiion to formation.
Variations ir the irtensity of dowrward movement in the syrclines underlying
the Jocal troughs at each pulse of tectonic activily possibly caused differ-
ertial tilting of the straia in between, and this led to the migratior of the
axes of the intervening ridges towards the synclire with the lesser downwarp.

The local variations in thickrness point to the same conclusion
suggested by the regioral variations, viz , that the accumulatior. ¢f Witwaters=
rand sediments in this portion of the basin was influenced hy the lorgitudinal
folds to 8 marked extent and also, possibly, by the transverse folds to a
lesser degree., Sedimeriation and folding therefore must have gone hand=irn-
hand. Previously deposiied strata were folded alorng constant axes prior to
each cycle of sedimentation. In this way local troughs corlainirg relatively
greater accumulated thicknresses of any of one formation were coriinuously
beirg stacked vertically one above the other. A zone of relatively thicker
Elsburg quartzite, say, on surface could thus be employed to demarcale
zones of thicker development of ary underlying unit in the Wiwwealersrand
System.

(b) Facies Changes

Zores of equal thicknesses of sccumulated Witwalersiand straia
occur on both sides of the Glernroy Syrclire, but the facies develoved ir such
zores show very marked differences. In the Mair<Bird Series s=y, where
4000 feet of sediments occcur rorth of the fold axis, Juasizites exclusively
are developed below the Kimherley Shales ard corgliomerate Fands are rumerous
robust and contirucus alorg strike. Where 1he eqguivaler: thickress is present
south of the synclire, shale hteds are corspicucus comporerts the quartzites
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themselves are more argillaceous, ard cornglomerate bands are poorly-
developed, lerticular gradational into grits. and in many places totslly
absert. This applies to all stages ard substages withir the Witwatersrard
System with a few minor local excevntions, such as the development of ithe
Coronation Reef at the Ederkop Mine,

In Table 16, the frequency and nature of corglomerate development
ir the Uoper Witwalergrand Division have been shown, and ir the section
dealing with conglomerates and cold mineralisstion. evidernce was preseried
to demonsirate the marked deterioration in the importarce of corglomerates
beiween the Central Rand and the South Rard area. The relative wroporiiors
of corngiomerates, quarizites and shales ir some localities scuih of the
Sugarbush Faull have been shown for the Coronatior Siage irn Tahle 3, for
the Mair Siage in Table 5, for the Bird Stage ir Table 6, for tke Kimberley
Stage ir Tabhles 9, 10 and 11, and for the Elshurg Stage in Table 11,

In the South Rand area, therefore, near-shore conditions. as
indicated by the southeastwards wedging-out patierr of the thickress oi
accumulated material, did not act as host 1o the same assemblage of sediments
as did similar conditions north of the Glenroy Synclire. The prevalence of
fire-graired componerts in the form of quarizites and shales over coarser-
grained varieties such as conglomerates and grits suggests that no malerial
was contributed into the basin from the original edge of the depository lying
south of the Vaal River, The uninterrupted nattern of facies charges from the
northwesterr half of the basin across the Glenroy Syncline into the south-
eastern half indicates ithat the souwce of maierial was on the rorthwestern
edge of the basin orly, and that the distribution pattern of sedimenis from
this pvrovenance was rot influenced by the influx of any subsisniial amounts
of irfill ftom the opposite edge. Large amouris of heavy mirerals . inciudirg
gold . were not transporied great distances into the basin from the shove<line
Thus, such compdnents, coming in alorg the northwesrern edge, did rot
reach the Glernrcy Syncline in any substaniial quartities . let alore sweev
bevond this axis of the bagin, With very little cold washing from ihe northi-
west and ro material being contributed from the southeastern rim 1t is
apparent why the pear-shore conditiors in the Scouth Rand area are ol
associated with any significani accumulaticns of the metal.

e} Directior of Transport of Sediments

) Corrohoratory evidence for the mode of diswribution of sedimeris
postulated abhove 15 provided by the directior s of transporiaiior of materia?
within the bssin. as determined from cross-badding chservations . Hargraves
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(1962) corcluded that the pattern of such measurements in the Main«Rird
Series {rom the Eas! Rand southwards indicates a consistent southeasterly
direction of transpori continuing as far south and southeast of Heidelberg

as the Main-Bird Series can be identified. More detailed and extensive

work by Mountain {1962) has produced the resulis which have keen summarised
in Table 22 for cross=hedding in Moodies guartzites, in Table 23 for
gquartzites ir the Jeppestown ., Government Reef and Hospital Hill Series, in
Table 24 for quarizites in the Main Slage, and in Table 25 for guartziies in the
Kimberley Stage. A condensation of all this irformation is presented ir Table
26. The azimuths of the mainr directions of cross-bedding ai each point have
also been piotied in Fig. 3.

