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ABSTRACT

The felsic rocks of the Bushveld Complex are host to abundant, small polymetallic
mineralisution. The study involved mapping and metatlogenic characterisation of an area
north of Bronkhorstspruit, in the acid phase of the Bushveld Complex.

The upper Rooiberg Group shows an evolution from thyodacites of the Kwaggasnek
Formation to thyolites of the Schrikkloof Formation. The Rooiberg Group formed from the
same magma that formed the underlying granophyres. The granites represent further
fractionation of the same parental magma, evalving from grey homblende-rich granites at
the base of the sheet to red biotite-rich pranites at the top,

Mineralisation is derived from highly fractionated granites that evolved to water saturation,
Structural controls also influenced hydrothermal fluid flow. The mineralisation progresscs
from a magmatic Sn agsemblage through & Cu-Pb-Zn assemblage o a late meteoric Fe-U-F
assemblage superimposed on earlier assemblages. Progressive fluid mixing fror magmatic
to meteoric chavacterised the development of the paragenetic s2quence,
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CHAPTER 1
INTRODUCTION

1.1 General

The Bushveld Complex, situated in the ¢enteal northeast portion of South Afiica, is the
world’s [argest known intrusive complex. The Complex, situated noz'w . f Pretoria,
occupies a total area of approximately 67 340 km?, with a long axis of approximately
470 km and a short axis of 380 km. The Complex is developed in three distinct lobes
{Figure 1.1). The western lobe siretches from just north of Pretoria to Zeerust in the
west and north to Warmbathr, The eastern lobe stretches from Pretoria to Burgersfort
and Steelpoort in the east, and the northern lobe is developed around and to the north

of Potgietersmns.

From a geological point of view, the Complex is of major scientific interest, not only
due to its size, but alzo due to the development of the world’s largest layered mafic
intrusion (the Rustenburg Layered Suite), as well as one of the world’s largest
subaerially developed felsic voleanic suites, the Rooiberg Group (Twist and French,
1984). Associated with these rocks are large volumes of granites and granophyres.

From an economic point of view, the Complex represents a vast repository for a large
portion of South Africa’s mineral wealth. The mafic rocks of the Rustenburg Layered
Suite are host to chromium, platinum, nickel, titanium and vanadium, whereas the
acidic rocks of the L-bowa Granite Suite and its associated roof rocks are host to
fluorite and tin miner:lisati- 1 as well as innumerable, small, polymetallic deposits. A

number of these form o 2% tae main focuses of the present project.



Over the years the Lebowa Granite Suite and its related roof rocks have been refatively
negiceted, both s ientifically and in exploration endeavours, in favour of the
econuically richer Rustenburg Layered Suite. However, recently geologists have
hegun to approciate the large, mostly unlapped potential of the felsic rocks,

particularly as hosts to polymetallic deposils, often with unusual mincral associations.

fese

1 one

i_.._.-- 1 fndumwy Srorde Sude

i [y P

ANEA COYENLD =" *’(1.1) Rusipebrg Toyered Suite

3% WA R wmi% 'd‘.v)

e Rustnye Gronegbyre Suite
A0 km AD

Roudigeg  Gruup
Trapsenal Segurace

i1ro® ! [aax I 36+

Figure 1,15 Location and generalised geology of the Busliveld Complex

(inset shows position of larger map}

1.2 Aims of study

The study was initiated by Riv Tinto Exploration Lid., in conjunction with the
University of the Witwatersrand, to cxamine the felsic rocks of the Busliveld Complex
in an arca north of Bronkhorsispruit as part of un exploration program of the Bushveld

granites, The aims of {he study were:



. To map an area of felsic rocks of the Bushveld Complex, north of
Bronkhorstspruit, consisting of voleanics of the Rooiberg Group, granophyres of
the Rashoop Granophyre Suite, and the granitic rocks of the Lebowa Granite Svite,
In addition to distinguish the different granite types in the area based on texture,
mineralogy and colour. From this mapping a geological outcrop map of the area
wi - produced (see folder in back).

. 'To study known mineral occurrences including their morphology, alteration
assemblages, ore mineralogy, origin, relation to host rock and paragenetic
sequences in an atteript to understand the nature of various polymetallic
mineralisation styles in the felsie rocks of the Bushveld Complex. Along with this

' study a search for new mineral ocourrences was carried out during the mapping,

. An investigation, both petrologically and geochemically, of the rocks to determir.e

their characteristics as an aid to exploration.

. To investigate and consider the controls on mineralisation

5. Attempt a generalised model for polymetellic mineralisation within the felsic rocks

of the Bushveld Complex.

The mapping was done on 1:10 000 aerial photographs and 1; 50 000 topogrnhie
maps. The outcrop data was then digitised at Rio Tinto Exploration Ltd. anc _.inted at
a scale of 1; 100 000 for use in this study (see folder in back).

Laboratory investigations, incinding petrographic and geochemical work was carried
out at the Geology Department of the University of the Witwatersrand. Agsaying and

geochemistry of certain mineralised samples was carried out by Bergstrom and
Bakker, Johanneshurg, South Africa.



1.3 Locality and features of the study area

The study area is situated approximately 48 km north-east of Preforia and 25 km north
of Bronkliorstspruit ag shown in Figure 1.2, The town of Groblersdal lies 28 km to the
north-east and Witbank 28 km to the north-esst of the margins of the study area, The
area forms an arc 62 km in width from west to east, stretching from 28° 37 Et29°
15" E, and approximately 45 km north to south along the longer westetn portion,
stretching from 25° 13’ 8 to 25° 40°8 at its southernmost tip,

The area is arcuate owing to the presence of a number of settlements, namely
Kwaggafontein, Tweefontein and Viaklaapte 1 & 2 in the central portion of the arc, as
well as the presence of two major nature reserves (see Figure 1.3). Mapping was not
undertaken in and around the settlements in the central portion of the arc, and access to
the nature reserves was restricted, This limited the size and shape of the study area.
Nevertheless there are three major settloments within the study area. These are Moloto
on the western border of the study area, KwaMhlanga in the west and Verena in the

eastern central portion.

O)ther minor settlements such as Kameelpoori, Wolvenkop and Leeuwfontein also
occur vithin the study area as well as extensions of Tweefontein and Viaklaagte,
Figure 1.3 shows the study area in greater detail.

The area covers rocks of the central acidic phase of the Bushveld Complex including
granites of the Lebowa Grandte Suite, granophyres of the Rashoop Grancphyre Suite
and rhyolites of the Rooiberg Group, and contains niutmerous small mineral

occutrences of generally minor importance,
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Figure 1.2: Location of the study area

1.3.1 Drainage

The area {alls in the drainage basin ~f the easterly-draining Limpopo River on the
South African - Zimbabwe border, and is thus drained by rivers flowing northwards or
gagtwards, which are tributaries tc this river. The major river in the study area is the
Wilge River that flows through the southern central portions of the area, To the east of
the southern limb of the study area it flows into the Olifants River, which to the
northeast flows into Loskop Dam and hence flows northwaids (see Fig. 1.3).

The Moses River to the north drains the central portions of the study arwa where it
flows in a northeasterly direction before flowing northwards. It flows to the west of
Groblersdal where it joins up with the Olifants River. The Bnkeldoringspruit drains the
northwestern portion of the study area, flowing in 8 northerty direction before flowing
into the Rlands River, to the north of the study area. The Elands River subsequently
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flows into the Olifants River, The southwestern portion of the study area is drained by
anumber of tributaries of the Elands River, which flows novth to the west of the study
area. The Van Dykspruit and Loopspruit both flow into the Hartbeesspruit which fows
through Molate westwards to the Elands River (see Fig. 1.3).

The northern postions of the study area are drained by the Kameelriver, with its
tributary the Sandspruit, which flows into the Elands River to the north of Dikgwale
(see Fig. 1.3). These rivers have inftuenced the topography and outcrop of the area.

1.3.2 Topography

The study area is on a platean with an elevation of approximately 1350 wm. Iu tue
northern extrernities of the study avea an escarpment is developed on the famms
Zandspruit 189 JR a;d Malock Zyn Kop 58 IS (see Fig. 1.4). North of this escarpme:it,
around Dennilton, Matstiding and Dikgwale (see Fig. 1.3), the land drops off'to form
the low {lat-lying country ot the Springbok Flats.

The escarpment is developed along » BESE - WNW trend stretching from the area to the
east of Vreemdeling 65 JS all along to Zandspruit 189 JR (sce Fig. 1.4 and folder for
farm positions), before it turns to the south.west, The land rises from elevations of
approximately 950 m on the Springbok Flats to 1400 m along the escarpment (see Fig.
1.4 below),

To the south of the escarpment the land rises gently, with local highs ob the farms
Fngelschedoornboom 95 JS and Rooipoort 440 JR. Rivers such us the Kameel River,
the Enkeldoringspruit and the Wilge River have cut down into the plateau, In the
extreme southern portion of the study area the land rises to above 1500 m, where
sediments of the Waterberg Group are developed to the sowth of the Wilge River, It is
found that the granite plutons generally form lower, gently undulating country with the
roof rocks of granaphyres and rhyolites fonming higher, hilly country.



A notable topographic landmark is Rhenosterkop found in the south central portion of
the study area near the Verena - Bronkhorstspruit road (see folder and Fig. 1.4),
Rhenosterkop forms a distinctive hill, rising 270 m above the surrounding countryside,
with a gentle slope on its southern side and a steep slope on its northern side. The hill
is the site of spectacular agglomerates, and hence has led previous workers (Twist,
1983) to consider it as a voleanic vent for the Rooiberg Group, developed to the
northeast of the hill,

1.4 Previous Investigations

Abundant work has been done on the more important tin and fluorite deposits such ag
the Rooiberg and Zaaiplaats tin deposits hiosted elsewheie in the Bushveld Complex.
However, relatively little work exists on descriptions of the rocks in and around the
study area, The most notable work, that borders onto the present study ares, is that of
De Bruiyn (1980), who investigated the rhyolites, granophyres and granites notth of
Pretoria, with the easternmost portion of his study area coinciding with the westemn

portion of the present study area,

De Bruiyn (1980} desctibed the different rock types, both petrographically and
geochemically, ar i then used geostatistical techniques to study their inlerrelationships.
He concluded that the acidic rocks are all genetically related to ench other. and formed

by progressive o ¢ ution of a granitic magma.

Walraven (1986) attributed compositional layering, seen as stratigraphic variations in
mineralogy and compesition, to differentiation of the parent magma, Walraven's
{1986) trace element differentiation indey (TEDI) given as Ba x (Sr/ Rb), can be used
10 determine the level in the granite sheet, and can be used in exploration, since ore
deposits will be found in the more differentiated portions of the sheet where
incompatible elements such as tin, copper and lead will be concentrated. Walraven et

al (1990b) supgested that Rb and Sr isotopes cottld also be used as indicators of
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mineralisation in the granites, as their ratio changes with increasing fractionation of

the granitic magma.

Lenthali (1972¢c) proposed a teutative model for the evolution and development of the
Bushveld granites, Lenthall (1975) undertook geologicat mapping and sampling of the
granites in the Moloto, Zusterstroom and Dennilton areas, in an attempt to demarcate
potential tin-bearing areas and to determine the characteristics of both mineralised and
non-mineralised Bushveld pranites, Hunter and Lenthall (1971) described the
geochemistry of the acid phase of the Bushveld Complex, but concentrated more on
the geology around Zaaiplaats.

De Bruiyn and Rhodes (1975) described the Makhutso granite, the youngest granitic
phase of the felsic rocks, found immediately to the north of the central portion of the
study area, while Walraven (1988) determined the age of the Makhutso granite as
approximately 2049469-72 Ma (Pb-Pb whole rock). This placed an upper age
restriction on the age of intrusion of the Bushveld granites as Walraven and Hattingh
(1993) showed that the age of the granites of the Lebowsa Granite Suite are 2054,4 &
1,8 Ma years old, using Pb-Pb evaporation techniques on single zircons.

Walraver (1982} studied only the granophyric rocks of the Complex, with the
granophiyric rocks in the study area forming part of his study. He concluded that the
Stavoren Granopliyue, in his nomenclature, is the most prominent and abundant
granophyric rock in the Bushveld Complex, and was emplaced as a magmatic
intrusion below the voleanic rocks of the Rooiberg Group, with which it is cogenetic,
Lenthall (1971) proposed a nomenclature system for the granophyres, which used the
nature of the under- and overlying rocks for its classification. De Bruiyn (1980) used a
sirnilar scheme in his study of the acid tocks north of Pretoria. The age of the Rooikop
Granite Porphyry was recently defermined to be 206042 Ma (Walraven, 1997). This
unit is considered to be contemporaneous with the Rashoop Granophyre Suite,
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French and Twist (1983) gave a generalised description of the Rooiberg Group.
Clubley- Ammstrong (1977) described the geclogy of the Rooiberg Group around
Loskop Dam, to the east of the study area, and praoposed a new stratigraphic
subdivision of the Group based on the relations exposed around the Dam. Schweitzer
et al (1995a) re-evaluated the rocks of the Rooiberg Group, and concluded that they
should be sub-divided into the Dulistroom, Damwal, Kwaggasnek and Schrikkloof
Formations based on lithology and geochemistry. Only the upper Rooiberg Group
comprising the Kwaggasnek and Schrikkloof Formations is found in the study area.
Recently Walraven (1997} determined the age of the rhyolites of the Rooiberg Group
to be 206132 Ma using 2 single zircon Pb-Pb method.

Mellor (1905) described the geology of Rhenosterkop, a possible volcanic vent for the
Rooiberg Group. Clubley - Armstrong and Sharpe (1979) examined the structural
evolution of the Dennilion Dome and its telationship to the intrusion of the Bushveld

Complex.

Merensky (1908) described the rocks of the Bushveld Complex in which tin could be
expected, and gave brief descriptions of some of the ocourrences in the study ares.
Twist {1983) evaluated the economic potential of the Rooiberg Group, and concluded
that it could be a host to mineralisation in its own right, and not simply a repository for
mineralisation derived from the underlying granites, as is vsually found. He described
possible exploration models and target types for mineralisation in the Rooiberg Group.
Schweitzer et al (1995b) also evaluated the economic potential of the Rooiberg Group
but concluded that mineralisation in the rhyolites is derived from the underlying
Rustenburg Layered Suite or the Bushveld granites. However, they did not rule out the
possibility that the Rociberg Group may be host to volcanogenic deposits derived

directly from volcanic activity.
Crocker (1979) described various fluorite, tin and associated rare metal - carbonate

mineralisation and alteration associated with mineral deposits throughout the Bushveld

granites. Hunter (1971) examined some of the controls on tin mineralisation in the
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acidic rocks of the Bushveld Complex, whereas Lenthall (1974) described the tin
production from the Bushveld Complex, including the small, now defunct workings in
the study area. Scogings (1991} evaluated the base metal potential of the Bushveld
Granites in the former homeland state of KwaNdebele, within which the study area is

located.

Detailed descriptions, however, of the various mineral occurrences in the study area
are limited and usnally only deal with one occurrence and do not include similar
deposits, Few authors have attempted a generalised model for mineralisation
associated with the acidic rocks of the Bushveld Complex or within the associated roof
rocks.

