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t INTRODUCTION

1.1 AIMS AND OBJECTIVES

The initial aim of this study was to examine the potential of the

Waterberg Group sedimentary rocks for significant palaecplacer cassiterite
concentrations. This was achieved in two ways:

1. the rocks were extensively sampled, chiefly at the site of thorium

anomalies, where the oprobability of finding cassiterite is higher

{Callaghan, 1783

s

'3
2. sedimentological data were collected to gain a better understanding of
the depositional setting of the host sedimentary rocks.

The study later evolved intoc a synthesis of the mineralogy,
sedimentology, tectonics and economic geology of the Waterberg Group.
Although sedimentary rocks in the entire basin were studied, work was
concentrated in the area bounded to the north by the 24th parallel, in the
sguth by the Murchison-Thabazimbi lineament, and between the international
horder with Botswana in the west and the area covered with Waterberg

sedimentary rocks up to 29° east (Fig. 1.1)

1.2 GENERAL GEOLOGBY AND STRATIGRAPHY

The South African Committee for Stratigraphy (SACS) (1988) divides
the Waterberg Group into thirteen formations. One of these, the Blouberg
Formaticon, is widely considered to be pre-Waterberg {G. Brandl, pers. CORM.,
1937y and is not included in this investigation. The remaining twelve

farmations occur in different areasy some of these formations grade
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ABSTRACT

The Waterberg Group consists chiefly of a succession of coarse clastic
sedimentary rocks which shows two upward-fining sequences. The sedimentary
rocks belong to the Mokolian erathem and they are 176R-1588 HMa old.

The depository evolved as & continental, fault-bounded basin in

the northern part of the Kaapvaal craton. The basin is bounded in the south

the north by the southern part of the

[
o }

by the Hurchisaon lineament and
Falala chear zone. The MHurchison lineament is interpreted tc be a
long-lived, fundamental strike-slip fault system. Deformation lamellae in
quartz in the Alma Formation near Thabazimbi, are thought to have resulted
from transpressive strain along this fault zone.

The Swaershoek and lower Sterkrivier Formations are interpreted to
have been deposited as fan deltas and were possibly reworked in a littoral

palaeg-environment. The Alma and upper terkrivier Formations are

interpreted as a series of alluvial fans forming a bajada along the scarp

u

m

In}

ed by the wuplified &Glock on the southern side of the Murchisan

trike-slip fault zone. The Skilpadkop and GSetlaole Formations are

w

ronsidered te have been deposited en narrow braidplains. The Makgabeng
Formation was deposited during the more stable period that followed and it
is interpreted to be the result of a large dune field, which may have been
coastal in nature towards the south. Problematic trace-like structures occur
in the scoutheastern part of the basin in & littoral intercalation in the
Makgabeng Formation. The upward-coarcsening Aasvokllkop Formation is thought
to have been deposited in a shallow through-flow lake, although fluvial
deposition was probably more important towards the top of the formation.

The Mogalakwena and Sandriviersberg Formations are interpreted as
having been deposited by large graided rivers, forming an extensive

puthwest, through Botswana into

Nl
]
Pl
=r
m
"

braidplain which probably continued

the northern Cape Province, where 1t may be represented by the Fuller Hember
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transgressed over the braidplain  and deposited the Cleremont Formation,
which is interpreted as a littoral deposit or, possibly, & tidally

influenced shelf deposit. The VYaalwater Formation, which ended the Waterberg

ar & shallow siliciclastic sea

m
et
P
et
[
0
5
'
ot

pericd, formed within

laso-environment.,

1)

g

[y

The Swasrshosk Formation and the rest of the Waterberg broup

probably formed in different tectonostratigraphic ailieus, and the exclusion

thie Formation from the Waterberg Group is recommended. The Mogalakwena

o
=+

and Sandriviersherg Formations are shown tg have a very similar sedimentary

-

character and 1 iz proposed that they represent a cingle formation which

~

nang

M

shows gradational facies 5.

Flacer, epigenetic hydrothermal, authigenic and possible
syngenetic hydrothermal {stratabound) mineralization occur in the Waterberg
Graoup. The assoiiation of thorium and tin at Batkop is due to
thorium-bearing minerals such a&s monazite and thorite occurring with
crassiterite in placer accumulations. Uranium mineralization at Gatkop is of
an epigenetic hydrothermal nature and it appears to have been localized by
chalcopyrite.

are Comman

s
[
wn

11 placers of iron rich and titanium rich miner

Sm

1)

throughout the group. One such occurrence has undergane authigenic
enrichment and ilmenites display wide anatase rims; in places the rock is

&

to

s
o
]

m
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(el
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m
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ot
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cemented by anatase. Copper occurrences

dolerite intrusions.
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UITTREKSEL

Lie Groep Waterberg bDestaan hoofsaaklik uit growwe, klastiese

o

sedimentére gesteentes wat twee opwaarts fynerwordende opEEnVOlgings voOrm.

Die cedimentére gesteentes behoort tot die Eratem Mokolium, en is by

tnenadering 1728-1708 Ma oud.
Die afsettingsgebied het ontwikkel 3 ‘n kontinentale

verskuiwingsbegrensde kom in die noordelike deel van die Kaapvaalkraton.

Hierdies Lom is begrens deur die Murchisonlineament in die suide en deur die

-t

Falalackuifskeursone in the noorde. Dis Murchisonlineament word as 'n baie
ou, gevestigde, strekkingsverskuiwingsisteem beskou. Yervormingslamelle in

kwarts naby Thabazimbi i die Formasie Almz mag die gevolg van

transpressiewe vervorming langs hierdie verskulwWwingsoneé WEES.

Die Farmasie GSwaershoek en die onderste deel van die Farmasie
Sterkrivier is waarskyniik as wWaaierdeltas afgeset, en die sedimente is

moontlik in ‘n littorale omgewing herwerk. Die Formasie Alma en die baonste

o

g waaiers wat

[

e van die Formasie Sterkrivier word as 'n resk alluvia

n

w3
m
oL
1
m
s
*

i~

gevorm het, verklaar. Die eskarp het ontstaan as

by

Ly
£
L)
[2 4}
[w
21}
[
2 1]
=
1
ut
[=
gt
m
m
i
w
o,
o

ok aan die suidekant van die

[
et

gevelg wvan dig opwWwaarise verskuiwing van die

adkap en Setiacle 1is

o
—
o
et
©w

Murchisonverskuiwingsane. bie Formasies

s
i}

waarskynlik op smal vlegvlaktes fgeset. Die Formasie Makgabeng is tyoens

diz daaropvolgende stabieler periode moontlik as ‘n groot duinveld, wat na

]

cet. Froblematiese spooragtige strukture kom in

m

die suide littoraal was, afg

-

die suidoostelike deel van die formasie voor. Die opwaarts growwerwordende
Carmasie Aasvodflkop is moontlik in n viak binnelandse deurvloeimeer
afgeset, alhoewel fluviale afsetting waarskynlik belangriker word na die
bokant van die formasie.

Gie Formasies Hogalakwena en Sandriviersberg word as afsetiings
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van graoct  vlegstrome op n uitgebreide vlegvlakte vertlaar, wat moontlik

dig Kaapprovinsie waar dit

<
m
|
(8
[14]
5
"
pes
e
om)
x
m
Wi
Uz
m
w
-
i
m
=r
i1}
s
120
m
-
~
Lo ni]
)
[
1]
x
e
=3
s
i
")
—+
[
pon}

gelang secimenttoevoer vanuit die noorde afgeneem het, het die ses oor die
vlegviakte getransgresseer &n  aanleiding gegees tot die ontstaan van die
Formasie Cleremont, wat as n littorale afsetting of moontlik n
gety-corheerste platatsetting geinterpreteer kban word. Die Formasie
Yaalwater, wat die MWaterherg pericde afsluit, is in 'n littorale ot vlak
zilisiklastiese see gevorm.

fie Formasie Gwaerchoek vorm waarskynlik deel van  'n ander
tektonostratigrafiese milieu as die van die gorliggende formasies. Dit word

aanbeveel dat hierdie formasie nie by die Groep Waterberg ingesluit word

nie. Die Formasies Mogalakwena en Sandriviersberg kom sedimentclogies baile
coresn en dit word voorgestel dat hulle as  'n enkele formasie met 'n

heskou word.

2
[}
i
()
o
ps }
[s)
1
.
21
i
ot
g
[}

Flaser, asook epigeneties hidrotermale, outigene en mogontlike
cingeneties hidrotermale {laaggebonde) wmineralisasie kom in die Groep
Waterberg wvoor. Die tip-ioriumascosiasie by Batkop is toe te skryf aan

foriumdrasnde minerale 5505 monasiet sn toriet wat saam met kassiteriet in
laserakkumulasies voorkom. Urazanmineralisasie Gy Batkop is van 'n

elokaliseser.

-
P
]

T
P
4
-t
L]
I

[f=]
1%]

epigeneties-hidrotermale aard en deur cha

k1 serafsettings bevattende vster- en titaanryke minerale

o

in pl

m
w

kom algemeen deur die groep voor. Een voorkoms het cutigeniese verryking
aan, @met ilmeniets wal wye anataasrande toon. Flek-plek is die rots

nt aan deoleriet

o

deur anataas gesementeer. Kopervoorkomste mag geneties verw
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1 INTRODUCTION

1.1 AIMS AND OBJECTIVES

The initial aim of this study was to examine the potential of the

Waterberg Group sedimentary rocks for significant palaecplacer cassiterite

roncentrations. This was achieved in two ways:

3
-

the rocks were extensively sampled, chiefly at the site of thorium

anomalies, where the probability of finding cassiterite is higher

{Callaghan, 1983al);

b

sedimentological data were collected to gain a better understanding of

the depositional setting of the host sedimentary rocks.

The study later evolved intoc a synthesis of the mineralogy,

sedimentology, tectonics and economic geclogy of the Waterberg Group.

Although sedimentary rocks in  the entire basin were studied, work was

concentrated in the area bounded to the north by the 24th parallel, in the

sputh

border

by the Murchison-Thabazimbi lineament, and between the international

with Eotswana in the west and the area covered with Waterberg

sedimentary rocks up to 29° east (Fig. 1.1)

1.2 GENERAL GEOLOBY AND STRATIGRAPHY

the

The South African Committee for Stratigraphy (SACS) (1988) divides

aterberg Group intoc thirteen formations. One of these, the Blouberg

Formation, is widely considered to be pre-Waterberg {G. Brandl, pers. CORM.,

1987}

and is not included in this investigation. The remaining tuelve

faormations woccur in  different areasy some of these formations grade
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taterally intoc others {Figs. 1.2 and 1.3). These sedimentary rocks belong to
the Mokolian Erathem and have bheen estimated to be 1988 - 17238 Ma. old
(3AC5, 198@, p.334; Jansen, 1982; Tankard et al., 1932, p.283). The latter
authors state that the Waterberg Group occcurs in two basins, the Warmbaths
Basin and the Middelburg Basin, and that the sedimentary rocks are up to
Saedm thick. Jansen (1982) refers to the Middelburg Basin as the
Cullinan-Witbank Basin or the Cullinan-Middelburg Basin, and he divides the
larger northern basin intc the Nylstroom Protobasin and the Main Basin
{(Fig.1.1}. In this study eonly the Main Basin is considered; neither the
Nylstroom Protobasin nor the Middelburg Easin have been studied by the
writer. The Waterberg Group rests unconformably on rocks belonging to the
Sgutpansberg Group, Transvaal Seguence, granites and mafic rocks of the
Bushveld Complex, and Archaean gneisses and granites of the Kaapvaal craton.
Karoo Sequence rocks overlie the Waterberg Group to the north.

The Waterberg Broup consists chiefly of coarse clastic, red (SR to
18R hue, The Rock Color Chart Committee, 1979) sedimentary rocks which
generally fine upwards throughout the scsuccessien, from basal rudites,
through arenites, to uppermost lutaceous arenites, Rare lavas also occur,
mostly near the base of the group, in the Swaershoek Formation. Lutites are
relatively uncommon and constitute less than 1@ percent of the group (De
Vries, 1949; Vos and Erikssen, 1977).

Loarse, thickly-bedded vrudites occur mainly in the Swaershoek,
#lma, Gkilpadkop, Setlaole and Mogalakwena Formations. The rudites are
generally clast-supported, with clasts commonly up to 30@mm in diameter, but
rarely over 1im in diameter. Clasts vary from very angular to well rounded,
but are mostly subangular to subrounded; sorting is poor. Q}agﬁ_lithalagies
include quartzite, vein quartz, rhyolite, Jjaspillite, iron-formation,
rudite, granite, granophyre and rare mica schist. Imbrication is poorly
developed, largely because the shape of the clasts is near-eguant.

frenites occurring in the lower to middle formations of the group

consist of immature to submature arkose, lithic arkose, and litharenite.
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GROUP SUBGROUP South/Southwest Southeast and North/Northeast Nyistroom area |Middelburg area
& Central parts |& Central parts |8 Central parts
w
? Vaalwater Formation (475m)
E
R KRANSBERG
: Cleremont Formation (125m)
R
G Sandriviersberg Sandriviersberg/ | Mogalakwena
Formation Mogalakwena Formation
G (1250m) Formations (1250 - 1500m)
R
0 Aasvoélkop Aasvodétkop/ Makgabeng
1] Formation Makgabeng Formation
P (300-600m) Formations (380-1000m)
MATLABAS
Skilpadkop Skilpadkop Setlaole
Formation Formation Formation
(450-600m) (450- 600m) (450m)
Alma Alma
Formation Sterkrivier Formation
(3000m) Formation
NYLSTROOM (500 -1500m)
Swaershoek Swaershoek Wilgerivier
Formation Formation Formation
{(2500m)
Figure 1.3 Stratigraphic subdivision of the Waterberg Group (modified after SACS, 980, p.344-345)
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Higher in the seguence quartz arenites occur together with feldspathic
litharenites and litharenites. The Aasvoblkop and Vaalwater Formations
contain & considerable amount of lutite.

Trough and planar cross-bedding are present in certain formations
and the characteristic palaeocurrent direction for the Waterberg Group is
firom the northeast, although the lower formations also show a considerable

camponent from the south.

1.3 PREVIOUS WORK

First mention of rocks which are now included in the Waterberg
Group was probably by Cohen, quoted in & paper by G&tz (1885). Moadie
(1872), however, had already been in the area and had indicated a
copper/lead occurrence on the FPalala plateau, on his map of the economic
geology of the Transvaal (Fig. 1.4},

Harger {(1897) noted the occurrence of red- to chocolate-coloured
sandstane in the FPretoria district {Middelburg Basin). He mentioned that
these strata lie unconformably on the Transvaal Sequence and are, in turn,
unconformably overlain by rocks of the Karoo Sequence.

Harger 's paper was followed by a large number of publications at
the turn of the century (Molengraaff, 1898a, 1898b, 1901, 19@84; Mellor,
1984, 19@85a, 19@85b, 1987, 1908, 1989a, 19@8%b, 1918; Holmes, 1984; Jorrisen,
1984; Hatch and Corstorphine, 1983; Anderson, 1919; Merensky, 19@88; Kynaston
and Mellor, 1912). Molengraaff (1898 to 1924) named these vrocks the

L

“Waterberg Sandstone Formation®, and later the "Waterberg Series", after the
Waterberg district of the northern Transvaal. Mellor's (19@89b) paper on the
Hoekbergen 1is of particular interest. He described the basal Alma Formation
and its contact relaticnships with the underlying granite, which he believed

tg he intrusive.

A& period of Ffifty vyears, in which relatively few papers were
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Figure .4 Map of the economic geology of the 'South African
Republic' compiled by Moodie in 1872.
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written on the Waterberg Group, ensued (Daly and Molengraaff, 1924; Hall,

1932; Le FRoex, 1942; Strauss, 1942, 1948; Du Preez, 1944; Glatthaar, 19563

ol

Cullen, 1948). Daly and Molengraaff (1924) described the findings af the
Shaler Memorial Expedition and refuted previous claims that Bushveld

granites intruded the Waterberg rocks around Gatkop, east of Thabaziambi,

f

They explained the features seen in this area as being due to a series of

overthrusts. Hall (1932} ogave estimates of the thickness of the Waterberg
sedimentary rocks of about | 408m over the Falala plateau and up to 2 70@m
north of Warmbaths.

In the mid-sixties a comprehensive study of the Waterberg Group
was initiated. The «chief contributors to this study were Wilke (1983), De
Villiers (1963, 1946, 1947), De Vries (1969, 1978, 1973), Frick (1978, 1971,
1972a, 1972b, 1972c), Heinster (1949, 1978a, 19784, 1971, 1972, 19735, and
with Tickell, 1975), Tickell (1973, 1974, 1975), De Bruiyn {(1%971a, 1971b,

1972a, 1972b, and with Andrew, 1972), Du Flessis (197Za, 1972b) and Jansen

~d

{1969, 197@8a, 197@b, 1975a, 1975h, 1976, 1982, Jansen et al., 1778@, 1972).
During this period understanding of the Waterberg sedimentary rocks was much
improved. The stratigraphic subdivision of De Vries (op. cit.) was followed
by all the other workers and later formed the basis of the present system of
stratigraphic nomenclature applied to the Waterberg Group. Frick (op. cit.)
undertook sedimentological and economic studies; he concluded (Frick, 17974)
that the sedimentary vrocks in the southeastern part of the basin were
deposited in a littoral, possibly tidal, palascenvironment. Frick {(1972b)
alsc postulated that the tin-bearing granites were possibly intruded after

the sedimentaticn in that part of the basin.

=

Meinster’'s (1975) paper on the Gatkop area near Thabazimbi is of
particular interest. He pointed out that the Swaershoek Formation is

preserved only as a few scattered erosion remnants, which are sheared. He
found that pehble sizes increase towards the "Buffelshoek thrust’ in the

couth of the basin. Meinster {1975, p. &1) interprets the boulder beds of

the Alma Formation as a littoral deposit. Meinster (1759) and Meinster and
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Tickell {(1975%) recognized aeclian deposits in the Waterberg Group. Tickell
mapped the northern part of the basin and was the first to suggest a hraided
river depositional environment for the Mogalakwena Formation. De Bruiyn
(1971 to 1972) mapped in the central and the eastern parts of the basin and
identified syn-Waterberg volcanism in the Rust de Winter area {De Bruivn and
Andrew, 1972). Jansen, who coordinated the entire study in the 1968°s and
1978°‘s  and who mapped in the Nylstroom area, provided tectonic syntheses
{Jansen 196%, 197%a, 1%975h, 1976, Jansen et.al., 1972) and reviewsd
available data in a memoir which terminated that period of study (Jansen,
1782).

Vos and Eriksson {(1977) contributed & paper on the sedimentoclogy
of the MWaterherg sedimentary rocks in the Middelburg area. They proposed a
fluvial fan model for the Waterberg Group and suggested that the colour of
the sedimentary rocks was due to authigenic-diagenetic alteration of
iron-bearing detrital silicates.

More recently, the writer conducted a short literature study an
placer deposits of cassiterite {Callaghan, 1979}, with the view to
identifying such deposits in the Waterberg Group. & strong correlation
hetween tin and thorium was shown to exist in the sedimentary rocks in the
Gatkop area {(Callaghan, 1983a). The study was gxtended to the rest of the
basin (Callaghan, 1982) but the focus of the study remained at Gatkop {Fig
1.1), the only area where sedimentary rocks with significant concentrations
of cassiterite were found. A brief overview of the tectono-sedimentary

history of the basin is presented in Callaghan {19861} .

1.4 METHODOLOGY

The rocks of the Waterberg Group have been studied in field outcrop, through
thin section petrographic studies and by geochemical analyses. The grain

size names, lutite, arenite, and rudite, were chosen for practical reasons
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to describe rocks in the field. ‘Sandstone’ and ‘conglomerate’ have textural
connotations and are therefore not used, whilst quartzites are utilized by
various authors faor silica-cemented rocks, or alternatively, for
metamorphosed rocks. In addition, ‘conglomerate’ implies a certain degree of
rounding (Bates and Jackson, 1988} and therefore the term breccia would also
need to be introduced for angular rudites. The terms chosen, lutite, arenite
and rudite, are purely descriptive and do not reflect the genlogical history
ot the rocks.

Rocks studied in  thin section have been given specific names,
based largely on the classification and usage of Folk (194B). The grain size
terminclogy, modified for the lutitefarenite/rudite system, and the
compositianal diagrams of Folk (1968) are presented in Figures 1.3 and 1.6.
Thin sections were studied on & petrographic microscope on a flat stage, and
were fully described using the scheme of Folk (1948}, Selected slides were
further investigated on a wuniversal stage and/or on a scanning electron
microscope (SEM). Qualitative compositional analyses were obtained an the
5EM using an energy dispersive spectrometer.

Gegchemical samples were crushed and analysed on a routine basis
at the Geological Survey laboratory. Trace element analysis was by
simultaneous %-ray fluorescence. Major element analysis was performed by
sequential wavelength dispersive X-ray fluorescence.

Thorium anomalies were selected from aerial radiometric survey
maps, published by the Geological Survey of Scuth Africa. Most maps showed
total count, potassium, wuranium as well as thorium, and anomalies were
celected on their thorium peak. Where channel results were not availahble
anomalies were chosen on total count. Each survey sheet includes the date of
survey as well as an instrumentation summary.

& portable gamma-ray scintillometer was used to determine the
position, extent and peaks of selected ancmalies on the ground. Count rates
were converted to elUsDeimax) or eThOz(max), using constants which were

determined after calibration at the Atomic Energy Corporation’s facility at
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Figure 1.5 Grain size terminology diagram,
modified after Folk (1968).
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Q All quartz, excluding chert.

Foan feldspars plus granite and gneiss fragments.
R All other rock fragments.

SRF Sedimentary rock fragments.

VRF Volcanic rock fragments.

MRF Metamorphic rock fragments

|  Quartzarenite © Feldspathic litharenite
2 Subarkose 7 Litharenite

3  sublitharenite 8 Ssedarenite

4 Arkose 9 volcanic arenite

S Lithic arkose IO  Phyllarenite

Figure!.6 Compositional terminoiogy diagrams, modified
after Folk (1968)
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Felindaba near Pretoria. A& portable four channel gamma-ray spectrometer was
alsoc used at times, notably at Gatkop, and these count rates were converted
to K0 f(percent), elUs0e (ppm) and ThOz (ppm). The energy windows of the
spectrometer were aligned freguently during the investigation to correct for
instrumental drift caused by temperature variation. The alignment was
carried out away from any obvious magnetic sources since magnetism may have

a considerable effect on these instruments (Callaghan, 1983b).
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2 PETROLOGY AND GEOCHEMISTRY

2.1 PETROLOGY

2.1.1 Introduction

More than seventy thin sections of Waterberg samples have been
studied according to the methods outlined by Folk (1968, p. 144-152). Only
selected samples are described here, but short descriptions of all slides
studied are given in Table 2.1. Summaries of the composition, grain size and
interpreted provenance of the sedimentary rocks are presented in figures
2.1a, b and c. Figures 2.1a and b are adapted from Folk (1968); base
diagrams showing the names of the specific size and compositional fields are
shown in Figures 1.5 and 1.46. Folk (1968) used a system of naming
sedimentary rocks by first stating their grain size name {eg. for sanmple
CC-145, medium arenite with granules) follawed by the sample’s compositional
name (eg. ferrugincus submature micacecus arkose}., Besides samples of
Waterberg Group sedimentary rocks, thin sections of related intrusives were
alsoc studied, so that their relationship with the rocks of the Waterberg
Group could be better understood. Twenty polished/thin sections were studied
under the scanning electron microscope (SEM) in order to identify small
particles. SENM analyses were made to confirm microscopic mineral
determinations of certain transparent minerals; opaque minerals were also
named from these analyses. In some cases the identity of opagque minerals was
checked under a reflected light microscope. In & few cases X-ray diffraction

analysis was carried out to identify minerals.

2.1.2 Thin Section Study

f brief summary of the thin section data derived from this study
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Bushveld

Branite

Makgabeng

Mogalakwena

Hogalakwena

Alaa

Bushveld
Granite

TABLE 2.
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PETROGRAPHIC DATA FOR SAMPLES STUDIED IN THIN AND POLISHED SECTION

e un b fed e p=i—p—— et P H

487 quartz, 38% feldspar, 3% aegerine-augite, 3% epidote,

2% aetaaorphic rock fragaents, 2% calcite ceaent, trace zircon

50% quartz, 25% feldspar, 81 enstatite, 41 clay aatrix,
131 sericite, chlorite and heamatite ceaent

351 quartz, 38% sericitized feldspar, 187 mica,
Y clay matrix, 13% iron oxides.

49% plagioclase, 3% quartz, 15% orthoclase, Ji opagues,
traces of topaz

78% quartz, 18% feldspars, 8% aud, 10% rock frageents,
1% auscovite

451 quartz, 28% cordierite, BX epidote, 3% andalusite,
11 silliminite, 1% plagioclase

781 quartz, 15% orthoclase, 1% plagioclase, 2% eica,
21 rhyolite fragaents

S9% quartz, J@% feldspar, 1% zircon, 8% clay, 3% haematite,
18% rock fragments

28%quartz, 197 plagioclase, 6B% orthoclase, 3% hornblende,
2% biotite

moderate

soderate
to good

moderate

moderate

poor

ROUNDNESS

angular-
subangular

anqular-
subanqular

subrounded

rounded

angular -
subangular

Pttt ettt PR R

SPHERICITY COMMENT/SOURCE

461

631

81

67%

Na-rich igneous or
K-rich aetamorphic

Na-rich igneous
chiefly granitic,

granite boulder in
Alma Formation

acid plutonic

acid intrusives and
extrusives

granophyric granite

St
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145

148

157

139

168

188

Alma

Alea

Rima

Bushveld

Alma

Alma

Alra

0% quartz, 2% chert, 43% feldspar, 21 enstatite, 2% mica, 3%
rock fragaents, 54 ferruginous cesent, 54 clay matrix

497 quartz, 38% orthoclase, 182 plagioclase, 8% enstatite,
3% aica, 3% clay, &% haematite cement

S0% quartz, 35% K-feldspars, 81 opagues, 2% rutile, zirconm,
tournaline, auscovite, cassiterite, trace auerlite?
{a thoriua silico-phosphate, with iron)

457 quartz, 15% fluorite, 1% fluocerite, clay (faratsihite
matrix, traces of wollastonite, zircon, beckelite?
{RE-calcium silicate).

Chiefly granophyric intergromths, beta-quartz
paramorphs, also biotite, zircon, opagues

5Q% quartz, 15% feldspar, 28% rock fragaents, 10% haematite
cesent, traces of mica and zircon

Quartz breccia in iron oxide matrix, soae chert veining
quartz contains blue touraaline inclusians

Brecciated arkose with chalcopyrite, barite, pitchblende and
kasolite.