The pattern of azimuths remairs more or less the same north and
south of the Sugarbush Fault. For ithe Government Reef and Jeppestowr Series
and for the Main and Kimberley Stages, the directiong of fransporiatior of the
sediments are essentially 8 55° E and 8 30w , the iwo azimuths keing almos?
at 1ight ancles to each other. A different pattern prevails for the Hospiial Hill
" Beries and yet another for the Moodies Series. Certain aspects of the former
are also discerrikle i the Government Reef Series. The parallelism beiween
the 8 559 E azimuths and the trends of the longitudinal fold axes js considered
to be more than coincidental . particularly in view of the fact, mentiored
previously . that the sirike of the isopach form=-lines is also paraliel 1o the
foid axes,

. Considering certain azimuths in the Government Reef ard Haosoitzl
H]U Series, there apvears to have been a local clockwise directior of 1ars-
porf rourd ihe grarite mass forming the scuthwesiern portion of the Deven
Dome ., Material seems to have moved from the esst=south-easl wesiwards
ther rorthwards . ard firally north-north-ecastwards, This patierr is totally
differert from that which prevails in the Governmert Reef. leppesiowr
Main=Rird ard Kimberley-Elsbutg Series away from the granite mass whe"e
sedimenls were transporied by currents flowing consistently to the southeas:
across the central ard southeastern portions of the besin., The contrary
pattern in the lower members of the Lower Witwalersrand Division mich® offer
an explaratior for the anomalous development in the Ederkop-Sieyrskraz]
locality of significant auriferous conglomeratles in the Coronation Stage of
the Government Reef Series, If the material forming these reefs came from
southessi, as the cross-bedding seems to show . ther it would have iravealind
a relatively short distance from the southeasiern rim of the basin., corsezueart
ly retaining its heavy mineral components. 1t has been discussed orevicus'y
how difficull i1 is to {it these conglomerates into the paltern of facies charge
btrought about by material entering the basinr along the northwestern rim ovily
and ther flowing southeastwards.
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Locality Pirection of Flow Thickness of Unit Inclination of Fu}esets}
Viakfontein 448 M55 E 12 25 o
N85t
Panfontein 452 N85t 9 2 o
S65H
Moddéerfentein 662 W70k 13 18 o
S 85 W
Averages N BOE N 21 S
STHH |
Table 22 Paramsters of Cross-Bedding in Quartzites of the Swaziland

System South of the Sugarbush Fault

{thickness in inches, inclination in degrees)
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Seuth of Sugarhush Fault Horth of Sugarbush Fault
Point Direciien Thickness fnclination Paint Birection Thickness iriciination
of Flow of Unit of Forpsets 4 '°'" or Flow of Unit of Feresels
1 Heot 10 18
Jas | osss5 i
SIS H
. A S5 L 10 18
JES S1h K
5 o5 o 3 8 3 N4sE b 14
GRS SB85¢E GRS SAHHE
S 60 ¥ S29H
4 N0 L S 72
| S 60 }
S 5
E b N85 8 21
SN
v, S8 E 5 18 Av, Sh0E 8 z]
GRS SH0 Y GRS SIOH
P N 25 W 6 » oo
i iHS S80 & !
? Hag L 9 13
j $85¢
| L 8 22
I HHS i S8 ¢
fable 23 Parameters of Cross-Bedding in Quarizites of the Lower Witwatersrand
Division South of the Suqarbush Fault Compared with These of the
Heidelbera Area (lhickress in inches, inclination in degrees)
1. Blinkpsert 396 4. Lagerspoort 405 7. Sleyaskraal 399
2. Rielpaort 193 5. Rietbult Estates 505
3., Steynskeaal 399 b. Rietpomrt 193
J18.  Jeppesiown Series
GRS, Gnverrment Recf Series

HHS.  Hospital Hiti Series
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South of Sugarbush Fault