Champion (1970) described the mineralogy of the Albert Silver Mine in detatl,
whereas Van Ziyl (1965) studied the geophysical. responses of the same deposit, but
conld not draw any specific conclusions, Robb ef al (1994) re-examined the deposit
and concluded that ore-bearing fluids had welled up beneath a fine-grained apical
phase of the granite, thus forming the ore deposit. This mineralisation style can be
genetically related to the origin of other well-known deposits in the Busliveld granites,

such as the Rooiberg and Zaaiplaats tin mines.
Martini and Vorster (1994) described, in general, all the mineral occurrences found on
the 1: 250 000 geological sheet of the area north and east of Pretoria, The mineral

occurrences in the study area fall on this 1: 250 000 metallogenic map, and generalised

descriptions of some of the occurrences are given by Martini and Vorster (1994).

1.5 Research Methods and Analytical Techniqunes

The study area was mapped on 1: 50 000 tfopographic maps and sampled, with a
careful distinction made between the different granitic phases, in order to ascertain
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whether certain granite types are more luwty to be inineralised than others. Known
deposits were mapped, studied and sampled, and any features which may be related to,
or indicate mineralisation were mapped and sampled, In doing so, a comprehensive

geological outcrop map of the area was produced (see folder in back),

Polished thin sections, as well as polished sections, were cut so that the petrography of
the various rock types and mineralisation styles could be studied and characterised.

The geochemistry of a representative group of samples, numbering 43, was determined
by using a Phillips 1400 X-ray fluorescence (XRF) spectrometer at the University of
the Witwatersrand, for both major and trace elements. Samples from the major mineral
accurrences, such as the Zustershoek Tin Mine and the Albert Silver Mine, along with
representative samples from all of the rock types, were assayed for base and precious
metal values by Bergstrdm and Bakker, Johannesburg, South Africa, using the fire
assay method. Bergstréém and Bakker undertook assays on the most mineralised

uples, All crushing, sample preparation and analyses were carried out by the author
at the University of the Witwatersrand.

Determinations of whole rock Fe®* / Fe™ ratios, using the method described by Wilson
(1960), were done to characterise differences in the ferrous to ferric ion in granites
from different heights in the granite sheet, and varying degrees of alteration associated
with mineralisation (for the analytical technique see appendix B). These
determinations were carried out by the author in the geochemistry laboratory of the

- University of the Witwatersrand,

Petrographic fluid inclusion studies were undertaken at the University of the
Witwatersrand to determine the nature of the ore-bearing fluids, and to test the
hypathesis of two fluids of differing origin mixing to form a wide range of metal

associations in mineralised areas.



CHAPTER TWO
STRATIGRAPHY

? 1 Stratigraphy of the Study area

The study area consists predominantly of the felsic rocks of the Bushveld Complex,
which includes the Rooibstg Group, which in many areas forms the roof rocks to the
C‘omplex, the Rashoop Granophyre Suite, mostly underlyinyg the rhyolites of the
Rooiberg Group, and the Lebowa Granite Suite, comprising a nuraber of different
lithological types. The mafic rocks of the Rustenburg Layered Suite are not developed
in the area. Sedimentary rocks of the Waterberg Group, dated at 1735+50 Ma (Burger
and Coertze (1973), Pb-Pb and Pb-U methods) and Karoo Supergroup, dated at 18747
Ma for Drakensberg basalts in Lesotho {Fitch and Miller, 1971, K-An), are found in the
area, but do not directly form part of the studied rocks,

The Bushveld Complex is exposed in three major lobes. A western lobe is developed
between Pretoria and Warmbaths, and stretches westwards beyond Rustenburg and the
. Pilanesberg into Botswana, The custern lobe siretches from northeast of Pretoria to
Middelburg and Steelpoort in the east. The northem lobe, which outcrops on a smaller
scale, is exposed to the west and north of Potgietersrus.

A fourth southern lobe is known to exist to the south of Witbank and Middelburg, by
the presence of inliers of Rooiberg Group and Nebo granite in younger Karoo strata,
such as the Balmoral Granite north-northeast of Argent (SACS, 1980).

The Bushveld Complex is subdivided into two muior suites: the mafic rocks of the

Rustenburg Layered Suite, and the felsic rocks of tk e Lebowa Granite Suite and its
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related roof rocks. The Lebowa Granite Suite outcrops over a large area in the central
part o¥'the Bushveld Complex {Fig. 1.1). Age data for the two main suites as well as
other dates for the Transvaal Supergroup, the Rooiberg Group and the Rooikop
Granite Porphyry, thought {0 bo an cquivalent age to the Rashoop Granophyre Suite
(Walr.aven, 1997), are given in Table 2.1.

The Transvaal Supergroup, which covers most of the nort"ep stern portion of Scuth
Affica, has the Wolkberg Group, developed in the Eastern Transvaal (Truter, 1950,
SACS, 1980), at its base, overlain by the extensive Black Reef Quartzite Formation
(SACS, 1980). The predomvinantly calcareous Chuniespoort Group overlies this
horizon (SACS, 1980). Unconformably overlying this Group are the alternating
argillaceous and arenaceous sediments of the Pretoria Group (SACS, 1980). This
group contains voleanic horizons within it, such as the Hekpoort lavas (SACS, 1980},
dated at 22243:21 Ma (Burger and Coertze, 1973) and the Machadodom volcanics
(Button, 1973).

Numerous doleritic and gabbuoic sitls intrude into the upper levels of the Pretoria
Group, and are believed to be feeders 1o the Bushveld Complex (Cawihorn ef al,
1981} The end ol Pretoria Group sediicentation was marked by extensive voleanism,
be:mruing with the Dullstroom Formation developed on the margins of the Bushveld
~omplex, pari..ularly in the area surrounding Loskop Dem. Overlying this is the
Damwal Formation developed exclusively in the Loskop [Jam area (Clubley-
Armstrong (1977)). SACS (1980) previously regarded these two formations as being
the uppermost formations of the Pretoria Group, before the extrusion of the voleanics
of the Rooiberg Group. However, Schweitzer ef af (1995a) have argued for their
inclusion into the Rooiberg Group, where they form the lower part of the Rooiberg
Group overlain by the Kwaggasnek and Schrikkloof Formations of the upper Rooiberg
Group (Schweitzer et al, 1995a).

These latter two formations were previously termed the Selons Riviey "~mation by
SACS (1980), Only the upper Rooiberg Group (the Kwaggasnek and Schrikkloof
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ROCK UNIT {hge (Ma) INo. Method [Materfal Reference

I;ﬁ-s-f?:eld complex and posi-Transvaa!l

Intruni-es

{Makinrso granits 2049+698-72 Ph-Pb whole rock  fWalraven (198E)

Nebo granite, Lebowa Grapite Suite 20 3422 Pb-Pb  Isingle zircon [Walraven and Hattingh (1893}
Unper Zone, Rustenburg Layered Suite 2061227 33|Rb-Sr whole rock  |Walraven ef af (19580a)
Stavoren Granophyre, Rashoop Granaphyre 205312 U-Pb bulk zircon  |Coertze ef s/ (1578)

Suita

Rocikop Granite Porphyry 20602 Ph-Pb {singte zircon (Walraven (1997)

Rootkop Granite Porphyry 206510 8|U-Bb bulk zitcon  |Faurie (1977)

Transvaal Supergroup

Rhyolite, Selons River Formaticn, Rociberg {20612 Pb-Pb {single zircon |Walraver (1997)

Group _

Dullstrocm Basalt Formation (22342443 9Rb-Sr whols rock  |Walraven (1987)

Dyisiroom Basalt Formation 2104128 Various  whole reck |Schweitzer (1986)

Hiespoort Andesite Formation 2224421 Rb-8r whole rock  |Burger and Coertze (1973}
|Tirmebat Fornation, Preforia Grous 12208163 11Rb-Sr whole rock  [Munter and Hamillon (1878}
Ozk Tree Formation, Chuniespoort Group 1255023 32|Pb-Pn |single Zircon |Walraven and Martini {in press)
Abel Erasmus Formafion, Wolkberg Group  [2138+46/47 Bij-F'h whole rock  |Armstrang (1987)

Godwan Formation j [ 232546873 5{Pb-Pb whole rock  [Armstrong (1887)

Tabie 2.1 Ave determinations for various rock uaits within the Transvaal Supergrenp and making up the Bushveld Complex




Formations) is found in the study area. The Rooiberg Group forms the roof of the
Bushveld Complex and has an age of 206112 Ma, determined by Pb-Pb single zircon
work by Walraven (1997).

Massive, seemingly homogeneous rhyoaacites and thyolites of between 1500 m to
2500 m thickness dominate the Kwaggasnek Formation, forming the lower part of the
upper Rooiberg Group, Ite top is marked by a conspicucns zone of quartzite xenoliths,
ranging in size rom a few cms up to Sm. in size, in a zone approximately 20 m t-ick
(De Bruiyn, 1980), A prominent agglomerate layer overlies this, and is in turn overlain
by a tuffaceous shale layer, that comprise the Union Tin Member of the Kwaggasnek

- Formation. Overlying this is the predominantly flow banded rhyolites of the
Schrikkloof Formation, which has a prominent ash flow tuff’ and agglomeraty at its top
(De Bruiyn, 1980},

Conformably developed above the Schirikkloof Formation is a sequence of shale,
sandstone, conglomerate, granophyre and rhyolite known as the Loskop Formation
(Coertze ef al, 1977). This formation, having an age of deposition between 2100 and
2200 Ma (SACS, 1980}, marks the end of volcanism and sedimentation in the
Transvaal Basin (Coertze et 2/, 1977), so that it was deposited around the time of
intrusion of the Bushveld Complex and prior to Waterberg Group sedimentation at
about 1750 Ma (Burger and Coertze, 1973),

The Rashooy: Granophyre Suite, which is intimately associated with the Rooiberg
Group and Lebowa Granite Suite, is found to 1ake up different stratipraphic positions,
The predominant type is that which is found between the Bushveld granite below and
the Rooiberg Group above, De Bruiyn (1980) called this type the Sterk River
Granophyre, The second type is found between the Bushveld granite and the overlying
Transvaal Sediments, and was called the Stavoren Granophyre by De Broiyn (1980),
The third type, which is of imited extent, is the Blinkwater Grarophyre (De Bruiyn,
1980), which is uoveloped between the Rustenburg Layered Suite and the Lebowa

Granite Suite,
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Walraven {1982), who undertook s detailed study of the granophyric rocks, preferred
the term Stavoren granophyre for those rocks representing the magmatic intusion
below the Raooiberg Group. This granophyre type is the most abundant of the types
found in the Bushveld Complex, and is considered to be syngenetic with the Rooiberg
Group. '

The Rustenburg Layered Suite, dated at 2061327 Ma (Walraven ef af (1990b) Rb-Sr
whole rock), intruded into 1. uppermost levels of the Pretoria Group, Iis roof rocks
consist of Pretoria Group sediments such as at Poigietersrus, Rooiberg Group rocks
such as the area to the north of Loskop Dam, flie Rashoop Granophyre Suite such as
the area north of Brits, and the Lebowa Granite Suite such as in Sekhukhuniland to the
east of Groblersdal, | |

The last phase of the Bughveld Complex was marked by the intrusion of the Lebowa
Grantte Suite, with the age of the Nebio granite given as 205432 Ma (Walraven and
Hattingh (1993){single zircon Pb-Pb dating), This granite, which in the past has been
called the Red Granite ot Bushveld granite, is now recognised as being made up of
different granite types, which differ slightly in camposition, appearance, texture and
field relations. The predominant type is known as the Nebo granite, which is a grey to
red coarse-grained grapite, Various local terms for this granite in specific geographic
locations, such as Sekhukhuni granite for the grey coarse-grained granite found
predontinantly on the Sekhukhuni plateau to the east of Groblersdal, or the coarse
porphyritic Verena granite developed in a phiton to the west of Verena jownship. are
taken to be textural varieties of the Nebo granite.

Specific names are given te two distinct granite types of the Lebowa Granite Suite.
One of these is the Bobbejaankop granite, whose type area is in the vicinity of the
Zaaiplaats Tin Mine near Poigietersrus (Strauss, 1955}, This granite variety is a dark
red, coarse-grained granite characterised by deep red earthy K-feldspurs, abundant
coalesced quartz with a chain-like appearance, and a very low mafic mineral content.
The Bobbejaankop granite is intimately associated with tin mineralisation at
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Zaaiplaats. De Bruiyn (1980) preferred to call g, -nites of this type Klipvoor granite in
his study area, preferring to keep the name Bobbejaankop granite as specific to the
Zaaipiaats type area,

The second special granite type is the Kiipkioo! granite, a fine-grained, aplitie, pinkish
brown granite that is found as dykes or sills in the Nebo granite, and is considered to
be the fractionated end member of the Neho granite, It has an age of 2 J38+170-192
Ma (Pb-Pb whole rock, unpublished data-F, Waliaven).

Other granite names, such as the Main and Lease granites, are very specific to certain
type localities, and will not be considered. Recent studies by Walraven and Hattiugh
{1993) have established the age of the Nebo granite at 2054,4 + 1,3 Ma using single
Zircon Pb-Pb dating.

A younger granite, known as the Makhutso granite (De Bruiyn a1d Rhodes, 1975), is
developed in an area to the north of the Verena granite. Its field relations, composition
_ and age suggest that it is not part of the Nebo granite sheet, but that it intruded after ail
the other granites, and was probably not related to the magma forming the Nebo
granite (De Bruiyn and Rhodes, 1975). Its age is 2049 + 69 - 72 Ma (Pb-Pb whole
rock)(Walraven, 1988). Tis age is younger, within a margin of error, than the Nebo
granite,

Table 2.1 gives ages of various units in the Trangvaal Svpergroup and Bushveld
Complex, The Rooiberg Group, dated at 206142 Ma (MWalraven, 1997) followed
Transvaal Group sedimentation, This was followed ghortly afterwards by the Rashoop
Granophyre Suite, thought to have an equivalent age to the Rooikop Granite Porphyry
of 2060+2 Ma (Walraven, 1997). ‘Lhe Rustenburg Layered Suite (RLS) followed
shortly after (2061427 Ma)}(Walraven ef af, 199Ch), owing to the recognition of
granophyte xenoliths in the RLS {(Walraven, 1€87). The Nebo granile intruded at
20542 Ma (Walraven and Hattingh, 1993} so that it intrudes into both the Rooiberg
lavas and the granophyres, as suggested by contact relationships (see Chapter 4), The
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Makhutso granite has a younger age; but has a large crror margin; of 2045+69-72 Ma
(Watraven, 1988), making it a later, separate intrusion,

The Rooiberg Group is ovetlain conformably by sandstones, shalus and conglomerates
of the Waterberg Group (SACS, 1980), which were deposited soon after infrusion of
the Bushveld Complex. To the south of the study area glacial tillite of the Dwyka
Forrmnation and the cbal-bearing hotizons of the Eeea Formation of the Katoo
Supergroup outcrop. Table 2,2 gives a stratigraphic subdivision of the units developed
in and around the study area,
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Table 2.2: Stratigraphy of the study area

contorted flow-banding near top

Rock Group iSedimentary Rocks Ignecus Rocks
Ecca lsandstone, shale,
Karoo Group conglomeraie, coal
Supergroup  |Dwyka tillite, shale
Formation
undifferentiated dizbase [ dolerile sills
norphyritic biofite granite, fine- IMakhutso
grained 7 places Granite
pinkish brown aplific fine-grained Klipkioof
grarnite Granite
red mediuen fo coarse-grained Bobbejaankop
Waterberg  [Wilgerivier |sandstone, shale, granite Graniie
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CHAPTER 3
DESCRIPTION OF THE ACIDIC ROOF ROCKS

3.1 Introduction

The Rooiberg Group and the Rashoop Granophyre Suite are major components of the
roof rocks to the Bushveld Complex. They will be considered together in this chapter.
The relationship of the Rooiberg Group to bntﬁ the mafic and felsic phases of the
Bushveld Complex make it a» important sequence to consider in any discussion of the
felsic rocks of the Complex. The granophyres ate intimately associated with both the
granites of the Lebowa Granite Suite and the rhyolites of the Rooiberg Group and in

most cages, but not all, form an intermediate suite between the two.