SORTING  ROUNDNESS

poar angular- bl
subanqular

moderate  angular- 52%
subangular

poor subangular- -
subrounded

- angular- 781

subrounded

poor angular - b4z
subrounded

-—_-_---—_-—_-______‘-_—__--—-—_—_-—--—-_-___-—_---_-__----___-

SPHERICITY

COMMENT/SOURCE

granophyre, quart:
veins, setamorphosed
limestones and
quartzites

plutonic persilicic
to subsilicic

granophyre

hydrotheraal
gineralizatian

granophyric
granite porphyry
acid plutonic
hydrotheraal
channelway?

uraniua/copper
vein in arkose

P L T L

9l
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TABLE 2.1 continued

337 Mfogalakwena (3% metamorohic rock fragaent
aatrix, a% cpagues, 34 chert,

e
i

2% 1ron oyrde cement

368 Sand- 78% quartz, 15X metamorphicr

>

5, 654 guartz, ¥ aica, 4% clay, poor subangular- 701
2% guartz cement, traca zircon, subrounded

ack tragments, Ii rhyclite poar subangular 4%

riviersberg rock fragments, 2% mica, Ji opagues, 1% clay satriy

{i iron oxide cement

562 Skilpadkop 55% quartz, 18% rhyclite rock fragments, 101 calcite grains, Ji poor angular- a9
clay matrix, 3% wica, 3% aetamorphic rock fragaents, 2% Fe-onide subangular
cement, 5% sericite, traces of zircon, touraaline, opaques.

535 Vaalwater 13% silt in clay aatrix - - -

588 (Cleremont  92% quartz, 3% rhyolite and lutite rack fragaents, gocd rounded to

588a 2% mica and 1% opaques. wall rounded

528 Mogalakwena 97% quartz, 3% opaques in setaquartzite - - -

524 GSwaershoek &5% quartz, (5% silica cesent, 174 rock fragaents, good rounded 76%

2% clay matrix, trace of orthoclase and opaques.

538 Mogalakwena 787 guartz, 3% aetamorphic ro

matrix, 4% silica ceaent, 2% opaques, iiiron oxide cement and

a trace of zircon

545  Cleresont  18% quartz, 608% titanomagneti

and 21 monazite, 1% thorite, trac

547 and urancthorite, 13% anatase

833  Eushveld  brecciated granophyric granit
Granite

ck fragments, 8% mica, 3% clay poor subangular-  71%
subrounded
te, 2% rutile, 3% zircon, good well rounded -

es of zirkelite, gorceixite
cement. No clay seen.

metamorphic, plut-
gnic, sedimentary

seta-guartzites

rhyolite, meta-
guartzites and
limestone

abundant quart:
gvergrowths

Sample of clast

setagorphic rocks,
rhyolite, sediments,

petamorphic

terrain

probably foraed
as beach placer,

P
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TABLE 2.1 continued

::“:"’::Z:::'::::::::::::::::::::2:::::::::::::::::::::::::::::::::::::I:::::::::::::::::::::::::::::::::::::::::::::"‘"““"""

Granophyric granite porhyry, 1,3% mica, i opaques

Cosposite cassiterite grains, inter-grown with gquartz and
aanganocalcite

§5-78% quartz, 25% rock fragments, 3% silica cement, 11 iron
piide cement, 3% clay satrix, traces of mica, cassiterite,
zircon and apagues

45% quartz, 121 granite and granophyre rock fragaents, 13%

altered feldspar, 2571 clay matrix, 3% iron oxide cement.

25% quartz, 8% feldspar, 1% mica, 13% granite, granophyre and
rhyolite rock fragments, 4% opagues (chiefly titanomagnetite
and ilmenite), S% iron oxide cement, 3% zircon, 3% thorite, 2
witherite, 11 acnazite,1% cassiterite, traces of topaz,
andalusite, barite, apatite and thorotungstite.

25% quartz, 3% feldspar, 4&8% granite rock fragments, 20 aica,
2% opagues, i% iron oxide cement.

78% rock fragaents, 1@% quartz, 1% clay matrix, 9% ircn oxide
ceaent, 1% prehnite cement, trace of zircon, rutile,
titanomagnetite and anatase

40% quart:z, 3@8% feldspar, 3% granophyre and chert rock
fragaents, 2% opagues, 15% epidate and 13U calcite cement.

soderate

poor

poor

poar

poar

poderate

subangular

subangular-
angular

subanguiar

subangular-
angular

subrounded

subangular-
angular

18

68%

1%

5Q%

63%

clast in Alma

separated grains
of cassiterite

rhyolite, chert,
aetagquartzite
and granophyre

granite and
granophyre

granite and

rhyalite

granite

getaquartrite,
rhyclite, iron ore.

acid plutomc

8t
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TABLE 2.1 continued

ROUNDNESS

SPHERICITY COMMENT/SOURCE

1843

18546

1267

1839

1126

Aasvoelkop

hasvoelkop

Rasvoelkop
Aasvaelkap
Rasvaoelkop

Dolerite

Alma

Alma

0% quartz, 28% altered feldspar, 2% granophyre fragaents
7% clay, 18% epidote, 3% gquariz cement

634 quartz, 3% aica, 197

clay, trace rutile,
3% iron oside ceaent, 2% guartz

gvergrowths.,

334 gquartz, 181 volcanic rock fragments, 3% shard-like grains,
trace zircon, 38% clay matrix,

30% quartz, 28% rock fragaents, 58% clay matrix, trace epidote
Some quartz and rock tragments in clay matrix.
quartz in clay/silt aatriz., 207 epidote, S chlorite

micrographic quartz/feldspar intergrowths, epidote,
chlorite and calcite.

35% quartz, 30% orthoclase, 7% rock fragment, 3% iron oxide
cegent, 34 clay matrix, .57 silica cesent

487 quartz, 131 .eldspar, 35% granite, grancphyre and rhyolite
rock fragaents, 11 opaques, trace zircom, 3% clay aatrix,

6% tron oxide ceaent

5% quartz, 3% feldspar, 63% granite and granophyre clasts,
Shochert, arenite and lutite fragments, 8% clay matrix

acderate

poor

poderate

poor

goderate

poor

rounded- a7%
subanquiar

subangular LY

subangular- 45-517

subrounded

subangular  48%

subangular a7l

subangular 83%

angular- -
subangqular

acid plutonic

mica secondary

Yolcanic

Volcanic

Yalcanic

acid plutenic

granite/granophyre,

rhyalite

granite and
granaphyre.

61
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TABLE 2.1 continued

MUMBER FORMATION MODAL ANALYSIE SORTING  ROUNDNESS  SPHERICITY COMAE
1169 Alma 49% quartz, 8% feldspar, 33% rhyolite angd granophyre rock poor angular 63 granophyres and
fragaents 5% opaques, % mica, trace zirconm, acid volcamics.

18% ciay matrix

11842 Alma 40% guartz, 40% feldspar 5% heavy minerals, 3% sica, trace pcar angular- 334 acid plutonic
zircon 5% clay matrix, 3% iron oxide cement. subanquliar
11840 Alma 407 quartz, 18% feldspar, 10% mica, 6% opaque heavy ainerals, poor anguiar- 713 acid plutonic
trace of zircon and enstatite, 33% clay matrix. subrounded
1197 Alma 5% quartz, 3% mica, 63% feldspar, 1% opaques, 3% zircon granitoid clast
1197 Alea Quartz and zircon in muddy matrix poor angular- - clast in Rlea
subrounded
1208 Alaa 487 quartz, 15% feldspar, (3% opaque ainerals, 3% mica, poar angular- 497 plutonic
14 zircon, 8% clay matrix subangular
1204 Ales 30% quartz, 20% aica, 28% clay, 207 iron oxide cesent, - angular- - interfan lake?
19% opagues subanguiar
1211 Alaa Muscovite/quartz schist with 18% opagues metamorphic clast
1215 Alma 59% quartz, 28% weathered feldspar, 18% clay, 181 opagues, angular- proximal debris
2% 2ircon subrounded flow.
1223 Alma Quartz, aica and opaque ainerals in clay matrix - angular- - lutite intraciast
subangular {mud tlakel

(014
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TABLE 2.1 continued

HUMBER FORMATION MOCAL ANALYGIS SORTING  ROUNDNESS  SPHERICITY COMMENT/SOURCE
1235 Alas 48% quartz, 20% plagioclase, 1% orthociase, 3% granophyre moderate  anqular- 38l acid piutomc
fragments, 3% aica, 2% chertld lutite, traces of touraaline subrounded

and opaque minerals, 5% clay matrix, 5% iron oxide cement.

1235 Alea 8% quart:z, 257 feldspar, 18% mica, 4% enstatite, trace oor angular- 3% acid plutonic
g ' ) 1 ' p
zircon, lutite and thorite, 7% clay matrix, 18% Fe-oxide cement subrounded

1245 Alaa 38% quartz, 19% orthoclase, 18% andesine, 3% enstatite, 3% poor angular- b acid plutonic
aica, 71 opaque minerals, 1% zircon, traces of acnazite subrounded
and rutile, 18% clay satriz, 1% iron oxide cement.

1258  Alma Similar to 1244, but 257 opagues poar subangular - acid plutonic

1261 Alea 581 guartz, 25% feldspar, 1% aica, 51 enstatite ood angular- 607 acid plutenic

y ' ' ! p
5% clay matrix and 5% iron cxide cement subrounded

1283 Alasa 55% rock fragments, 28% quartz, 74 feldspar, 5% opagues, 1% poar subangular - plutonic
aica, traces of tourmaline, garnet, axinite, pyroxene, thorite,
zircon, 7% clay satrix, 24 Fe-oxide cement, 1X calcite cement

1355 Alma 407 quartz, 4@% feldspar, 5% opaques, 7% iron oxide cement, 5% nmoderate angular- 671 acid plutonic

' 1 ' ' p
clay matrix, 8,5% sphene, traces of zircon, monazite, urano- rounded
thorite, tourmaline, barite, diopside, garnet, topaz, celsian

1330 Dolerite  fonsists chiefly of chlorite, trace zircon, clusters - - -
of twinned calcite, polycrystalline bertrandite and sphene

1317 Alea Branophyre with calcite/chlorite vein, also present is barite, - - - granophyric granite
chiorite and prehnite (with bow-tie structures) clast in Alma

te
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TRBLE 2.1 continued

1425 Alma Contact zone consists chiefly of caicite and epidcte, - - - intrusive contact
dglerite is mass of telted chlorite neadles, alse barite, of dolerite
celsian, sphene, prehnite, zircon, nagatelite ang arenite

1442  Intrusive Consists chietly of Na-feldspar - - - Forhyritic bostonite

1324  Bushveld Granophyre with some aica and trace zircon - - - highly fractured

Coaplex shows ‘mortar teature’ in places tros B 820
1552  Hushveld Quartz and aicroperthite with a trace of zircon - - - Highly fractured
Coaple: troa Bhold
1563  Vaalwater 88% clay (K-rich), 28% silt, iron oxide cement. - angular- - -
Grains prolate to equant rounded

1564  Vaalwater 97% clay, 3% silt and sand, iron oxide cement. good - - -

1577  Vaalwater 897 quartz, 18% plagioclase feldspar, 14 chert - - - acid 1gneous.and
extensive quartz overgrowths. volcanic rocks

1387 Dolerite 497 anorthite, 33% enstatite, 1Z% hornblende, 8% biotite - - - altered dolerite

2% granophyre, 2% cpagues. Much sericite and chlorite

1397 Alea 55% quartz, 2% mica, trace zircon, 221 sericitized grains, 134 aoderate subangular 63,31  Acid plutonics
granophyre rock fragaents, 4% clay aatrix, &% Fe-oxide cement
1598 Aiaa 3% rock fragments, 221 feldspars, 101 opagque grains, paor - - acid plutonics
20% guartz, 1% muscovite, 18% clay matrix, 7¥ iron oxide cement and sediments
1481 Bushvald  Micographic quartz/teldspar intergrawths, 7% chlorite, - - - shallowly 1ntruded
Camplex 2% opaques, trace of sphene. late stage granite
1683 Dolerite  3@% plagioclase, 18% quartz, % feldspar, 13X augite, 13% - - - tungsten = Ioppa

hornblende, 4% opaques

2e
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HUMSER FORMATION MODAL ANALYSIS SORTING  AOUNDNESS  SPHERICITY COMMENT/SOURLE
1617 Skilpadkop 35% quartz, 54 rock fragments, 18% chert, 151 metaquarizite, poar 4. rounded- 37N metamorphic source
5% schist, 150 opaques, 1% zircon and rutile, 2% granophyre v, angular

7%

frageents, 1% mica, 1% microline, &% clay matrixz, 4% Fe-oxide cement.

1613 Skilpadkep 39% guartz, Z¥% chert, 174 metaguartzite, 3% opaques, poor metaquartzite
trace toursaline, 25% clay, 3% iron oxide cement and chert

1614 Skilpadkep &5% guartz, 7Y mica, 8% chert, 2% opaques, trace of poar angular- 491 chemical sediments
touraaline, 18% clay, 6% iron oxide cement subangular and aetaguartzites

1628 Dolerite  4B% granophyre, 5% augite, 8% harnblende, ¥
plagicclase feldspar, 21 opaques, J% quartz

1623  Mogalakwena 72% quartz, 13% opaques, 21 rock fragments, 2% aica, 1% zircon - subrounded- 69 ignecus/setamorphic

trace rutile and chlorite, 3% clay satrix, 3% quartz cesent rounded
1628 Clereaont 99% quartz, traces of chert, zircon, toursaline and mica good rounded 734 littoral environsent
1643 Cleremont 977 guartz, 19% guartz cement, 1% rhyolite rack fragaents, good rounded- i acid plutenic

1% clay, traces of chert, opaques and zircon. subrounded and velcanic
1685  Aasvaeliop &8% quartz, 201 quartz avergrowths, &% clay matrix, poor _ _ _

4% opagues, 3% aica, 3% andesine,
1467 pasvoelkop 957 quartz, 2% mica, 1% titancmagnetite, trace ot pla toclase, - - - -

p ! ' ) 1 )
3% rlay. Coating on outcrop identified as coquimbite {(XRD).
f

1668 fasvoelkop ‘Vesicles® filled with calcite, barite and minor cordierite aoderate  angular 7' ash fali?
1657 Dolerite  Coapletely altered to chlorite and sericite, - - - hydrothermally
salachite cccurs in blebs and 1n veins, altereg dolerite

€e
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is given in Table 2.1. Several general trends which were noticed during the
field investigation were confirmed in this study. In general the sediments
become finer, better sorted and rounded and more mature overall from the
bottom of the sequence upwards. In contrast, quartz grain sphericity shows
few specific trends although it does appear to be generally higher in the
Mogalakwena Formation. The overall fining of the rocks, from the base up to
the AasvoBlkop and Makgabeng Formations, and again from the Mogalakwena
Formation up to the Vaalwater Formation is apparent in Figure 2.1b which
shows the grain sizes of saeples studied in thin section. Trends in the
ramposition of the rocks are more complex as they are the result of
provenance, sedimentary processes and the durability of constituent grains,
Samples from different individual formations do, however, group quite well
{(Fig.2.1a) and a vague upward trend is seen from feldspar rich rocks, via
mixed gquartz/rock fragment rich types to quartzarenite. The interpreted
provenance of the rocks is shown in Figure Z.lcj it is clear from this
diagram that wmost of the samples show at least a partial contribution from
igneous rocks. In the case of the Alma Formation this igneous contribution
is due mainly to acid plutanic rocks {granite and granophyre). In contrast,
most of the other formations show a partial input from volcanic rocks
(chiefly rhyolite). Most of the higher formations also show the influence of
sedimentary and metamorphic rocks.

0f the 38 thin sections from the Alma Formation twenty are
classified as submature to immature arkoses, four as lithic arkoses, three
as feldspathic litharenites, three as subarkoses and two as volcanic
litharenites (Fig. 2.ta, b). The rest of the thin sections were either
clasts or samples which could not be classified according to Folk's {1948)
system, such as thin section 136 which is highly altered and mineralized.

The sedimentary racks of the Alma Formation are typically
sericitized, to a greater or lesser extent. They often contain a
considerable guantity of mica, especially bleached biotite {Fig. 2.2). Some
2.3

T
-t e

of the finer-grained varieties contain quartz ‘slivers’ (Fig.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2020
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Q an quartz excluding chert
F Al feldspars plus granite and gneiss
R Al other rock fragments
Q SRF Sedimentary rock fragments
" VRF  volcanic rock fragments
MRF  Metamorphic rock fragments

95% /A7
o
8
aa
75% /el o)
S | b
® a
e ®
.. 7Y o
. SRF
O
e °
a
[o \ 50%
F 50% R/ o N\
£
vRF — *— wRF
50%

o Vgalwater Formation

% Cleremont Formation

¥ Sandriviersberg Formation
O Mogalakwena Formation
O Makgabeng Formation

a Aasvoelkop Formation

8 Skilpadkop Formation

e Alma Formation

£ Sterkrivier Formation

¥» Swaershoek Formation

Figure 2.l1a: Composition of rocks studied in thin section.
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GRAVEL
o
80%
o
30% 3
5% a
trace /
o T
aa aa a
MUD 1:9 I:

o Vaalwater Formation

% Cleremont Formation

% Sandriviersberg Formation
O Mogalakwena Formation
O Maokgabeng Formation

a Aasvoélkop Formation

8 Skilpadkop Formation

¢ Alma Formation

£ Sterkrivier Formation

¥ Swaershoek Formation

Figure 2.1b: Grain size of samples studied in thin section.
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CHEMICAL (CHERT)

LUTITE OTHER CLASTIC

o Vaalwater Formation
% Cleremont Formation
% Sandriviersberg Formation
O Mogalakwena Formation
O Makgabeng Formation

a Aasvoélkop Formation

8 Skilpadkop Formation

e Alma Formation

¢ Sterkrivier Formation

¥ Swaershoek Formation

SEDIMENTARY

METAMORPHIC IGNEOUS

QUARTZITE

Ceo0O0e
oo o000
* B8 £ XL A&

o

META- BASIC
LIMESTONE

OTHER VOLCANIC

Figure. 2.1.c Showing interpreted provenance for rocks studied in

thin sections.
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FIGURE 2.2 Fine arenite: ferruginous, sericitized, submature micaceocus
arkose. From the Alma Formation on Groenfontein 438KE. This rock contains
18% bleached biotite. (Thin section 1@@8: Base of photo = @,45am)

FIGURE 2.3: A

medium-grained

arenite which is classified as a haematitic
submature arkoce

s

Notice extreme angularity of particles f{quart:z sliversi.

.

Thin section 146: Base of photo = 1,4mm)
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Deformation lamellae are relatively common, both in the quart:z

rains as well as in quartz crystals in gramite clasts {Fig. 2.4}, The fact

o

(U]

that only some quartz grains show deformation lamellae indicates that the
strain which caused them affected the source rocks rather than the
sedimentary rocks in which they now cccur. Sorting in the Alma Formation is
in general poor although it may be locally moderate to good. Roundness is in
the range of angular to subrounded and most grains are subangular. Average

Y
'« i

-

sphericity is moderate {&i

Granitoid clasts in the Alma Formation have a granophyric and
sometimes a porphyritic texture. fBuartz usually occurs as individual
sennomorphic  or idiomurphic‘ grains as well as in intergrowths, whereas the
feldspars commonly occur only in granophyric intergrowths. Other clast types
which occur are quartzite and schist rock fragments as well as mudflakes.
Rutile and zircon are common accessory minerals. Other heavy minerals seen
are tourmaline, casciterite, opaque iron/titanium oxides, thorite, topaz,
andalusite, barite and apatite. Haematite cement is common.

Waterval 443K@ provided many interesting specimens of which CC-148
iz one. This arenaceocus rudite is a submature, heavy mineral-rich arkose. It
is wvaguely layered and it contains a few beta-quartz crystal paramorphs

TE Yy

Fig. 2.5). The rock comprises GS@% quartz, 33% K-feldspar, 8% opaques

B

{(titanomagnetite and minor ilmenite), and 2% of rutile, zircon, tourmaline,
muscovite, and cassiterite. @Buartz grains sometimes show deformation
lamelias. These lamellae, which are similar to those described by Ingersol
and Tuttle (1945) and Christie and Raleigh (1959), are also common in
granite clasts in the Alma Formation. These structures display closely
spaced, planar to spindle shaped, parallel lamellae which do not transgress
grain boundaries. In plane polarized light the lamellae look like thin
fractures; those lamellae that are seen most clearly lie at a large angle
{mare than 48°) to the plane of the thin section. On close inspection they
appear to show light edges with a dark centre; when the microscope is

carefully focussed the lamellae virtually disappear. Under crossed nicols

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2020
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FIGURE 2.4: Deformation lamellae in two directicns in gquartz in a

coarse-grainad grancphyric granite clast from the fima Formation at Waterval

443KE. {Base of photo = {,4am)

FIGURE 2.5 Euhedral nparamorphs after beta-quartz seen in sample CC-148,

. . oo . L ,
which is a submature, heavy mineral-rich arkose. (Base of Photo = l.lmm)
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the lamellae are usually very apparent near the extinction poesition for the
crystal {Fig 2.4}, The lamellae are far more apparent in phase contrast
illumination,; having & character similar to that described by Carter and
Friedman ({1945, p. 762). The lamellae do not show any inclusions along the
‘fractures’; this is significant since the first described natural varieties
consisted essentially of lines of tiny inclusions (B8hm, 1383). Studies an
the universal <stage wmicroscope showed that the lamellae are at a moderate
angle to the basal (82@1) plane; this indicates that they must be classified
into the subbasal I categeory {(Carter, 19735).

Another sample from Waterval which proved to be very interesting
is sample CC-156, which is an altered and mineralized, fluorite- and
fluocerite-bearing arenite. This sample 1is extensively altered and
mineralized. Fluorite replaces guartz in places and there are virtually no
other signs of the original detrital material left.

A pebbly, granule-rich, very coarse arenite {(sample CC-1847), from
Buffelshoek 445K8, is «classified as a ferruginous, submature heavy

mineral-rich arkose. It is very poorly sorted, with a width/length ratio for

-

quartz of &1%. The oquartz and :zircon grains are angular to subangular,
whilst the rest are subangular to subrounded. Buart:z grains are commonly
fractured and they often show deformation lamellae. The rock contains 235%
quartz, 3@% weathered feldspar ({orthoclase), 1% wmica, 13% granite,
granophyre and rhyolite rock fragments, 14% opagques {chiefly titanomagnetite
and some ilmenite), 5% haematite cement, 3% zircon, 3% thorite, 2%
witherite, 1% monazite, 1% cassiterite, and traces of topaz, andalusite,
barite, apatite, and thorotungstite.

A medium to coarse arenite from Buffelshoek 444KO provides further
interest. It comprises a ferruginous submature arkose and besides its heavy
mineral composition (@,5% sphene, traces of zircon, maonazite, uranothorite,
tourmaline, barite, dicpside, garnet and topaz), it is interesting because

of a possible fossil it contains. This tiny fragment may represent a

chitonozoan or perhaps a deformed complex algae (C. §. Macrae, 1986 - pers.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2020
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The effect of the dolerite intrusions on the Waterberg sediments
is seen in sample CC-1426 of a doleritefAlma Formation contact from
Buffelshoek 444K8. It can be seen that pieces of sediment were assimilated
by the flowing magma. A contact zone, about 3mm thick, consists of calcite
and epidote. A vein of igneous material intruding the sediment consists of
calcite, chlorite and epidote, as well as large crystals (37am across) of
harite and celsian. The dolerite groundmass consists of a felted mass of
chlorite needles with scattered epidote and a few much altered feldspar
laths. Traces of sphene, nagatelite?, epidote, prehnite and zircon ocour.

& rather interesting intrusicn was intersected, at 345,4 to
I45,5m, by borehole 19 (Fig. 3.8, 3.9} through the Alma Formation. It is a&
porphyritic bostonite and it «consists essentially of extremely finely
crystallized feldspar. filigoclase-andesine and grthoclase occur as
phenocrystsy a few pods and veins of orthoclase, epidote, sphene and
schorlomite? can also be seen.

A single thin section from the Sterkrivier Formation was studied
{(Thin Secticon 1858). This rock was identified as a litharenite (Fig. 2.1la,
k). Rock fragments present are haematized rhyclite, stretched metaquartzite,
vein guartz, haematite and chert. The rock contains 1@% guartz, much of
which shows well-developed deformation lamellae. Besides quart:z and rock
fragments the thin section contains traces of zircon, titanomagnetite,
rutile and anatase. Iron oxide and prehnite cement cccur. This rock is an
arenaceous granule rudite which comprises 78% gravel, 27% sand and 3% mud.
The width:length ratioc of rock fragments is 58% and of quartz grains is 68%.

The four samples of the Skilpadkop Formation which were studied,
comprise two phyllarenites (Fig. 2.6}, cne sublitharenite and a volcanic
arenite. This coincides with Jansen's (1982) description of this formation
as being generally low in feldspar. Chert, metaguartzite, volcanic fragments

and schist make wup the lithic portion of the rocks. Quartz, calcite, mica

and opaques may also be present in quantity. Traces of zircon, tourmaline

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2020
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and microcline occur. Sorting is poor

of subangular. Sphericity iz low,

postulated source for these rocks is

rhyolite and chert.

ranging

and roundness is variable with a mode

from 49% tao 39%. The chief

metaquartzites, minor sources include

Hine thin sections from the Aasvollkop Formation were studied.
This formation shows & wide range of rock types (Fig. 2.la, b}, including
arkose, guartzarenite, veloanic sublitharenite, volcanic sedarenite,
subarenite, subarkcse and lutite. The bulk of the rocks are made up of

guartz, plagioclase ({commonly sericitized),

mudflakes and opague winerals. Traces of

devitrified glass shards may occur. Cement

iraon aoxides {(haematite), quartz

usually opresent. Sorting ranges from poor to

are generally subangular; sphericity ranges

percent. The oprovenance wusually comprises

shards oCour

the vesicular rocks as 'lahar’ deposits.

in rocks of the Aasvoélkop Formation,

mica, volcanic rock fragments,

rutile, zircon and possible

is common, comprising epidote,

N

or chlorite. A clay matrix is

moderate and sand-sized grains
from forty-five to sixty-seven
volocanic

rocks, and possihle

Jansen (1982) described

fin arenaceous lutite from Haarlem Dost S1K@ (sample CC-18468) is an
immature volcanic sublitharenite (Fig. 2.1a). It is inhomogeneous and
ronsists of mud with about 28% sand (Fig. 2.1b); the coarsest grain in the

slide is only lam in length.