Rorth of Sugarbush Fauli

|

direction Thickress

inctination

" Direction

hickness

FosVipaticn

Point of Flow of Unit of Foresets Point of Floy of Unit of Foresets
15 S50 F 13 24 8 NBOE 16 27
S5 CSBH
9| s 15 16
S0
ST0W
10 N 65 E 17 1
S50
N S15¢ 12 20
S 45 W
2| osE | 13 15
o S3K
13 S5 E 15 15
S20H '
| ST5 ¥
14 SIE 10 16
S10E
S 50 ¥
Mo | ossoe |3 2 M. | sesE 13 T
S5 H ' SHCH

Table 24 : Parameters of Cross-Bedding in Quartzifes of the Kain Stage Soulh of

t=e Sugarbush Faull Compared with Those of the Heidelberg Area

{thickness ir inches, inclination in degrees)

Poortje
Poortje
Howtpoort

[ )
= OO (D O

389 -
369
392

Nooitgedacht 390

i2.
13,
.
15.

Elandsfontein 412
Eiandsfontein 4iZ
Platkoopie. 420
Tweefontein 560
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South of Sugarbush Fault

Horth of Sugarbush Fault

Point Birection Thickness tnclination Point Girection Thickness fnclination
of Floy of Unit of Foresets of Flow of Unit of Foresets |
13 S45 E 19 7 17 N8oE [ 13
“ S50 H S20E
21 S45 ¢ ki 2 Sh
S5 Y
2 §45 € 12 40
S k5 H
Av. SHSE 16 26 Av. S2E . 16 19
SHD W SH5H
Table 25 Parameters of Cross-Bedding ip Quartzites of the Kimberley Stage South of

the Suqarbush Fauli Compared with Those of the Heidelberg Area

(thickness in inches, inclination in degrees)

16.  Modderfontein 410
17.  langlaagte 186

21, Halanskraal 407
Roodepoort 598

22,



Direction of

Thickness of

inclination of

Forration Flow Unit Fereset

Kigberley Stage S4H0 € 6 25
SHO W

Hain Stage SBOE 13 18

) S$3IH A

Jeppestoun Series S5 € 10 18
S1H W '

“Government Reef Series SH0E 1 20
S30H

Hospital Hill Series N40E 8 22
$85E

Hoodies Series K80 E N 21
STH N

Table 26

Sumpary of Generalised Parameters of Cross-Bedding in Quartzites of

the ¥itwatersrand and Swaziland Systems between the Heidelberg Area

and the South Rand Goldfield




- 76 -

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 Witwatersrand Basin. From the latter
stages of the Government Reef Series onwards cross~bedding azimuths give
no indication of transport into the basin from the south, southeast or east. -
This confirms the conclusions 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 margin 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 8 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
the  n the areas to the north and northwest where the East Rand and Central
Ra) goldfields were formed. What gold did reach the South Rand area was
co:  ntrated in ard confined to long, narrow payshoots in the Kimberley
Rec  nly. None of the gold and conglomeratic material deposited
exteunsively in the East Rand Basin during the Main Reef Leader (Nigel Reef)
period was transporied 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 payable conglomerates in the
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Coronation Stage of the Government Reef Series is possibly the result of an

anomalous direction of transvort of material from the southeastern rim of the
basin during early Wilwatersrand times, However, insufficient sedimento-
logical data are available for the South Rand area to prove conclusively the
. validity of this deduction. If a potential 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 disiniegration of the positlive area to ernter 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 ang 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 horizontal
compression subsequent to the deposition of the sheles and prior to the
washing in of the coarser clastics. The pulse was probably associsted
with,or the product of,vertical uplift of the northwestern rim of the basin,
as aresult of which elevation additional maierial in the source provenarnce
was made available [or erosion and distribution scutheastwards into the
Witwatersrand Basin. After the formation of the payshoots further deformatior
of a similar nature folded the conglomerates into their present synclinal form.