3.2 'The Rooiberg Group
3.2.1 Imrtraduction

The Rooiberg Group has significant interest in any study of the felsic rocks of the
Bushveld Complex, as it often forms the roof rocks to the granites (SACS, 1980), ss is
seen in the study area, the Rooiberg Fragment and near Poigietersrus. The rocks of the
Rooiberg Group ate also significant, in that they represent a large volume, more than
300 000 km’® {French and Twist, 1983), of felsic magmatism. In addition they havz a
thickness of more than § km in areas {(French and Twist, 1983), and so represent one
of the warld’s largest terrestrial acid volcanic provinces.

The Rooiberg Group is intimately associated with the Bushveld Complex, having been
extruded approximately simultaneously with the intrusion of the Rustenburg Layered
Suite, Extruded at 2,0614+2 Ma (Walraven, 1997), the Rooiberg Group was
subsequently intruded by the mafic, and later by the felsic phases of the Complex, The



relatively large etror in the Rb-Sr whole rock of the Rustenburg Layered Suite
(RLS)(Walraven, 1997), ag well as evidence for granophyre xenoliths in the RLS
{Walraven, 1987) would point to Rooiberg extrusion and granophyric intrusion (at
2060::2 Ma (Pb-Pb single zircon)-Walraven {(1997)) prior to RLS intrusion. As such,
the Rooiberg Group acts as a host to mineralisation derived from the underlying
granites and possibly the mafic rocks {(Schweitzer et af, 1995b), such as the Union Tin
Mine north of Mylstroom or the Swartkloof fluorite mine near Warmbaths,

3.2.2 Stratigraphy

The large extent of the Group, its uniform character, and lack of reésonably good
butcrop in most of the Transvaal Basin, has in the past led to difficulties in subdividing
the succession into subgroups and formations and in correlating lithologies from one
area to the next, As a result, previous investigators have tended to devise their own -
stratigraphy for the sequence, using such criteria as texture, structure and colour, Thus
difficulties have arisen when trying to correlate these formations and developing a
uniformly acceptable stratigraphic column for the sequence.

Barly workers used textural and structural features in their stratigraphic subdivision,
but their subdivisions cannot be employed for regional stratigraphic comelations, due
to the lateral variability of the criteria used (Schweitzer ef &/, 1995a), However,
numerous workers have identified a prominent agglomerate unit underlain by a zone
of quartzite xenoliths. Above this agglomerate, the rhyolites are strongly flow-banded,
and overlain at the top by an ash-flow tuff. These observations have been made in
widely separated areas, such as Nylsttoom and Warmbaths, west of Potgietersrug, and
north of Pretoria,

Workers such as Clubley-Armstrong (1977) and Twist (1985) have extensively studied
the Bothasberg Plateau, in the area around and to the east of Loskop Dam. Clubley-
Aﬁnstrong (1977) identified a breceia or tuff overfain by mudstone, sandstone, shale
and / or tuff. Clubley-Armstrong (1977) used this horizon to subdivide his upper
Setons River Formation into a lower Doornkioof and an upper Klipnek Member, At
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the base of the Selons River Formation, the same author identified a prominent
quartzite unit, which he used to separate a lower Damwal Formation from an upper
Selons River Fonnation. The Damwal Formation is only found on the Bothasberg

Plateau, and is not found to the west of Loskop Dam,

SACS (1980) accepted Clubley-Arnistrong’s (1977) subdivision for the Rooiberg
Group in the eastern Transvaal, but kept the terms Kwaggasnek and Schrikkloof
Formations for the Group for the western Transvaal, where the agglomerate layer,
underlain by quartzite xenoliths in a layer 1 to 3 m thick, separates the two formations.
De Bruiyn (1980) preferred to use the subdivision of the Kwaggasnek and Schrikkloof
Formations in his investigation of the felsic rocks north of Pretoria, He identified a
prominent agglomerate horizon underlain by quartzite xenoliths, and used this to
separate the two formations, where the lowe: Kwaggasnek Formation showed a more
massive nature compared to the more flow-banded upper Schrikkloof Formation,
which is capped by a volcanic tuff horizon,

Schweitzer ef al {1995a) used all of the observations of previous workers, as well as
their own obsetvations, to propose a new suhdivision for the Rooiberg Group, The
criteria they used were marker horizons such as:
» the pyroclastic flow at the top of the Schrikkloof Farmation / Klipnek Member
» pronounced flow-banding throughout the Schrikkloof Formation / Klipnek
Member
» an agglomerate and / or volcanic breccia at the top of the Kwaggasnsk Formation /
Doornkiool Member,
+ g shale / Wiff horizon at the top of the Kwaggasnek Formation / Doornkioof
Member, and
s guartzite xenoliths at the top of the Kwaggasnek Formation / Doomkloof Member,
They proposed that Clubley-Anmstrong’s {1977) Selons River Formation be
disregarded, and that the sequence be subdivided into the lower Kwaggasnek and the
upper Schrikkloof Formations. This would also make Clubley-Armstrong’s (1977)
Doornkloof and Klipnek Members obsoleic. The Damwal Formation, found beneath
the Kwaggasnek Formation, is developed only in the Loskop Dam area and it, together

24



with the Dullstroom Fonmation forms the lower part of the Rooiberg Group, which is,
in turn, ovetlaini by the Kwaggasnek and Schrikkloof Formations. The proposed
subdivision (after Schweitzer et al, 1995a) is given in Table 3.1.

Tahble 3.1: Proposed subdivision of the Rooiberg Group
(after Schweitzer et al, 1995a)

GROUP | FORMATION | MEMBER
UPPER Schrlkkloof
ROQIBERG | 'Ywaggasnak | Unjon Tin

LOWER Damwall
ROOIBERG | Dullstroom

The Union Tin Member is found at the top of the Kwaggasnek Formation, and consists
of the égglomerate and shale horizon found above the quartzite xenoliths. The
uppermost tuff, agglomerate and quartzite horizon, found at the top of the Schrikkloof
Formation, called the Rﬁst de Winter Member by De Bruiyn (1980), is found outside
the studly area, o the northwest, around the Rust de Winter dam.

Lying above the Rooiberg Group and below the Waterberg Group is the Loskop
Formation, which represents the final steges of sedimentation in the Transvasl hasin,
before the Waterberg Group was laid down. For convenience the Loskop Formation is
placed into the uppermost portions of the Rooiberg Group, due to the presence of jarge
amounts of voleanics, along with sediments, in the sequence, It is always found
between the Rooiberg Group and the Wat~rberg Group, suggesting thatitisa
transitional horizon from the volcanic succession of the Rooiberg Group to the clastic
sedimentation of the Waterberg Group.
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The Loskop Formation consists of purplish black shales, reddish-brown sandstones,
conglomerates as well as coarse agglomerate, black rhyolite and granophyre in places.
The Loskop Formation outcrops in the southwestern portion of the study area and,
notably, at Rhenosterkop, on the farms Rietfontein 446 JR and Rhenosterkop 462 JR in
the south centeal part of the study area, This hill, rising 270 m above the surrounding
landscape, has been considered a possible voleanic vent to the Rooiberg Group (Twist,
1983), but to date has only been investigated once (Mellor, 1905a).

Figure 3,1 shows the general distribution of the different formations of the Rooiberg
Group in the study aren. Figure 3,2 shows an approximate stratigraphic column of the
Rooiberg Group and Loskop Formation as found in the study area,
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Figure 3.1: General distribution of the Rooiberg, Group and the Loskop Formation
in the study area
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3.3 The Rooiberg Group in the study area

3.3.1 Kwaggasnek Formeation

3.3.1.1 General Description

The Kwaggasnek Formation is characterised by massive dark red, dark brown to black
thyolite, The rhyolite is often vesicular as well as porphyritic with plagioclase feldspar
phenocrysts typically 2 min in size, A distinctive feature of the formation is the lack of
flow-banding, as well as interspersed agglomerates, tuffs or sedimentary leh. < of any
type. The rhyolite would seem to have heen extruded under very quiet, non-explosive
conditions, and to have been extruded subaerially due (o lack of sedimentary

‘ntercalations.

Near the top of the formation a horizon, varying from a few centimetres up to 3 m in
stze, is found, consisting of quartziie xenoliths, These are mostly all recrystallised, but
sometimes ao show crossbedding, such as a large xenolith 3 m in diameter on the fatm
Rietfontein 90 JS. These xenoliths most likely derived from the underlying upper
Pretoria Group, where quartzite units were broken up and disturbed during the passage
of the magma to the surface,

Above this quartzite xenolith horizon, the rhyolite exhibits flow banding just beneath a

prominent agglomerate horizon, separating it from the overlying Schrikkloot

Formation, At this tite, from the xenoliths through the agglomerate, the voleanism

becuime more aetive (flow banding) and explosive (zennliths and agglomerate).
3.3.1.2 Petrographic description

3.3.1.2.1 Massive felsite

The massive felsite is fine to very fine grained, with most groundmass grains jess than
0,06 mm, The groundimass consists of quartz, feldspar grains, generally plagioc]
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feldspar and lesser potassium feldspar (K- feldspar), which have been extensively
sericitised as well as altered to clay minerals. The piagioclase in the groundmass can
reach 0,125 mn iy« ize at its largest, but is generally smaller

Dust fine ore, either magnetite (typically) or lesser hematite is also a constituent of the
grounumass, and is typically very small in size (< 0,02 mm). Often the dust org
segregates together in clusters up to 0,25 mm in size,

The rthyolite is porphyritic in places, with plagioclase phenocrysts being the mosi
dominant type, The plagioclase phenoerys's vary in size from 1 to 2,5 mm, and are
euhedral in shape, though they are often highly sericitised, 5o that their exact
composition could not be accurately determined. A few determinations of some lesser
sericitised grains gave compositions of around Anyy Plagioclnse occasionally displays
a swallow-tailed termination on laths 0,25 mum to 0,5 mm in size.

Other phenocrysts present include subhedral guartz 0.5 mm to 0,125 mm in size,
though an exhedral quartz phenoeryst 0,2 mm in size was found, and K- feldspar,
which has heen highly chloritised and sericitised, varying in size from 1 mm to 1,70
mm. Avhedral heinatite and magnetite grains can grow to sizes of 1,45 mm, but are
more often found in clusters, which can reach 1 mom in size. The magnetite is also
often associated with the feldspar phenocrysts, where it is associated with chloritic
alteration of feldspar, Hornblends occurs as dark rust red brown anbedral grains 2,5
mm in size, which have been extensively chloritised and hematised (sec Plate I - B),

Chilorite is also found in the rhyolite, often ag an alteration product of the feldspar
phenocrysts, where it is associated with magnetite, and vecasionally as grains 0,125
m to 0,2 mm in size scattered theoughout the groundmass, Iron oxyhydroxide
staining i - often found, particalarly with hematire / magnetite alteration, and when in
great abundance colours the rock red, Green-brown biotite, highly cldoritised and with
associated hematite alteration. nccurs as anhedral grains 0,125 mm to 0,375 mm in
size, The fine dust ore can cluster together to form a type of layering on a microscopic
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scale, The rhyolite in some cases shows a spherulitic texture with radiating laths,
possibly indicating quenching of the lava.

3.3.1.2.2 Quartzite xenoliths

The quatlzite xenoliths display interlocking quartz grains, varying in size from 0,125
mm to 0,5 mm, but usually around 0,25 mm (see Plate { - C), Fine-grained magnetite
grains, 0,1 to 0,06 mm and less in size, are interstitial between the interlocking quartz
grains, Despite the significant recrystellisation, bedding is preserved in some
xenoliths. De Bruiyn (1980) described quartzite xenoliths showing sub-rounded to
angular grajns with dominant quartz and subordinate plagiociase and K-feldspar with
lesser interstitial caleite and sericite, In these cases the xenoliths underwent little

recrystallisation,

Highly recrystallised xenoliths, showing grajn boundaries at 120°, were carried in
magmas of higher temperature than those with more rounded grain boundaries, such as
nearer a voleanic vent, It was found that the xenoliths in the eastern part of the area,
such as on Rictfontein 90 JS, are highly recrystallised and larger than those in the
westert part of the study area. As this locality is approximately 25 km away from
Rhenosterkop to the southwest (see folder), it may suggest that this hill is a possible
voleanic vent for the Rooiberg Group, However, this is puwrely hypothetical.

3.3.1.2.3 Flow-banded felsite

This rock is developed just above the quarlzile xenolithy, and below the agglomerate
unit (see Plate I - D), and is fine to very fine-grained, with a groundmass of quartz, K-
feldspar, plagioclase and hematite, The hematite is clusterea along the flow bands with
the more mafic minerals, with lesser amounts of hematite in-between the flow-bands,
The flow-bandin is between 1 to 1,5 mm thick and often contorted.
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3.3.2 Schrikkiocef Fermation
3.3.2.1 Genera) Description

The base of this formation is macked by a prominent agglomerate horizon, consisting
of fragments of massive and flow-banded rhyolite, varying in size from a few
centimetres up o 40 om. These fiagments are set in a very fine grarued rhyolitic
matrix (see Plate I - E). This agglomerate unit has been used to separate the
Kwagpgasnek and Schrikkloof Formations from each other. A thin shaly / tuffaceous
ped oceurs sbove the agglomerate horizon and is overlain by a thick succession of
massive and fiow-banded rhyolite.