{range: 37-%3%) and

The larger grains

rock is cemposed of 35% guartz, 10%

replacing original

thirty percent very fine matrix

interesting sample fram

Klipdrift 231EB. This 1s an

apparent ‘vesicles’ filled with calcite,

magnesium

The sphericity of
of the silt-sized guart:z
are subrounded and the smaller ones are subangular.

volcanic

cand-sized quartz is W/L=61%

is only 45% {(range: 19-68%).
The

rock fragments, 9% clay

needle-shaped grains, a trace of xenomorphic zircon and
which appears glassy in places. Another
the Gasvoblkop Formation is CC-14668 from the farm

arenaceous, submature lutite which displays

barite and a small amount of a

aluminium silicate which has been interpreted as cordierite. Dana

{1932, p. 583) points out that cordierite does have a wide range of
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FIGURE 2.6: Rudaceous lutite from the Skilpadkop Formation on Groothoek
278K8 comprised of immature phyll/sedarenite. (Thin Section 1613 Base of

phots = 7,8mm)

FIGURE 2.7: Coarse arenite from the Cleremont Formation on Yoorstandfontein
£77L0 which has been classified as a mature quartzarenite. (Thin section

1643: Base of photo = 7,@am)
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stability and that 1t may form in various environments. The sediment has
angular to very angular grains which have a sphericity of 49,7% f{ranging
from 17-83%). fQuartz 1is the most common mineral present and mica is the
second most common; although the rock is very fine-grained, it contains only
about 5% clay-sized material.

Two samples of material from the ‘vesicles’ in the ARasvoBlkop
Formation on the farm Groothoek 278KQ were submitted to XRD analysis. In one
of these analyses a greenish infilling consists of epidote, sericite and
quartzy in the other a white infilling comprises smectite, sericite,

kaolinite, chlorite and epidote.

The lutaceous medium arenite from the Makgabeng Formation (Fig.
2.1b), is probably atypical of the formation as a whole, since it contains
8% lutite and the grains are subrounded. Both of these features are abnormal
for an aecolian environment and this sample is thought to represent a fluvial
intercalation in the generally aeclian Makgabeng Formation. This thin
cection was classified as a submature lithic arkose (Fig Z.la); the sediment
grains are subrounded and the width:length ratio for quartz grains is 63%.
The maximum grain size is coarse sand and the rccﬁ displays moderate
sorting. The rock consists of 78% guartz, 18% feldspars, 1@L1 rock fragments
{(rhyolite, lutite and chert), 8% mud, 1% muscovite and traces of tourmaline
and of opague minerals.

One rudaceocus arenite from the Sandriviersberg Formation was
cstudied. This rock is classified as a submature micaceous phyllarenite.
Grain size layering 1is present and opague minerals show preferential
concentration in the arenaceous layers. Some quartz grains are contact
welded, due to pressure solution. The quarts grain sphericity is &4% and the
159

grains are generally subangular. The rack is composed of 7@% quartz, 154

metamorphic rock fragments, 3% rhyolite rock fragments, 2% muscovite, 3%

opagque minerals, 1% clay matrix and 1% iron oxide cement.

Five thin sections from the Mogalakwena Formation were studied.
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ne of these is a quartz cordierite hornfels with a granoblastic hornfelsic

£y

texture. [t consist . rcordierite, 8% epidote, 3%

n

gf 65% guartz, 28

fwi]

andalusite, 1% sillimanite and 1% plagioclase. Dykes and sills accur in the

rea, and this specimen is probably a thermally altered impure arenite. Of

o

the rest, two are phyllarenites, one is an arkose and one is a subsedarenite
{(Fig. 2.ta). These rocks are submature fo wmature and contain guartz,
orthoclase ({sericitized), metamorphic rock fragments, mica, opague minerals
and chert, as well as minor quantities of plagioclase, zircon, lutite clasts
and rutile. Iron oxide and silica cements occur. They are generally poorly
to moderately sorted, and the grains are subangular to rounded. Sphericity
is high, ranging from &9% to 81%. The provenance 1s mixed {Table 2.1},

The Cleremont Formation sedimentary rocks were studied in six
samples, four of which are gquartzarenites (Figures 2.1a and 2.7) and two are
natural heavy mineral concentrates. The quartzarenites consist of 87%1 to 99%
quartz and they alsoc contain small amounts of rhyolite rock fragments,
chert, heavy minerals and mica. Sorting is good and grains are subrounded to
well rounded, sphericity of quartz grains ranges from 71% to 73% (Table
2.1}, The source area contained volcanic rocks.

Coarse arenite from the Cleremont Formation was studied in thin
cections S88 and S588a. Compositionally, the rock is classified as mature,
micaceous, volcanite-bearing quartzarenite. It is homogeneous and shows
abundant guartz overgrowths and welding of quartz grains. Many grains show
ghost outlines of original well rounded grains. The rock is well sorted and
the grains are rounded to well rounded. Samples &446 and 647 are fine to very
fine arenaceocus, supermature heavy mineral concentrates. Modal grain sizes
in these scamples are: quartz - 0,18mm; opaque minerals - @,18mm; zircon -
@,18mm. Scrting is very good and rounding is variable; some grains are
excepticnally well rounded whilst others {chiefly zircon) are almost totally

=

unrounded f{and euhedrall. The rock is composed of 1@% quartz and 75% heavy

o

mineral grains. It alsc has 15% anatase cement; no clay-sized material was

sesn. The two arenite specimens from Faulskloof &36L0 and Voorstandfontein
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477L0 are similar to sample 588 but they are more mature and have a greater
percentage of guartz.

Three samples from the Vaalwater Formation yielded a fissile
lutite, a massive lutite and a subarkose (Fig.Z.la). The shale is very
fine-grained, consisting of 15% silt in a mottled clayey matrix. The lutite
is perhaps the most representative sample of the Yaalwater Formationy it is
dark grey in colour and is very fine-grained with 20% silt and 8@% clay.
Grains vary from angular and prolate to rounded and equant, and the rock is
well sorted (Table 2.1)

Five Bushveld Complex granite samples were studied to establish
their relationship with Waterberg rocks. They yielded two granophyric
granites, a granophyric granite porphyry, & granite and a micropegmatitic
granaphyric granite. Orthoclase tends to be the chief rock-forming mineral,
together with quartz, plagiocclase, hornblende and some mica. Zircon occours
as an accessory. The granophyric granite porphyry contains some beta-quartz
crystals (Fig. 2.8).

Dolerites intruded into the Waterberg Group are often
differentiated. They consist of plagioclase, enstatite or augite and
hornblende. Most thin sections studied showed advanced alteration with
epidote and chlorite being the chief alteration products. Accessory minerals
include calcite, guartz, sphene, prehnite, Tircon, biotite and
polycrystalline bertrandite {(biaxial negative, 2V=0-15°, birefringence=. 25,
two good cleavages at +78°, SEM analysis gives S5i, theoretical compositian
of bertrandite is HzBes8ip0, - Dana, 1932, p. 632; Be is too light to be
detected on the GSEM). Copper occurrences in  the Waterberg basin are

generally associated with these dolerites.

2.1.3 Scanning Electron Microscope study

The scanning electron microscope (SEM) was used both as a tool to
assist in identification of mineral species as well as an aid in resclving

particularly small grains and fine structures. Most of the sections studied
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FIGURE 2.8: Granophyric granite porphyry from the Bushveld Complex granites
on  Waterval 443KQ. Notice the euhedral paramorphs after beta-guartz. (Thin
cection 157; base of photo = 4,3aml.

were from the 8lma Formation.

Sample 146 aof the Alma Formation from Buffelshoek 446KR contains
traces of thorite (which has a spongy texture and contains some inclusions
which analyse as silver), zircon and cassiterite. The cassiterite was
unexpected since no tin  had been detected in the X-ray fluorescence
analysis; it is very pure and contains only a few inclusions of ireon oxide.
&n unidentified grain from Waterval 443KQ ({sample 148) was tentatively
identified as auerlite (approximately Thi{5i04.P0a4)) from a gualitative
analysis which showed it to be a thorium cilico-phosphate with some iran.

X-ray fluorescence analysis of sample 136 from Waterval 443KE
showed & content of 3542 ppm zinc, and this led the author to believe that
the resinous-coloured grains in the specimen were sphalerite. Scanning
electron microscope work, however, revealed several facts which resulted in
a different interpretation. The grains showed an gxcellent cleavage which

had not been visible under the optical microscope and a qualitative analysis
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showed only cerium, lanthanum, necdymium and prasecdymium. The mineral was

identified as fluocerite, which has a composition of (Ce,la,DilFs, is

ur

vellogwish to reddish brown 1in colour and has one perfect cleavage. The
clayey groundmass in this sample was tentatively identified as faratsihite
{z wvariety of kaolinite) on its composition {iron aluminium silicate) and
colour. The rock also contains a nicbium- and yttrium- rich iron titanium
silicate, and & rare earth-rich calcium silicate.

Sample 188 «consists essentially of 2 wmineralized vein in a
brecciated arkose. Chalcopyrite is the most common mineral in the vein,
whilst some bornite also occurs. The chalcopyrite contains tiny inclusions
of silver. Barite is common and contains inclusions of chalcapyrite and
galena. The uranium mineral present is rather variable in composition and it

is passibly pitchblende. In a zecond section studied the uranium mineral was

found to be kasplite, a lead uranium silicate.

ip

mple [C-8B8 from the Alma Formation on Waterval 443KB is a heavy
mineral-rich arkosic rudite. The heavy minerals occurring in this sample
were separated on a laboratory model Wilfley table, and the cassiterite was

hand picked under a binocular microscope. The grains were subsequently

studied on a scanning electron wmicroscope. The grains are composite,
intergrown with gquartz and manganocalcite. The identity of several species
in sample CC-1047 from Buffelshoek 446K were confirmed with the use of the
S5EM. Heavy minerals contained in this sample are 14% titanomagnetite and
ilmenite, 3% zircon, 3% thorite, 2% witherite, 1% monazite, 1% cassiterite
as well as traces of topaz, andalusite, barite, apatite and thorotungstite.
Cassiterite crystals are exceptionally homogensous and pure, with only very
rare inclusions of a potassium aluminium silicate (potassium feldspar?). The
single thorotungstite grain seen is homogensous and contains apatite
inclusions. In contrast the thorite grains are notably inhomogeneous, with a
highly variable iron content. The titancmagnetite and ilmenite show
gxsolution structures. The monazite has a highly variable composition but is

essentially a cerium lanthanum phosphate with minor Nd, Cu, In and Th.
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Sample CC-135% from the Alma Formation on Buffelshoek 446KE was
taken +from the core of GBorehole 819 (Fig. 3.8) at 244,1m depth. Heavy
minerals present in this thin section are S%L ilmenite {and some
titanomagnetite) with well-developed exsoclution laminae, 8,3% sphene (with
guartz inclusions) and traces of zircon, monazite, urancthorite, tourmaline,
barite, diopside, garnet, topaz and celsian. The sphene occurs both as
orimary grains and as an alteration of ilmenite. The monazite has tiny
inclusions of thorite.

Several minerals were identified from the heavy mineral placers of
the Cleremont Formation o Hodderspruit 15BER. EBesides some 6&8Y%
titanomagnetite, ilmenite and ulvtspinel, the identification of rutile,
zircon and monazite was confirmed. Other winerals identified from, or
confirmed by their chemistry were thorite, uranothorite, possible zirkelite

(36M analysis gives Ca, Fe, Ir, Ti and Th as constituents) and gorceixite

w

(Ba-Al phosphate) as well as about 15% anatase cement. Qualitative analysis
of the gorceixite gives Al, F, Ba and Fe as major constituents and Ca as a
minor constituent. Gorceixite is a member of the crandallite group. Fleisher
{1980} shows that Fe can replace Al and that calcium can replace Ba in this
group.

Sample CC-1363 is from the Vaalwater Formation on  the farm
Hermanusdorings. The rock is a fine-grained lutite consisting of 73% clay,
2B% silt and 5% opague @material; the clay is a potassium silicate. The
gpaque material which presumably gives the rock its dark grey colour is iron

gxide.
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2.2 GEOCHEMISTRY

2.2.1 Trace Element Analyses

15 &

Since the potential of the Waterberg Group for tin concentrations

primary aim of this study, the majority of the samples taken were

submitted for trace element analysis, to test for Sn, Th and other elements

which would be expected to occcur in heavy mineral placer deposits. Initially

hoped that these analyses could also serve as a distinquishing

hetween the various formations, or at least show trends related to

the  mineralization encountered. Unfortunately, batch variation for several

slements

was high and since standards were not submitted with each batch

this could not be controlled.

analysed

maximum

d in Appendix I are the data regarding the number of samples

-
e
m
ps
(1]

in eleven #Waterberg Formations as well as the mean, minimum and

value and the standard deviation of each trace element, except

vanadium. Vanadium has not been included, since in the standards which were

submitted from time to time, it proved to have a poor reproducibility.

Values
granite

capper

trace

are also given for clasts sampled as well as for some dolerite and
samples which were taken. The dolerite samples were analyzed since

mineralization in the Waterberg 1is commonly ascsociated with

s, and the granite samples were taken primarily for comparison with

from the Waterberg sedimentary rocks. In Appendix II the values for

elements in the 17 horeholes drilled at Gatkop (all of which are in

the Alma Formation - Fig. 3.3) are given.

Many of the average values shown in these appendices are anomalous

when compared to world average values for sandstones (Beus and Grigorian,

197703

values

these are also given in Appendix II, together with world average

for granites obtained from Levinson (1988). In many cases the

ancmalously high average values in Appendix Il are due to one or tweo

particularly high values which have a straong influence on the average. These
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cases are cbvicus from their high maximum values and standard deviations. It
should be noted that although actual values obtained were used faor
statistical purposes the detection limit for the majority of the traces is
i@ppm.

In the flma Formation elements of particular interest are zing,
tin, thorium and wranium. The high rubidium content may be directly related
to the arkosic nature of the sediment (compare with granite analyses). The
Skilpadkop Formation is the unit richest in manganese, total iron, cobalt,

ickel, copper, zinc, barium and tungsten. The manganese and iron values are

on |

due to mineralization related to fracture zones along the scuthern boundary
cf the basin. The high strontium values in the Aasvoéliop Formation are
interesting. The average value falls within the range to be expected for
greywackes and arkoses (Wedepohl, 196%). However the maximum value of 2389
ppm is certainly highly ancmalous and 1is probably due to alteration
ascpriated with alkaline intrusive activity. An alkaline intrusive has been
dizcovered in borehole 19 and strontium is often asscciated with alkaline
intrusives. Wedepohl (194%9) gives the range in strontium in 22 samples of
syenite from Africa as 98 to 1534 ppm, wWith an average of 49% ppm.

The Cleremont Formation shows fthe highest concentrations for
titanium, zirconium, molybdenum, antimony and thorium. Standard deviations
are high. The high concentrations of these elements in the mature Cleremont
arenites may be due to the fact that they tend to occur in resistate

minerals (ilmenite - titanium, nicbium; rutile - titanium, niobium; xenotime

- molybdenum, thorium; zircon - thorium, zirconium, titanium, nicbium;
monazite - thorium, titanium,; magnetite - titanium; thorite - thorium;
anatase - titanium; tourmaline -~ nicbium). All of these minerals, except

renctime, have been identified in Cleremont sedimentary rocks. In the
Vazlwater Formation the Mo is high in most samples.

The high tungsten values in the dolerite are surprising since the
average content given by Wedespohnl {1969), quoting Jeffery (1939), is &,3 ppm

with a range from @,%ppm to 14,3 ppm.
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The tin:theorium relationship in the Alma Formation, referred to by
Callaghan (i1983a), remained significantly high when data +rom other
Formations were included. Tin:thorium valuss cutside of the Gatkop area are,
however, low and they have not been shown here for the sake of clarity
{Figs. 2.9a and 2.9b}. The correlation coefficient of @,89 is significant at
the ninety-five percent level. This relationship as well as the
mineralogical relationship of cassiterite- and thorium-bearing minerals at
Gatkop, compares well with 204 reported cassiterite-bearing mineral

assemblages from more than 1B@ published papers (Callaghan, 1983a).

2.2.2 Major Elements

& limited number of major element analyses were made, chiefly on
arkosic rudites from the Alma Formation. Flchtbauer (1964), as quoted in
Fetti john et al, (1973), showed that & coarse-grained sand wmay be
petrographically «classified intc a different group to a fine-grained sand
from the same stratigraphic unit, merely because of the differential size
distribution of minerals. Rudites may suffer even more severely from these
oroblems. Except in the case of borehole samples, rudites with coarse clasts
igreater than fine pebble size) were not utilized for major element
analysis. The argument that the clasts have & too large influence an the
analysis ic to some extent true and for this reason large samples, of about
5 to 1@ Kilograms, were taken.

Four plots have been made in an attempt to compare the major
element chemistry of Yaterberg sediments to other clastic sediments. Figure
2.18 shows the logarithm of 8iD2/Al20s plotted against the logarithm of
(Ca0+Na20) /K20 for the sedimentary rocks of the Waterberg Group. The field
marked A appears, from field cbservation and thin section study, to be the
arkose - arkosic rudite field. Notice that it stretches well to the left of
the arkose point of Garrels and Mackenzie (1971), which is shown in Figure
2.1Ba. This may be due to a source which is less sodic than the norm. It may

alsa, however, be due to a weathering pattern that destroyed the sodium
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Plot of thorium vs tin for thorium values <500ppm (to be read with figure 2.9b)
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Figure 2.9b* Plot of thorium vs tin for thorium values >500ppm (to be read with figure 2.9q)
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Figure 2.10a Relation between igneous and sedimentary rocks.

(After Garrels and Mackenzie, 1971).
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teldspars, whilst preserving the potassium feldspars. The high mobility of
the sodium catien, together with the quick response of sodium feldspar to
weathering, may lead to a rapid removal of sodium under certain weathering
conditions {Botha, 1984},
iots marked ‘1° in area A (Fig. 2.18) all belong to the
fiasvoélkop Formation, and plots marked '2° belong to the Vaalwater
Formation. The oplot which falls outside of area A 1s a silty, very
tine-grained <{tuffacecus) arenite. The unmarked plots are all from the Alma
Formaticn. Thin sectien studies show that several of the samples in the
field marked & are lithic arkoses and feldspathic litharenites; this field
remains one of uncertainty since the nature of the lithic clasts is so
variable. Field classification indicates that plots in the area marked B are
probably subarkosic in nature. Here Sandriviersbherg {3}, Mogalakwena {(4) and
Skilpadkop (3) Formations are represented. Area © is well defined and makes
up the quartzarenite field. Three of the points in this field (6) represent
the Cleremont Formation, whilst +the fourth (4) represents a very mature
heavy mineral concentrate from the Mogalakwena Formation.
Figure Z.11 shows a plot of Fel ve Fex0s for the sedimentary rocks

§ the MWaterberg Broup. Foints A and B represent the mean arkose and mean

(]

greywacke as plotted by Blatt, Hiddleton and Murray (1972, p. 328). The
dashed line is a suggested dividing line between the arkose and greywacke
fields based on both the present data as well as that of Blatt et al.
{19727. HWotice that the FeoOs does not appear to be critical in this plot or
that of Blatt et alf. (1972). The Fe0 content of the rocks does, however,
appear to be significant and most of the samples fall intc a narrow belt of
Fell values. Only four samples plot in the area above the dashed line; they
are:

i. medium-grained feldspathic arenite with ferruginous

intraclasts from the Alma Formation (Thin Section 1223).
?. coarse-grained arkosic arenite from the Alma Formation.

This sample occurred between two small dolerite intrusions
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and showed signs of pyrite and chalcopyrite mineralization.
3 and 4. these are both from the Vaalwater Formation, and are

silty very fine-grained arenites, which may be tuffaceous.

These samples plot inte the arkose field in the other plot

{(Fig.2.1@). Their dark grey colour and relative lack of

FezOx suggests that the iron may have been reduced during

diagenesis.

Figure 2.12 shows a plot of NazD to Kz0. The only rocks which plot
the greywacke field on this graph are: 1. a guartzarenite of the
emont Formation, 2. an AasvoBlkop Formation “laharite’, 3. a heavy
ral rich ‘quartzarenite’ (field term) of the Mogalakwena Faormation, and
quartzarenite of the Cleremont Formation. Notice numbers 5 and & which

the above two samples from the Vaalwater Formation and which fall well
the arkose field.

In Figure 2.13 log(Naz0/K.0) is plotted against 1og{8i02/A1205).

plot is similar to that of Figure 2.18 except that the influence aof Cal
not taken into account here. The rock class fields in Figure 2.13 have
extended towards higher and lower log {Naz0/Kz0) values than those

n by Pettijohn, Potter and Siever (1973} and Fettijohn (1963) (Fig

Za). Most plots fall well into the arkose or subarkose tields. A few

e occur in the lithic arenite field, and of these only one was
tified under the wmicroscope (Thin Section 1283) as a feldspathic
renite, which is acceptable for this field. Of the two samples that +fall

the greywacke field one has been microscopically identifed as a lithic
se (Thin Section 123&) and the other is a spotted lutite (laharite?) of

Aasvobllkop Formation

INTERPRETATION

The +two general upward-fining sequences in the Waterberg Group
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Figure2.12: Plots of Na,O versus K,O for rocks encountered

in this study. After Pettijohn et al. (1I973).
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Figure2.13 Plots of major element ratios of rocks from the

Waterberg Group.
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major element ratios. (After Pettijohn et al,1973.)
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zedimentary rocks (Table 2.1, Figure 2.1b) are interpreted to be due to two
major phases of basin deepening related to marginal faulting (see Chapter

Threel.
The composition of the provenance as interpreted from thin section
studies {(Figure Z.1c) shows that a shift occurred in the source area from

the Al Formation {chiefly acid plutonic) upwards. In the higher formations

=5
oY

the provenance Was mixed, generally incorporating sedimentary and
metamorphic material. The large acid plutonic input into the Alma Formation
and its resultant arkosic nature may indicate that it had a completely
different source to that of the sedimentary rocks in the rest of the basin,

lithic in character ({Figure 2.1a). The presence of

£
or
-
™
o
e
5
o
et
o
-
[Taa]
m
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e
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suhedral beta-guartz paramorphs in the Alma Formation (Figure 2.3} indicates
very little transport from the source which was most likely Bushveld
granite, which contains similar crystals (Figure 2.8, Table 2.1-thin section
157). Topaz in the Alma Formation is probably also derived from this source,
since topaz has been seen in a granite clast {(Table 2.1-thin section 18&).

The genesis of the guartz ’‘slivers’ shown 1in Figure 2.4 are
problematical. Two possible modes of origin present themselves; the slivers
rould have been produced by high energy impacts of clasts during the
deposition of the coarse sediments which now form the Alma Formation, or
perhaps a more feasible mode of origin is formation of the quartz slivers by
high energy aeolian collisions, as described by Smalley and Vita-Finzi
{1948) and Eriksson {(1783).

Deformaticon lamellae similar to those found here have been well
studied in the past quarter of a century {Christie and Raleigh, 193%; Hansen
and Borg, 19623 Short, 1978; Christie and Ardell, {974). They are now
considered to be due to relatively rapid, low temperature deformation. The
lamellae in this study were found to be at & moderate angle to the hasal
{(p@21) plane which places them into the basal I category of Carter (1943,
1971). A formation temperature of 9788° or less 1is indicated at 13kb

pressure. If & temperature of 208°C and a pressure of 1BKb is assumed, the
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have taken place over & period of at least 380 years. Heard and
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Carter tate, however, that the ‘subbasal mechaniss’ is favoured in
moderate to shallow crustal conditions and at inferred tectonic strain
rates. In these conditions hasal lamellae do not occur.

The high correlations between trace elemenis in the Waterberg
Group sedimentary rocks may be related to two possible causes. Firstly, the
elements may occur in related heavy wminerals, for example Srn/7Th in
cacciterite/monazite and thorite. Gecondly, the elements may have behaved
similarly within the geochemical environment, as suggested by Wolf and
Chilingarian { IN Chilingarian and Wolf, 1976, p. 287-288).

Rock type is reflected in both major and trace element analyses;
for example, the high rubidium, low cobalt/nickel values of the Alma
Formation reflect the arkosic nature of these rocks. It is interesting to
note the =similarity in the values of these three elements for the Bushveld
granites sampled ({Appendix I). The differences between the Alma Formation

and other formations of the Waterberg Group are also shown clearly by the Rb

¢ well as the Co and Ni values; this reinforces the trend seen in the

Y]

mineralogy and the major element analyses. It is also shown that the heavy
mineral composition of the Cleremont Formation is clearly reflected in XRF
analyses.

The high tungsten values in the dolerites are of great interest.
Mgst high tungsten results obtained throughout this study are from the
southermost part of the Waterberg basin. This includes high tungsten in the

matrix and clast cf the Alma Formation, high tungsten in the manganese

{by]

cccurrences of the Skilpadkop Formation and high tungsten in the dolerites.
It appears that there is a source of tungsten in the southern part of the
Waterberg basin, possibly with the major fault lines in the south acting as
& channel for distribution of traces. Since tungsten is not very mobile this
may indicate & relatively large deposit somewhere in this region.

The «close grouping of Alma Formation plots in the arkose field in

figures 2.18 and 2.13 fits very well with the dominance of arkose in thin
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tiocns of this unit. Similarly, the Cleremont Formation samples fit into

guartz arenite field im both of these figures. Plots of the other
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in figure

, which agrees with the compositional plots in figure 2.1a. If the

.ried and complex source material (shown in figure 2.1c) of these

formations is concsidered, a more random plot might be expected.
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3. SEDIMENTOLOGY
3.1 INTRODUCTION

3.1.1 Stratigraphy

The sediments of the Waterberg Group constitute an upward-~fining
sequence of red beds, showing characteristics of rapid deposition in the
lower part of the succession.

The Swaershoek Formation is considered to form the basal unit of
the MWaterberg Group ({Jansen, 1982). The Alma Formation contormably to
unconformably overlies the Swaershoek Formation. The Sterkrivier Formation
appears to grade laterally into the Alma Formation as well as the upper
Swaershoek Formation (Figures 1.2 and 1.3). The GSkilpadkop Formation
overlies the oprevicusly mentioned units and is laterally gradational into
the Setlaole Formation in the north and northeast. These are in turn
succesded by the Makgabeng Formation in the north and northeast and by the
Aasvoflkop Formation in the south and southwest (Figures 1.2 and 1.3). These
formations are cverlain by the Mogalakwena Formation in the northeast and by
the Sandrivierberg Formation in the southwest. These in turn grade upwards
into the Cleremont Formation. The Waterberg Group is terminated by the

Yaalwater Formation which gradaticnally overlies the Cleremont Formation.

3.1.2 Structure

The geclogical map of South Africa (Visser, 1984) shows two
prominent lineaments, which are of particular importance to the development
cf the Waterberg basin, as well as to cther sedimentary and igneous eventis
on the Kaapvaal craton. These are the Murchison lineament in the scuth and
the Palala shear zone in the north (Fig. 3.1).