The orientation of payshoots in the South Rand Geldfield with resvect
to sedimentological and structural features appears to be the same as that
found in the East 'Rand Basin. Zones of optimum Kimberley Reef development
in the latter locality have their long axes in the direction of cross-bedding
azimuths, Most of the shoots lie parallel to the axes of the iongitudinal
folds, but some are also aligned along the trends of the transverse folds,

a feature which has not heen observed in the South Rand Goldfield. In the
Witwatersrand Nigel Mine at Heidelberg the payshoots in the Main Reef
Leader are also parallel to the direction of transport indicated by cross-
bedding and to the longitudinal fold axes. In Fig. 5 one such shoot hes
been plotted for comparison purposes. i can be seen that reef developiner:
at the southern end of ithe East Rand Basin and in the South Rand Goldfield
was the product of sedimentological conditions which were identical, to ail
intents and purposes, in the Main and Kimberley 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 divection of the second cross-bedding azimuth, i.e.
greater concentrations of goid occur towards the northeast in the direction
of the axis of the Glenroy 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

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, ir Table 29 for the
Kildare Mine, in Table 30 for the Heidelberg-Roodepoort Mine, in Table 31
for the Southeast Witwatersrand Mine, ard 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-Roodepoort
Mine which, in 18 years of actuai production during the 75-year period,
crushed 78 per cent of the ore treated in the area, and recovered 83% of the
gold. 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 obtained from the Kildare and
Southeast Witwatersrand mines where workings were at a shallower depth
below surface than at the Edenkcp. Heidelberg-Roodepoort and Hex River
mines, Although records are insufficierdt to offer conclusive proof, there
is a suggestion that the silver content of the Kimherley Reef ircreased with
dépth below surface on both the Heidelberg-Roodepoort and Hex River mines .
On the former the average increase was ahout 80 parts of silver ver 1000 of
bullion per 500 feet inclined depth on the plane of the reef, and on the latter
about 60 parts of silver per 1000 of bullion 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 :

Tons Crushed QoSG Averngefecoven
Central Rand 1.023,063,5189 260,93{1,953 5.1 dwtg. per tor
South Rand 267,959 45,786 3.4 dwts, per torn
SR percentage of CR G.626% ' - 0.018% 67%

When production from the whols of the Witwataersrand Basin is
considered, the very minor nature of the South Rand Goldfield i3z even further
emphasized, its gold output being no more than 0,007 per cent of the total
amount won from the seven major and two minor fields,
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. Hame of Producing Tons s Recovery Grade | Fineness Av |

] Year Conpary Treateq | 0zs« fold § Dzse Silver duss hu.f1, | parts 1000]
1906/7 | Edenkop Syndicate | 7,086 | 1928.42 395,02 b 80 |
1907/8 | Edenkop Syadicate 3,557 101530 197,42 5.1 837 !
Total for 7 years® actual | 15 cin | 43,7 52,4k 5,53 g3z |
production , , i

Table 27

Go1d Production from the Edenkep Sold Mire oo Rielbult Estates 509

I Hame cf Producing

Tons

“Recovery Grade

- 3
Fineress Au

fear Company Trealed | 075 Boldy Des. Silver dwis Ae /1. parts_lﬂjﬂllq
913 | K. Tribute 266 1,77 0.42 0.13 803
- '.—-1
Total for 1 years® actual )
oroduction 266 1.7 0.2 0.33 J __?UB
Table 28 Giold Prodeciion from the Wilgepoort Prospecl on Rietfontein 561
. Hame of Producing | Tens | . ReCGVefy firade | Fineness Al
Year Gompany Trcated | 078 Geld | Ozs. S{Eﬁﬁi_. duts Au.fT, parts /1090%
1908/09 | Kildare Gold Mine 23 32.52 3.63 5.29 900 1
1041 Day Dale Hining 2566 326,67 34.97 2.55 903 E
Co. {Pty.) Ltd. I
1942 do. 2612 310,58 32.19 2.38 906 |
Total for 3 years! actusl . , ' 1
pradue bion 5301 669.77 70,19 2,53 904 l
Jable 29 fetd_Production fren {he Kildare Gold Hine on Reodepnort 598
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o[ i Tt e siver | P e | T
1942 South African Trust 200 103.60 10.80 10,36 406
and Finance Co.
1836 New Heidelberg Roode- | 12,837 203110 | 435.31 3.76 824
poort Geld Nining
Co. Ltd.
1897 do, 61,340 §725,45 | 3311,34 KA 145
1905/ | Bon Accord Syndicate 3,910 735.01 11,10 3.76 985
1907/8 do. 23,072 5512,23 589,45 §,78 903
1908/9 do. 29,253 6110.29 755.00 4,18 890
1909/10 do. 23,840 564500 699,00 b, 14 808
1910 do. 9. 447 2225.00 259,60 5,72 896
1911 New Heidelberg Roods- 6,315 1228.00 140.00 3.85 898
poort ITribute ,
1Mz do, 106,818 28717.00 33,00 5.60 859
1921 Alwade Syndicate k45 47,92 1.1 2.15 8n
1922 do, 35 3.26 0.82 1.86 799
1930 Bawick and Charles 182 5.25 1.31 0.58 800
Syndicate
1931 Viss D, Charles 23 2.49 0.19 2.16 929
1938 Greylingstad Gold 2,10 151,72 16.84 Tohh 300
Recovery Syncicate
1939 - do, 7,150 519,89 50.20 T.45 932
1939 Goedehoop Maatskappy 3,503 148,62 21.11 0.85 873
1940 do. 11,5t4 421,92 61,590 0.73 872
1951 do. 852 214,63 34,43 5.0k 862
1942 do. 2,549 39.01 5.18 0.31 883
Tolal f;iﬂéﬁcﬁgf’ actual g 475 | 37,651,390 | 674569 3.61 B