"The rhyolite varies in colour from dark brown through dark ved / purple to black, and
is occasionally porphyritic and vesicutar. Thin tuff, agglomerate, and lapilli tuf{’
horizons ard sandstone fenses are occasionally found interbedded in the
predominantly flow banded rhyulitic suceession, However these wete net readily
identified, due to the ihiyolite forming high hilly country often covered in scree and
dense vegetation (e.g. Enkeldoornspoort 207 JR)(see Plate I - A). Elsewhere however,
particularly in the area around Loskop Dam, to the east of the study crea, the rocks are
belier exposed and the relationships clearer, The presence of these horizons, and the
dominance of flow-banded rhyolite over the more massive rhyolite, indicates a more
complex and explosive type of eruptive history of this formation, compared to the
mote homogeneous, older Kwaggasnek Formation,

3.3.2.2 Petrographic Description
3.3.2.2.1 dgglomerate
This imit, which forms part of the Union Tin Member, and separates the two
turmations of the upper Rooiberg Group, is dark brown in colour, and consists of

fragments varying from 10 to 40 ¢m in size at the largest, down to a few cettimetres
and 1 cm and Jess at their smallest. In outcrop, the fragments, which are rounded to
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PLATE 1

A: View of hilly terrain formed by the Kooiberg Group, looking northwards onto
Enkeldoornspoort 207 JR.

B: Photomicrograph of massive rhyolite with K-feldspar phenocryst set in fine-
prained matrix of feldspar, quartz and chlorite,. Kwaggasnek Formation.
Crossed nicols, Field of view is 3,55 mun wide.

C: Photomicrograph of interlocking, recrystallised quartz grains of a quartzite .
xenolith, Kwaggasnek Fornsation, Rietfontein 90 JS. Crossed nicols; field of
view is 3,55 mm wide. _

D: Flow-banded rhyolite adjacent to the Union Tin Member agglomerate,
Kwaggasneck Formation, Leeuwfontein 228 IS,

E: Union Tin Member agglomerate made up of a number of rhyolitic fragments
of varying size, set in a rhyolitic matrix. Schirikkloof Formation, Leeuwlontein
228 IS,

¥ Photomicrograph of fragments set in fine-grained quartzitic matrix, Union Tin

Member arglomerate, Schrikkioof Formation. Parallel nicols; field of view is
3,55 mm wide. _
G Photomicrograph of massive rhyolite with plagioclase laths. Schrikkioof

Formation, Van Dykspruit 431 JR. Parallel nicols; field of view is 3,55 mm
wide. '
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sub-rounded, appear 1o consist of both massive and flow-banded rhyolite set in a fine-
grained rhyolitic matriv (see P'ate I - E).

The fragments of the agglomerate consist predominantly of chloritised and sericitised
K-feldspar, which have been almost totally altered to hematite, as well as being
extensively ferrohydroxide stained, which gives a yellow to red colouration.

Hematite, as anhedral to subhedral grains 0,25 to 0,5 mm in size, is found mostly in
clusters along with ferrohydroxides, and . n most of the ﬁ‘agménts, almost
totally altering the K-feldspars, In somre cases nall fragments consist entirely of
hematite and ferrohydroxides, Dark green / yellow green chlorite clusters, consisting

of graing 0,03 mm in size, are associated with the oxides and fervohydroxides, -

Quartz, varying in size from 9,03 mm to 0,06 mm, is also found, Muscovite, 0,125 to
0,06 mm in size, is found in small open cavities 0,25 mim in size in the fragments,
along with vugs 1,5 mm in size, infilled wi~ », suggesting a large atmount of gas
present in the fragments. Some fragments & .0t to exhibit a spherulitic texture,
though this is not distinc.,

The fragments are darker in colour and more altered than the matrix, containing a
greater abundance of oxides, particalarly along their brundaries, which distinguish
them from the mateix, The matrix is generally lighter cos~ured, consisting of
sericitised K-feldspar and quartz 0,125 to 0,03 mm and less m size, along with
hematite and chlorite 0,125 to 0,06 mm in size (see Plate I - F),

On the farms Zwartfontein 89 IS and Riettontein 90 ¢ -, » agglomerate consists of
deep pink, highly sericitised fragments infilled by gquartz veining 1 to 5 mm wide, The
veins consist of evhedral interlocking quatts, grains 0,06 to (,25 mm in size, growing
in from the margins of the vein, and accessory subhedral ore minerals 0,06 mm to 0,03
mm and less in size, Occasionally there is a concentration of euhedral to subhedral, 1,5
to 2 mm sized epidote grains near these quartz veins, Here hydrothermal fluids,
possibly from the underlying granites, may have used the permeable agglomerate
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horizon as a conduit, The agglomerate horizon in this eastern region of the area,
stretching from Lee swfontein 228 IS and Langkloof 229 JS, all around through
Rietfontein 90 JS and into Klipdrift 62 J§ (zee folder), is irregularly mineralised with
sphalerite, pyrite, minor galena and arsenopyrite along a strike length of 40 km, This
very low grade mineralisation may be due to upwelling solutions (Martini and Vorster,
1994). This will be dealt with again in chapter 6.

3.3.2.2.2 Massive Rhyoliie

The massive rhiolite is porphyritic, dark red, dark brown to black in colour, The
phienoorysts are set in a fine grained matrix. Quartz, 0,25 mm in size at the largest, but
typically 0,12 mm and less, and sericitised, subhedral K-feldspar, 0,1 mm in size, are
the major constituents, Other minerals include suhedral plagioclase (Angs), ofien as
swallow-tailed Jaths 0,5 to 0,325 mm in size, and magnetite typically less than 0,06
mm is size. Some oxide rich zones are also found. Chlorite grains, 0,5 mm in size, are
also typically found in the groundmass, Dark brown, subhedral to anhedral chloritised
hornblende, 0,25 mm in size, is also occasionally found in the groundmass. The
texture is typically hypocrystalline and porphyritic (see Plate I - ().

K-feldspar is the dominant phenocryst, varying from euhedral to subhedral in shape,
and from 0,5 mm to 2,5 mm in size and 4 mm at its largest, The phenocrysts, wiich
are occasipnally zoned, are all highly deuterically altered, and are typically sericitised.
Subhedral chlorite, 0,5 mm in size, associated with enhedral to subhedral hematite,
0,25 mm in size, often forms an alteration product of the phenoerysts (sce Plate IT - A).
Sanidine, forming euhedral to subliedral grains 1 to 1,5 mim in size, are also
oceasionally found.

Other phenocrysts, present in lesser abundance, are anhedral quartz, 0,5 mira in size,
hornblende, 1mm in s1ze, and oceasionally euhiedral to subhedrul plagioclase {Anga),
1,75 mm in size as well as subhedral magnetite 0,25 mm in size. Oxidation of
magnetite to hematite gives rise to ferrohydroxides, such as goeu.ite, and the red
staining gives rise to the typical dark red-brown colour of the rock.
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3.3 7.2.3 Flow-banded Rhyolite

This rock consists of dark flow bands, typically 1 to 0,5 mm in size, in a lighter
coloured matrix, It consists of a fine~-grained matrix composed of chloritised,
sericitised, subhedral to anhedral K-feldspar 0,06 to 0,03 mm and less in size,
plagioclase, subhedral quartz, 0,06 mm and less in size, and euhedrai to subhedral
hematite 0,06 to 0,03 mm in size. The rock has abundant chlorite, 0,016 mm and less
in size, mostly forming clusters 0,06 to 8,25 mm in size, These are found in
association with hematite, where the two form an alteration product of the feldspars.

The flow bands are formed by subhedral to euhedral hematite graias 0,06 to 0,75 mm
in size, associated with blue-green chlorite and goethite clusteting around the hematite,
Away from the bands there is a lesser concentration of chlorite and goethite, and more
quartz and feldspar, Subhedral faldspar grains, 0,25 mm in size, often highly
chloritised, ave occasionally found in the bands associated with chlorite,

3.3.2.24 Tuff and agglomerate

Tuffs comprise fragments 3 to 6 mm in size, with a devitrified centre of dark material.
The shards are comprised of sericitised and chloritised K-feldspar and plagioclase,
with no clear boundaries in the groundmass, along with subhedral to anhedral quariz
grains 0,25 to 0,06 mm in size, Fine hematite and 0,03 mwm sized chlorite, often
clustering around the hematite, is dispersed throughout the groundmass, Blue-green
chlorite clusters, in asgociation with subhedral hematite, 0,06 mm to 0,03 mm and less
in gize, and associated goethite, is found at the centre of the shards,

Dark green chlorite is also found, along with hematite, in bands 0,5 mm wide,
separating the shards. There is a greater abundance of hematite in the bands than is

found in the devitrified centres of the shards,

The fragments, which are 3 to 0,5 mm in size, within the agglomerates are comprised
of deuterically altered, chloritised, subhedral to anhedral X-feldspar grains, 2,5 ta 0,25
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mm in size, but typically 4,5 mm. Chlorite and hematite are cormunon alteration
products of the feldspars, Chlorite and hematite surround most grains, Perthite grains

2,5 to 1 mm in size are also found.

Quartz oceurs as anhedral grains 0,75 to 0,06 mm in size, but typically 0,06 mm,
Pleochroic dark green / light brown green chlorite oceurs as 0,125 to 0,06 mm sized
graing, interstitial between the other grains, and as large clusters 2 mm in size between
the {ragments. Anhedral hematite 0,125 to 0,06 mm in size, along with goethite, is
found associated with the chlorite, with goethite eausing red staining around the
frapments (see Plate II - B), De Bruiyn (1980) described agglomerates consisting of
rhyolite fragments in a fine-grained matvix of angular gnartz, K-feldspar and
plagioclase,

3,3.3 The Loskop Formation
3.3.3.1 General Description

This formation, regarded as a final sedimentary / volcanic phase, succeeds the volcanic
activiiy of the Rooiberg group and terminates sedimentation in the Transvaal basin, .
prior to Waterberg Group sedimentation (Coertze ef af 1977). It outereps in the
southern portion of the study area. Its best outerop locality in the study  -ais at
Rhenosterkop on the farm Rietfontein 446 JR. (see folder and Fig. 3,1). L ne fo@atiun
consists of voleanic units such ns thyolites and agglomerates, and sedimentary units
such as shale, sandstone and conglomerate, More attention was paid to the voleanic
members of this formation, but sedimentary units such as a fine-grained grey
sandstone, consisting of K.-feldspar and quartz, was mapped alternating with a {ine-
grained grey rhyolite on Hartebeestspruit 434 JR, What follows is a brief description
of the voleanic rocks found at two localities in particular; a small wedge of Loskop
Formation trending northwest on the farm Rooipoort 440 JR, and the volcanic /
sedimentary succession at Rhenosterkop on the farm Rietfontein 446 JR.
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PLATE I

A Photomicrograph of massive rhyolite with K-feldspar phenocrysts exhibiting a
glomeroperphyritie texiure and set in a fine-grained feldspar, quartz, chiorite
matrix, Schrikkloof Formation, Zwartfontein 39 I8, Crossed nicols: field of
view is 3,55 mm wide,

B: Photomicrograph of rhyolitic fragments set in a chloritic matrix. Agglomerate,
Soh~Ykloof Formation. Uncrossed nicols; field of view is 3,55 mm wide,

C: View of the nnithemn flanks of Rhenosterkop, looking west from Rietfontein
446 IR,

D: Photomicrograph of sediment. Loskop Formation, Rhenosterkop, Rietfontein
446 JR. Uncrossed nicols; field of view is 3,55 mm,

E: View Jooking northeast from Rietfontein 214 JR to the escarpment made by the
granophyre - granite contact on Kameelpoort 202 JR, The granophyre folins
the hilly country while the grenite forms the low-lying gently undulating
topography in the foreground,

F: Photomicrograph of coarse-iextured granophyre with an altered feldspar grain at
the cenire of the granophyxic growth. Rashoop Granophyre Suite,
Breylenbachs-tug 64 IS, Crossed nicols; field of view is 3,55 mm wide.

G Photomicrograph of granophyre exhibiting a bow-tie texture, Rashoop

Granephyre Suite, Lesuwfontein 248 JR. Crossed nicols; field of view is 3,55
mn wide.






Nearing the sumnit of the hill a pinkish yellow sericitised agglomerate is found with
small angular fragments. The applomerate varies from clast, tuffaceous to matrix
supported in places, with angular clasts varying from 1 to 10 em in size, with 3 em an
average size, This unit, which iz more than 70 m thick, continues to the swmmit of the
hill. At the summit of the hill the purplish-red agglomerate is mairix supported and
consists of angular to sub-rounded fragments 5 to 10 em in size. The fragments, which
are pinkish brown in colour, consist of highly altered rhyolite. The matrix is a coarse
and dark purplish red sandstone. The majority of the rock is madc up of angular quartz
grains 0,125 to 0,5 mm in size, along with lesser amounts of highly altered K-feldspar,
some reaching 0,25 mm in gize, and subhedral hematite graing, 0,06 to 0,03 mm i
size, oftens forming clusters 0,25 o M,5 mm in size. The matyix, whick 15 arkosic in
areas, exhibits trough cross-bedding in a few isolated areas, possibly suggesting
reworking and sedimentary deposition in places.

"The thyolitic and sedimentary units continue unbroken actoss the northem side of the
hill forming prominent sedimentary stratification which i= easily visihle from afar,

Mellor (1905a), who mapped the southern part of Rhenosterkop, noted 4 series of
purplish-black shales approximately 122 m thick, with occasional greenish and reddish
bands, and with occasional thin bands of breceia, In their upper portions these rocks
become coarser textured and thickly bedded, passing into reddish-brown sandstones,
typical of the Waterberg type. In passing upwards, these rocks contained an increasing
nuriber of pebbles and fragments and become conglomerates, Many of the fragments
are a light green tuffaceous rock, while the matrix is green o1 purplish in colour,

Resting above these conglomerates Mellor (19058) described a red massive breccia or
agglomerate consisting of angylar, sub-dangular to rounded fragments and boulders,
mostly of red banded rhyolite, rang'g in size from a few centimetres up fo 60 cm or
more in diameter. Its thickness is anywhere from 60 m to 120 m. Qverlying this is a
conglomerate with a dark green igneous-like matrix and smail fragments of various
igneous rocks, some coarse basic igneous rocks. This conglomerate is comprised of
well-rounded boulders of white quartzite, up to 1,25m in diameter, as weil as boulders



thyolite, which gives way to a pinkish red rhyolite that becomes flow banded high.r
up. This is overlain by a reddish pink sandstone which grdes into a grey quarizose
sandstone, itself grading into a conglomerate with quartzile, rhyolite and lithic clasts
set in A coarse matrix. A black rhyolite horizon approximately 50 m iu thickness and
alternating between massive and flow-banded overlies this thin conglomerate unit, The
thyolite horizon is overlain by a purplish red, massive and flow banded rhyolite.
Overlying this is a grey banded tuff / ash flow with whitish bands. Microscopically the
rock consists of & fine-grained groundmass of quartz, sericitised K-feldspar, and dust
fine ore all less thén 0,06 mm. The rock cxbibits thick bands 0,5 to 1,5 mm thick,
which have a greater concentration of opaque mincrals, such ag magnetite, as well as
quartz, some of which are 0,125 mm in size. These bands have sedimeni-related
features such as fuid eseape and load structures and microfolding (see Plate I - D). In
between the bands are quartz-rich areas with quartz grains 0,06 mm in size, along with
losser amounts of magnetite and litite K-foldspar, The rock displays features of an ash-
flow tuff which had exparienced slumping and other sediment-type delormation

during its formation, It has been subsequently altered and silicified.
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Figure 3.3 Simple geological sketchrﬁap of ihe northeastern side of Rhenosterkop



3.3.3.2 Petrographic description

On Rooipoort 440 IR, a fine-grained light brown sandstone is overlain by an
agglomerate, consisting of dark brown to yeilowish-white rhyolitic fragments, and set
in a dark red / brown rhyolitic matrix, The fragments, some of which exhibit typical
ghard shapes, are 2,5 mm to 0,5 mm in size, and are dominated by quartz 0,125 to 0,06
mm in size, in a very fine-grained altered groundmass, where individual grains could
not be distinguished, Dust fine ore (hematite) is found as grains 0,056 to 0,03 mm and
less in size in all the fragments, Fragments have varying grain size with some having
hematite grains 0,125 mm in size. This imparts a darker colour to the fragment, The
matrix is similar, but has a greater concentration of coarser hematite, There are also
quartz-tich vugs 3 mm in size in the groundimass, associated with hematite, 0,25 mim
in size, and associated ferrohydroxides,

This unit is overlain by a fine-grained dark grey to black tuff, which is itself overlain
by a dark brown / orange flow-banded rhyolite, which is characterised by flow
directions varying from 277" to 350°, suggesting the lava flowed from a source to the
southeast, most likely Rhenosterkop. Microscopically the orange colour of the rock
comes from the presence of iron hydroxides. The rock is fine grained, consisting of a
groundmass of altered ferrohydroxide stained K-feldspar, quartz 0,12 mm in size and
anhedral magnetite. There is also a large abundance of dark to olive green subhedral
epidote, 0,12 mm in size, which sometimes forms clusters of radiating fibrous grains,
Dark plecchroic olive / yellow green chlorite is oceasionally found as grains 3 mm in
size lotally replacing accessory biotite. Hematite, 0,125 mm in size, is associated with
the chlorite. The bands, which are typicslly 0,5 mm in size, are formed by

" ferr~hydroxides derived from the oxidation of the magnetite, which originally formed
the bands.