The Murchiscon lineament can be traced from the Murchison

greenstone belt, along the Strydpoort mountains and the southern edge of the
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Waterberg Group and past Thabazimbi before it enters FBotswana. In Botswana
it continues past Dikgomo di Koey & southern branch tends towards Lobatse

Crockett and Jones, 1975, Fig. 9). Frevious authors have hinted at the

o~

presence of a deep-seated structure along the Murchison lineament, and have
shown +hat =zedimentation accurred in deep troughs along the lineament at
various stages in geological history (Crockett, 1971; Button, 19723 Crockett
and Jones, 1975; Tyler, 1979; Jansen, 1982). The lineament may have been the

approximate northern edge of the 23@@Ma old Transvaal Sequence basin during

[~ %
i

certain periods of its velopment. Falaeocurrent directions in the
Transvaal Sequence show transport from the north into the Selati trough, the
northern $lank of which is very steep and is in line with the Murchison
lineament (Button, 1972). Button further postulates that a linear crustal

weakness affected the Murchison schist belt as well as the Wolkberg Group,

Black FReef Formation and Chuniespoort Group, acting as a zone of maximum

0

accumulaticn of csediment. Visser (1978, Fig. 9) shows two topographic highs

north of the lineament; he called these the Makoppa rise and the Letaba
rice. Towards the west the Buffelsfontein Group displays a sudden thickening
to the immediate south of Thabazimbi and a relatively gentle thinning
further southwards {(Tyler, 197%9). A transcurrent fault was described by
Truter {1947) to the scutheast of FPotgietersrust; this faulting may be
related to the Murchison lineament.

Jansen (1975%a, 1975b) recognized that the development of the
Waterberg/Soutpansherg hasins could not be adeqguately described with
conventional tectonic terminology and he classified the Waterberg basin as
an intracratonic basin. Jansen points out that the Murchison line probably
represents an old line of weakness. The hlock between the Murchison
lineament and the Falala Shear Zone was once again a highland in Karoo
times., Rust (1975) points out that an epeirogenically elevated Transvaal
craton wWas & malor SOUrce for sediments which now constitute the Karoo
Sequence. Yan Biljon (1976, Fig. 15) shows the caontrol of these linear

features an the coal beds in the Karoo sediments; he also points out that

0
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their continued importan wn by the distribution of modern sediments

and hot springs.

3J.1.3 Colour

I
bt
[

the colour descriptions in this work refer to the Rock-Color
Chart {The FRock-Color Chart Committee, 1978). Figure 3.2 shows the

yellaw-red to red segment of the colour sphere used in constructing the

Rock-Color Chart.

(2]

The most common hue in the Waterberg Group is SR - mid red (n=38

2
-t
Ln
jue]
]

ccurring in 1@ formatiens). The hues IR (mid red!, 18R
{orange-redi, SYR (mid orange} and 18YR {yellowish worange) make up 88
percent of colour measurements in the group. The two most common colours are
greyish red SR4/2 (ninety-cne occurrences in seven formations) and dusky red
SR3/4 {eightv-eight cccurrences in three formations).

The colour of the Waterberg sediments as a whole can best be

described az being of & SR hue (mid red), of medium to low value (relatively
dark) and of a low to moderate chroma (poorly to moderately saturated).

"ked heds" are coloured by haematite and have hues of SR and 18R
{Turner, 1988, p.1). In the Waterberg sedimentary rocks these hues make up
47 percent of the colours recorded.

Farmation of the haematite coatings on grains, which gives the
typical red colours, appears to have taken place soon after the deposition
of the Waterberg sediments, or at least early in their diagenetic history.
Evidence for this is seen in the deformation of the coatings, visible in
thin sections, which must have taken place during compaction and in the

quartz overgraowths which incorporate the coatings (Eriksson and VYos, 1979)

3.2 SWAERSHOEK FORMATION

Since +he Gwaershoek Formation shows a very limited distribution
in the Main Waterberg basin and has minimal potential for tin mineralization
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Example:

The colour 5R8/2 (greyish pink) has a hue of 5R (mid-red),

a value of 8 (light) and a chroma of 2 (low saturation).

Figure 3.2 Diagrammatic presentation of the colour sphere, showing

the mid yellow-red to mid red segment (modified after

I The Rock-color Chart Committee, 1970). I
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it was not studied in any detail during this investigation. It is described
here largely from the literature.

The geographical distribution af this formation differs
considerably from the overlying formations in the group. An isopach map for
the rocks of the Swaershoek and Alma Formations is shown in figure 3.3.

The Swaershoek Sandstone Formation has been informally divided
intg an upper and lower part by several authors. The lower portion has a
much smaller areal extent, includes a guartz porphyry and has no Bushveld
Granite clasts; the upper portion has a thick trachytic lava at its base and
contains ceveral other trachytic lava +lows (Jansen, 1982, Fig.3.2).
Meinster {1971} describes the lower part as usually being moderately to
intensely sheared and jointed. The Swasrshoek Formation consists largely of
aifﬂiig and it is distinguished from underlying rocks by its siliciclastic
nature. Until quite recently the lower Swaershoek Formation was thought to
be part of the Rooiberg Group (Coetzee, 1969, op. 318}, The similar
geographical distribution of the Swaershoek Formation, and its correlate the
Wilgerivier Formation, to rocks of the Rooiberg Group has been commented on
5y van Biljon (1976, p. 143} and by Coertze et zl. {1977, p. 155). Du
Flessis {1972a) shows that therzpﬁgfwﬁwaershaek Formation is conformable
with the Rooiberg rhyolites and the Bushveld granites in the Nylstroom area.
Since there is no faulting of the granite core of the Iwartkloof anticline,
du Plessis argues that the granite was still pliable during this
deformational phase, and that the lower Swaershoek is thus
penecontemporaneous with the Bushveld granite. Igﬁ}?g sputhwestern part of
the basin the upper Swaershoek Formation unconfaormably overlies Rooiberg
Group rhyolite, but where the rhyclite has been completely eroded away prior
to the deposition of the Swaershoek, it unconformably overlies Bushveld
granite {Meinster, 1973).

The Gwaershoek Formation is distinguished from the overlying Alna
Formation by the presence of lava flows and by its generally non-arkosic

composition, as well as the higher degree of deformation which it shows in
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(modified from Jansen, 1982)
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places, Meinster ({1975, p. 5%9) points out that in the Batkop area the
Swaershosk Formation is represented by sheared rudite; he further states
that most of the minor faults intersecting the Swaershoek Formation do not
continue into the Alma beds. This latter relationship also occurs in the
southeastern part of the basin {(Meinster, 1971, p. 27).

The Swaershoek Formation is lenticular on & regional scale,
showing & rapid thickness variation from 2588m in the central portion of the
Mylstroom basin (De Yries, 1978) (Fig. 3.3) to a few hundred metres or less
at the gpresent day =edges of the basin. The ienticular nature of these
cediments is well illustrated by an example given by De Vries (1978), where
he mentions a lava flow which lies at the basal contact of the formation on
Boekenhoutskloof 197KR. Towards the southeast this lava band is underlain by
1358m of sediments which lie between it and the felsite on the farms

Elandshasch Z72KR  and Doornfontein 374KR. Towards the north a  thin

s

succezsion of Swaershoek Formation rocks extends into the southernmost part
of the Main Basin ({Figs. 1.1 and 3.3); at Gatkop they are less than 1@8m
thick {(Meinster, 1975, Table I}.

The characteristic arenite of the Swaershoek Formation is coarse-
to medium-grained, with common granule and pebble layers. Colours are of the
hue SR and compositicn ranges from litharenite to quartz-arenite. About 15%
af the arenites consist of rock fragments of which some 5B% are rhyolite;
also present are arenite, lutite, chert and iron-formation clasts, as well

to

11

as quartz cement (De Vries, 1372). The rudites consist of small pebhle
boulders of rhyolite, arenite, vein guartz, chert, iron-formation, jasper,
rudite and lutite. The rudites are coarsely bedded with beds ranging from
i-4m in thickness {(Tankard et al., 1982}, with an average of 3m (De Vries,
1978). FRipple marks and small scale trough cross-beds are common in the
arenites (De VYries, 1978). Cross-beds may show intraformational deformation
{Meinster, 1978a). The rudites are generally massive. The top of the
Swaershoek Formation is defined by a five metre thick pebble rudite which is

persistent cver a large area {(De Vries, 177@).
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Lutites wmay attsin a thickness of 238m in places, and they appear
tz be genetically related to the lavas and may even be volcanic in origin.
The lavas are developed throughout the succession except in the lowermost
beds. They have been intensely altered, but a3 trachytic composition is
indicated {Jansen, 1982). The lavas are typically amygdaloidal and occur in
flows of 18-30m in thickness. Lenticular quartz porphyry lava flows are

exposed in the lowermost beds of the Swaershoek Formation.
3.3 ALMA FORMATION

The Alma Graywacke Formation is largely confined 1in its
distribution to the Alma trough (Fig.3.3), where it overlies the Swaershoek
Formation and, in places, the Lebowa GBranite Suite. In the east it grades
laterally into the upper Sterkrivier Formation; the division between the two
formaticns is arbitrary and is taken on the boundary of the farms Roodepoort
I14KR  and Buffelsdoorns 315KR where the rocks grade from feldspathic to
non-feldspathic (Jansen, 1982). It is overlain by the Skilpadkop Formation.
& mawimum thickness of 3I@88m is recorded around Alma and it decreases in
thickness in all directions from this point (Fig. 3.3)

The Alma Formation comprises a succession of medium- to
cparse-grained arkoses, lithic arkoses, feldspathic arenites, subarkoses
and litharenites (Fig. 2.1a}. Arkosic rudite; are common whilst lutites are
relatively rare, although an arenacecus lutite to the east of Batkop has
been given member status (Donkerpoort Siltstone Member). Around Gatkap the
flma Formation 1is especially coarse-grained and contains boulder beds; the
arkosic boulder rudites on the farm Buffelshoek 445KQ have been given meaber
status (Buffelshoek Boulder Conglomerate Member). To the west of Gatkop the
Alma Formation consists mainly of lithic arenites and rudites. In the zone
fram the northeastern border of the farm Waterval 443kK@ to the Sondags River

these rocks caonsist of volcanic arenites and rudites whilst on the western
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TABLE 3.1

DESCRIPTIONS OF LITHOFACIES CODES

CGDE DESCRIFTION

Gs matrix-supported granite boulder rudite

Gsc poorly sorted, unrounded, chaotic clast-supported rudite

Gms matrix-supported rudite: commonly massive

Gm clast-supported rudite: commonly massive

Eh horizontally stratified rudite

Gt trough cross-bedded rudite

Gut very large-scale cross-bedded rudite

Gp planar cross-bedded granule rudite

Sm massive arenite

Sh harizontally laminated arenite

Shhm horizontally laminated heavy mineral-rich arenite

Si arenite with resedimented intraformational clasts

S5lic granule-rich arenite with icolated cobbles

5t trough cross-bedded arenite

Sxt very large-scale cross-bedded arenite

3 planar cross-bedded arenite

Sup very large-scale cross-bedded arenite

Sr ripple laminated arenite

Spe very large-scale planar wedge-shaped cross-bedded arenites

Smc massive arenite in channel-shaped masses within Spe

51 arenites with ripples, interference ripples, adhesion warts,
problematic traces and desiccation cracks

me tabular bodies of massive arenite associated with Spe

Sre large assymetrical ripples associated with Spe

Fr massive lutite

Fsc massive to horizontally laminated lutite with quartz slivers

Fat massive to horizontally laminated tuffaceous lutite

Fav massive to horizontally laminated lutite with ‘vesicles’

Fh horizontally laminated lutite

cide of the river they are sedarenites and rudites, with white quartzite
clasts predominating.

Coarse-grained arkoses, lithic arkoses and feldspathic
litharenites make up the bulk of the Alma Formation in the Gatkop area (Fig.
1.1). The most common colours seen during this study are in the range
SR3-4/2-4, moderate greyish to dusky vred; De Vries (197@) describes the

characteristic coclour as greenish grey in the areas in which he worked.
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flthough commonly not clearly defined, bedding is from 2,15 to

ot

I,8m thick in the arenaceous rocks. In places planar laminations of 1@ to 13

m

mm occur in pebbly beds; individual laminations can usually be traced

laterally for about im. These h iaminated rocks constitute facies

[m]
S
foa
9]
)
]
-t
o
ot
—
~

pEy]

h and &h in the Alma Formaticn {(Table 3.1). Bedding 1s often defined by
upward-fining cycles in which only the coarse material becomes tiner, whilst
the modal grain size remains approximately constant. Trough cross-bedding
nccurs in places and may be more common than it at first appears, since it
iz often not visible on weathered surfaces. A good example of this is seen
on Donkerpoort 448G where & recently exfcoliated surface shows trough
cross-bedding in steeply dipping granule rich arenites, whereas no trace of
the octructures can be seen an the more weathered surfaces. These trough
cross-beds have & set thickness of 3@8~35cm and are generally more than a
metre acrcss. To the south of this occurrence large scale trough cross-beds
in coarse-grained pebbly arenites have a set thickness of 1-Zm and are more
than 4m wide. Facies 5t and 5t refer to the trough cross-bedded arenites and
rudites. On Doornhoek 318K8 plane laminated beds are seen in angular to
subangular, poorly sorted coarse granule-rich arenite, which shows isolate
clasts and isoclate ‘nests’ of clasts which usually occur more than a metre
apart; these rocks are azsigned to lithofacies Slic (Fig. 3.4). Associated
very large-scale cross-beds which show only slight curvature of laminae, and
low angles of inclination are classified as facies Sxt. These structures are
more than 18m across and more than im thick. Trough cross-beds with set
thicknesses of about 30cm are also developed here.

Although the outcraop is too poor for accurate measurement of the

cross-beds on  Donkerpoort 443K@, the sense of direction of palaeoflow is

towards the northeast. Only 12 paleaccurrent measurements were made in the

e
A}

| ince neither of the Ajne statistics is

wl

Alma Formation {Fig.
significant these data are not representative and the average direction

ghtained is not significant.
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TGURE  S.4: Planar bedded granule-rich arenite with isclate pebbles {facies

5 1 e g s I T4
:tion on Doornhoek 318RW.

Alma Formation n=12
Ave. direction: 233°

V.S. = 47%
A360= 0,387
AI80 =0,0ll

Figure 3.5: Rose diagram of palaeocurrent indicatars - Alma Formation
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In a thin section of medium to coarse arenite from borehole 819 a
possibly bicgenic particle occurs {(Figure 3.6). The walis of this particle
now consist of fine chert. C. 5. MacRae {pers. comm., 198&) suggests that it
may be a deformed complex algae or a chitonozoan; the particle is not well
epough preserved for positive identification.

The «coarse rudites in the Alma Formation are commonly massive,
although & opoorly developed parallelism of clast length to strike occurs
localiy. These rudites may be matrix-supported aor clast-supported and are
assigned to facies 6Bms and Bm respectively. Branules are considered as
matriy in these coarse rudites., Imbrication is poorly developed at some
ipcalities. Clasts are predominantly subangular and pebble-sized and they
range from rounded to very angular; cobble and boulder beds are locally
developed. On Buffelshoek 446K@ a basal boulder bed containing very large (7
im =across) rounded granite boulders occurs; the matrix shows concentric
banding around the boulders and is highly feldspathic. Lithofacies Gs refers
to these sedimentary rocks. To the west of the Sondags River, on Waterval
443KE, boulders up to 2m in length were measured in & Coarse, chactic,

as facies Gsc. Basinward of these

[

ciast-supported btoulder rudite, describe
coarse, bimodal clast~ to matrix-supported subangular rudites, facies Gm-Gms
are developed <(Fig 3.7). In the Gatkop area there is a tendency for grain

te to increase in size southwards towards the faulted basin

[h]
[y
4
m
o
ey
]
ot
[:X)
1)}

edge, which is in agreement with the findings of Meinster (1972, 1975). The
average grain size of the ten largest clasts measured at various localities
in the G&lma Formation ranges from &1 to 7i8mm (n=22) which indicates peak
current velocities of up to 7,62m/e. The peak current velocities in this
study are determined from the formula provided by Baker {1973).

Modal analyses in the Gatkop area show rudite clast composition to
vary gquite dramatically from one locality to the next, with guartzite,
felsite and granophyre predominating at various localities; other clast

types include lutite, iron-formation and rudite.
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FIGURE 3.6 Deformed algae? from borehole @819 (Alma Formation) on the farm

Fuffelshoek 446KQ, as seen in ordinary light. The base of the photograph is

@,39mm across.

FIBURE 3.7 Bimodal, clast-supported, subangular rudite (facies Gm) of the

e f

Alma Formation on Waterval 443KQ
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to matriy ratics are variable but the clasts only rarely

=]

represent more than &B% of the rock, granules being considered as part of

ies

the wmatriw in the coarse beds. of the Sondags River the sorting of

rudites becomes noticeably poorer upwards in the sequence, and on

Euffelshoek 446KB, in borehole CC-819, the rock becomes coarser upwards in

o]
et

the sequence (Figures 3.8 and 3.%). ast contact types were measured,
indicating that tangential contacts are the wmost common. Longitudinal

contacts are the next most abundant whilst concavo-conveyx contacts are rare

and sutured contacts were not seen. Clasts are usually equant in shape. In

48]

the area between the ondags River and Thabazimbi some wedge-shaped beds
occur, which thicken basinward.

The lutite in the Alma Formation is commonly of a dusky red to
very dark red colour {SR3/4-3R2/&6). Thin lutite drapes, however, are often
greyish pink (5R8/2) in colour. The main cCcurrence of lutite in the Alma
formation is the Donkerpoort HMember which is well exposed on Donkerpoort

448KD. The rock is usually well sorted and consists of silt-sized quartz

rticies. The guartz grains are often extremely angular with quartz

w

F
‘gslivers’ being common {(facies Fscl.

In order to facilitate economic studies of the Waterberg Group, a
number of horeholes were drilled in the Alma Formation at Gatkop (Figs. 1.1,

3.9}, Lithofacies defined from the boreholes correlated well with

ed
oo
20
jou
CL
[

those already described from field outcrops:

facies Gm, clast-supported massive rudite, cccurs in all the boreholes and
constitutes the major portion of boreholes @84, 823, B@8-@818 and 628;

facies Gms, matrix-supported massive rudite, occurs in all bareholes but
nowhere forms the dominant faciesi

facies Sh, horizontally stratified arenite, occurs in boreholes 286, 8B7 and

acies S5t, trough cross-bedded arenite, accurs in boreholes @86 and B19

-+

ies Gt, trough cross-bedded rudite, only cccurs in borehole @19 as does

-+
b
r
m

Sp, planar cross-bedded arenite. Dessication cracks were also noted

-t
s
im]
ot
n
n
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from borehole 817.

{ithofacies in outcrop and from the boreholes in the Gatkop area
exhibit & characteristic arrangement from the southern edge of the Alma
trough towards the centre. The wmost common facies exposed in the Gatkop
area, near +the basin edge, are Gsc, Gs, Gm, Fsc; a little further into the
tasin, B&m, Sh, Gh, Gms, Gut, Sxt, Gt, Spi still further into the basin, GOm,
S5h, Gms, &t, 3Sp; and at some distance (¥l cilometre) from the basin edge,

facie §t, Gt, Sxt, Gat and Slic. This trend is also reflected in the

n

boreholes (Figures 3.8 and 3.9), where those closest to the basin edge show
only facies Bm and Gms (Boreholes @@4, 085, pa8-918 and @28). Borehole B86
shows facies Gm, Gms, St and Sh. Borehole 887 shows the facies Gm, Gms, and
Sh. Borehole 21% which is the furthest from the basin edge shows facies Gm,
Gms, 5k, ©5t, Sp-and Bt. An indication of the vertical facies relationships
iz seen in borehole @19, where facies Gms and Bm are dominant in the top
188m. In the next 1@@m facies Sh, S5t and Sp are interspersed with facies Gm
and Gms. Facies Gm and Gms become rarer down the section and in the last

188m facies 5t and Sp are dominant.

3.4 STERKRIVIER FORMATION

The Sterkrivier Sandstone Formation occurs in the extreme eastern
part of the Alma trough. To the west it grades laterally into the Swaershoek
and Alma Formations. It is about 15@@m thick in the west, but thins rapidly
tg about S@@m towards the northeast (Jansen, 1982). The Sterkrivier
Formation unconformably overlies the Rooiberg Broup and the Bushveld Complex
and conformably underlies the Skilpadkop Formation in the south. Further
north it unconformably underlies the Makgabeng Formation (Jansen, 1982). The
Sterkrivier Formation consists chiefly of red arenite, as well as rudite,
lutite and lava.

The arenites occur in beds of @,3m to more than one metre thick

and may display rhythmically and chaotically deformed cross-bedding
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{Heinster, 1978a}. The wmost common sedimentary rocks represented in this
formation are lithic arenites which contain rhyolite, metaguartzite, vein
quartz, banded iron-formation and chert fragments. The rocks may be cemented
with ircn oxide. Clay content is low and rutile, zircon, titanomagnetite and
anatase ogCcur &s accessory minerals.

The rudites are typically pebbly with subrounded to angular
clasts. They consist of rhyolite, vein quartz, metaquartzite, banded
iron-formation and chert. Lutites are poorly developed but where the
formation overlies Bushveld Granite on Baviaanskloof 29BKR and Waterval
297ER a basal shale of up to 28m thick cccurs (Jansen, 1982). Thin, fighly
altered trachytic lava flows, which Jansen (1782, p. 28) correlates with
those of the Swaershoek Formation, occur in the lower part of the
Sterkrivier Formation. Frick (197@8) measured long axes of pebbles in the
Sterkrivier Formation and he concludes that several current directions were
cffective. Frick states that two directions are usually present. Jansen
{1982, p. 2% to 31) gives directions of long axes as NW and NNE in the
northeast and as E in the southwest. No sedimentary structures were cobserved
during the present study due to liamited gutcrop accessibility and low

economic potential.
3.5 SKILPADKOP FORMATION

The Skilpadkop Grit Formation occurs in the southern and
sguthwestern portions of the Main Waterberg Basin where it conformably to
urnconformably overlies the Alma Formation. Jansen {1982) menticns that it
unconformably overlies pre-Waterberg rocks west of Matlabas. The Skilpadkop
Formatzan conformably underlies the fasvolliop Formation. In 1its
northeastern part the Skilpadkop Formation is unconformably overlain by the
Makgabeng Formation. Jansen (1982) points out that the Skilpadkop Formatiaon
ic in fact identical to its northerly correlate, the Setlaole Formation. The

Skilpadkop Formation reaches 68Em in thickness in the type area at
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Skilpadkop, but it is as little as Z@m thick in the east where it wedges out

The formation typically consists of thickly bedded immature lithic
arenites and rudites. The rudites are wusually pebBly, but may be very
coarse-grained with cobbles and Goulders; only minor lutite occcurs. The
Skilpadkop Formation is distinguished from the underlying Alma Formation by
its generally non-arkosic character.

The arenites and rudaceous arenites are thickly bedded, with beds
of 8,6 to 2m thick predominating. They are immature, containing 6-28% lutite
as well as containing several percent granules (Fig. 2.1b). Thin sections
from this formatiocn have a high lithic content and are classified as
sublitharenite and litharenite (Fig. 2.ia). Lithic particles consist of

chert, metaquartzite, schist, granophyre and rhyolite. Arkoses are developed

[+1]

in the west near the Botswana border. The arenites are red of a SR hue; in
places {eg. Klipspruit) golf ball-sized reducticon spots occur. Jansen (1982)
mentione a whitish arenite which is developed at the top of the formation.
The arenites and rudacecus arenites are typically massive or trough
rross-hedded ({(lithofacies Sm and BSt-G6t). These trough cross-beds are
deformed in places. Trough cross-beds on Groothoek 278ED show palasccurrent
directions towards the northeast, but in the eastern part of the basin
cross-beds show palaeccurrents towards the west. Well exposed current
ripples with an amplitude of 4@m and & wavelength of 28-38mm on
Rhenosterpoort 283KE show & current direction towards the west-spouthwest
(facies Sr). This arenaceocus facies 1is rare, but when developed usually
pverlies a trough cross-bedded facies. Falaeocurrent measurements on
structures in the Skilpadkop Formation (Fig. 3.1@) show a significant Asse
value at the 8.02! level of significance (Dale and Ballantyne, 1988). The
data are thus meaningfully grouped intoc a single semi-circle, but are
multimodal.

The rudites generally contain a higher percentage of matrix than

do those of the underlying Alma Formation. Beds are commonly 1,5 @ or more
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Figure 3.10: Rose diagram of palaeocurrent indicators — Skilpadkop Formation

in thickness. The average size of the fen largest clasts at various
localities inm the Skilpadkop Formation varies from 37,1 to 523,53 mm which
indicates peak current velocities of up to 6,5 m/s. Clasts are typically
equant to oblate in shape and are subrounded to subangular, although well
rounded clasts da occur. They are commonly composed of quartzite, vein
quartz, and rhyclite, while less abundant clast types include chert, jasper,
banded iron-formation, lutite and rudite. Foorly developed imbrication is
found lacally, although the rudites usually show no structure {facies &nm,
Gms). On Elipspruit A4S7K® imbrication indicates a southerly palaeocurrent
direction.

The mast commen facies types in this formation are immature
lutite- and granule rudife-bearing massive arenite {facies 5Sm) or trough

cross-bedded arenite {facies 8it-Gt) and arenaceous pebhle/cobble rudite

which is typically massive (facies Gm-Gms).
3.6 SETLAOLE FORMATION

The Setlaole Grit Formation gccurs  in the northern  and
northeastern parts of the Main Waterberg Basin, where it forms the base of
the Waterberg Group. It has an unconformable lower contact with rocks of the

Limpopo Metamorphic FProvince, the Rustenberg Layered Suite, the Lebowa
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Granite Suite and the Rooiberg Group. The basal contact is generally poorly
expcsed, but & well defined contact with rocks of the Limpopo Metamorphic
Frovince 1is vreported by Jansen (1982), in the area north-northwest of
Setlanle. A weathered contact with Bushveld Complex Granite was seen by the
writer on Gotha S17LR. The basal beds of the Setiaole Formation at this
locality show a poorly defined contact with the granites; they also show
concentric colour patterns. FPebbles and cobbles are found scattered
throughout this exposure and podlike masses of rudite also occur. The
Setlaole Formation is gradationally overlain by vrocks of the Makgabeng
Formation. The formation reaches its maximum thickness of 438m near Setlaole
in the northeast of the basin {Jansen, 1982).

The Setlacle Formation consists predominantly of granule-rich
arenites and rudites with lesser tuffs and tuffacecus mudstones (Ngwepe Tuff
Yember) which are sporadically developed near the base of the unit {(Jansen,
1982y, The arenites and rudaceous arenites are coarse-grained, arkosic to
subarkosic and locally micacecus (Jansen, 1982). Beds vary from @,2-1m thick
and trough cross-bedding occurs (facies S§t-6t). About one metre above the
basal contact on Gotha S17LR, a thin layer of well indurated blackish pebbly
arenite occurs, which contains 19% iron oxides, 3,94 Ti0z, 3631 ppm
zirconium as well as 562 ppm thorium and 39 ppm uraniufm.