fable 30 : Geld Produciion frem ihe Heidelbero-Reodepoort Gold Mine on

Roodepoort 598




- 872 -

Tata? tor b years o lan

prodention

1718 Ye1.2¢

v

i

2.21

fatre 41

Heyrivier 634

Gold Produclisn iver 'he Soulheast Wifwatersrang Gold Hine on

Yoar

Nave of Frodsiing
Compuny_

o

191

Hes River Exploralica
{o, Ltd,

do.

de.

Hew Rand Reets Lid,
Phcenis Rests (Pte.) Lig,

do,
Lasi Hope Mine
do,

South Gedald Goid Mines
Lid,

de..

Goravale |ovestmenis

(P ) bra,

L

g | fos, Sikvw

Recovery Grade
duis, Auofi.

» Nase of Preducing lers o pos T i1 Recovery Srade | [izeress Au.
‘ v . Gsid oy Oze. Silver : . i
Year| ~ Company zated Gzs. Goid . duise Au.fl. § perts 71009 §
1935 1 Scrth [ast Watwaterseand § 2,376 157.08 18,05 1.4 5
Goid Mirang Co, Lid,
1936 da, 35 | 2807 4,38 R a14
JERY 6. ORI B Y P bC, 34 2,38 G4
1438 at B b elsed it Ot 7 .69 40"
..... — S —— —_— R S
H
1

Fiaeness fu, i

feols 1020}

53,78

B2

258,496

?1.00
o800

ot 418
156,56 Al

943,91 199,498

KT .50
i 3.09
LR

3.

03,54

371,70
H4.18

b7,73
(.99

FiabE BB

2,55

F-

2.9
0.75
8.92
2.3h
0,94
L5
1.87

' LIPgish
B A
e 1om : i
SN R R
k

e 3 ot

v

o e b B eg Bois Mine oo den dain O

3

2y

Ay

e
[
)
fih
d2n
87k
482
&0k




- 83 =~

/

HName of Proéucer ?1§gied Ozs. Gold | Ozs. Silver RZE?:?riu?;§?e £§?f297?033°
Heidelberg-Rondepoor! Gold Mine | 200,475 | 37,851.38 | 6,745.69 3.61 849
Hex River Gold Mine 30,979 | 2,071.83 635,44 1,98 823
‘Edenkop Geld Hine 10,643 2,543,12 52 4 | 5.53 817
Sbtheast Witwaterseand Gold | 3y uor | 3 g0 | 1279 2.21 501
Kitdars Gold Hine 5,301 668,77 70,79 2.53 904
Wilgepsorl Prospect 266 i1 0.&2 0.13 808
N {otal Production 267,969 § 45,086.37 | 8,172.07 3.42 848

lable 33 : Toial Geld Production from ledividual Wines in the Ssulh Rand
Goldtield
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KEY TO FIGURES

Locality Map of South Rard Goldiield ~ scale 1 : 728,000
approximately

Surface Geology South of the Sugarbush Fault - scale 1 : 250,060
Fold Pattern - scale 1 ¢ 250,000
Faull Pattern ~ scale 1 : 250,000

Isopachs of Kimberley Shales, and Inch=Dwt. Plan of
Kimberley Reef - scale 1 : 100,000
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