At the base of Rhenosterkop (see Plate Il - C and Fig. 3.3) on the northeasiern side, the
flow-banded rhyolites of the Schrikkloof Formation of the vpper Rooiberg Group,
overlie coarse-grained red Verena granite. This unit is overlain by a fine-grained

pinkish-red sandstone, which in turn is overlain by a fine-grained purplish red massive



of red felsite, purplish-red syenitic rocks and indurated quartzose shates. Overlying
this is a conglomerate horizon of the Waterberg type, with pebbies of a moderate size,
in a coarse brown sandy matrix, which in turn is overlain by coarse-grained purple-
brown Waterberg-fype sandstones, with occasional beds of _eeenish fragmental
material, mostly of ignevus otigin.

It would appear that the geology of Rhenosterkop has features compatible with the
suggestion that this iz a volcanic vent for the Rooiberg Group. Twist (1983) cited four
main reasons supparting the hypothesis that Rhenosterkop was the site of a volcanic

vent,

These are;
e the circular outcrop of a plug-shaped body of Loskop Formation rocks at
Rhenosterkop.

» the south-westward cxirapolation of the Steelpoort Fault passes directly through
Rhenosterkop. The fault represents a major line of weakness which is known
{Cameron (1971), Hertzer (1994)) to have been active during Bushveld
emplacement times. If is well established that volcanic vents typically develop
along strong regional lincaments, and therefore the siting of a feeder at
Rhenosterkop is plausible.

e very coarse, prominent voleanic breccias have been reported at Rhenosterkop
{Mellor, 1905a and this study).

» the area is geologically complex and locally disturbed; Mellor (1905b) described
folded, faulted, vertically-dipping and structurally-overturned strata.

Rhenosterkop is & unique locality and requires a more detailed geological and
petrographic study han has been attempted with this study,
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3.3.4 Conclusions

The Rooiberg Group was extruded at 2061 Ma contemporaneously with the intrusion
of the Rustenburg Layered Suite. Its vast volume and thickness make it an unique
voleanic province, The upper Rooiberg Group, which is present in the study area, has
at ite base the lower, predominantly massive Kwaggasnek Formation, erspted under
(uite, stable conditions. This is overlain by the predominantly flow-banded rhyolites
of the Schrikkloof Formation, which has interleminated tuffs, agglomerates and
sandstone lens. », and which was erupted under more violent, active conditions. The
prominent agglomerate / tuffaceous Union Tin Member, between the two formations,
represents a fundamental change in the style of volcanism, from more passive

voleanisin to a more active and explosive style of volcanism.,

The sandstone lenses in the upper Schrikkloof Formation may alsa represent
subaqueous sedimentation, so that at times pools of water covered the basin. The
Loskop Formation, which developed between the imderlying voleanic Rooiberg Group
and the overlying sedimentary Waterberg Group, forms a transition between these two
environments, being composed of both voleanic and sedimentary units. '

Rhenosterkop has many features such as agglomerates, its situation along a major fault

and fts structural complexity which suggest that it may be a volcanic vent for the
Rooiberg Group.

3.4 Rashoop Granophyre Suite

3.4.1 Introduction
The Rashoop Granophyre Suite represents the smallest volume of the various
components making up the felsic rocks of the Bushveld Compiex. Very fow studies

have focused primarily on these rocks, with Walraven's (1982) thesis being the most
extensive work to date. Early workers argued on the arigin of the granophyres. Some
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considered these rocks to be 2 product of magmatic crystallisation (e.g. Hall (1932),
Lombaard (1932), De Bruiyn (1980)) , while athers favoured & metasomatic origin
{e.g. Strauss and Truter (1944), Strauss {1947), Du Plessis (1976)). Various localities
suggest the granophyre to be a differentialion product, whilst others suggest a

metasomatic origin,

Walraven (1982) regarded what he called the Stavoren granophyre as the predominant
granophyre type, and suggested that it formed by crystallisation from a magma
intruded below a roof comprising Rooiberg Group or sediments of the Pretoria Group,
Waltaven (1982) considered the Stavoren Granophyre to be co-genetic with the
thyolile of the Rooiberg Group, and to represent the shallow intrusive facic fthe
same magma which extruded to form the Rooiberg Group, The contact between the
two is, in most cases, gradational, which concus with this hypothesis. The Rooiberg
Group and the granophyre, together form a magmatic cycle which preceded the
Rustenburg Layered Suite and the Lebowa Granite Suite, with the granophyre having
an age of 206042 Ma (Walraven, 1997), making it slightly older than the Rustenburg
Layered Suite, which has an age of from 2061427 Ma (Walraven et af (1990b),
‘Walraven (1987)).

Walraven (1982) believed the granophyre-thyolite magma to be detived from melting
of lower crustal material, consisting of granitic rocks similar to some of the batholiths
in the Barberton region, The granophyric rocks in the study area are believed to have
been formed predominantly by hypabyssal fractionation of & magma derived from
partial melting of the lower crust, owing to their stratigraphic position between the
granites and rhyolites and that there is mostly a transition fromn the granophyres into
the rhyolites. Some granophyric rocks in other localities are considered by Walraven
(1982) to have been formed by other pracesses. These include recrystallisation of
fragments of rhyolite of the Rooiberg Group by a hot magma, melting of roof rocks,
magraatic fractionation and differentiation of the basic rocks of the Rustenburg
Layered Suite, and by transformation of the sedimentary roof rocks of the Pretoria
Group by intrusion of the Rustenbutg Layered Suite.
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De Bruiyn (1980) subdivided the Rashcop Granophyre Suite in his study area inio
three divisions, nanted the Sterk River, Stavoren and Blinkwater Granophyres, by
virtue of their position in the stratigraphy. The Sterk River Granophyre is found
between the Bushveld Granites and a roof of Rooiberg rhyolite. The Stavoren
Granophyre occurs between Bushveld granites and a roof of Transvaal sediments,
while the Blinkwater Granophyre is located between the Rustenburg Layered Suite
and a roof of Bushveld granite,

The author will nse De Bruiyn®s (1980) subdivision for ease of use, since it is most
applicable to the present study area. The aythor agrees that Walraven's (1982)
Stavoren Granophyre Is the predominant granophyre type in the Bushveld Complex
and in the study area, as its name has no implicarions as to its stratigraphic level, only
to its genesis. De Bruiyn’s (1989) subdivision, given in Table 3.2, would indicate that
in the study area the Steck River Granophyre is the predominant type, with a small
volume of Stavoren Granopliyre being found on the farm Sybrandskraal 244 JR,
Figure 3.3 shows the distribution of the various granophyre types in the study area.

Table 3.2: Subdivision of the Rashoop Granophyre Suite, based on relationships
with the surrounding country rocks
(after De Bruiyn, 1980)

Rashkoop Granophyre Suite
t iver Granophvre _ Stavoren Granophyre = Blinkw. nophyre
Overlying Rooiberg Group Pretotia Group Lebows
rock type Granite Suite
Underlying Lebowsa Granite Lebowa Granite  Rustenburp Layered
rock type ~ Suite Suite Suite
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Figure 3.4: General distribution of the Rashoop Granophyre Suite in the study arca
3.4.2 Petrography

The granophyre is a fine to mediuvm-grained, dark pink to red rock, that varies from
purplish red when it has a fin¢ texture to reddish brown when it has a coarse texture, The
outcrop forms low hilly country (see Plate II - E), and the rock often weathers to small
rounded domical outerops, In hand specimen tie rock is made up of dark red, deuterically
altered K-feldspar, quartz and hornblende, and in coarser textured varicties, the
intergrowth of quartz and K-feldspar can be seen under close examination of the rock,
Occagionally the granophyre is chloritised or contains hematite and may be deep red in
colotr. This cccurs when the granophyre acts as a host to mineralisation, such as at the

Zustershoek Tin Mine or the Hartebeestspruit gold prospect.
The grancphyre tends to be coarser textured clnser to the granite contact, and often

granophyric granite is found underlying the gravophyre, such as on Zustershoek 246 JR.

In some instances the granophyre is found to be “psendogranophyric” in texture,
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such as a thin wedge of granophyre found on Hartebeestspruit 434 JR. Here the texture
is a fine-grained granitic type texture with small areas of granophyric intergrowth. It
would appear in these cases that the granites caused recrystallisation of the
immediately overlying rhyolite, ratter than there being direct crystallisation from a
magma as appears the case elsewhere.

Under the microscope the rock is made up of an intergrowth of dark red, earthy K-
feldspar and quartz. The K-feldspar is typically highly deuterically alterzd, chloritised
and sericitised. When found as grains not forming part of the granophyric texture it is
subhedral (occasionally anhedral), veaching sizes of 0,125 to 2 mm and typically 1,5
mm, The grains are ferrohydroxide stained, with occasional ferrohydroxide alteration
along grain boundaries. Perthite often forms distinct subhedral grains 2,5 to 2 mm in
size. The K-feldspar may form the core of the yranophyric texturc (see Plate II - F),
but typically the granophyric texture appears to have no large nucleation point.
Quartz is also occasionally found as separate distinct grains, which are anhedral in
shape, and vary in size from 0,06 to 1,75 mm and 2 to 3 mm at the largest and 0,2 min
typically,

The granophyric texiure in the rock varies from a fine microgranoplhyric variety, with
intergrowths of 0,1 mumn and less, to a more coarse textured variety with intergrowths
reaching 0,25 mm up to 0,5 mm in size. Highly altered K-feldspar and quartz form the
intergrowth, growing from a central euhedral K-feldspar grain 0,5 mm in size. The
texture then radiates outwards forming an intecgrowth of quartz and K-feldspar, such
that the grains are always in optical continuity with each other, and all go extinct in the
same position on rotation of the stage. If a K-feldspar grain is present at the centre of
the growth, the K-feldspar texture remains in optical continuity with this grair..
Pméeeding outwatds the texture becomes coarser, with the K-feldspar visibly growing
round the guartz grains (see Plate IT - F).

The individual grains in the intergrowth reach sizes from 0,06 mm to 0,25 mm in the

coarsest varieties with 0,25 mm being a typical size. The individual inte: grown

textured areas, jn optical continuity, can reach sizes of 1,5 to 4 mun and 8 mm at the

44



largest. It is occasionally found that the grains can grow out from a central point, and
become coarser textured farther away, but such that certain portions of the intergrown
aerea have different optical continuities while still radiating out from the same central

point in what ig called a “bow-tie’ arrangement (see Plate I1 - G).

It is found that the coarse textured varieties are more predominant near the base of the
succession, near the contact with the underlying granite, and become finer textured
higher up in the succession. On Zustershoek 246 IR the granite directly beneath the
granophyre often exhibits a coarse granophyric texture in places, so that there is a
transition in some localities from the granite through a granophyric granite and juto
the coarse textured granophyre. This coarse textured granophyre outcrops as reddish
brown dome-like outerops. Higher up in the succession, neater the rhyolites or
sediments of the Pretoria Group, the rock has a finer texture, microgranophyric in
places, and outerops as rounded boulders with a purplish colour, as found on
Rhenosterkuil 63 18. The rock is often not totally gratophyric, sometimes forming a
fine-grained granitic texture in places,

Other constituents of the rock include accessory pleochroic yellow green / datk green,
subhedral biotite, typically highly chloritised and sometimes skeletal in shape. Ifis
typically 0,5 mm to 2 mm in size, with 3 mum being the largest size seen. Anhedral
hornblende, 0,5 to 2,5 mm in size is also found. Buhedral to anhedral magnetite, 0,75
to 0,016 mm in size, often forming clusters 0,5 to 1 mm in size, is associated with
hornblende and biotite alteration as well as with feldspar alteration. Dark-green
chlorite js associated with 2’ ierafion, as well as forming large clusters 7,5 mm in size,
with individual grains 2 to 2,5 mm in size, where it has totally replaced hornblende.
Magnetite accompanies the chiorite alteration and on one occasion, on Leeuwfonisin °
248 JR, pyrde is found within the granophyre, Goethite associated with rust red
ferrohydroxide colouration oorurs as accessory subhedral grains 0,375 mm in size.
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3.4.3 Conclusions

The Rashoop Granophyre Suite is thought to have formed as a result of a magma
intruding beneath the Rooiberg Group. The magma is thought to be the same as that
which had been extruded to form the Rooiberg Group, so that the two suites are co-
genetic. The Granophyre was intruded before the Rustenburg Layered Suite and the
Lebowa Granite Suite. It varies from microgranophytic to granopliyric, and is coarse
textured near the underlying granite contact, and finer textured further up in its

succession.