The rudites are red (SR hue) and commonly highly arkosic. In the
gast they are massive with a feldspar-rich matrix and may sgmetimes consist
totailly of granite clasts (facies Gm). The pebbles are generally angular to
rounded; at Zwartkop 742LR the occurrence of angular fragments of previously
rounded clasts was noted. The rudites are typically pebbly although cobbles
do occur. The only occcurrence of boulders observed is at Gotha S17LR where
small, matrix-supported boulders of up to 3@2mm were measured (facies Gms).
In general the clasts are matrix-supported; where they are clast-supported,
pressure brecciation is found. On Gotha S17LR rlasts consist of quartzite
and vein quartz. Foorly exposed trough cross-bedding is seen in light

brownish grey (SYR&/1) granule rudites on Helderdaagsfontein 442LR (facies
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Gt). There are five +to six sets in a coset and the cosets are about two
metres thick. They show an approximate palaeocurrent direction towards the
northeast.

Massive lutites <{(facies Fm! and tuffaceous lutites (facies Ft)

n

pccur, particularly towards the east. The MNgwepe Tuff Member i1s & very
fine-grained black facies developed at the base of the formation near
Setlacle. It can only be followed for less than three kilometres and attains
a thickness of seven metres {(Jansen, 1982). An exposure of tuffaceous lutite

on Goedgedacht 461LR contains 11i8ppm copper.

3.7 AASYOELKOP FORMATION

The Aasvod#lkop Formation occurs in the gggigggg_guiwaaiie;nmpa;i5

of the basin and stretches westwards into Botswana. It overlies the
e o — RPN

gﬁilﬁ?ﬂﬁ??,?”f@ﬁﬁiﬂﬂbiﬂ the south as well as various plder rocks in the west
where . the Skiipadkop Formation is aonly sporadically developed. The
fasvollkop  Faormation is qggigigggix~,gx§1Lﬂlﬂ._bywwthemw&aw&rfvfereberq
Formation. Jansen (1782) describes the fiasygllkop Formation as grading
laterally into the Makgabeng Formation in the east. The Aasvoflkop Formationm
reaches a maximum thickness of &BBm {S5ACS, 19B@L, but is wusually

considerably thinner.

The formation cnarsens upwards from arenacequs lutitss at the base

(Groothoek Mudstone Member) to arenites and rudacequs arenites higher up. in
the.  sequence. A rudite bed aof 1,3m thick occurs near the type locality,
approximately 15@m from the base of the formation (Jansen, 1982, p. 3&). The
rocks generally have a high lithic contept and most samples studied in thin
csection are classified as sublitharenite and subarepite (Fig. 2.1a).

The most common colour throughout the formation 1S mid-red

although some of the fine lutites are orange or ever gresnish in colsur. A

feature of the lutite near the base of the succession in the sputhwestern
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part the basin is mettling, and in places the lutite appears to be
‘vesicular’® {facies Fmv). Jansen {1978a, 1982, p. 38) records the following
cuite of minerals in these cavities: sericite, chlorite, iron oxides,
quartz, epidote and zoisite. The present writer recorded barite, cordierite,
calcite, sericite, guartz, smectite, kaolinite, chlorite and epidote in the
cavities (XRD and GSEM analyses). The lutites wusually contain a small
percentage of fine arenite. Common clastic particles are rhyolite, lutite,
chert, devitrified glass and shard-like needle-shaped grains which have been
replaced by clay. Epidote is almost universally present in the southwestern
part of the study area and other cements which are common include calcite,
haematite and chlorite. Symmetrical ripples with crests striking 892° accur
on  Broothoek . 278K@. De Vries (1969} also reports mudcracks and raindrop
imprints,

The arenites are also usually of & mid-red colour and are
typically fine-grained and immature. Textural inversions (Folk, 1968) occur
where well rounded arenites contain more than 5% clay matrix. The arenites
are sometimes horizontally laminated {(facies Sh). Trough cross-beds of 28 to
1728 mm thick occur in cosets of four to seven sets; the sets tend to
increase in thickness upwards in the bed {(facies S8t). The cross-beds gizgﬂa
palaspcurrent direction of west-southwest. Flanar cross-beds occcur in cosets
of one to four sets, 2,1 to B,3m thick (facies 5p!. On Groothoek 278KE,
planar cross-beds towards the top of the segquence show contortians,
especially in the upper part of the sets. In places these are siaply
overturned, but more commonly they show random contortions and in places
cross-beds are almost totally destroyed. De Vries (1973} reports linguoid
and cuspate ripple marks. The ten largest clasts measured in the rudaceous
arenites at Harteheestdrift 1B9KE range from 17 to 2Imm (peak current
velocity: 1,3m/s). The clasts seen in this formation are mainly of guart:z or
quartzite, although granophyre, rhyalite, chert and lutite fragments have
begn identified. On Welgevonden 16KE laminated and cross-bedded arenite

contains disseminated pyrite. It is not clear whether the opyrite is
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syngenetic aor diagenetic. Only 15 palaeoccurrent measurements were made in
the Aasvodlkcp Formation; they show random orientations (Fig. 3.11)

tutites near the base of the formation fall intoc four facies: a
massive lutite facies (Fm), a massive to laminated facies with “vesicles’
{Fmv}, & laminated facies (Fh) and a massive facies with lutite intraclasts
{(Fmi}. The arenites comprise facies St, Sp and GSh. Dbser;ed facies

ascociations from the base of the formation upwards are: Fm, Fav, followed

by Fm, Fmv, F1, Fmi, Gm, and higher in the seguence Fl, Fmi, Sh, Sp and 5t.

Aasvoélkop Formation

n= 15 ,
Ave. direction: 34l*
V.S. = 36%
A360=0,533
A180 = 0,028

Figure 3.11: Rose diagram ot palaeocurrent indicators — Aasvoé&lkop Formation.

3.8 MAKGABENG FORMATION

The Makgabeng Sandstone Formation occurs in  the gastern and
northern areas of the Main MWaterberg Basin. It has a conformable lower

contact with the Setlacle and Skilpadkop Formations, where they are present.

o+

In the area of h

m

Letaba rise it unconformably overlies granites of the
Bushveld Complex. The Makgabeng Formaticn is conformably overlain by the
Mogalakwena Formation; towards the north, however, it wedges out and is
unconformably succeeded by the Mogalakwena Formation {Jansen, 1982). SACS
(1988) gives a maximum thickness of 10@@m for this formation, compared with
Jansen's (19382) maximum of 128@m; he gives a thickness of only 38@m for the
type area. Towards the south and west the Makgabeng Formation grades into or
interfingers with the Aasvodlkop Formation.

The Makgabeng Formation consists of fine- to wmedium-grained

arenites which display very large scale planar cross-bedding. Outcrops are
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, large scale cross-bedding in the Makgabeng Formation, an

Mant Elanc 328LR on the Makgabeng Flateaun. Marked tree is *im tall.
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These cross-hbeds are best seen on the Makgabeng Flateau (Fig.

.12), but this area is not easily accessible and they are also well exposed

1]

on Morgenzon 138LR and the adjoining farms. At Morgenzon the northernmost of
the two best exposures has been tilted to vertical by the Melinda Fault and
it presents an excellent cross-section. Because of their size these
structures are not easily seen in the other exposures that cocur in the
northwestern part of the basin. Other structures seen, chiefly in the more
southern areas, are symmetrical and assymmetrical ripples, interference
ripples, channels (facies G8mc), adhesion warts caused by wind blowing dry
zand over a wet surface f(Reineck and Singh, 1973, p. 36, current lineation,
desiccation cracks and problematic traces. Asymmetrical ripples on Bonne
Esperance 336LR in the type area, have a wavelength of B8-7cm and an
amplitude of Zmm. The crest to trough lengths are about 3 and bcm. The
current direction forming the ripples was towards 245°, which coincides
approximately with local foreset dip azimuths. In places (eg. Goedgelegen

34{R) reducticn spots occury these are often formed around a dark central

[owy

PN

spot. A detailed description of bedforms cccurring in the type area is given
.

in Meinster and Tickell (1973},

-

The rose diagram shown in  figure 3.13 shows the rather random

palasocurrent data chtained from the Makgabeng Formation. Even locally this

-ty

ormation displays wmultimodal palaeccurrent directions, which probably

its depositional mode.

-
m
b
ot
m
al
r+

The problematic traces mentioned above cccur on a small exposure
of ripple-marked arenite, on the northeastern side of the main road from
Potgietersrust to MHarken, as it traverses the farm Verdoornsdraai B@BLR.
Structures present at this exposure include ripples, interference ripples,
desiccation cracks and adhesion warts (this assemblage of structures has
been classified as facies §1). Mudcracks were reported from Makgabeng by De
Bruiyn (1%71a, p. 6&).

The traces are generally sinuous, rarely branching and sometimes
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Makgabeng Formation

n= 58

Ave. direction: 226°
V.S. = 35%
A360= 1,633
Al180 = 0,013

Figure 2.6. Rose diagram of palaeocurrent indicators — Makgabeng Formation.

Fiqure 3.14 Showing a trace
which can be followed
over a ripple crest.
Motice the ‘nudge’ at the

end of the trace.
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fave dark rcoloured levee-like ridges along their edges, similar to
Glaessner’'s {1949} Faorm B. Although these traces appear at first glance to
belong to the Hanchuriophycus (Hantzschel, 1973) or Rhysonetron type
{Hoffman, 1971), there are certain distinct differences. The traces at the
Verdoornsdraai occurrence are nof confined to the troughs of the ripple
marks, but may extend from one trough to the next at an oblique angle to the
crest {(Fig. 3.14). One such trace also shows a nudge-like mark at its abrupt
end. This is distinctly different to some other traces in this occurrence,
as well as to the Hanchuriophycus and Rhysoretron types, which seem to show
tapering ends more reminiscent of cracks. In some cases traces are seen to

intersect at angles close to 92°.

W

There is a gradation of these traces into mudcrack-like structures
which appear on a flat surface & few metres to the northwest of the
ripple-marked surface. A similar feature 1is described from the Beltian
Duartzite in Montana by Wheeler and Quinlan (1931, Fig.2).

Thin section study reveals that some of the narrower traces may be
described as similar to the ‘epichnial grooves’ of Martinsson (1978). The
wider traces show a morphology similar to that described by Wheeler and
Quinlan (1951, Fig.S), as being due to cracking of the sediment (Fig. 3.13}).

Faciez acsociatians encountered in this formation are: very large
scale planar cross-bedded arenites (facies Spe) together with minor massive
arenite beds ({(faries Sme) and arenite with large assymmetrical ripples
{facies GSrej; facies Spe together with arenite exhibiting channels {facies
Smc) and interference ripple marks; and in the Verdoornsdraal area, facies
51 - no facies Spe was seen in close relationship with these rocks, although

it does occur a few kilometers away in exposures in the Mokamolo River.
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f f Medium to coarse arenite

I

R

(4 p" /
S o

s,

Coarse arenite

Fine arenite

Figure 3.15: Showing cross-sections of trace-like structures (/182)
and wider crack - like structures (384). There appears to be
a gradation belween these Iwo [ypes.
Scale: approx. 2X
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3.9 SANDRIVIERSBERG FORMATION

The Sandriviersberg Formation is confined to the southern and
sguthwestern parts of the Main Waterberg Basin where it is transitional into
the underlying Aasvoblkop Formation. The upper contact is gradational inte
the overlying Cleremont Formation. De Bruiyn (1%971al, however, reported a
csmall 4fault which intersects the Sandriviersberg Formation but does not
displace the Cleremont Formation. Towards the northeast the Sandriviersberg
Formation grades laterally intoc the Mogalakwena Formation. The division
hetween the HMogalakwena and Sandriviersberg Formations is an abritary one
{Jansen, 1982, p. 43), taken along a line 1in the southeastern and
northwestern parts of the basin (Fig. 1.2}. 5ACS (1988) gives the thickness
of the Gandriviersherg Formation as 125@m; Jansen (1932) supports this and
further wpoints out that this thickness is more or iess constant throughout
the present-day exposure of the formation.

The Sandriviersberg Formation consists of medium- to
coarse-grained arenite, granule-rich arenite and granule rudite, with
interhedded pebb}e<:FEE?fE5?\‘the formation becomes progressively coarser
towards the northeast where it grades into the Mogalakwena Formation. The
rudaceous arenites and arenites show well developed trough and planar
cross-bedding.

The arenites and rudaceous arenites of the Sandriviersberg
Formation canr usually be described as sublitharenites or litharenites. The
specimen studied in thin section proved to be a litharenite (Fig. 2.1a).
Common lithic fragments are metaquartzite and rhyolite. Where this unit
grades into the Clereamont Formation, the rock becomes guartzarenite. The
typical hue is mid yellow-red, with light brown heing the most
characteristic single colour. Cross-bedding 1is universal with trough
cross-bedding being the most plentiful (facies 5t), although planar
cross-hbedding (facies Sp) is locally more abundant (Fig. 3.18). Individual

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2020



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

&
&

g;ﬂ UNIVERSITEIT VAN PRETORIA

A 4

g3

crgss—laminae thicknesses vrange from 2 to 3@mm and trough cross-bed set
thickness average 135mm (standard deviaticon=104, n=123). Flanar cross-beds
have a mean set thickness of 11Zmm (standard deviation=89, n=17}) and large
scale trough cross-beds have sets in the order of 388mm in thickness (facies
Swt). GStraight crested asymmetrical ripples are poorly exposed at a few
localities; ripple cross-lamination is sometimes seen in the upper parts of
beds, mostly overlying tabular planar cross-bed sets.

The Sandriviersherg Formation shows & far better grouping of
palaeocurrent indicators than any other formation in the Waterberg Group
{(Fig. 3.17, 3.18). The Asee value for trough cross-bedding in figure 3.18 is
highly significant at the 0,881 level of significance, indicating a
meaningful grouping of the data into a single hemisphere, whilst the Aiee
value shows that there is anly one chance in ten that this sample is from &

population which has a wmultiple mode. This indicates that the average

laegcurrent reading is a reasonable estimate of the palaesoslope at the

by ]
o

time of deposition. The vector strength is high. Figure 3.19 shows
directions indicated by planar cross-beds and reveals a weakly developed

multimodal grouping.

FIGURE .16 lanar cross-bedded, granule-rich arenite from the
Sandriviersherg Formation at Bulsfontein 139 KE.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2020



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

(0% g

VERS|
YUNIBESITHI YA PRETORIA

94

Sandriviersberg Formation \

n =211

Ave. direction: 255°
V.S.=72%

A360 =21,804
Al80 = 0,557

Figure 3.17. Rose diagram of palaeocurrent indicators - Sandriviersberg Formation.

Sandriviersberg Formation — Trough cross-beds

N

n=194
Ave. direction: 253°

VS.= 74%
A360 = 21,625
AI80 = 0,499

Figure 3.18. Palaeocurrent directions indicated by trough crossbeds - Sandriviersberg
Formation.

Sandriviersberg Formation - Planar cross-beds

N

n=15
Ave. direction: 287°

V.S. =54%
A360= 0,813
A180 =0,073

Figure 3.19. Paloeocurrent directions indicated by planar crossbeds - Sandriviersberg
Formation.
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focal lenses and washes of small to large pebbles are common,
especially towards the northeast where the Sandriviersberg Formation grades
intc the Mogalakwena Formation. The most common hues in the rudaceous beds
are hbrowns and reds of the segment SYR to SR of the colour sphere. Clasts
are equant and sub-rounded to well rounded. Imbrication and length
orientation are poorly developed, probably because of the eguant nature of
the clasts (facies Gm). Average grain size for the ten largest clasts at
each o0f +fifteen localities ranges from 7,8 to 48,2mm; this resulis in a
calculated peak palaeocurrent velocity (Baker, 1973} of 1,97m/5. The

their respective average

ud
m
2
m
x
ot
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graphical distribution of these pebble beds
zizes «can be seen in figure 3.28. They do not show any distinct areal trend
and are similar to the average sizes recorded in adjacent parts of the
Mogalakwena Formation. A plot of the sphericity versus coefficient of
flatnese foar clasts from this formation as well as from the correlated
Mogalakwana Formation is presented in Figure I.2Ba. Stratten (1973) shows
that the mean value of samples from fluvial deposits should always plot

a value of .65 for
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sphericity. He further shows that only very few plots below a sphericity of
.55 should occur in fluvial depesits. Clast types include vein quartz,
mefaquartzite, jasper, chert, iron-formation and rhyolite.

Lutites are rare in this formation, occurring chiefly as drapes of
2 few millimetres in thickness (facies Fm). The lutite content increases
towards the northeast where the Sandriviersberg Formation grades into the
Mogalakwena Formation.

The most common facies associations in  the Sandriviersberg
Formation are: G5t occurring by itself; St with lesser Sp and minor Sxt; Sp
with subsidiary ©Sxt and St; and especially in the areas close to the
Mogalakena Formation, but also rarely elsewhere, facies St together with Sxt

and Bm. Facies St commanly overlies facies Sxt or Sp where they are present.
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FIGURE %.20a Flot of coefficient of flatness versus sphericity for clasts

from the Mogalakwena and Sandriviersberg Formations.
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3.1@8 MOGALAKWENA FORMATION

The Hogalakwena Conglomerate Formation is situated in the

naortheastern and northern reaches of the Main Waterberg Basin. It has a

Y

confiormable, transitional lower boundary with the Makgabeng Formation. Where

the Makgabeng Formation wedges cut, the Mogalakwena Formation unconformabhly

pverlies pre-Waterberg rocks. The upper boundary is & confaormable,

—
n

b

transiticnal contact with the overlying Cleremont Formation (Tickell, 1975

T
H

Towards the south and southwest the formation grades laterally into the

Sandriviersherg Formation, but the boundary is poorly defined {Tickell,

1975). The Mogalakwena Formation is 125@ to 158@8m thick, but in the
Steilloopbrug area only 12@m is preserved (Tickell, 19730,

The Mogalakwena Formation consists of granule-rich arenites and
grarnule rudite with pebble washes and interbedded pebble rudites. The
rudites are subordinate in volume to the arenites (Tickell, 1973). Coarse
rudites are common, especially towards the north. Three of these rudite
zones are named members, the Tafelkop Conglomerate Hember, the Marken
Conglomerate Member and the Sessalong Cenglomerate Member.

4renites, granule-rich arenites and pebbly granule arenites, which

can wusually be described as litharenites or sublitharenites {Fig. 2.1la},

yellow-red hue {with a high to low value and & low to medium chroma). The

ites are generally granule-rich and poorly sorted, with & high

23}

re

-

gercentage of lutaceous matrix. The grains are wusually subangular to
subrounded and equant. Cross-bedding is universally present with trough
cross-hbedding (facies St, 6t - Fig. 3.21) being the most plentiful, although
planar cross-bedding may be locally more abundant (facies 5p, ©Bpl.
Individual cross-stratum thicknesses range from 2 to 34mm  and trough
crosc-hed set thicknesses have a mean value of 124mm (standard deviation

&7mm, n=181). Trough cross-beds occur in cosets of 2 to & sets.
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FIGURE 3.2! Large scale trough cross-bedding in pebbly granule rudite of the
Mogalakwerna Formaticn, on Rhenosterhoek S8ZLR

Large-scale trough cross-beds with a mean set thickness of 476mm {standard

m

deviation=244msm, n=18) lea accur. The trough cross-beds typically occour

o

within spoon shaped scours with lengths of 1,5 to Sm and widths of 1 to Zm.
The average palaeocurrent direction derived from all structures for the

Mogalakwena Formation is 244° (Fig. 3.22). The average direction for trough

n

cross-beds is Z254°  (Fig. 3.23) and that derived from very large trough

4

cross-beds is 253° (Fig. 3.24). The vector strength is high (49% to 804}
showing them to be consistent palaeccurrent indicators, whilst the A=ew
value indicates that there is less than one chance in a thousand that the
population from which these samples was drawn has a unifors distribution

rele (Dale and Ballantyne, 1988). FPlanar cross-beds show & more

[

around a ¢

random  patt

n

rn  of palaepcurrent directions {Fig. 3.25), as do imbrication
and long axes measurements (Figures, 3.26 and 3.27), Planar cross-beds have
been shown to have a greater dispersion than trough cross-beds (High and
Ficard, 1974; Cant and Walker, 19743 Miall, 19773 VYos and Eriksson, 1977).

Although only a few planar cross-beds were measured in this study, the trend

-

sean iz in agreement with the results of these previous workers.

wr

[
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Mogalakwena Formation N

n = 404
Ave.Direction: 244°

V.S. = 38%
A360 = 12,004
A180 = 0,269

Figure 3.22 Rose diagram of palaeocurrent indicators- Mogalakwena Formation.

Mogalakwena Formation — Trough cross-beds

n= 229
Ave. direction: 254°

V.S. = 69%
A360 = 22,184
AI80 = 0,390

Figure 323 Palaeocurrent directions indicated by trough cross-bedding
Mogalakwena Formation.

Mogalakwena Formation — Large trough cross-beds

n =23
Ave. direction: 253°

V.S.= 77%
A360=2,704
AI8O = 0,135

Figure 3.24 Palaeocurrent directions indicated by large-scale trough cross-bedding
Mogalakwena Formation.
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Mogalakwena Formation - Planar cross- beds

N

n=9
Ave. direction: 133°

V.S. = 36°

A360=0,506

A180=0,096

Figure 3.25 Palaeocurrent directions indicated by planar cross-bedding
Mogalakwena Formation.

in an exgosure of the Mogaliakwena Formation on Riebeek West S39LHE, planar

cross-beds  (Fig. 3.28) can be seen on two sides of & paleaocchannel, dipping
i o - - - - - - - -~ o & €L - - 5 i o e e -

towards each other and oriented at aosouit F8° to immediately adjacent trough

cross-beds cutside the channel. Heavy minerais occur in the channelway.

Local  washes and  lenses of small to targe pebbles are a3 comamon
chenomenon in this formaticn. More extensive rudite hbeds also ococur and are
On AYEFAGE thick $Tickell, 1973). Figure 3.20 shows the average size of
the «cilasts &t varigus localities #for the Mogalakwena and Sandriviersberg
Far There appsars to be an increase i1n the average size of clasts in

the Hogalakwena Formation towards the northern basin edge. In fthe transitiaon

zane with the Sandrivisrsberg Formation there is, however, no apparent
Fe L Lpe iMoo = ~lopmd =da bmt. = = [y Fr‘-r-‘-‘-—, = i = ~ 1meral
gdifference 1n average Cias50 sife pelween LhE LwWo FOF@ations. uUn a maore 10Cal
scale, Tickell {1975, p. 85} gpoints oubt that the

Hemher in the northeast shows a gradation over some 18 to 3Bkm from boulder
rudites in the extreme norith to cobble rudites fowards the scuthwest. De
Bruiyn {1%7ib, p. 7 points  gut. that fhere i3 a general Increase in
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Mogalakwena Formation — Clast imbrication

n=43
Ave. direction: 222°

V.S. = 21%
A360= 0,411
Ai80= 0,299

Figure 3.26 Palaeocurrent directions indicated by imbrication - Mogalakwena
Formation.

Mogalakwena Formation — Long axes of clasts

n =82
Ave. orientatation: 97/227°

V.S5.=53%

i,

Figure 3.27 Palaeocurrent directions indicated by clast long axes - Mogalakwena
Formation.
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FIBURE 3.28 Large-scale oplanar cross-bedding dipping intc palaeocchannel
{upper right) in the Mogalakwena Formation. Diagonal distance from top left
to bottom right of photograph is about 8m.

Imbrication and length orientation are not well developed and this
is very probably the result of the eguant shape of the clasts. Figures 3.2é

and 3.27 show that, on average, the imbrication direction 1is at

approximately right angles to the clast long axes directions measured. This
indicates the ewistence of a-transverse, b-imbricate ({al{f):b{i)) type
cross-bedding, characteristic of normal fluvial processes (Harms et al.,

1975). Figure 3.28a shows the plot of sphericity vs. the coefficient of

-+

latness for clasts from the HWogalakwena and the Sandriviersberg Formations.
Stratten (1975) shows that the mean value of samples from fluvial deposits
should always plot above the coefficient of 43 for flatness and above a
value of .65 for sphericity. He further shows that only very few plots below
a sphericity of .55 should cccur in fluvial deposits.

The rudites may be clast-supported or matrix-supported (facies Gm,
Gms). Clast types include vein quartz, metaquartzite, fuchsitic quartzite,
arenite, rudite, schist, quartzite, chert, jasper and iron-formation. The
average grain size of the 1@ largest clasts measured at forty localities

throughout the formation ranges from 13,5mm to 332,8mm, which indicates peak
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current velocites of up tc 3,33mfs {Baker, 1973).

-
| =
s
st
r+
m
w

&s such are restricted to clay drapes at the tops of beds;
these are quite cosmon in the Mogalakwena Formation, and are usually very
thin, being less than Smm in thickress {facies Fm!. The lutite layers are
typically pale pink in colour. The best exposures showing lutite drapes at
bed tops are to be seen in the cutting south of Ellisras on the Vaalwater to
Fllisras road. Hesides these layers, lutite is a common matrix constituent
gf the other rock types.

The most common facies associations seen in this farmation are
Gms, ©m, Bt, 5t, Gp, Fm in the northeast, S5t, Gt, S5p, Gms, Fm further south

and finally 5t, GBt, Sp, Gm as it grades into the Sandriviersberg Formation

3.11 CLEREMONT FORMATION

I

The Cleremont Sandstone Formation i developed in the central
portion of the Main Waterberg Basin where it overlies the Sandriviersberg

and Mogalakwena Formations with a conformable and gradational contact. The

upper contact is likewise a conformable, transitional one with the Vaalwater

hy}

ormation. Both boundaries are poorly exposed as is most of this formation.
The Cileremont Foramation is consistently 125m thick (Jansen, 178Z).

The Cleremont Formation typically consists of medium-grained,
rounded to well rounded quartzarenites. The most common colours in this
formation are light to dark greyish mid red (SR2-8/2). Uncommon lavers of
rounded pebbles occur, as well as rare isclate pebbles. Predominant bedforms
are small to large scale planar cross-beds (facies Sp, Sxp, Fig. 3.29),
small to large scale trough cross-beds (facies 5t, Sxt) and horizontally
laminated beds (facies §Sh)., The cross-beds are cften deformed due to soft
sediment slumping.

Deformation of cross-beds in the Cleremont Formation varies fronm

mild oversteepening of cross-beds to total destruction of the internal

w
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laminae. De Bruiyn {1971a, p. 9} interpreted these structures as being due
tg shock wmovements during basin  subsidence. The very large scale planar
rross~beds (facies Sxt) have inclination angles of 13-31° and an average set
thickness of 48imm i{standard deviation 283, n=9:. Trough cross-beds {facies

St) have a set thickness of ésémm {(standard deviation 39mm, n=22). Individual
iaminae in the trough cross-beds are typically 2 to J8am thick and those of
the very large planar cross-beds are 10 to 3@mm thick. The trough cross-beds
are grouped in cosets of three to four sets and the small scale planar
cross-beds are grouped in  cosets of five to twenty sets. Reactivation
zurfaces are seen at several localities. Heavy minerals occur on the farm
Kaffershoek 23IKR in a fine-grained laminated arenite {(facies Shhami.