Other processes elsewhere in the Complex, such as metasomatic alteration of Pretoria
Group sediments, magmatic fractionatin of the Rustenburg Layered Suite, or
incorporation and alteration of Rooiber,; Group rhyolite also formed the granophyre
into a magma (e.g. Walraven (1982)). The i of the granophyre formed by intrusion
and crystallisstion of a magma, co-genetic with the 'Rnoiberg Group beneath a roof
phase, comprising either Rooiberg Group rhyolites or Pretoria Group sediments. This
type of granophyre Walraven (1982) termed Stavoren Granophyre,

De Bruiyn (1980) preferred to classify the granophyres according to their stratigraphit
position, with no consideration in his classification for the genesis of the granophyre.
His classification, used in this study, thus places the Sterk River Granophyre,
developed between the Lebowa Granite Suite and the Rooiberg Group, as the
predominant type in the study aren, with a small volume of Stavoren Granophyre,
developed betweer the Lebowa Granite Suite and the Pretoria Group sediments, found
in the southwest corner of the study area,

The granophyres as such are not mineralised in their own right, but often host mineral
deposits derived by fluid egress from the underlying granitic rocks.
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CHAPTER 4
THE LEBOWA GRANITE SUITE

4.1 Introduction

The Bushveld Granites form a large laccolithie structure, approximately 200 km in
width and 300 km in length, outcropping within the centre of the Bushveld Complex,
and rimmed by the mafic rocks of the Ruste_nburg Layered Suite (Fig 1.1). Different
'compositional types exist in this granite suite, and if has been established by waorkers
such as MeCarthy and Hasty (1976), Groves and McCarthy 11978) and Kleeman and
Twist (1989) that the granites form a sheet 2,5 km thick :xhtiting features of
progressive in situ fractional crystallisation towards its roof. During crystallisation a
separate H3O-rich fluid phase developed causing intensive deuteric alteraticn, which
imparted a red colour to the feldspr s due io the oxidation of hematite within the
feldspar lattices, This feature s - a particalarly toward the top of the sheet in phases
such as the Bobbejaankop granite.

The Lebowa Granite Suite, formerly known as the Red Granite, Bushveld Granite and
Main Granite, was subdivided by Coertze e¢ o/ (1978) into a number of sub-types. The
main granite type in the suite was termied the Nebo granite, which included the
Veekraal granite variety in the west, as well as the Sekhukhuni granite variety in the
east, and 2 locally developed variety called the Steelpoort Park granite near Steelpoort.
Texture, mineralogy and other criteria distinguish these granites from each other.

A variety of Nebo Granite is de-reloper in the study area, which has characteristics
which distinguish it as a marginal phuse of the Sekhukhuni Granite developed
clsewhere in the study area, This granite cutcrops it & pluton in the central region of
the study area, near the township of Verena, and is therefore called the Verena Granite,
aname also adopted in this study.
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Also included in the suite are the Klipkloof and Bobbejaankop granites. Strauss (1955)
first identified the Bobbejaankop granite in the Potgictersrus area, where he ailso
identified tk : Foothills Granite, a locally developed fine-grained granite immediately
above the Bobbejaankop Granite, The Bobbejaankop Granite hosts the mineralisation
at the Zaaiplaats Tin Mine, Various authors, including De Bruiyn (1980) preferred to
call granites of similar texture and appuarance elsewhere in the Complex, the Klipvoor
granite, preferring to reserve the name Bobbejaankop granite for its type locality near
Potgietersrus. The author feels the name Bobbejasnkop granite is a well-known name,
and as it hag been used by Rio Tinto Lid. in their exploration siudy of the granites, it
will be used in this study.

The Bobbejaankop granite is a dark red, X~feldspar, quartz-rich granite with a jow
mafic mineral content and is often associated with or host to mi.e.alisation. Tie
Klipkloof granite represents a highly fractionated phase of the Levowa Granite Suite
and oceurs as a pinkish brown, fine-gruined aplitic granite either as dykes or sills
cutting across the Nebo pgranite or found in assaciation with the Bobbejaankop granite,

De Bruiyn and Rhndes (1975) identified a new variely of Bushveld granite in the
central regions of the Complex which showed crossewmting relationships to the other
grapites, The above authors calied this new variety of Bushveld granite the Makhustso
granite, Later investigations by Walraven (1988) indicated a younger age for this
granite, post-dating the main Nebo granite, and representing the last phase of Bushveld
Granite magmatism (see Table 2,1),

Table 4.1 shows the subdivision of the Lebowa Granite Suite {after Coertze of al,
1978), with an asterix behind those granite varieties occurring in the study area, The
Makhutso granite is not found directly in the study area, but has its major outcrop just
to the north of the study area on the farms Leenwkop 228 JR, Gemsbokspruit 229 JR
and Vlaklaagte 221 JR, A sample of this granite was taken for geochemical
comparison with the other granite varietics, Figure 4.1 shows the distribution of the
granite types in the study area,
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Table 4.1 Subdivision of the Lebowa Granite Suite
{after Coettze ef gl, 1978)
LEBOWA GRANITE SUITE

NEBO GRANITE
Veekraal Granite
Sekhukhunj Granite*
Verena Granite®
Steelpoort Park Granite

Klipkloof Granite®*
Bobbejaankop Granite®

MAKHUTSO GRANITE

4.2 Geographical Distribution and General Description

The Nebo Granite with its two varieties, the Sekbukhuni granite and the Verena
granite, is the predominant granite type in the siudy area (see Fig, 4.1). The associated
Bobbejaankop and Klipkioof granites are volumetrically less significant and are found
as sills, dykes and plug-like areas in the Nebo granite, The Makhuiso granite occurs as
a plug just to the north of the Verena granite in the central part of the study area (Fig.
4.1).
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Figure 4,1 Distribution of the granite types in the stody area

4.2.1 Nebo Granite

The Nebo Granite is locally subdivided into two different types, based on texture,
mineralogy, colour, grain size and other features such as the abundance, natore and size
of phenocrysts. The Sekhukhuni granite is found in the western and northeastern corners
of the study area, and the Verena granite outcrops as a pluton 30 km across, forming the

central region of the study area.

4.2.1.1 Sekhukhuni granite

The Sekhukhuni granite outerops in three plutons in the study area, The first is in the
northwestern corner of the study area on the farms Zandspruit 189 IR and Kameelpoort
202 JR. (see folder), and will be called the Kameelpoort pluton in this study. The second,
to the southwest, outcrops predominantly on the farms Enkeldoorn 217 JR and
Zustershoek 246 JR in the study area (see folder) and the area around
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Moloto township, and is called the Moloto pluton, The third plulon, in the far
northeastern corner of the study ares stretches northwards fo Dennilion (see Figure 4.1
and fnlder) and the Transvaal and Karoo sediments preserved further north, and is
hence called the Dennilton pluton,

The granites form low, undulating country, with hills of granonhyre and rhyolite rising
sharply from the flat plains created by the granites (see Plate If - E). The outcrop in
both the Kameelpoort and Molota plutons is typically peor but is fourd to improve
closer to the rhyolite and granophyre contacts, where it forms low hills and outcrops as
large angular blocks. Some small tors are developed on Enkeldoorn 217 JR. The
Dennilton granite in the study area is marked by good outcrap, patticularly on Malosk
Zyn Kop 58 IS, where large domical hills are formed. A prominent hill named
Phooko, rising 50 m abcve the surrounding landscape, occurs near the Klipkloof
granite / granophiyre contact, and s a well exposed granite outcrop. This and gthesr
hills form the escarpment, o the south of which is developed the plateau, and to the
north of which the land drops fo the fiat, extensive Springbok Flats, To the northt of
Phooko, towards Dennilton, the land becomes flat and the outcrop is poor, until the
hills of the Moses River fragment are reached just north of Dennilfon.

4.2.1.1.1 Contact relationships

The contact of the granite with the overlying granophyre is, in most cases, a
gradational one with the granite showing extensive granophyric texture near the
granophyre contact, In one case, on Zandspruit 189 JR, the contact is marked by a fine
grained whitish aplitic vein, with the overlying granophyre brecciated and infilled by
quartz. The contact with the thyolite, where it is developed, is shatp, 5 hason
Hartebeestspruit 434 JR. The Dennilton granite shows a transition from a prey coarse-
grained granite, thirough into a pinkish red coarse-grained granite similar to the
Bobbejaankop granite in appearatice. Further up in the succession the granite becomes
finer grained and passes into Klipkloof grattite which itself grades into granophyre,
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4.2.1,1.2 Macroscopic Description

The Sekhukhuni granite forms low, rounded, exfoliated, domical and often well-
jointed outcrop. Phooko on Maloek Zyn Kop 58 JS is a large rounded, exfotiated
domical hill. In some cutcrops, such as on Zendspruit 189 JR and Enkeldoorn 217 JR,

the rock weathers to form large angular blocks which can develop into low tors.

The granite varies from coarse to {ine-grained, but is typ’ :ally coarse-grained, and
ranges in colonr from its typical pink colour to dull light pink to deep pink / red, In
some areas it is aiso found to be grey, such as the granite outeropping at Phooko on
Matoek Zyn Kop 58 IS. One outerop, on Zustershoek 246 JR, just south of
KwaMhlanga, shows a transition from reddish grey to red and into Bobbejaankop
granite, The latter then becomes more granophyric firther east, closer to the

- granophyre contact,

Another digtinetive feature of this granite is that it is typically porphyritic, with K-
feldspar phenocrysts 10 mm in size and quartz phenocrysts 3 mm in size, which stand
ottt prominently on the weathered surface. The rock contains K-feldspar, quartz, lesser
plagioclase, biotite and some minor cxide. Hornblende is also present along with
biotite, particularly in the lower partio1s of the batholith, A feature of high-level
granites is the dominance of biotite over hornblende, a greater abundance of quartz
and little plagioclase, These mineralogical features are thought to he a function of
fractional crystallisation toward the top of the grahites.

The granites of the Lebowa Granite Suite shows a progression fromn a grey
homblende-rich granite at their base, where plagioclase feldspar is found in substantial
amounts, epwards into reddish biotite-rich granites in the upper levels. In addition to

~ the change in the colour and sbundance of the feldspats with increasing height,

plagioclase and hornblende decrease in abundance whereas biotite and quartz increase
in alundarce, As such, these colour, textural and mineralogical changes can be used
on a broad scale to sstimate a granite’s proximity to the roof of the granites or its
degree of fractionation. The Bobbejasnkop granite, a reddish bimineralic granite, has
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features that suggest a highly fractionated nature and that it is likely to aceur near the
top of the granites.

In the Kameelpoort pluton the granite is K-feldspar rich and biotite is the predominant
femic mineral, indicating that this pluton is a relatively unfractionated granite, The
central portions of the Moloto dome granite exhibit mineralogical features, using the
broad mineralogical criteria above, which suggest that it is less fractionated than the
granites outcropping in the Kameelpoort pluton. The granites on the eastern margin of
the Moloto pluton are red, however, and take on a Bobbejaankop-like appearance,
suggesting higher level granites are exposed along this margin compared to those
toward the centre of the plutor.

The granites of the central portions of the Dennilton granite pluton are grey in colour,
have 4 greater abundance of plagioclase, ofien zoned, and contain approximately equal
proportions of biotite and homblende, indicating that these granites are not highly
fractionated. Further south tbward the granophyre, the granite becomes redder, more
K-feldspar rich and hornblende becomes less abundant, Thus the southern margin of
the Dennilton plyton is at a higher level than the northern, central regions,

4.2.1.1.3 Petrographic Description

The rock’s predominant mineral is subhedral to anhedral K-feldspar which is highly
gericitised, deuterically altered, chloritised in places and ferrohydroxide stained, so
that identification was often difficult. The grains reach sizes of 0,25 mm at the
smallest to 6,5 mm at the largest, but are typically between 1,5 to 2 mm in size. The K-
feldspars of the granite near Demmilton are not as highly deuterically altered as
elsewhere, and hence do not have the red colour of the other granites in the area. The
grey K-feldspars impart a grey colour to this granite, indicating lowet level granites
are exposed here,

Phenocrysts of K-feldspar, also sericitised and deuterically altered, are subhedral
reaching sizes of 5 to 6 mm to 10 mm at the largest, Some of these phenoerysts, such
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as at Phooko near Dennilton are zoned with a highly altered sericitised rim.
Phenocryats are not always present, but are more common in the coarser grained
varieties. The orthoclase s often intergrown with albite to form perthite, which form
subhedral grains growing to sizes of 0,75 mnt to 2 mm, Perthite is often the
predominant K-feldspar, particularly in higher level granites.

Quartz, typically anhedra), can reach sizes from 0,125 mm to 4 mm in size, but
typically ranges from 0,5 mm to 1,5 mm. Quartz phenocrysts are also found, which are
subhedral, and rang? in size from 3 mm to 1¢ mr but are typically 3 mrm. Quartz-rich
areas are also found, made un of quartz grains 3 to 4 mm in size. The Dennilton
granite was also found to contain a greater number of quartz phenocrysts, which are of
larger size than elsewhere,

In some cases, near the granophyre contact, the granite becomes distinctly
granophyric, with up to 50 % of the rock being made up of granophyric texture.

Plagioclase grains, slightly altered and sericitised and typically subhedral, ate found in
accessory abundances, making up approximately 1 % of the rock. These grains, which
have a composition of Angs.3scan vary in size from 0,25 to 2 mum, but are typically
0,5 to 1,5 mm, The Dennilton granite, in Jome places, has plagioclase reaching an
abundance of 10 % or more of the rock, but plagioclase typically makes up tess than I
% of the rock elsewhere, In some instance. euhedral plagioclass laths (Angy.as), 0,5 t©
1 mm in size, are found.

Biotite and hornblende are the main mafic minerals, with biotite being predominant
over hornblende. This indicates that the granites of the study area ate relatively high
level granites, owing to the higher percenmge of biotite over hornblende, Biotite,
which varies from a pleochroic light yellow brown / dark brown and light green brown
{ dark green to red brown in colouy, is subhedral and reaches sizes of 0,125 to 2,5 mm
but is typically 0,5 to 1 mm, It is oflen highly chloritised, with dark green chiorite
often totally replacing it. The chiorite is associated with magnetite, where it form
grains 0,03 to 0,06 mm up to 1 min in size at the Jargest, formed as part of the
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alteration of the biotite. Magnetite is also associated with chloritic alteration along the

cleavage planes of biotite.

Hornblende, euhedral to anhedral in shapy. ‘nd pleochroic dark yellow brown / light
yellow green to olive green / dark green au  fark brown in colour reuches 0,25 to 1,75
mm and typicaily 0,5 to 0,75 mm in size, The hornblends is also often chloritised and
is often associated with magnetite and hematite grains, forming part of the alteration
assemblage of the mineral.