Combined cross-bedding readings show & multimodal palaeocurrent
pattern (Fig. 3.38) in the Cleremont Formation, Trough cross-beds exhibit

palaspcurrents

towards +the southwest, west and northwest {(Fig. 3.31). In

hoth cases the Asee value is significant at the 5% level which shows that
the readings are meaningfully confined to a semi-circle, but there are
clearly several wmodes within that semi-circle. Flanar cross-beds show two
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Cleremont Formation

n=109
Ave. direction: 253°

VS. =62%
A360 = 8,608
Ais80=0,082

Figure 3.30 Rose diagram of palaeocurrent indicators - Cleremont Formation

Cleremont Formation — Trough cross-beds

n=45
Ave. direction: 259°

V.S.262%
A360= 3,766
A 180 = 0,035

Figure 3.31 Palaeocurrent directions indicated by trough cross-bedding -
Cleremont Formation.

Cleremont Formation — Planar Cross-beds

n =46
Ave. direction: 236°

V.S.=58%
A360= 2,76|
AI80 = 0,017

Figure 3.32  Palaoeocurrent directions indicated by planar and large - scale
planar cross-beds — Cleremont Formation. '
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distinct modes towards the scuth-scuthwest, and towards the west-northwest
{Fig. 3.32). Because of their rarity, pebble sizes were only measured at one
laocality, where the average size of the ten largest clasts is i7,iam.

Fehhles are assgciated with both trough and planar cross-beds, often

(4}

gccurring in concentrations on specific cross-laminae.
Resedimented mud «clasts and, 1in places, phosphate clasts also
cccur in  the arenites (facies 5i). The phosphate clasts consist chiefly of

1 as rare earth

et

i

=]

.
=
w
b

orapatite (XRD); they contain copper and lead &
elements (5EM analysis).

{ithofacies defined in this formation are: well sorted, well
rounded trough cross-bedded to large trough cross-bedded guartzarenites {(5t,
Sxt), and a planar cross-bedded (Sp} and very large-scale planar
cross-bedded quartzarenite (facies Sup) which commonly show soft sediment
slumping. Lross-bed sets are sometimes topped with small scale
cross-ilamination. A minor gccurrence gf a horizontally laminated,
fine-grained, well-sorted heavy mineral placer (facies Shhm) may have
environmental significance. Facies 51 occurs chiefly toward the southern

part of the present day outcrop.

3.12 VAALWATER FORMATION

The Vaalwater Formation is developed in the central part of the
Main Waterberg Basin where it overlies the Cleremont Formation with a
conformable, gradational cantact. The formation attains its maximum
thickness of 475m near Visgat and Dorset north of Vaalwater (Jansen, 1782).
The Vaalwater Formation is the uppermost formation in the Waterberg Group,
and consists of feldspathic arenites and lutites. A sample studied in thin
section proved to be a subarkose (Fig. 2.1a). Rocks of the Vaalwater
Formation are generally greyish red ta greyish in colour with the most

common range being SR2-7/2-4.
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3.33 Typical sposure of the massive lutaceous to tine-grained
Bous facies {Fsc} SEEN in the Vaalwater Formation. From
boomfontein &GBER.

The feldspathic arenites are fine- to medium-grained, rounded to
rounded and well sorted, although less mature lutaceous arenites also
locally. The feldspars consist chiefly af plagicclase and orthoclase,
lesser perthite and microcline {De Bruiyn, 1971a). Host of the
ter outcrop encountered in  this  study ronsists of poorly exposed,
d, lutaceous arenite and lutite, which commonly display horizontal
tion with laminae of 1@ to SBam thick (facies Fsc - Fig. 3.33). Trough
bedding, ripple marks and overturned cross-bedding are reported by De
(1969, 1973}, Jansen (1982, p. 58) as well as De Vries (19469, 1973)

convolute lamination in the Vaalwater Formation.
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3.13 INTERPRETATION AND PALAEOENVIRONMENTAL ANALYSIS

3.13.1 General

intrusion of Bushveld granites was penecontemporansous with the
earliest Swaershoek sedimentation {Du FPlessis, 197%a, p. 863 Coertze et zl.,
1977, p. 15B). The Swaershoek Formation and its correlate, the Wilgerivier
Formation, show a greater similarify in geographic distribution with the

Fooiberg Group than with overlying Waterberg Group sedimentary rocks (Fig.

€n

I.3; see alsoc Van Biljon, 1976, p. 165 and Coertze et al., 1977 p. 133). The
Swaershoek and Wilgerivier Formations are also completely confined within
the limits of +the Transvaal Basin (Coertze et al., 1977, p. 134). The
genesis of the Nylstroom Basin has been interpreted as oeing due to upper
crustal warping, whilst the Alma trough has been interpreted as the result
of deep-seated faulting (Jansen, 1975a; Coertze et al., 1977). Together with
the difference in distribution of these sedimentary rocks, this tectonic
contrast inm basinal development leads the writer to believe that the
Swaershoek and Wiigerivier Formations may well belong to the terminal phase
of sedimentation of the Transvaal Sequence.

The Main Waterberg Basin evolved as a continental, fault-bounded
basin in the northern part of the Kaapvaal Craton. The Wurchison Lineament,
which extends past the southern edge of the basin appears tc be important in
its evqlutiun. This deep-seated linear structure developed deep basins on
the southern side before and during the emplacement of the Bushveld granite
(Crockett, 1971; Butten, 1972; Crockett and Jones, 1975; Tyler, 1979%;
Jansen, 17892); it also developed a deep {post-Bushveld granite) trough on
the northern side (Coertze et al., 1977; Jansen, 1973a, 1982). The lineament
is of great antiguity (Button, 1972; Jansen, 1975a, 1982) and has remained
active during Karoo and recent times (Rust, 1975; Van Biljon, 1974). The

Murchison lineament can thus be interpreted as a long-lived, fundamental

fault systenm,.
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flma sedimentary rocks west of Gatkop show rapidly varying clast
composition parallel to the fault; in one area rhycolite clasts are the most
abundant, buft sipce rhyolite does nol pcocur in any significant quantity
directly acrass the fault, the question of the provenance of the rhyolite is
raised., In the Batkop area remnants of the Swaershoek Formation lie directly
on the Bushveld Granite (Meinster, 1975)., The possibility that the rhyolites
are not present because they were eroded to provide detritus for the Alma
Formation 1is thus precluded, and another source of rhyolite must be found.
Since rhyolite is abundantly present to the east, lateral movement may have
taken place on the Murchison lineament. Thus the fauli system forming the
Murchison lineament is interpreted to be of strike slip character, with an
overall left lateral movement since Alma times.

Quartz lamellae described in Chapter 2 are interpreted to be due
to transpressive stress along this fault zone, whilst later transtensile
forces led to the development of the Alma trough.

"Red beds" are coloured by haematite and have hues of 3R and 12R
{Turner, 1988, p. 1). In the Waterberg sedimentary rocks these hues make up
67 percent of the colours recorded. The occurrence of this red pigmentation
indicates that the sediments were formed in an oxidizing environment
{Berner, 196%9: Turner, 1988). It does not, however, give any indication of
the palaeoclimate, beyond indicating that the sediments were deposited
within 32° of the equator {(Berner, 19&9; Walker, 1974; Turner, 1988).

Turner (1988} opoints put that arcient red beds are considered to
be almost exclusively diagenretic in origin. The mechanism of formation is
postulated as being intrastratal sclution of detrital 1iron silicates,
especially in ceoarse-grained permeable sediments. He further states that
much of the colouring matter could be due to alteration of titanomagnetites,
which are common in red beds. In the present study of the Waterberg Group,
an GSEM investigation indicated that titanomagnetite and ilmenite are common
constituents of these rocks.

fn  authigenic-diagenetic origin for the colouration in Waterberg
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sediments was postulated by Eriksson and Vos (197%), who suggested that iron
from detrital orthoclase, opyroxene and lithic rhyolite fragments imparted
the ceclour to the rocks. They state that “magnetite’, derived from the
"Bushveld Mafic Phase , is stable in the Waterberg sediments and as such
could not have acted as a source of iron. The writer agrees with their basic
authigenic-diagenetic hypothesis. However, the breakdown of titanomagnetite
and ilmenite to produce anatase, as well as the bleaching of biotite, as
nhserved in thin sections, probably supplied wmuch of the 1iron to be
converted to haematite, thereby leading to the red colouraticn of the rocks.
More intense <colours are commonly observed on cross-beds containing opague
{iron titanium wide) minerals; these are particularly noticeable in the
Sandriviersberg and Mogalakwena Formations {Jansen, 1982).

Jansen {1982, p. 28) describes the Swaershoek Formation as having
been ormed by the rewarking of fluvial deposits under littoral conditions.
The present writer agrees in principle with this concept and proposes that
the environment of deposition was a fan-delta complex. The Alma and upper
Sterkrivier Formations, on the other hand, consist largely of immature
arkoses, and rudacegus sedimentary rocks more reminiscent of proximal to
medial fanglomerates. These formations form the base of the first
upward-fining sequence seen in the Main Waterberg Basin. The overlying
sedimentary rocks contain evidence of finer sediments interpreted to have
been deposited in succeedingly wmore dicstal environments, until a major
influx of sediment from the northeast covered the entire basin (and perhaps
beyond) with coarser sediments {the Mogalakwena and Sandriviersberg
Formations). After this sediment influx the sea transgressed onto previously

subaerial areas and the Cleremont and Yaalwater Formations were deposited.

%.13.2 The Swaershoek and lower Sterkrivier Formations
The Swaershoek and its correlate the lower Sterkrivier Formation
have been interpreted by Jansen (1982, p. 28 and 31) as having been

deposited in shallow water, possibly with tidal influences. Vos and Eriksson

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2020



&5

&

g.l UNIVERSITEIT VAN PRETORIA
A 4

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

112

{1977y oproposed that the Wilgerivier Formation {aisoc a correlate of the

Swaerchoek Formation) was deposited in  an environment of fan deltas and

embayed tidal flats. Several polnis raised by Jansen would tend to support

the fan-delta - tidal flat model for the Swaershoek and lower Sterkrivier
Farmations. Jansen {1982, p. 28) states that the deposition of the lowermost
beds took place under chaotic conditionsy he carries on to describe probable

and amud flows and a very irregular palaesctopography. Jdansen (1982, p.

w
W
o
(=

21} describes active block faulting. Thus the Swaershoek Formation is
interpreted to have been deposited on fan-deltas by streamflow and debris

flow; in places the sediments were reworked on beaches and an

[
o
[

inter-fan-delta tidal ¢ s; contemporary volcanism may have caused heavy

ash falls and lahars {(Jansen, 1%8Z2).

3.13.3 The Alma and upper Sterkrivier Formations

The Alma and upper Sterkrivier Formations were deposited in
response to the downfaulting of an area to the north of the Murchison
tineament. This trough was steep on its southern side, against the fault
zone, and less steep along its northern boundary (see Fig. 3.3). Alma
sediments alse filled the last vestige of the previously formed Nylstroonm
Basin, which still remained as a relative lowland. The upper part of the
Sterkrivier Formation is correlated with the Alma Formation and it has a
similar history. The northern highlands of Swaershoek times were now forming
the base of the new basin. In the Gatkop area, on the farm Buffelshoek
446D, the interstices between large well rounded granite boulders were
filled with arkosic sand being washed intoc the new basin {(facies Gs). These
boulders probably represent residual granite boulders which were present on
the erocding highland prior to its down-faulting. Borehole 828 penetrated two
such boulders before hitting sclid granite. The concentric banding around
the boulders probably indicates that onion-skin type weathering was taking
place - it 1is not clear where granitic material ends and clastic infill

starts, but there is no doubt that the infill exists, since small pebbles
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areg seen in the infill in places. In places scree deposits formed against
the {fault scarp ({facies Gscl). Rivers bringing in detritus from the newly

formed highlands formed alluvial fans north of the scarp. Clast-supported

rudites. .were the principle deposits (facies Gm). The indicated peak current
velocities of 7,682m/s for the rudite ©beds, show that unless flow was
gxtraordinarily deep, only antidunes or upper stage plane beds could be
"E:Educed at velocities of this order (HBlatt et al., 1988, Fig. S-4a). This

is probably the reasocn for the relative scarcity of structures in these

rocks. Even if stream velocities of about 1,5 to 2m/s are projected for the

deposition of coarse sands, only upper stage pilane beds or antidunes would

he produced at a depth of @,4m {(Blatt et al., 198@, Fig. S5-4b). Miall (1977,

Table IV) reports a facies similar to facies Gm of this study as having been

deposited by various streams with velgcities varying from 1-ém/s and with
low depths of B&,2-6,6m.

The few palaeocurrent measurements that were made in the Alma
Formation give a random pattern, but grain size of the rudites in the Gatkop
area decreases away from the fault zone in the south (Meinster, 1972, 1973);
alsa, the lateral sequence of facies indicates that the +flow was
approximately from ~EEEEE——£E~\EE£EF' This «coincides with the sense of
direction shown by trough cross-beds on Donkerpoort 448K@ to the east of
Gatkaop.

Fines were washed into interfan lakes, or may have been depocsited
in distal parts of fan-deltas building out into a shallow lake to form the
Donkerpoort Siltstone Member. The angularity of the lutite grains may
reflect the vigorous conditions under which the larger clasts were
transported, with angular fragments being formed due to high velocity
interclast collisions ({(facies Fsc). A second feasible origin of these very
angular grains 1is that they were formed by high energy aeolian tollisions
(Eriksson, 1983; Smalley and Vita-Finzi, 1968).

fc the fans built out into the basin coarse, clast-supported

rudites accreted on longitudinal bars (facies Gm). Occasional debris flows
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occurred producing matrix-supported vrudites (facies Gms). Increasing
maturity of the +{an systems allowed the formation of large scale trough
cross-bedded rudites and arenites on linguoid bars in braided channels
{facies Gut and Sxt). Horizontally stratified sand and gravel (facies 5h,
Gh) formed on higher areas, possibly the tops of bars, due to reduced water
depth and increased velocity (Blatt, Middleton and Murray, 198@, Fig. 5.4).
Sandwaves (facies Sp) and megaripples {(facies Gt, St) formed in channels,
possibly coalescing to torm complex bars. Distally, overland flow
{sheetflood} produced horizontally laminated sand with isolate oversize
clasts {(facies Slic), similar to that described by Gloppen and Steel (1981,
o, 57-38). They interpret the facies as having developed at the base of fans
and they point put that the outsize clasts may have been deposited because
ot an abrupt drop in competence as flow width increased. They further point
out that the facies is always restricted to the outer reaches of the fans.
In the present case associated trough cross-hedding {facies St} and large
scale trough cross-bedding (Facies Sxt), are interpreted as being produced
in localized channels as linguoid bars and megaripples.

The N_é/lma and upper Sterkrivier sediments are thus interpreted to
have been deposited as a series of alluyial fans, forming a bajada along the

scarp caused . by—the—uplifted block on_the southern side of the Murchison

strike=glip fault zone (Fig. 3.34).

3.13.4 The Skilpadkop Formation

The Skilpadkop Formation rudites contain a higher percentage of
matrix than do those of the Alma Formation. The average size of the ten
largest clasts at various localities indicates peak current velocities up to
4,%5m/s; in general peak velocities are lower than those estimated for the
Alma Formation. At the indicated peak velocities only upper stage plane beds
or antidunes would develop in all but extremely deep flows (Blatt et al.,
198@, Fig. S.4). The chief facies are Sm, S5t, Gt and Gm; facies Gms is more

common  than it is in the Alma Formation, but it remains of relatively minor
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importance. This formation is interpreted to have been deposited in proximal
to distal braided rivers, on longitudinal bars and in deep channels

dami

pa}

ated by megaripples. Rusit and koster {(1784) point out that massive to
horizontally bedded imbricate gravels (similar to facies ©Gm) dominate
provimal braided river environments. Thev further state that these deposits
typically accumulate as longitudinal bars. Trough cross-bedded gravels are
more common  in medial to distal braided rivers, forming as ‘dunes’
{megaripples] in deep channels {Rust, {379, p. 164}, The observed
gverturning and slumping of crsss—QEgswmay have been due to drag of heavily

e e -

laden f§5t~f1awing'curren£5, cckgpmgpa;g_ﬁggged . movement on the bourdary
;;;335. During waning flow, rippies formed on the tops of bars, but were
seldom preserved due to ercsion during the ensuing high flow periocd. The
massive sand facies may be similar to the apparently massive facies
mentioned when discussing the &lma Formation (p. 67), where it in fact
represente a trough cross-bedded facies, but where weathering has rendered
the structures invisible,

Thus the Skilpadkop Formation is interpreted as the deposit of a
braided river which formed a narrow braidplain to the north of the Murchison
Strike-slip Fault System (Fig. 3,35). The variability of major palaesscurrent
directions may be due to different braid systems being active over a period

wf time, with palaeoslope being dependent on shifts on the boundary faults.

3.13.5 The Setlaole Formation

The Setlacle Formation consists of immature to submature
granule-rich arenites and rudites, as well as minor tuff and tuffaceous
mudstone. Although the formation was not studied in detail, the facies
present (Gm, Gms, 6G6t, S5t, Fm, Fmt) are interpreted as being proximal, and
having been deposited on & narrow braidplain. The proximal nature of the
deposits is assessed by the occurrence of facies Bm and facies Gms and by
the absence of facies Bp and 5p. Prowimal braidplain deposits typically
consist of facies similar to Gm and Gms with facies analogous to 6t, 5t and
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Fm a&alsoc being present {Wiall, 1978, p. 599). This interpretion coincides
with that for the laterally egquivalent Skilpadkop Formation in the south and
southwest of the basin. The general immaturity of the sediments also points
towards a deposit of this type, The mottled rocks at Gotha S170LR, which show
concentric colour patterns, are interpreted as a palaeosol, whilst the heavy

mineral layer about Im above the contact with granite is seen as a heavy

ke

o

mineral lag formed by selective sntrainment of the light minerals. Fodl

masses of coarse rudite at this locality may represent cross sections of

in

gearly {smail}) channels. Broken, previocusly roundsd clasts from Iwartkop
742LR oprobably represent clasts which were well rounded cutside of the
basin. The high energy congitions produced by the uplift of the provenance
areas resulted in these {previously rounded) pebbles, possibly from mature
extrabasinal sediments, being swept intg the basin where high energy

cellisions caused weaker clasts to break, some splintering into wedge-shaped

Wl
fo
—
«Z
g
-
n

3.13.6 The AasvoElkop Formation

The fasvoblkop Formation represents an upward-coarsening seguence,
which 1is interpreted as the deposit of a shallow inland lake; dominant
suspension deposition is inferred for the base of the succession, but influx
from rivers played an ever wmore important role upwards in the sequence,
leading to an upward gradation from finer to coarser facies. The lake is
thought to have been of the through-flow type since no chemical sediments
have been recorded. The sedimentary rocks are usually reddish in colaour
although greenish intercalations are commoni such interbedded red and green

i have been recorded in other ancient lacustrine deposits (Collinsong

21}
n

yer
IN Reading, 1978, p. 72). The unit is underlain by fluvial deposits of the
Skilpadkop Formation and overlain by distal braidplain deposits of the
Sandriviersherg Formation; towards the north it is thought to interfinger
with deposits which have been interpreted as aeclian {Meinster and Tickell,

1975y, The Groothoek Hudstone member at the base, facies Fmv, has been
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ted by Jansen ({1978a, 1982) as being the result of deposition by
There certainly appears to be a strong velcanic influence in these
sy, and an alternative origin could involve ash falls producing
us beds in a distal lacustrine environment. The present author has
evidence of lahar flow siructures to support Jansen’s hypothesis.
ion, linguoid and cuspate ripples, mudcracks and raindrop imprints
indicative of fluctuating water levels in the lake; Collinson (IN,
1978, p. &7) points out that signs of emergence are common features
trine sediments. Facies similar to lithofacies Fmi of this study are
in rocks interpreted as ancient lake deposits, such as in the Green
armation of the western USA (flat pebble conglomerate facies) as
d by Coliinson f(IN, Reading, 1978, p. 68). The presence of facies
be indicative of a shallow water lake, although associated
es should also be present; a through flow of the water may, however,

pt the mineral concentrations low. Pyrite rich sediments are common

strine sediments {Collinscn, IN Reading, 1978, p. 74-76), where they
t anaerobic bottom conditions during deposition. Contorted bedding
upper part of the sequence, which was probably dominated by fluvial
5, may indicate a very high water table - a feature which would be

near a temporary base level. The trigger for the contortions was

movement alang the southern fault zone.

3.13.7 The Makgabeng Formation

and Jan

w

Besides

The maximum thicknesses of 1880m and 12@8@m given in SACS (1988)
sen {(1982) +for the Makgabeng Formation are probably not reliable.

its intersection in bhorehole F188 where it is about 68m thick, the

only area where outcrop is continuous enough for reasonably accurate

measurement is in the type area, where it is given as 388m thick by Jansen

£1982).

feature

absence

fifter the pervasive mega-cross-bedding, the most characteristic
of this formation is its uniform medium-sand grain size and the

of «clayey matrix. The relative absence of rudites and lutites is a
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further important characteristic. The rudites mentioned by Jansen {(1982) as

belongin

(]
il
Ci
e
or
m
=
o

i}
X
or
m
o}

u

i

Formation are regarded by the present writer as
probably belonging to the Setlaole Formation. Facies Spe has hbeen
interpreted as an aeolian deposit by Meinster and Tickell (1975) and that

interpretation is supported by the present writer. The large foresets are

1

postulated as  having Gbeen produced by slip faces of aeclian dunec of more
than 8m in  heighty Jansen ({198Z) mentions sets of up to 17,3 m thick
occurring in  borehole P188., Facies Sme 1s somewhat of an enigma, but it is
thought to be due to interdune depositicny it could feasibly be caused by
gusts during storms taking the sand into temporary suspension and then
‘dumping’ it. Similar features are reported from the seplian deposits of the
Clarens Formation by Eriksson (1983). He considers that they are either aonly
apparently massive, with indiscernible laminae, or that the laminae have
1=

been destroyed by post-depositiconal rainfall (Eriksson, 1983, p. 143). The

ripples seen 1in the type area have a height to wavelength ratio of 8,823

which 1is within the range of 8,82-6,88 for aeclian ripples given in Turner
{1788, p. 74}, The ripple index of 48-45 and the ripple symmetry index of 2
indicates that the ripples are probably of aeolian origin, although a swash

-
H

origin cannot be ruled out (Yanner, 1947, Fig. 1). Facies Smc is most likely
the result of surface runoff after sporadic heavy douwnpours; this facies is
rare in the Makgabeng Formation. The multimodal palaeoccurrent pattern seen

T
2

[y

in figure 3 rtan also be related to an aeclian palaecenvironment,
probably being indicative of a longitudinal dunefield. Turner (1988, p. 83)
points out that longitudinal dunes produce a bimodal pattern when the
foreset attitudes are plotted becauses of the alternating slip faces. The
pattern derived from the Makgabeng Formation 1is, however, not a simple
himodal one as could be ewpected from longitudinal dunesy Turner (1983 p.
8%) indicates that this sort of pattern is probably due to superposition of
dunes. There may also be an influence of seasonal wind directions. Reduction

spots are common in some areas and are thought toc be due to

post-depositional reduction of iron oxides.
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The problematic traces on Verdcocornsdraai 808LR occur in the more
southerly area of the Makgabeng Formation where it shows signs of grading
inte the oprobably lacustrine Aasvoélkop Formation., The small bedforms
present in facies 51 are similar to those found in liftoral deposits. Hunter
{1949 shows that adhesion warts {(which he callsz aeclian microridges) ococcour
on  modern beaches; Callaghan (1978) reports similar features as well as
ripplee and interference ripples from a modern estuarine/tidal environment.
flien (1782, P 303) reports superimposed ripples similar to  the
interference ripples seen at Verdoornsdraai from barred beaches. These
features perhaps show the gradation to the subaqueous deposits of the
fasvoélkop Formation. The possibility that the traces seen at Verdoornsdraai

re a form of crack cannot be totally discounted in view of the fact that no

o

undisputed vital traces of +this age have vyet been described in the
literature. The wider traces, especiasily, are in doubt because of their
similarity to those of WBheeler and Buinlan (1931, Fig. 3). The continuation
af several of the tracks aver the crests of the ripples, without showing any
evidence of differing width, however, supports the case against a crack
origin.

Baldwin (1%74) chowed that bicgenic sfructures associated with
mudcracks might well be masked by the latter and that subsequent
interpretations may be biased 1in favour of the non-bicgenic. The present
writer thus proposes that the traces seen in the Makgabeng Formaticon may be
signs of early wmetazoan evolotion and that Precambrian traces which have
been discounted as desiccation cracks should be re-examined in the light of

Baidwin's findings.

3.13.8 The Sandriviersberg and Mogalakwena Formations

The GSandriviersherg and Mogalakwena Formations are dealt with
together because of their lateral stratigraphic equivalence, and their great
similarity in sedimentary style. The writer has submitted a proposal to the

S4CS working group for the Waterberg and Soutpansberg Groups in which these
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formations are considered to be a single formation. The proposal has heen
accepted in principle by the working group. BHoth formations typically
consist of trough to planar cross-bedded medium- to coarse-grained arenites
and rudaceous arenites. They contain freguent pebble washes and the
Mogalakwena Formation includes three rudite members.

The coarser nature of the Mogalakwena Formation, as well as its

[+ 1)

higher percentage of lutite matrix and clay drapes, suggest that it is less
mature than the vrocks of the Sandriviersherg Formation. This implies that
the Mogalakwsna is the more proximal of the two.

Cross-bedding is almost universal in  the arenacecus facies of
these racks and trough cross-bedding is the most common type (facies 5t,
Gt). Planar cross-bedding i1s less common ocverall but becomes relatively more
abundant towards the southeast {facies Sp). Miall (1977, p. 48) shows that,
in general, trough cross-bedded arenites tend to be more proxisal than
planar cross-hbedded arenites, and that grain size and bed relief index both
becaome smaller with distance away from the spurce. Figure 3.28 clearly shows
the decrease in the sizes of the ten largest clasts across the basin from
the naortheast. This supporte De Bruiyn's {(1971b, p. 7} contention that there
is & general increase in grain size as well as an increase in the number of
rudite layers towards the north.

Calculated peak current velocites for rocks of the Mogalakwena
Formation vrange up to 2,33 wm/s, whereas the maximum current velocities
associated with deposition of the Sandriviersberg Formation were in the
order of 1,97 m/s. These figures vrelate very well to "typical’ flood
velocities for rivers given by éllen (1982, p. &3. He also gives '"typical’
velocities during normal flow as 8,5 to 1,8 m/s. In sediments like those
that formed the Sandriviersberg and Mogalakwena Formations, which have a
mean grain size in the range of @,% to 2,8 mm, such velocities would produce
trough and planar cross-beds in flows of @,4m depth (Blatt et al., 1988,
fig. 3.4).

Plamar cross-bed azimuths are often at a large angle to associated
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trough «cross-bed azimuths in these sedimentar rocks., Williams (1966}
describes similar features from the Torridonian {Precambrian) arenites of
northwest Scotland. He suqgests that they form from point bars {lateral
bars) in shallow, possibly braided streams. Allen (1966, p. 166} suggested
that such cross-beds could be formed by avalanching of sediment over lateral
bars in low sinugsity channels. High and Picard {1974) showed that planar
cross-bedding is generally either unimodal with a wide scatter, or bimodal
with subegual modes of S8° and &8° on both sides of the channel direction.
In an exposure on Riebeek West 339LR two sets of planar cross-beds are seen
on either side of a small channel, dipping towards each other and at a high
angle to the azimuths of the associated frough sets. Heavy aminerals which
occur in  the ‘channel’ as well as the areal distribution of the structures
indicates that the planar «cross-beds were possibly formed on laterally
migrating bars. The heavy minerals were most probably concentrated by a
converging flow in & similar way to that described by Smith and Beukes
(1783}, in modern rivers.

The overall palaeocurrent direction for these two formations
{244°-7255°) is towards the spouthwest; this similarity of palaeocurrent
directions is a further indication of the close relationship of the tuwo
formations. The consistent thickness of the formations {except in the far
north-northeast) suggests that they may have had a far greater extent at aone

time. Their extension in a southwesterly direction, would, by projection,

lead to an arenaceous, planar cross-bedded deposit. Jansen {1983) points out
that no proximal sediments have as yet been located in the Fuller Member of
the Volop Group, Olifantshoek Sequence, in the northern Cape Frovince, and
he suggests that it may be a distal correlate of the Waterberg Group. Since
the Fuller Member represents an arenaceous, planar cross-bedded unit, the
present writer proposes that it wmay well be a distal correlate of the
Mogalakwena and Sandriviersberg Formations.

The Mogalakwena and Sandriviersberg Formations appear to have been

deposited during a period when the basin was deepening at a steady rate and
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during the rapid development of a mountain mass to the northeast of the
bhasin. Sedimentaticn appears to have been rapid (coarse-grained and poorly
rounded grains), but ordered as indicated by a low occurrence of facies Gams
and relatively «consistent gpalaeccurrent directions. The thinning of the
Mogalakwens Formation towards the north was probably due to drag from the
continued upheaval of the source area to the north-northeast. Sediments froam

this wmountain range built out inte the basin as a large braidplain (Fig.

[ )

ed
o
-

overtopping the Letaba-Makcoppa rise and possibly continuing to a
distant ocean. Coarse rudite accumulated in proximal areas as longitudonal
kars {facies ©&Bm), whilst much of the sediment was laid down in channels in
which megaripples wmigrated downstream {(facies Gt, 5t). Less common lateral
bars and sandwaves deposited planar cross-bedded sediments, especially in
the more southerly areas (facies Sp). The Mogalakwena Formation was first

attributed to braided river deposition by Tickell (197350,

3.13.9 Cleremont Formation

Even though De Bruiyn (1971a) reported a fault which intersects
the Sandriviershberg Formation, but which does not displace the Cleremont
Formation, the latter has been described as gradational upwards into the
former {Jansen, 1982}, Exposures seen by the present writer support the view
that the boundary between these formations is transitional. The Cleremont
Formation 1is vreported to be 25m  thick {Jansen, 1982). It consists of
medium~ to coarse-grained, rounded to well rounded gquartzarenite, with
occasional layers of rounded small pebbles. The sediment is very clean and
is usually well sorted. The inferred palaeoenvironment is & relatively high
ernergy, distal subaqueous setting. The grain size and maturity of the unit
as well as the presence of small, well rounded pebbles, support an origin in
a littaral environment. A tidally-influenced palaeocenvironment seems most
likely since the trough cross-beds indicate palaeocurrents away from
probable land areas and the planar cross-beds are distinctly bimodal.

The cemmon occcurrence of trough cross-beds {(facies S5t) supports

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2020



&NQV

mations

For

berg and Mogalakwena

of the Sandriviers

interpretation

al

nt

-environme

336 Palaeo

Figure

Digitised by the Department of Lib ervices in support of open access to information, University of Pretor




UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

&5

&

g.l UNIVERSITEIT VAN PRETORIA
A 4

128

this hypothesis since they are abundant in both high energy as well as
intermediate to low energy coastal environments (Clifton et al., 1971
Davidson-fArneott and Greenwood, 1974). Flanar lamination (facies 5h), which
occurs extensively in the Cleremont Formation, is typical of several coastal
subenvironments, specifically +tidal delta deposits (Reinson, 1984) and
tide~daminated shelf deposits (Walker, 1984). The horizontally laminated
heavy mineral arenite {facies Shhm} possibly formed due to storm activity
levelling & beach (Gadow and Reineck, 1948; IN Reineck and Singh, 1973, p.
311). Buch a levelling-off would result in the removal of &ll the light
minerals by selective entrainment. Phosphates occur mainly in shallow marine
and pelagic environmenis {(Jehnson, 1978, p. 238). The phoshate clasts seen
in this study are rather angular and have not suffered much transport; they
give additicnal evidence of the propossd marine influence on this formation.

Large planar tabular cross-beds represent somewhat of a problem in
that wmost gof the processes that form them call for distinct tidal or
longshore currents. Tidal channel inlets, tidal deltas and tide-dominated
shelf deposits commonly contain planar cross-beds of comparable dimensions

to hose seen in the Cleremont Formation. If these structures are due to

[ d

tidal oprocesses it would imply that the associated sea was large enough to
produce tides capable of transporting sediment. Reinson (1979, p. 62) points
cut that small to wmedium scale delta foresets, which produce planar
cross-beds, wmay be caused by washover deposits associated with barrier
islands. The planar cross-bedded structures encountered in the Cleremont
Formation could also feasibly be due to very large straight-cresied
megaripples. Straight-crested megaripples, producing planar cross-bed sets,
gccur in  the lunate megaripple (outer rough) marine facies of Clifton et
al. (1971). However, in both of these cases the foresets are oriented toward
the proposed land. Harms et al. (1975) describe very similar features from
the &t. Feter GSandstone which also shows several apparent transport
directions; they indicate that these deposits formed on an open shelf. The

Cleremont Formation is thus interpreted to have formed due to the deposition
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of arenacepus sediments along a shoreline, possibly as & shelf deposit.

3.13.18. Vaalwater Formation

The Vaalwater Formation attains its maximum preserved thickness of
47%m in the centre of the Main Basin. It consists of fine feldspathic
arenites and lutaceous arenites., HMuch of the exposure encountered by the
present writer consists of mature horizontally laminated to massive arenite
and arenaceocus lutite, although trough cross-bedding and ripple marks have

heen reported. The depositiconal environment was probably of relatively low

ENEFgY, ‘althnugh the maturity of the sediments implies that at some stage
they went through an efficient sorting process. Taking into account the
nroposed envircnments of deposition of the underlying formations, it seems
that the most likely depositional environment for the Vaalwater Formation is
that of a shallow siliciclastic sea or littoral environment. It could simply
represent & finer facies from a similar environment to the Cleremont
Formation. The association of ripples and trough cross-bedding, shown in De
Vries {1973y, is, however, a feature usually seen in estuarine environments
{as de Vries points out) and this may indicate a fluctuating sea level. Sone
of the ‘convolutions’ reported by De VYries (1973, Fig. 18) look as if they
could be hummocky cross-stratification (Harms et al., 1975, p. BB), which is
taken as indicating storm wave conditions. In support of this analysis by
the present writer, de Vries does mention that the lamination follows the
topographical outlines of the structures and that no disruption is seen. The
generally greyish colour of the sediments may be significant; the red colour
of the rest of the Waterberg sedimentary rocks has been shown to be due to
pre-diagenetic or early diagenetic coating of grains; the implication is

that these sediments were in a less-gxidizing environment.
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4, ECONDMIC GEOLOGY

4.1 MINERALIZATION AT BGATKOP

the batk

]

e
e §

Mineralization n area on the farms Waterval 443KE and

Lan]

uffelshoek 445KE comprises tin mineralization associated with thorium,

uranium asscciated with copper, and zinc mineralization; minor secondary

m

enrichment of ilmenite occurs. Each of these are discussed below with their

-+

ic associations and known distribution,

in

peci

4.1.1 Tin and associated mineralization

The writer discovered tin in a sample taken on Waterval 443KE in
1978, while on a reconnaissance trip to sample & thorium ancmaly in the
1

Waterberg Group. This thorium anomaly was investigated in response to a

literature survey that showed thorium-bearing minerals such as zircaon,

m

monazrite and xenotime as common  components in 284 tin-bearing sediments

throughout the world (Callaghan, 1783a). Further sampling was carried out to

~+

ascertain the tin/thorium relationship. It was shown that a statistically

meaningful relationship exists between tin and thorium values in the Gatkop

i1

rea {(Callaghan, 1983a). Microscope and scanning electron microscope study

§f samples from the Gatkop area established that the tin is in the form of

P ]

rite. Thorium-bearing wminerals which are common in these sediments

e}
e
u
un
-
-+
e

Dl

are horite, monazite and zircon. Detailed investigation of exposures has

heavy mineral

-
o
s
-
m
o
n
]
-+

shown that the thorium is genperally more abundant
concentratiaon.

Heavy wmineral placers are usually formed by the process of
selective entrainment of lighter grains during late stage flows; this leaves
the heavy minerals as a lag. At Gatkop this process has caused a small
degree of concentration of heavy minerals. However, the relatively high

concentration in the area as a whole, even in beds that appear to have
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undergone no sorting, indicates that the sediment amoving inta the basin at
this point must have been enviched in  heavy minerals such as zircon,
crassiterite, +thorite and wmonazite. The placer minerals of interest aoccur

anly in the rhyolite- and the granite/rhyolite-pearing rudites. MNo
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rals may occur: titanomagnetite, ilmenite,
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Zircaon, thorite, monazite, cassiterite, witherite, andalusite, topaz,

togurmaline, apatite and possible auerlite (SEM gualitative analysis

cr
A
-4
[
rt
m
-

jor components a5 thorium, iraon, silicon, and phosphorous, the

w}
-
~
3]
m
=
o

single small grain thought to be thorotungstite

T

are inhomogeneous).

U
-5
1]
-t
o
Wi

(given in Dana (1932} as an oxide of thorium and tungsten’ was seen in thin

23]

cection 1847 during study under the scanning electron microscope; this grain
is homogenecus in  comparison  to the thorite grains and it contains a few
small inclusions of apatite. The topaz seen in these heavy mineral placers
is probably derived from Bushveld granite - topaz has been identified in
sample 186 from a granite boulder in the Rlma Formatiaon. Mo less than eight

he ten minerals most commonly associated with cassiterite in placer

0
“+
"+

deposits, occur with cassiterite at Batkop (Table 4.1).

Gt Gatkop the cassiterite is coarse (Figure 4.1) and may occur as
large composite grains. The composite cassiterite grains contain ‘veins’ of
manganocalcite and gquartz. Inclusions of manganocalcite and iron oxide also
occur (Figure 4.2). The fact that such large grains occur and that composite
grains are present shows that the cassiterite did not travel far before
being deposited in its present position. A distance of hundreds of metres or
perhaps as much as a few kilometres is envisaged. The cassiferite only
ccrurs in sediments which contain rhyolite clasts and it appears to be
acsociated with the rhyolite. This is significant since no rhyolite is
exposed today across the fault zone to the south. The source rocks of the

[o-3-3-91

-+

erite and other heavy minerals are thought to have moved tens of

kilometres towards the east since ARlma times due to the continued
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ion of the Murchison strike-slip fault. The establishment of the
detrital and the recognition of the strike-siip nature of the
fault, opresents a prospecting target in the rhyolites to the east

asspciated with cassiterite-bearing placer deposits
Those minerals occurring at Gatkop are marked with an as
{Adapted from Callaghan,

TABLE 4.1

"Typical" mineral assemblages

1983}

s
i

OCCURRENCE

CASSITERITE +«
IIRCON #
TOURMALINE #
ILMEMITE #
RONAZITE
TOPARZ *
LEUCGXENE
ANDALUSITE #
GARNET

EFIDOTE #

FE GXIDES #
YENOTIME
HYDRO-ILMENITE
ALLANITE
BUARTI *
STAURDOLITE
ANATASE

FYRITE
AMPHIBOLE
CORUNDUM
SPINEL AND PLEONASTE
G0LD

LIMONITE
MUSCOVITE *
CHROMITE
KEYANITE
BIOTITE +
BROOKITE
URANOTHORITE
CHLORITE +#

[ I W R A~ O~ el o (0

[ T O T o T N R -V O 5 T 1 T ) T R S o o I o O 2
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FIGURE 4.1: Twinned cassiterite grain from sample CC-1847 {Alma Formation)

jm]
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;e
-
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mn
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i

1,1 mm long.

FIGURE 4.2: Scanning electron microscope photograph showing cassiterite
{pale grey) with iron oxide inclusions (medium grey) as well as iron oxide
iined wmanganocalcite inclusions {(black). From sample CC-B8B8 taken at 57,3 -

58,48 m from borehole B84 on Waterval 443KE. The area photographed measured

159 microns across,
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4.1.2 Uranium and associated Mineralization

This mineral association is found chiefly on the farm Buffelshoek
446K8. The chief wuranium mineral present was identified as pitchblende,
atter comparison with opitchblende from the MWitwatersrand Supergroup. A
second  uranium  mineral present has been identified +from a gualitative

5 kasclite, & lead-uranium silicate. Chalcopyrite i1s by far the

0
jon
n
foort
ey
i
-
w
;1)

mest common mineral in this associationy it has & high copper and sulphur
content relative to its iron content, tiny inclusions of silver are to be

seen in places. Other minerals which cccur are bornite, quartz and galena.

et

Minor amounts of g are intergrown with the chalcopyrite.

o

en

[

Barite contains inciusiaons of chalcopyrite and galena. Buartz has occasional

inclusicons of galen and of uranium minerals. The gitchblende is usually

o

intimately assocciated with chalcopyrite, with the latter tending to form a
hale’™ arocund the uranium mineral. This is well illustrated in figure 4.3,
This association is also seen in Figure 4.4 where a chalcopyrite crystal
appears to have bLeen embayed and replaced by kasolite. A “pebble’ from
Buffelshoek 445KEE was identified in hand specimen as chalcocite, it was
coated with micaceous, green uranium oxldes.

f large area at Gatkop shows ancomalous uranium values. Uranium
and copper values of interest, however, only appear infrequently and are
confined to very small areas within the mineralized zone. The mineralization
is often confined to granite or rhyclife clasts and in one case appears to
grcur  in & vein. The uranium/copper associaftion occurs chiefly in the area
of mixed granite/rhyclite clasts.

The uranium/copper wmineralization 1is vciearly not of detrital

cer origin since it shows no relationship tc the detrital

[:E)

pl
cassiterite/heavy mineral association; also, vein material is present. Vein
type uranium deposits have been ascribed to continental weathering by
Barbier {(1974). There are several factors which support a genesis of

uranium/copper enrichment due to an allitization/monosiallizaticn weathering
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FIBURE 4.3: GSEM photcgraph of pitchblende {(white) in guartz (dark grey)
surrounded by copper and lead sulphides {(iight grey). From & minsralized

7 =3

vein in the Alma Formation on Buffelshoek 444KE., The area photographed is

FIGURE 4.4: SEM photograph of kasclite {light grey) replacing chalcopyrite
{mottled darkish grey) in a sample from the Alma Fermation on Buffelshoek

445KD. The area photographed 15 220 microns aCrGss.
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regime such as that proposed by Samama {(1973). Uranium and copper will be
concentrated in the cediments whilst lead and zinc {especially in an
allitization regime) will be eliminated and leached away. At the same time
reddening i{which is prevalent in the Alma Formation! would take place under

3

n action before

n
s
M
m
i
o
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s
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m
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b
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e
s

weathering regime was alread

.

deposition of theseg sediments, the parent rocks {Bushveld Complex granite!
would already have bheen enriched in uranium and copper. The weathering
process would have continued after deposition of the sediments on proximal

leading to further concentration. This process would explain

ns
o
ot
[
<«
st
[ 1]
ot
-+
T
oot}
ut

[N

the association of the mineralization with a specific sedimentary § =

n

c

o

fwhich is rich in granite clasts). Two factors support the probability that

such wuranium concentration would occcur preferentially over granite and in
+

sediments with & high percentage of granite clasts rather than over adjacent

rhyolites and quartzites. The granites caontain far more

w
-+
T
Yot
=
bl
-+
e
=
m
ur
-

uranium than the rhyolite (Twist and Harmer, 1987, p. 28 - 13+7ppa U in
granites compared to <&ppm in rhyolites), or the quartzite. At the same time
the granite is far more susceptible to weathering than are the rhyclites (1.
T. Crocker, 1937, pers.comm.). The guartzites are, of coarse, very resistant
to weathering. Thus, besides the initial advantage held by the granitic
material due to its inherent wuranium content, its susceptibility to
weathering under this regime would greatly enhance the uranium/copper
content of sediments forming from it.

The wuranium and copper could have undergone further enrichment by
being taken into soclution by connate {meteoric) waters as they became hot,
either because of geothermal gradients on burial or because of late granitic
intrusion. Magmatic waters may, o may not have mixed with these connate
waters before they moved up towards higher {coarser, in a coarsening-upwards
sequence) levels, where they deposited dissolved solids as veinlets, or
replaced pebbles. Gamma ray spectrometer measurements cver the thrust fault

an the western part of Waterval 443K8, where it is well euposed, showed

raised uranium values towards the central part of the brecciated zone. This
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shows that it may have been a conduilt for mineralizing fluids. The mechanism
for the movement of the mineralizing flulds may have been by seismic pumping
{Dixen, 1977, p. &L). This calls for a fault plane with periodic movement
such as that opostulated in the Gatkop area. Dilation of the rocks
surrounding the fault during the building up of stress is seen in modern day
situations by the drying up ot springs. When stress 1is reieased the
dilatational fractures «collapse and expel the water along the fault plane.
Leaching occurs in the zone of dilaticon {(Dizon, 1979}, and enriched waters

.

formed in this process may deposit their “load’ where suitable conditions

ol
-
L]
-
P
-
[oms

4.1.3 Zinc and associated mineralization

finomalous :zinc concentrations in the Gatkeop area occur chiefly an
the farm MWaterval 443KE especially near the southern boundary fauit.
can be seen for example in the average values for zinc in boreholes BR4,

a5, @886, 213, @814, and @28 (Appendix 2}, which were all drilled within

(=
= )

about i02m the fault zone (Fig. 3.8). In contrast boreholes B87 to @12
and borehole 819 show lower zinc values. & sample from 3 very poorly exposed
section of the Alma Formation adjacent to the fault zone on Waterval 443KQ
contains more significant zinc mineralization. ¥RF analysis of this sample

{no. 1354&) showed 3542 oppm zinc. taminatien in the thin section that was

Fs are

i)

studied is shown by variations in the grain size of guartz; nc feldsp
tc be seen and if they were present they must have been destroyed during the
intense alteration and weathering which it has undergone. This weathering
has partially destroyed the ore minerals with chalcopyrite and sphalerite
nccurring only as boxworks {(Figure 4.5). The other minerals which occur and
which appear to belong to the mineralization phase are fluocerite, fluorite
and zircong these wminerals are still fresh. The wmineralization 1is
interpreted toc be due to hydrothermal processes. Fluorite {which makes up
the bulk of the thin section) is colourless to pale yellow and it replaces

quartz (Figure 4.4)}. Both the hydrothermal minerals and the original guart:
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figat 1n a vyellowizh clay matrin. This matrix material has a low

birefringence and in thin section appears to be a yellow kaolinite. SEM

shows that 1t is an iren aluminium silicate, and it was therefore

identified as faratsihite ((Al,Felz5i20s(0HIs ~ Hey, 1973). The fluccerite

shows good cleavage and is of a resin-ocrange colour {(Figure 4.7, see p.

144). SEM analysis shows it to consist chiefly of cerium, lanthanum,

necdymium and praseodymium {the flourine content has been assumed). The

flupceri

te is «closely associated with the sphalerite. Some idiomorphic

zircon crystals which have clearly grown in situ also occur.

FIGURE

darker

chiefly

4.5: GSEM photo of sphalerite boxwork in sample CC-1546, showing the
diamond shaped pattern due to the (11@) cleavage of sphalerite. The
areas are titanium- and iron-rich whilst the lighter areas consist

gf iron; the boxwork lamellae are rich in zinc as well as iron and

titanium. From +the Alma Formation on Waterval 443KE. The area photographed

iz 138 micrans across.
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FIGURE 4.6: Fluorite replacing quartz in sample CC-154.The groundmass is
faratsihite. From the Alma Formation on Waterval 443KE. The base of the

photograph is 4,5 am across.

The «constant increase of zinc, measured in surface as well as
borehole samples; as the fault zone is approached may indicate that this
mineralization is also genetically connected to the fault; however, the

proximity of dolomite of the Malmani Subgroup on the southern side of the

)
s}

ault zone may also have caused zinc anomaly in this area, by ‘leaking’ of
zinc intc the clastic sediments.
There are several old workings on Waterval 443KE in the Malmani

Subgroup, within the fault zone. Some galena has been found in the walls of

one of these workings.

4,.1.4 Anatase Mineralization
Anatase rims o©on ilmenite grains are seen in a few thin sections
from the Gatkop area. These rims are attributed to authigenic/diagenetic

processes in which iron is lost from the ilmenite.
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4,2 MINERALIZATION IN THE REST OF THE BASIN

The wmineralization in the rest of the Main Waterberg Hasin falls
into four categories: small heavy mineral placer occurvences, manganese

pccurrences,; copper and barite occurrences and anatase enrichment.

4.2.1 Heavy Mineral Placer Mineralization

Small, low grade placers of titanomagnetite and ilmenite occur
throughout the MWaterberg Basin, especially in the Vaalwater, Cleremont and
Sandriviercberg/Mogalakwena Formations. Only 3 few of these are of interest
and none of them appear to be of economic significance. On the farm La
Rochelle JiBLR a large area {probably covering several square kilometres) of
the Mogalakwena Formation 1is slightly enriched in heavy wminerals. It
contains  15-2 percent of iron-titanium oxides and is also relatively rich
in zirconium, thorium and uranium. Analyses for samples from this occurrence
as well as those discussed below are given in Table 4.2,

ft Duikerfontein 263ER a small exposure in the Mogalakwena
Formation was first noted by De Villiers (19466), who reported 49 percent
ilmenite and 2 percent zircon in a sample. The values of a sample taken by
the writer from this locality show low TilOz and Ir concentrations, but high
thorium.

De Villiers (1944) also described an occcurrence at Kaffershoek
2IKR in the Cleremont Formation. Oniy a small exposure is to be seen and
there is no indication as to the total extent of the heavy mineral
gccurrence. De Villiers noted 44% ilmenite and 184 zircon in a sample fronm
this deposit. The interpretation of the Cleremont Formation as a littoral
deposit accounts for the exceptional degree of sorting and for the purity of
the concentrate. The heavy wmineral placer is a very fine-grained arenite
{thin sections 44& and 447}, which is associated with medium- to

coarse-grained, sugary-textured, mature guartz-arenites. Sixnty percent ot
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the rock consists of titanomagnetite (finely exsolved into Ti- and Fe-rich

lamellae).
TABLE 4.2
SONE OF THE BETTER HEAVY MINERAL CONCENTRATIONS ENCOUNTERED IN THE WATERBERG GROUP
FARM NAME AND NUNBER  FORMATION  LITHOLOGY AND COMMENTS N0,  Ti0. Total Fe Ir Ho Th U
[ 1 ppn ppm ppm ppa
BOSCHDRART ABKR Vaalwater  Laminated mediua-grained arenite 378 8,98 13,86 727t 243 997 19t
DIGGERSFONTEIN 15¢R  Vaalwater  Mottled fine arenite. e 2,33 7,68 1447 48 181 22
8t 3,18 10,02 1737 43 138 28
DUIKERSFONTEIN ogalakwena Poorly exposed, heavy mineral 43 8,5t 14,48 1289 S 748 32
236KR rich arenite. 414 1,04 16,95 f@61 12 B8%2 32
GOTHA S17LR Setloale Pebbly rudite sampled la abave 618 3,87 19,88 3631 3 6 08
underlying granite
HAAKDOORNBOOM 223K@  Vaalwater  Very fine-grained arenite 1565 1,83 11,19 4124 60 222 45
HARTEBEESTFONTEIN Mogalakwena Pebble rudite associated with trough 397 3,88 11,92 ity 1 35 38
116KR crosshedded granite rudite
HARTEBEESTHOEK Sandriviers- Granite rich crosshedded arenite, 1585 8,89 21,89 1938 26 227 @2
288K2 berg Heavy minerals concentrating chiefly 1586 12,11 25,88 286 BB 867 38
on cross-laminae
HOUTBOSCHKLDOF Mogalakwena Composite sample from trough 1639 2,34 22,57 979 17 283 Ol
410 crosshedded granite rudite
KAFFERSHOEK 23KR Clerenont Horizontally laminated, very fine 646 18,76 - 20633 37 437 128
grained arenite 647 13,16 - 17794 254 484 108
KLIPSPRUIT 457K0 Skilpadkop Pebbly granule rudite 1602 3,55 15,09 1578 g 148 3
1686 2,21 19,78 2215 ¢ 208 38
LA ROCHELLE 318LR Mogalakwena Sample 599 is of sand. N9 34 19,39 18%@ I 99 43
402 and 481 are of granule rich 6B0 8,67 15,13 1388 2 228 38
crosshedded arenite. a8t 8,98 16,08 862 19 8
MALMANSRIVIER 234k@  Sandriviers- Pebbly granule rudite 1561 7,37 21,77 2835 23 189 42
berg
MIDDELBOOMFONTEIN Vaalwater  Fine arenite 298 3,89 15,71 @99 138 45 19
68KR
HOOIMEISIESFONTEIN Sandriviers- Trough crossbedded arenite 1583 9,37 23,73 4461 53 42k 4B
254K8 berg
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TABLE 4.2 Continued...

FARM NAME AND NUMBER  FORMATION  LITHOLOGY AND COMMENTS NO.  Til; Total Fe Ir Mo Th U
1 A ppa  ppR ppE ppm

QLIFANTSHDEK 27KR Cleremont  Heavy mineral laminae in a large 589 79,82 19,24 20742 183 led@ 262
scale planar crossbed set

STERKRIVIER- Very poorly exposed, a total of five 628 2,37 14,76 213 2 3 2

HEDERSETTING 233KR formations occur in the ares. Sample

RIETFONTEIN 249KR 428 froam Sterkriviernedersetting.