Subhedral to anhedral magnetite grains, varying in size from 0,06 to 0,5 mm to 1 mm
at the largest, are found interstitially between the other grains and often in clusters. It
is often associated with chioritic alteration of K-feldspar, biotite and hornblende, as
well as often being associated with the latter two minerals, In some cases it shows an
exsolution of ilmenite,

Accessory minerals include zircon, found in great abundance in the lower, central
pottions of the Dennilton granite, fluorite and apatite. Muscovite was found in one
sample. These accessory minerals are typically euhedral in shape, reaching sizes of
0,25 to 0,5 mm, and are typically associated with the mafic minerals, particularly
biotite. In the Dennilton granite the zircon may reach sizes of up to 1 mm. The
Sekhukhuni granite is typically medium fo coarse-grained, and equigranular in texture
as shown in plate IIL - A,

4.2.1.2 Verena granite
The Verena granite, which represents a marginal phase of the Sekhukhuni granite, is
developed in the central portion of the study area, around and to the west of Verena

settlement (see Figure 4.1 and folder), and extends southwards to Rhenosterkop and
beyond to the sontheast.
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The coarse-grained granite forms large rounded domes, and often has very good
outerop, such as on Zwartkopje 444 JR. The fine-grained apical phase forms smaller,
more angular boulders,

4.2.1.2.1 Contact relationships

The granite, just ... the Sekhukhuni granite, becomes finer grained and passes into a
granophyric textured or fine-grained granite near the thyolite contacts, Contacts with
granophyre were not clear, and were always hidden so that this relationship was not
clearly defined, At Rhenosterkop the contact with the overlying Schrikkloof
Formation of the Rooiberg Group is sharp. :

4.2.1.2.2 Macroscopic Description

The granite is coarse-grained, whitish pink to dark pink in colour, and is dominated by
light pink K-feldspar, 5 to 10 mm in size, and quartz grains 3 to 8 mmm in size, which
stand out on the weathered surface, as well as enhedral K-feldspar phenocrysts 30 mm
in size, The rock also contains plagioclage, books of biotite 2 mm in size and
accessory hornblende and magnetite. Plate III - B shows the typical coarse-grained
variety of the granite,

In the centre of the pluton, around the Albert Silver Mine on Roodepoortje 250 IR {see
folder and Fig, 4.1), a fine-grained apical phase of the Verena granite is developed.
Thig granite i8 greyish pink in colour, and porphyritic with K-feldspar phenocrysts 10
to 30 mm in size and occasional quartz phenocrysts 5 to 10 mm in size. The
proundmass consists of K-feldspar, quartz, plagioclase, biotite and minor oxides. At
the Albert Silver Mine this granite, which is the host to the mineralisation, is dark pink
with dark red K-feldspar phenocrysts.

Plate III - C and III - D show a contact between the coarse-grained phase and the fine-

grained apical phase of the Verena granite. Plate I - F shiows xenoliths of fine-
grained granitz in coarse-grained granite indicating that the latter is truly intrusive into
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PLATE I

A Photomicrograph of Sekhukhuni granite showing quartz (upper right), K-
feldspar (left comer), plagioclase feldspar (upper centre) and chloritised biotite
(lower right), Maloek Zyn Kop 58 JS. Crossed nicols; field of view is 3,55 mm
wide, ' '

B: Photograph of typjcal coarse-grained Verena granite with K-feldspar
phenocrysts 30 mm in size; Wolvengaten 255 JR.

C: Photograph of coarse-grained Verena granite intruding fine-grained Verena
granife; Rooipoort 440 JR.

D: Photograph of coarse-grained Verena granite intrading fine-grained Verena
granite; Zwartkopje 444 IR,

E: Photograph of fine-grained aplitic dyke cutting across coarse-gramed Verena
granite; Klipdrift 252 JR.

F: Photograph of xenoliths of fine~grained Verena granite in coarse-grained
Verena granite, showing the latte. to be clearly intrusive into the former;
Zwartkopje 444 JR.







the former. The contact relationghips all indicate that the coarse-grained granite
intrudes the fine-grained grantte {vo. Kobb er al, 1994). It would appear that the fine-
grained phase chilled against the pluton’s country rocks, and was intruded from
beneath by a coarse-grained phuse that stoped its way into the fine-grained phase.

On Hartbeesfortein 441 JR the fine-grained phase containg pegmatoidal vugs 100 mm
in size, with quartz 25 mm in size, and K-feldspar up to 38 mm in size, indicating the
presence of late stage magmatic fluids or volatiles in the fine-grained phase at this
locality. Hnwavr;u*, this granite has numerous characteristics of Klipkloof granite, and
may represent dykes of Klipkloof granite cutting acrous the Verena granite at this
{ocality.

Fine-grained aplitic leptite veins are found cutting through the coarse-grained granite,
such as on the farm Klipdrift 252 JR (see Plate IIi - E).

4.2.1.2.3 Petrographic Descyiption

The coarse-grainied granite consists of K-feldspar, quartz, plagicciase, biotite,
horoblende and magnetite. The K-feldspar phenocrysts, which reach sizes of 10 10 30
mm, are eubedral to subhedral and are dentericaliy altered and sericitised.
Occasionally perthite phenocrysts 7,5 to 11 mm in size, with fine-grained, sericitised
rims, are found. On one occasion & sanidine phenocryst i) mm in size was seen, The
K-feldspar in the matrix is subhedral to anhedral and highly deuterically altered and
sericitised, reaching sizes of 1,5 to 5 mm, and e often zoned and chloritised in
places. Perthite occurs as subhedral to anhedral grains, 2 to 5 mm in size, in the matrix
and in some instances is the dominant K-feldspar, Albite sometimes oce.rs as
euhedral to subhedral, sericitised grains 0,75 to 1 mm in size with 4 mm being thy
largest size abserved.

The quartz grains are subhedral to anhedral, and reach sizes of 0,5 to 3 mmand up to 5
mm at the largest. Plagioclase, of composition Anzy .35 is typically subhedral to
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anhedral, and is sericitised forming crystals 0,75 to 2,5 mm in size and typically (L5 (o
1 mm. The plagioclase makes up about 10 % of the rock.

Biotite and hornblende are the primary mafic minerals with biotite being the more
dominant mineral, Biotite forms skeletal to subhedral grains, pleochroic Hght yellow
brown / dark green brown to dark brown / black in colour, and reaching sizes of 0,25
to 2,25 mm with 5 mm the largest. The biotite is often highly chloritised, and is often
totally replaced by chlorite and hematite. Hornblende, which is also often chloritised,
forins subhedral to anhedral grains, yellow green and pleochroic light red brown / dack
red brown, to dark green in colour when highly chloritised. The hosnblende, which is
very imuch an accessory mineral, reaches sizes of 0,5 to 1,5 mnt.

Magnetite forms as subhedral to anhedral inferstitial graing 0,06 to 0,25 mm in size
with 2 num being the largest size, The magnetite grains are often associnted with red
ferrohydroxide staining, and typically occur as grains 0,06 to 0,25 mm in size when
associated with chlorite afterayion of the femic minerals, Chlorite is often found as
anhedral grains or fibrous masses 0,125 to 0,75 mm in size, and often completely
replacing biotite and hornblende. Accessory minerals include zircon, fluorite, sphene
and apatite, which are typically euhedral, 0,5 to 0,25 mm in size, and often near or
gssociated with the femic minerals. Plates [V - A and I'V - B show typical coarse-
grained Verena granite under the microscope,

The fine-grained apical phase consists of K-feldspar, perthite, quartz, plagiociase,
biotite and magnetite. K-feldspar phenocrysts, typically subhedral in shape aud 3 mm
in size, are highly altered (mostly sericitised), and ferrohydroxide stained. Quartz
phenocrysts, 4,5 mm in size, are also found, as well ag patches of quartz-rich arcas
made up of quartz grains 1,5 to 2,5 mm in size, The K-feldspar in the groundmass is
subhedral to anhedral, deuterically altered, ferrohydroxide stained and sericitised,
reaching sizes of 0,25 to 1,5 mm and typically 0,5 to ! mm. Perthite is found as
subhedral graing 1 to 1,5 min in size, Quartz grains are subhedral to anhedral reaching
sizes of 0,06 to 2 mm. Accessory plagioclase, with composition Anas s is found as
euhedral to subhedral, sericitised laths 0,25 to 1,5 mm in size,
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Biotite is found as subhedral pleochroic yellow groen brown / dark green to dark
brown / black grains, reaching sizes of 0,125 to 2,5 mm but typically 0,5 mm, The
biotite is often highly chloritised, in which case it is found as dark green grains 0,25 to
0,75 mm in size. This highly chloritised biotite is often found associated with clusters
of magnetite 0,06 to 0,125 mm in size, Magnetite oceurs as subhedral interstitial grains
0,06 to 0,25 mm in size, and is often associated with chloritised biotite, Often it is
accompanied by red ferrohydroxides.

Chlorite occasionally occurs as separate subhedral grains 0,25 mm to 0,75 mm in size,
as well ag yeplacing biotite. Accessory minerals, which are typically euhedral to
subhedral in shaps, and 0,03 to 0,5 nun in sizs, are fluotite, zircon and apatite, The
rock has a fine-grained equigranular texture, The fine-graimed granite has the exact
same mineralogy as the coarse-grained granite, and it can be seen that the one is just
the fine~grained phase of the other, Plate IV - C shows & photomicrograph of the fine-
grained apical phase of the Verena granite,

The fine-grained granite, found near the Rooipoott tin occurrence on Rooipoort 440
IR (see folder), contains extensive granophyric #-sture, and may represent
recrystallised leptite or Klipkloof granite.

4,2.2 Associated granites

The Bobbgjaankop and Klipkloof granites are two granites associated with the Nebo
granite in the study area. The Bobbejaankop granite in the study arca is correlatable
with the type granite in the Potgietersrus aren, and exhibits the same basic features, so
that it can be given the same name as the type granite. The Bobbejaankep aranite is
regarded as a highly fractionated phase of the Nebo gr-r'te, and is often host to base
metal, particnlarly tin, mineralisation, The Bobbejaankop granite is believed to have
formed in the presence of large quantities of volatiles, causing intense deutetic
alteration of the crystallising granite, and suppressing crystaliisation of mafic minerals
(Crocker, 1979).
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The Klipkioof granite is a fine-grained pinkish brown aplitic granite aceurring as
Jvkes and sills cutting across the main Nebo granite sheet, as well as often being
associated with the Bobbejaankop granite. Various authors such as De Bruiyn (1980)
and Waltaven (1982) have pointed to the highly fractionated nature of this granite,
inherent from its geochemical characteristics; and have sugpested a younger age for
this granite owing to its crosscuiting relations. The cruss-cutting relations would
appear to have been brought about by press-squeezing of this late-stage fractionate
into the crystallised to semi-crystallised surrounding Nebo granite, The Klipkloof
granite is considered to represent a phase formed by crystallisation of the last remnants
of granitic magma that formed the Lebowa Granite Suite.

The Lebowa Granite Suite contains other fine-grained granites that have often being
misinterpreted as Klipkloof granite, such as the fine-grained Verena granite. Various
authors such as Robb et o/ (1994) have made attempts to distinguish between the
highly fractionated late-stage Klipkloof granite and other fine-grained granite varieties
that do not exhibit the highly fractionated composition of the Klipkloof granite or may
simply be chill phases, such as the fine-grained Verena pranie,

4,2.2.1 Bobbejaankop granite
4.2.2.1.1 Contact relationships and general description

The Bobbsjuankop granite or granites with 4 Bobbejaankop-like appearance are found
in ali four plutons, with the Moloto pluton having the greatest extent of this phase (see
Figure 4.1). The Bobbejaarkop granite is mostly associated with Klipkloof granite.

The Bobbejaankop granite forms transitional contacts with underlying Nebo granite
and overlying granophyre, suggesting that this granite variety was formed after large
amounts of fractionation of the granitic magma end in the presence of late-stage
volatiles which had evelved with fractionation, On Vrcemdeling 65 IS, the
Sekhukluni granite becomes redder, more quartz-rich and fas [ess mafic minerals
nearing the Bobbejaankop-type granite, indicating increasing degrees of fractionation



PLATE IV

A: Photomicrograph of coarse~-grained Verena granite. The rock is composed of
quartz {top), K-feldspar (central portion) and chioritised biotile (right margin}
and hornblende (left). A zircon grain can be seen left of centre.

Roodepnortje 250 JR. Uncrossed nicols: field of view is 3,55 mm,

B: Photomicrograph of coarse-grained Verena pranite consisting of quartz (upper
right margin), K-teldspar (upper left) and chloritised biotite (off centre right).
Roddepoortje 250 JR. Crossed nicols; field of view is 3,55 mm wide,

C: Photomicrograph of fine-grained Verena granite. Mineralogy is as for the
coarse-grained Verena granite. Roodepoortje 250 JR, Uncrossed nicols; field of
view is 3,55 mm wide,

D: Photomicrograph of coarse-grained Bobbejaankop granite consisting of quartz
forming coalesced chains, and K-feldspar, Enkeldoorn 217 JR. Crassed nicols;
field of view is 3,55 mm,

E: Photomicrograph of Klipkloof granite composed of quartz, K-feidspar,
magnetite and chloritised biotite, Enkeldoorn 217 JR. Unecrossed nicols; field ¢.
view is 3,55 mmn,

F't Photomicrograph of medium-grained Makhutso granite compased of quartz, K-
feidspar, biotite (upper margin) and plagioclase {left centre), Hartebesstfontein
224 JR. Crossed nicols: field of view is 2,2 mm. -
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toward this granite type, The Bobbejaankop-type zranite subsequently becomes finer
grained 25 one nears the Klipkloof granite contact. However, at this locality the granite
may not be strictly Bobbejaankcp granite but rather Sekhukhuni granite.

It 15 found that in all three Sekhukhuni granite phitons, the Sekhukhuni granite
becomes darker red in colour and takes on a Bobbejaankop-like appearance near the
granophyre contact, On Zandspruit 189 JR, the Sekhukhuni granite, found between a
Klipkloof granite sifl and the overlying granophyre, looks very much like
Bobbejaankop granite. The Verena granite is also found to take on a Bobbejaankop-
like appearance, such as at the Rooipoort tin occurrence and the coarse-grained pgranite
at depth associated with the north vein near the Albert Sitver Mine, The Verena granite
contains an area of Bobbejaankop granite, 7 km in length, adjacent to Rhenosterkop,
which is the host to the Rietfontein tin occurrence (see Chapter 6).

4.2.2.1.2 Macroscopic Description

The gramte is a dark red colour due to the dark red colour of the constituent K-feidspar
grains, The dark red colour is cansed by exsolution of magnetite along the ¢leavage
planes of the feldspar, On oxidation, the magnetite is oxidised to red hematite, which
imparts a deep red earthy appearance to the feldspars.

The granite is virtually a two-mineral rock consistirig of dark red K-feldspar and
quartz grains coalesced together around the K-feldspar grains, so that it appears ag if
the quartz forms long chains on the weathered surface, T!..re are very few mafic
minerals in the rock, although biotite and hornblende are oecasionally present near the

Nebo gratite contuct.
In outcrop, the rock forms low, rounded domical boulders, and can often look like

Sekhukhuni or Verena granite, apart from its deep red colour and low mafic mineral
content,
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4,2.2.1.3 Petrographic Description

Under the microscope the rock consists predominantly of deuterically altered, deep
red, subhedral to anhedtal, ferrohydroxide stained K-feldspar, 0,75 to 6 mm in size
and typically 2 to 4 mm. The K-feldspar is often rimmed by magnetite grains, and is
often highly chloritised, Perthite grains are often the predominant K-feldspar oceuering
as subhedral to anhedral grains 2 to 2,5 mm in size, The quartz grains are codlesced
together to form long chains (see Plate TV - D), The quartz grains are subhedral to
anhedral, and rangs in size from 0,25 mm at the smallest to 7 mm at the larpest, with
1,5 to 2,5 mm being the typical size. On Zustershoek 246 JR the K-~feldspar and quartz
are granophyrically intergrown near the granophyre contact.