STERKSTROOM 3BLKR Frick {1972c) gives analyses of up to
16,974 Ti0z and 8,26% IrD;

TOULON 495LR Mogalakwena Coarse arenite underlying cobble 1636 2,78 20,88 1156 1@ 364 33
rudite

UTTVAL 216KQ Vaalwater  Lutite 1576 1,42 7,9 2338 3 9 23

YERDOORNDRAAI 8OILR  Makgabeng  From ripple-marked arenite which 829 3,24 14,21 276 g 313 2
exhibits problematical ‘trails’

YRYHEID 53700 Mogalakwena Plane laminated arenite associated 1432 5,85 25,77 - = mmm 77T
with pebbly rudite

HELGEVONDEN 16K0 fasvoelkop  Heavy minerals associated with 1555 2,13 15,92 1@t6 11 189 26

pebble lag in pebbly granule rudite

Some
is praobably
ulvéspinel

(Stanton,

rircon, 2

1972

percent rutile, 2

grains shaw extremely fine exsolution lamellae in two directions; this

ulvéspinel. GSEM analysis shaws that some of this, apparent,

is ilmertite (FeTiOs). This may be due to oxidation

probably

, p. 38@). The rock also contains 1¢ percent guartz, 8 percent

nercent monazite, 1 percent thorite and traces

of garceixite (a barium aluminium phosphate which occurs both as inclusions

in zircon
iran,

uranium
process in

discussed

Frick

They

249KR. The

and

zirconium,

the

deposit

as discrete grains), zirkelite {SEM analysis gives calcium,

titanium and thorium as constituents) and uranothorite f{a

thorium silicate). Authigenic/diagenetic alteration is an important

enrichment of the titanium content of this rock and is

in section 4.2.4.

{1972c) describes three farms where heavy minerals accur.

are Sterkriviersnedersetting 233KR, Sterkstroom IB1ER, and Rietfontein

on Sterkriviersnedersetting is described as being the
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largest. These occurrences are poorly exposed and Jansen’s (1982} map shows

them to be underlain by no less than five formaticns. Frick gives analyses

x
o
P
o
[
™
a2
[

16,97 percent Tilz and 8,27 percent Ir0z. He considers
titano-haematite and ilmenite to be ithe most important minerals present.
Four occurrences in  the Vaalwater Formation are of interest. On
Middelboomfontein &BKR at the site of vradiometric anomaly 7-4-12, the
ragipactivity as measured with a scintillometer is high and a sample of the
fine arenite proved to be rich in titanium, zirconium, mclybdenum and
thorium. Similar sediments at Diggersfontein 15KR indicate that alfhough
individual occurrences appear small they may in fact be quite extensive in

ormation. A laminated medium arenite from Boschdraal 6BKR

bt}
i8]
ot
E
200
(%
m
=5
L]

the
{which may have been deposiied in & littoral environment! was found to be
rich in :zirconium, mclybdenum, thorium and uranium. Radiomeiric anomaly

8-4-11 on Vischgat 11KER proved to be rather interesting. No outcrop was seen

[13]

at the =site of the anomaly, but tiny iron-rich opebble are highly

-+
[l

hiece is

m

radigactive and rich in zirconium and molybdenumi the genesis o

Besides the FKaffershoek placer one other occurrence in  the

On DOlifantshoek Z7ER the Cleremont
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Formation ig =slightly enriched in heavy minerals and individual crass-bed
laminae sometimes cshow particularly high concentrations of more than 3@

percent heavy minerals. One such lamina gave the analysis shown in Table

There are dozens of camples which show 1@ to 15 percent heavy
minerals with about 1 percent Ti0z and/or >{888ppm Ir; but besides the
depcsit at La Rochelle 31@LR, which was included because of its size, only

the richer concentrates have been tabulated.

4.2.2 Manganese Mineralization
The MWaterherg baszin contains many small occurrences of manganese.

These have been described by De Villiers (1946@8) and by Hammerbeck and
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Taljaardt {1974). The deposits occur as gash vein fillings and shear zone
impregnations as well as localized concentrations in the sediments. One low

i

grade deposit occurring in an  out r of the Waterberg sediments on

m

Bronkhorstfontein 42LR and on Baden 9J@8LR to the north-northeast of
Steilloopbrug, was worked in the 1968°s.

Some of the occurrences in the southern part of the basin are
associated with faults which wmay form part of the Murchison fault zone,
others appear to be small stratabound syngenetic deposits. The deposits have
not been studied in detail since this is outside the scope of this project.

i relatively large {(previpusly undescribed) occurrence can be seen

ow]

'y it has been prospected in the past as can be seen from

na
[

Elipspruit 457K

a number of trenches and pits as well as a small quarry. Samples from this
gccurrence are rich in manganese, barium, tungsten, copper and zinc {(Table
4.3)., The author {found the relatively high ‘tungsten values fo be of
interest, since anomalous tungsten values also occur elsewhere along the
southern edge of the basin. Although the significance of this is not clear,
‘these occurrences may indicate a possible tungsiten deposit at depth which is
related to the fault zone. The nature of the tungsten content has not been
established, but it may be of colloidal form as discussed by Kerr (1940) and
by Lindgren (1922) in their papers on tungsten-rich manganese deposits. The
chief manganese mineral present at this locality was determined by X-ray
ditfraction to be cryptomelane. Alsoc present in small amounts are
pyrolusite, braunite and hollandite. Very small XRD peaks which could

represent chalcogite and wolframite are present.

TABLE 4.3

ANALYSES OF THREE SAMPLES TAKEN AT THE KLIPSPRUIT MANGANESE OCCURRENCE

FARM NAME AND NUMBER FORMATION ND. HnO Cu In W U Ba
% pPp® ppm ppm ppm  ppm

KLIPSPRUIT 457KQ Skilpadkop 1484 26,50 2938 794 636 113 3418
1685 20,31 1866 627 421 183 5233

1687 8,84 134 1113 44 97 2788
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4.2.3 Copper and Barium Mineralization

Several occurrences of minsralization, which are areally related

mineralization wusually coneists of copper, lead or barium minerals, and is
ctten accompanied by brecciation and guartz veining. One of these

&t  Nooitgedacht the orebody occurs in and along a dolerite dyke
SE* NZB°FE. The aore occurs in guartz veins (De Vries, 1978; De
Bruiyn, 1972b7. Minerals described by De Bruiyn include digenite,
chalcopyrite, wmalachite, azurite and chalcocite. De Bruiyn reports that
whilst no galens was present in the specimens which he studied, it did occur
in the wmine. Samples where taken from the dumps and the analytical results

are iven in Table 4.4, HNearby on the farms Vogelsfontein 6%KR and

o

Rhynosterfontein 94KR samples of lutaceous guartz-arenite are rich in copper

and lead. This shows that besides the vein mineralization the rocks have
also been pervasively altered.

On ¥lipdrift 231KE a shaft and several pits have been excavated on
a dolerite dyke and associated guart:z veins. There is much malachite to be

chite green colour. This dolerite

2

(=

segn  and the dolerite itself is of a ma

contains 1,7 percent copper, whereas the brecciated dolerite-quartz vein

material gave only 8,12 percent copper {(Table 4.4},

Gn GSchoonwater 14KR several small occurrences of barite and
barite-copper wmineralization are to be seen. At 24°2,953°8 : 27°27,87°E
barite occurs in a pipe-like body in the middie of & ploughed field; the

occurrence is about 1@m in diameter and the barite is guite pure with about
43 percent barium {Dana, 1932, gives 63,7 percent Ha for pure barite).
Although some malachite was seen under a binocular microscope no Cu was
detected bty the ¥RF analysis, possibly due to background effects caused by
the high barium content. At 24°4,86°5 : 27°246,33'E a barite-lutite breccia

S ¢ 24°26,74°'E several

o
"
)
iy
p
I
I
-
ra
L
©
o
©n
3

with «copper staining is seen in
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TABLE 4.4

RNALYSES OF SANPLES INTERPRETED TO HAYE BECN ENRICHED BY EPIBENETIC HYDROTHERMAL MINERALIZATION
FARM NAME AND NUNBER FORMATION  LITHOLDSY AND CIOMKENTS NO. Tot. Fe S Ba Cu In W Fb
Y Dpk [EE  PPR GPE PR PR

GROENDRAAT 213K8 Vein quariz 1648 1,18 4 187 3003 23 4
Vein quartz with chalcopyrite 1649 @,8! 14 53 2% 37 92 a1
and salachite.
folerite 1658 15,48 333 B4y 229 153 722

Cleresont  ‘Spotted’ arenite 1652 &,86 I ows 13 I 14 &
Cleresont  Brecciaied areniiz with vein 1653 8,27 g 9% 7 4 g 3t
guartz infillings.

GROGTHOEK 2738 fasvoelkop Horizontally laminated pebbly 1p4e 14,94 22 325 7325 1378 B as
granuie rudite

Skilpadkop Branule rudife at top of 1613 8,75 16 831 1414 8dp 267 29
Skilpadkop Formafion

hasvoelkop Arenaceous lutite af bese of 1614 5,73 21 1039 268 4B 1t Ih
fasvollkop Formation

fasvoelkop Malachite rich arenite. f major 1615 7,96 1528 485 24008 3 g
differentiated sill intrudes the
fasvoBliop sedisents at this focality

KLIFDRIFT 2318 Dolerite  Mineralized dolerite 1659 14,77 192 i159 17630 172 g 1
Brecciated vein quariz and 1678 2,79 73 1253 117 2% @
dolerite

HODDERSPRUIT 158KR  Dolerite  Highly weathered dolerife &44 - 5 8 4 93 81 4

1971 15,25 5 & 3 76 34 g
1572 15,96 148 BB3 53BR 288 119 ]
1973 13,43 I OI3T 3t 63 4 8
1574 17,34 4 26 7@ 079 Bl (]

HODIFONTEIN {58KE  Vaalsaler HMediua to coarss-grained arenite 135% 4,27 - - 34 2 9 8

ROCITGEDACHT 92KR Samples 384 and 385 are from 384 27,15 57 3589 + B B 13749
dusps of crushed material shich 383 J3@,93 89 3538 + # g 16198
zay have been a concentrate. 86 4,32 15 492 S%&6 2% 52 2959
Sagple 386 is & copposite
sagple from the sain duep.

RHYNOSTERFONTEIN Vaalwater Arenite 299 4,48 113 897 te@4 24 9 4%

96ER

SCHOONWATER 14KR Barite and lutite breccia with 1662 8,81 1459 43 + [} B ]
salachite
Lutite breccia with barite and 1663 5,84 1806 9% 1351 16 196 ]
aalachite
Lutite and quartz brecria 1666 4,78 581238 532 @1 W e

VOGELSFONTEIN &9KR  Vaalwater Fine-grained arenite 97 71,98 £ 1159 351 42 g 433

SYNBOLS: - not analysed
+analysic unreliable
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trenches are cut into a lutite-guart:z breccia.

srcavation with several trenches and

o
ut
=
w
fou
ot
m

On Groendraai Z213KQ

i

an  adit, dating from the late 1938°s, 15 to be ceen. A dolerite dyke passes
near the trenches, oquartz veins are abundant. &lthough local farmers say

that tin was mined here, the only mineral

recognized in situ were

i

[
o
I
[xw}
r+
L.
e
o
w
E
m
-
m
-
m
m
o
o
1]
-

chalcopyrite and malachite. Samples e. Sample

Pt
1

w1

Sa

.

1548 contains

! pom Snoan rple 164% conftains 37 ppm Sn. In an excavation
next to the adit, spotted quartz arenite contains 33ppm 5n and 11iSppm W.
This workinog was supposedly mined for more than a year but there is no dump,
sg that the wmaterial taken out wmust have all been taken elsewhere for
beneficiation.

At Groothoek 278 KU an occcurrance of copper (with minor tungsten)
is ambiguous in nature and may in fact be of syngenetic origin, being
related to the wvolcanic material in  the Aasvollkop Formation. It does,
however, oocur near a major siil which may have been the conduit for epigene
mineralizing +fluids. On the GSkilpadkop/hRasvofliop boundary there is sonme
mineralization. The medium to large pebble-rudite at the top of the
Skilpadkop Formation has malachite coatings on the granule and coarse sand
grains of the matrix. The rock is nevertheless of a greyish red 3R4/2
colour., Immediately above this a dusky red SR4/2 sandy lutite of the
fiasvo#lkop Formation occurs. The Cu, In and W content of these rocks is
summarized in Table 4.4, Also from this formation are blocks of mineralized
lutite at 24°39,31°98 : 27°33,4°E. Ho outcrop of this material was seen since
these blocks appear in  an area of soil cover. They are probably from the
tase of the fasvollkop Formation. A prehistoric furnace cccurs on this farm

and slag-like material +from it was sampled; the only metallic element

i :

cccurring in gquantity in this ‘slag’ 1s iron.
& weathered dolerite an Hodderspruit 158KR shows high Cu and W
analyses. The tungsten is thought to have been enriched in the dolerite by

percolating grounduwaters.
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FIGURE 4.7: Flucoceriie {bright orange} under crossed nicols, the yellowish
mineral is faratsihite. From the Alma Formation {sample CC-134) on Waterval

0.

443K0. Base of photograph is i,ilmm lon

\: 141\ i

c 0O & ]

FIGURE 4.8: SEM photograph showing fine sand-sized grains of magnetite {(m),

ilmenite f{ily, =zircon {z), and quartz (q), cemented by anatase {an}. From
the Cleremont Formation on Modderspruit 158 #R. The area photographed is 4,7

it 2Cr 055,

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2020



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

o
ﬂ UNIVERSITEIT VAN PRETORIA
<
147

4.2.4 Secondary Enrichment

Secondary, In situ enrichment of titanium has taken place in
several heavy mineral occurrences, but it is only on Kaffershoek Z3KR where

this form of mineralization 1is of importance. At this locality the iron

-

titanium oxides show extensive alteration with wide rims of anatase being
common. In thin section &47 the rock has in fact been cemented by anatase
(Figure 4.8. In Figures 4.9 and 4.1% element intensities are shown on X-ray
element distribution images. Here the relation of titanium to iron can be

5E indicates quite clearly the titaniferous nature of the cement.

1]

ny thi

m

This deposit appears to be of limited extent from the small area of exposure

seen, but it may well extend some distance under the thin soil cover.
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FIGURE 4.9 An X-ray distribution image of the same area shown in Figure 4.8.

This gives an image for ircn and shows the titanomagnetite and ilmenite

grains.

FIGURE 4.18@ &n Y-ray distribution image of the same area shown in Figure
4.8, This ogives an image for titanium and shows the anatase matrix very

well.
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5 SUMMARY AND CONCLUSIONS

3.1 GENERAL GEODLOGY

-

ns
Yot

ot thirteen

r
0

The MWaterberg Broup has been divided into a

ic

-t

formations (5ACS, 1988). The ogroup consists chiefly of coarse clas
sediments which show a general fining upwards throughout the succession from

tes. Lutites are uncommon and

=S

utaceous

ot

rudites through arenites (o

21

r

i

n
ronstitute less than ten percent of the group as a whole. Lavas are rare and
tuffs are uncommon. The sediments are thought to belong to the Mokolian

Erathem and they are approximately 1888my old. The Waterberg Group rests

urconformably on  rocks belonging to the Soutpansherg Group, the Kooiberg

Group, granites and wmafic rocks of the Bushveld Complex, the Transvaal
Sequence and the Archaean gneisses and granites of the Kaapvaal Crataon.

Trough and planar cross-bedding are present in certain formations
and the characteristic palaeccurrent direction +for the group is from
fortheast to southwest. The lower formations in the scuthern part of the
Main PEasin show a considerable palaeccurrent component from the south. Two

upward-fining segquences are evident in the Waterberg Group. The

T
-8
[}
m
1
ot
~

first appears in the lower half of the group, fros the base up to the
fasvollkop and Makgabeng Formations {which are stratigraphically adiacent).
The second is from the Mogalakwena and Sandriviersberg up to the Vaalwater
Formation.

The most common colour of Waterberg sediments is of & mid-red (GR)

hue, of medium to low value ({relatively dark} and of a low to moderate

chroma (poorly to moderately saturated).
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5.2 STRATIGRAPHY

The

"

ediments. The

areal distributicn of the Swaesrshosk Formation

T
ot
i)
[
Ced

hows minimal overlap of significant thickness with the rest of the

[#5]

waershoek Formation and its correlate, the

Wilgerivier Formation, show a great similarity in geographic distripution

with the FRooiberg Group {Van Biljon, 19743 Coertze et al., 19

~-}
~J4

}. The

Swaershoek and Wilgerivier Formations are almost compleiely confined to the

limits of the Transvaal Basin. The genesis of the Nylstroom Basin has been

interpreted as bheing due to upper crustal warping, whilst the formation of
the Alma trough has been attributed to lower crustal events such as crustal
subsidence and deep faulting {Coertze et a3l., 1977).

The Swasrshoek Formation appears to belong in a different

tectonp-stratigraphic milieu

to the overlying sediments of the Waterberg

Group. It is suggested that the Swaershoek Formation is therefore remcved

from Waterberg Group stratigraphy and possibly grouped with the Loskop,

Glentig, Rust de Winter and Wilgerivier Formations in the upper part of the

Transvaal Seguence. The term Nylstroom Subgroup should be discontinued.

rkwena and Sandriviersberg

.Cl
']J

laterally gguivalent Mo

Formations are shown to have & similar sedimentary character. They are

the author to constitute one formation which is gradational in

character from the north-noriheast to the south-scuthwest. This gradation

sncompasses grain size, maturit

-

~r

', bedforms and colour, but is in all cases

in context with & facies change from more proximal to more

distal sdiments. Falaesocurrents are remarkably similar with 194 trough
rross-bed measurements in  the Sandriviersberg Formation giving an average
direction of 253° whilst 229 trough cross-bed measurements in  the
Mogalakwena Formation give an  average direction of 2534°. The author has
cubmitted & proposal to the SACS working group for the Waterberg and

Sputpanshberg

Broups in which it is suggested that a single unit called the
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Sandriviersberg Formation is accepied into the stratigraphy to replace the
present Sandriviershberg and Mogalakwena Formations. The proposal has been

accepted in principle by the working group.

5.3 BASIN EVOLUTION AND SEDIMENTATION

The Main MWaterberg Basin evolved as a coptinental, fault-bounded
basin, in the northera.pact aof the Kaapvaal Clraton. The Murchispon lineament,

which 1lies on the southern edge of the basin, is interpreted as a

s
e

long-lived, fundapental, strike-slip fault system. It _shows evidence.of

predominantly left lateral wmovement since the deposition. of the Alma
Formation. The stratigranhic record showea.that this line was of considerable

importance in__delineating basin edges and basin deeps throughout the

gf:lagi;a; history of the craton. Evidence from the Waterberg Group
sediments confirams this trend.

Transpressive strain along the Murchison strike-slip fault zaone
resulted in the formation__of deformation lamellae in guartz in Bushveld
granites near Thabazimbi. Later transtensile forces along the fault system
led tg the development of the Alma Trough. In the Gatkop ares east of
Thabazimbi this transtensile periocd resulted in block faulting and the
consequent deposition of highly arkosic sediments which can be described as
tectonic arkoses.

The sediments of the Waterberg Group constitute an upward-fining

spquence af red heds, which show characteristics of rapid depositign. in.the

lower arts o the curcession. The OSwaershoek and lower Sterkrivier
1 P _af __the € WAErS ' : _ atererivier

— e

Formations are considered by the present writer to belong to a pre-Waterberg

phase of deposition. They are interpreted to have been deposited on

fan-deltas by streamflow and debris flow processes. The sediments may have
heen reworked on beaches and fine-grained sedimenis were depcsited on

interfan-delta +tidal flats. Contemporary volcanism resulted in tuffaceous
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beds and lahar deposits.

The Alma and upper Sterkrivigr Formations, which_are considered by

the present writer tg form the base of the Waterberg Group, are inferpreted
tg  hav been deposited a5 a series of alluvial fams forming & hajada along

arp caused by the uplifted block on the scuthern side of the Murchison

rt

or
1 rL"

i

il

i

30340,

strike-slip fault zone ({(Fig. 3.3 Granite, previcusly subjected to high
strain vrate deformation, was ercded into the basin and granite clasts as
well as individual quartz grains in the Alma Formation show deformation
lamellae of the sub-basal type I as described by Carter {(1971).

The Murchison strike-slip fault remained active and the Skilpadkop
Formation was deposited. At this stage the locus of erosion moved fowards
the =east and northeast, although there was clearly still considerable input
from the south. The deposits of the Skilpadkop Formation are considered to
nge formed a narvow hraidplain and the envisaged geomorphical expression of

the 3,35,

guthern part of the basin at this time is shown in Figure

m

Activity_ in the southernmost portion of the Palala shear zone

meanwhile produced the partly feldspathic arenites and rudites of the
Setlanlie Formatiaon, which Were deposited on a narrow braidplain.
Contemporanecus volcanism resulted in minor tuffs and tuffaceous lutites

The fasvoblkop Formation represents an upward-coarsening sequence
of lutitez and arenites which are interpreted to have been deposited 1in a
shallow, through-flow 1lake. Fluvial sedimentation probably played an
increasingy important role towards the top of the seguence.

Sedimentary rocks which today form the Makgabeng Formation are
interpreted to have formed a large dune field which may have been coastal
towards the south, where the Makgabeng Formation grades into the Aasvollkaop
Formation. Meinster and Tickell (1973) first interpreted this deposit as
being due to aeclian processes. Problematical structures discovered in a
chzllow water intercalation may have & vital origin.

The Mogalakwena and Sandriviersberg Formations are interpreted as

having been deposited by large braided rivers flowing from the highlands in

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2020



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA
e

&
&

g;ﬂ UNIVERSITEIT VAN PRETORIA

A 4

the north-northeast fowards a distant sea in the southwest, Tickell {(1975)
first interpreted the Mogalakwena Formation sedimentary rocks as
representing the deposits of a braiced river system. An extensive braidplain
was formed {Fig. 3.34), with a gradation in facies from the northeastern
parts towards the southwestern parts. The Fuller Member of the Volop Group
may represent a distal correlate of these formations.

‘%5 the highlands in the north were ercded and the sediment input
decreased, the sea transgressed over the braidplain and the Cleremont
Formation was deposited. The Cleremont Formation is interpreted to have
formed due to the deposition of arenacecus sediments along a shoreline,
possibly as & tidally influenced shelf deposit. The Vaalwater Formation is
also interpreted as heing repressntative of a littoral or shallow
siliciclastic sea environment.

The Murchison strike-slip fault underwent further periods of
activity after the deposition of the Alma beds. This resulted in_the tilting
and overturning of the &lma Formation sediments. At Gatkop the Malmani Group
cf the Transvaal GSequence was overthrust, towards the northeast onto the
overturned Alma sediments. The Melinda Fault in the southern part of the
ﬁf}ala shear zone tilted the Makgabeng Formation at Morgenzon 138LR into a

vertical positian.

S.4 PETROLOGY, GEODCHEMISTRY AND ECONOMIC GEOLOGY

Common rock types seen in thin sections of the Waterberg Formation
include submature to immature arkose in the Alma Formation and various
litharenites in the Sterkrivier, Skilpadkop, Aasvollkop, Sandriviersberg and
Mogalakwena Formations. The Cieremont Formation consists chiefly of
quartzarenites (Fig. 2.1a). There 1is a vague upward trend through the

Waterberg Group from arkosic sediments near the base, via mixed gquartz/rock
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The cedimentary rocks show two upward-fining trends, the first
from the base of the group up to the fasvoélbop and Makgabeng Formations and
the cscoand from the Mogalakwena and Sandriviersberg Formations up to the

1 1
ib}

o)

‘aalwater Formaticon (Fig. Z. .

The compositiaon of the provenance rocks as interpreted from thin
tion studies, shows that a shift occurred in the source areas from the
Alma Formation {chiefly acid plutenic), upwards. In the overlying formations
the provenance appears to have been mized, with contributions from acid
plutonics as well as from sedimentary and/or metamorphic rocks.

Deformation lamellaes in guartz crystals in Bushveld Granite and in
quartz grains of the Alma Formation were found to be at & moderate angle to

the basal (B@@1) plane, which indicates that they are due to geologically

r

normal strain rather than to impact.

Rack type 1is reflected in both major and trace element analyses,
and in the «case of the Alma Formation the similarity of geochemistry with
analyses from Bushveld Branites may be indicative of their source-sediment

relationship. There appears to be & good relationship between plots of major

element ratios and thin sectien studies, with Alma Formation samples

m

onsistently showing their arkosic character, whilst many samples from other
formations show a lithic character. The samples from the Cleremont Formatian

tently classified as quartzarenites.

W
,‘
m
i
i)
-5
n
-
g

Mineral occurrences in the Waterberg Group have formed by placer,
hydrothermal epigenetic-authigenic and possibly hydrothermal stratabound

processes. FPlacer amineralization of interest occurs in  the Alma _and

Cleremont Formations. Epigenetig hydrothermal mineralization cccurs in the

oo e

Gima, Skilpmadkop, Aasvolllipp and Maalwater Formations.
0 =1 KO0 t : b

Minerals occurring in placer deposits in the Cleremont Formation
include titanomagnetite, ilmenite, ulv#spinel, zircon, gorceixite, monazite,
thorite, zirkelite, rutile and urancthorite. Authigenic/diagenetic

alteration of the ilmenite has produced anatase rims and at Kaffershoek 23KR
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the anatase is a major cement comprising more than 28% of the rock.

The Alma Formation 1is wmineralized in the Gatkop area, where it
contains the following suite of detrital heavy minerals: ilmenite,
titanomagnetite, thorite, =zircon, witherite, monazite, cassiterite, topaz,

andalusite, tourmaline, barite, auerlite, apatite, sphene, uranothorite,

o+

arne and thorotungstite. The high tin/thorium correlation at Gatkop has

u3

Leen related tao the association of thorium-bearing minerals with
cassiterite. This relationship is seen in most other cassiterite placer
deposits throughout the world. Authigenic/diagenetic mineralization is seen
it places at BGatkop as thin anatase rims on ilmenite. Epigenetic
hydrothermal enrichment at BGatkop produced at least two associations: &
pitchblende, kasolite, chalcopyrite, barite, bornite association and a
sphalerite, fluocerite, chalcopyrite, fluorite association. The uranium and
associated mineralization is ascribed teo an allitization/monosiallization
weathering regime which also resulted in the reddening of the sediments;
enrichment due to epigene processes may have resulted in the deposition of

some of the wuranium and copper in veins and also in the replacement of

[
ot
[0
11}
Py
i
-

Manganese occurrences have been summarized in previous works
{Hammerbeck and Taljaardt, 1976; De Villiers, 19&8) only one new oCcurvence
of any significance was discovered during this studyy this occurs at
Klipspruit 457K@ in the Skilpadkop Formation. The geometry of this body
suggests that it wmay have been syngenetic. The chief manganese mineral
present at this locality 1is cryptamelane. Also present are pyrolusite,

braunite and hollandite.
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