Altered, sericitised, euhedral to subhedral plagioclase with composition Anas.as, and
varying in size from 0,5 to 2 mm, {s found as an accessory mineral. On some
occasions K-feldspar overgrows and totally replaces the plagioclase, suggesting more
than one period of crystal growth, '

Mafic minerals, which are accessory in abundance, include subhedral fo anhedral,
often skeletal, dark brown biotite, which is often highly chloritised and hematised on
occasion, and (1,75 to 1,5 mm in size. Orange green, subhedral to anhedral, often
highly chloritised hornblende 0,75 fo 2,5 mm in size is also found. The homblende is
often associaed with magnetite,

Magnetite, euhedral to anhedral in shape, is interstitial and can reach sizes from 0,06
mum fo 1 min but has a typical size of 0,75 mum, The magnetite is often associated with
chiorite alteration, as well as found separately with chlorite grains in the rock, Chiorite
occurs 8s 1 to 3 mm sized clusters in the rock, as well as replacing K-feldspar, biotite
angd hommbiende. It is also assoctated with oceasional quartz veining intersecting the
rock. Accessory miterals include fluorite, apatite and some epidote associated with
quartz veining cutting across the rock in some areas.
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4,2,2,2 Klipkloof Granite

The Klipkloof Granite has limited outcrop in the study area, and is most often found
associated with the Bobbejaankop granite (see Fig, 4.1), It is found as a sill between
the Sekmkhumni granite and Bobbejaankop-like granite and granophyre on Zandspruit
189 JR, where its contact with the Nebo granite is relatively sharp. On Enkeldoom 217
IR the coarser Bobbejaankop granite seems to be introded by the fine-grained
Klipkloof granite and the contact is sharp. However, the exact relationships in outcrop

are not clear.

Qn Rietfontein 446 JR the two granites are also intimately associated with each other,
and are found in close proximity to each otler, On the fatms Maloek Zyn Kop 58 JS
and Rhenosterkuil 63 JS the Klipktoof granite is found between the granophyre and
Bobbejaankop-like Sekhukhuni granite, Its contacts with the underlying Nebo pranite
and overlying granophyre is mote transitional in these areas.

4,2.2.2,1 Macroscopic Description

The Klipkloof granite forms low, smooth, domical hills and is a fine-grained, aplitic,
pinkish brown rock. It is porphyritic in places with K-feldspar phenocrysts from 3 to
10 mm in size, as well as containing lesser quartz phenocrysts, and in some aveus
contains tourmaline spheroids, such as on Zandspruit 189 JR, and pegmatitic vugs, as
on Enkeldoor 217 JR. The tourmaline spheroids reach 5 em in size, nd consist of
tourmaline crystals intergrown with K-~feldspar and quartz crystals, which reach gizes
of 5 mm and more, Freeman ef al (1997) suggest that these features formed as a result
of interaction of boron-rich, magmatically derived fluids and Fe - Mg-rich connate
fluids. The pegmatite vugs consist of conrse K-feldspar, quartz and biotite (now
chloritised) 10 mm in size. The rock consists of K-feldspar, quartz, plagioclase, biotite

and minor homblende,
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42,222 Petrographic Description

The rock consists of subhedral to anhedral, sericitised K~feldspar grains 0,25 t0 1,5
min in size, but typically 0,5 mum. Petthile grains of the same size are also sometimes
present, K-feldspar phenocrysts, from 2 to 7 mm in size, are subhedral to euhedral in
shape, and are also oflen highly sericitised. Quartz is found as anbedral grains 0,25 to
2 mm in size at the largest but are typically 0,5 mm. Quartz phenocrysts, which are
subordinate to K-feldspar phenocrysts, are subhedral to anhedral, and can be from 4 to
5,25 mm in size but are fypically 2,5.mm. On Rhenosterkuil 63 IS the Kiipkloof
granite, developed near overlying granophyre, shows extensive granophyric texture,

Plagioclase is found as 0,25 to 2 mm sized, typically 0,5 to 0,75 mm, subhedral,
stightly sei.citised grains with a composition Ansg- 37, and is usually only present in
minor amounts. Biotite and hornblende are the main femic minerals, Biotite, which is
predominant, oceurs as pleochroic subhedral to anhedral, light yellow brown / dark
brown to dark brown / black grains, where it has extensive oxides. It reaches sizes of
0,25 to 0,75 mm and up to 2 mm, It is often highly chloritised, where it exhibits a light
yellow green / dark green pleochroism. Homblende occurs as subhedral to anhedral
grains, pleochroic light yellow green / dark green to light brown / dark reddish brown
in colour, and reaching sizes varying from 0,5 to 1,5 mm but typically 0,5 mm, These
grains arc also often highly chioritised.

Chlovite is found on occasion as subhedral grains 2 mm in size, often forming part of
the aiteration of K-feldspar grains or phenocrysts, or of the femic minerals, Magnetite
is found as subhedral grains 0,25 to 0,5 mm in size, interstitial to the other grains, or
associated with homblende, or with chlorite, where it forms part of the alteration
assemblage of the femic minerals. Accessory minerals inetnde fluorite, apatite and
euhedral zircon grains, 0,25 mm in size, Plate IV - E shows a photomicrograph of
Klipkloof granite.



4.2.3 Makhutso granite

The Makhutso granite is found as a pluton, § km by 10 lum in size, just to the north of
the centrat region of the study area, where it is in contact with Verena granite (see Fig.
4.1). Thig, however is not its only mode of dccurrence, as Coertze et ! (1978) found a
few dykes cutting across the Sekhukb. i granite. It is a grey biotite-rich granite, which
in the avea north of the Verena granite fou s tor-like outerop. The K-feldspars are a
whitish grey colour, unlike the typical red colour of the other Bushveld granites, and it
has a greater abundance of biotite than the other granites found in the study area,

De Bruiyn and Rhodes {1975) report that the southern contact with the Verena gramite

is not well exposed, This pluton is found to consist of a finge-grained marginal phase,

grading into a coarse~-grained biotite-rich granite, which is porphyritic in places (De

Brulyn and Rhodes, 1975). The fine- to medium-grained marginal phase is what has
‘mpled in this investigation,

Walraven (1988) studied the age of the granite and found it to have an age of 2049 +
69/- 72 Ma from Pb-Pb whole rock dating. This age disproved the far younger age of -
1670 + 70 Ma reported by Coertze et al (1978). The field relationships and its trace
element chemistry, led Walraven (1988) to conclude that the Makhutso granite did not
evolve by fractional crystallisation of the other acid rocks, but that it represents a
magma formed during the final stage of Bushveld magmatism, possibly by renewed
partial melting of the source region, probably located in the lower crust. The Makhutso
granite is the youngest of all the granitic phases found in the Bushveld Complex, and
thus it places an important constraint on the upper age of the Buskveld granites,

4.2.3.1 Petrographic Description
A medium-grained phase near the fine-grained marginal phase of the Makbutso granite
piuton north of the Verena granite was sampled. The Makhuiso granite consists of

subhedral to anhedral sliglitly sericitised, but not deuterically altered, grey K-feldspar
0,5 to 1 mm in size but typically 0,5 mm, Perthite forms a mtinor component of the K-
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feldspar grains. Ashedral quartz 0,25 mm to 1 pam in size, but typically 0,75 mm is the

other major constituent,

Subliedral plagioclase with 2 composition of Anas. 30 is 2 minor constituent and forms
grains 0,5 to 1 mm in size. Subhedral, chlotitised biotite, pleochroic light green / Jark
green in colour and 0,5 to 1,5 mm in size is a major constituent of the rock. Anhedral
to subhedral, pleochroic dark green / brown gi'een Lhomblende 0,25 to 1,5 mm but
typically 0,5 mm, is also abundant. Magnetite is found as subhedral grains, 0,25 mn in
size, interstitiatly between the other grains and as grains 0,03 mm in size associated
with chloritisation of the femnic minerals. The rock has an equigranular medium-
grained texture. Flate IV - F shows a photomicrograph of medium-grained Makhutso

" gramite.

4.3 Conclusions

The Lebowa Granite Suite is found as a number of different compositional types that
yary in grain size and texture as well as chemistry, It is found thet the granites vary
from a grey K-feldspar, homblende-rich grariie at their base to a more quartz- and
biotite-rich rock, with red deuterically altered K-feldspars near their top. The dark red
K-feldspar, quartz-rich Bobbejaankop granite follows this trend and is closely
associated with mineralisation in the granites, as it is formed from amongst the last
rejrmants of magma, which are enriched in incompatible elements such as tia, The
level of exposure within the granites determins, to 8 large extent, the exient of
mineralisation potential of the granite pliton,

The Sekhulchuni granite is found in three piutens in the study ares, and is found to
have both sharp (o gradational contacts with the ovetlying granophyre and rhyolite,
Some plutons, such as the Moiote dome area, whiclt represent higher level granites,
are found to be more inherently susceptible to mineralisation,

66



The Verena pranite, a marginal phase of the Sekhukhuni granite, differs in texture but
otherwise shows similar relationships as the Sekhukhuni granite. It has a prominent
fine-yrained apical phase developed on Roodepoorije 250 JR and Zwartkapje 444 JR,
which hosts the mineralisation at the Albert Silver Mine. '

The Bobbejaankop and Klipkloof granites have limited outcrop but are usually found

associated with each other and are typical hosts for miaseralisation. The Bobbejaankop
granite is found near the roof of the granites, as is the Klipkloof granite, which is also
often found as dykes and sills cutting across the Nebo gramnite. '

The Makhutso granite represents the youngest acid intrusion in the Bushveld

‘Complex, owing to its younger age as well as having intruded into the Veyena granite.
It thus represents an upper age constraint on the age of the Lebowa Granite Suite.
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CHAPTER §
GEOCHEMISTRY OF THE FELSIC ROCKS

5.1 Introduction

The felsic rocks of the Bushveld Compiex have been studicd geochemically by niany
authors, such as Lenthall (1972, 1975), McCarthy and Hasty (1976), De Bruiyn
(19807, Twist {1983, 1985), Walraven (1982) and Schweitzer of af (19954) to hame a
few. Some of these authors have concentraied on specific felsic rock types in the
Bushveld Complex, The granopliyres were extensively studied by Walraven (1982),
aid the Roogibery Group by Twist (1983, 1985) and Schweitzer et af (1995a), Qthers,
such as De Bruiyn (1980), have studied the whole [elsie rock suite and ha

considercd the origin and emplaceiment of theso rocks,

This study will not attempt to mode] the genesis ol any of the [elsic rocks of the
Bushveld Complex, bot will use the chemtcal dala to classily the felsie rocks, as well
a3 10 highlight features of the rocks relevant 1o an cxploration program. The lack of'a
comprehensive dats set on any one parlicular rogk type also preeludes an intensive

study on the origin of any particular rock type.
Table Al (Appendix A) gives the major and iace element compositions of the graniles

in the study area, ‘The composition of tite roof rocks are given in Table A2 (Appendix

A
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5.2 Rock Classification

5.2,1 Granite Classification

‘The granites of the Lebowa Granite Suite are subdivided in the fiefd into a munber of
textural and compositional varicties. Chemically these different granite varictics are
lound {o dilTer from one anothier in torms of major and (race eloment contents, All the
pranite varieties, however, are loud to be granite sensu strfeto in nature, us iitustrated
in Fig. 5,1 where a Q-A-P diagram, as used by Streckeiscn (1975), is plotted,
Streckeisen (1975) used 111‘is diagram to differentiale between the various plulonic
rocks encountered in (he carth’s crust, The geanites plot within the monzogranile ficld
of the Q-A-P diagram in that they, in pencea), contain equal amounts ot K-Teldspar,

quarlz and plagioelase.
5.2.2 Rool Rock Classification

Discriminaticn diagrams, as used by Winchesier and Floyd (1977), identily the felsic

- yoleanic rocks of the Bushveld Comnlex as rhyolites Lo rhyodacites (Figure 5.2 a and
b). The volcanics of the upper Schrikkloof Formation are predominantly rhyolitic in
composilion with the Kwaggasnck Formation composed of predominantly thyodacites,
Thus, there is an evolution in the valeanics in passing upwards, from a dacitic
composition at the buse of the voleanic pile o a thyolitic composition toward (he top.
This trend has been noted by other authors, such as Twist (1983) und De Bruiyn
(1980}, The diagrams aso inelude the granophiyres, and indicales that il oxtruded as
voleanics the geanophyres would be thyolitic in composition, and thus tepresent &
more {ractionated portion of {he parental magma, than that which gave rise ta the

lower levels ol the volcanic pile.
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5.3 Tectonic Setting of the felsic rocks in the study area

Attempts have been made over the years to consider the tectonic sefting of the
Bushveld Complex, Theories have ranged from a rift setting to meteorite impact,
This section deals with the clagsification of the felsic rocks within & tectonic setting,
the nature of the granites (i.e. S-, I- or A-type pranites), and a brief look at the
tectonic environment which may have prevailed during emplacement of the felsic
rocks.

2000
1000
100
&
10
1
Legend
Syn-COLG: Syn - Collision granites VAG: Volcanic Arc granites
WPG: Within - Plate granites ORG: Ocean Ridge granites
B Makhutso granite 4 Rashoop granophyre
L] Ripkloofg [+ Loskop formation

X Bobbejaaniop granite < Scluiklloof format
} Sekhihuri grarute £ Rwaggasnek. formation
fine-grained Verena granite

fad coarse-griined Verena granite

Fig. 5.3 Log (Y + Nb) vs, Log Rb diagram, after Pearce ef al (1984), indicating
the tectonic setting of the felsic rocks in the study aren
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Fig, 5.3 is a diagram used by Pearce ef af (1984) to distinguish tectonic settings of
granites, The felsic rocks in the study area have the compositions of within-plate
granites (WPGs), which cotresponds with the emplacement of the Bushveld Compiex
within the middle of the Kaapvaal Craton after collision of the Kaapvaal and
Zimbabwe cratons (Courtnage, 1995), The A-type, post-collisional, within-plate nature
of the rocks is confirmed by plotting the data on Y-+-Nb-Rb diagrams {not shown), as
used by Sylvester (1989). On Y-Nb and 'Y/ Nb-Rb/ Nb diagrams (as plotted by Eby
{1992))(not shown), the granites plot as A2 granitoids from posteollisional,
postorogenic and anorogenic etvironments. The A-type nature of the granites is also
confirmed, to a lesser extent, by plotting the rocks on $i0,-Ca0, SiQ,-(Na,0+K,0)
AlO; and 8i0,-K,0/ Na,O plots as used by Patifio Douce (1997).

Figure 5.4 illustrates four diagrams used to discriminate between A-type and I-dype
granitas. The granites in Fig. 5.4B plot in the A-type granitoid field (after Kieeman
and Twist, 1989), Collins ef al (1982) point to the alkaline compousition of A-fype
granites along with their high Ga / Al,Q,, Fe / Mg, 8i0;, Zr, F, low Ca and Srand a
Sn-Mo-Bi-Nb-W-Ta-F metallogenic association. The granites plotted in Fig. 5.4 A, C
and D ali fall within the ficld of A-type granitoids as defined by Collins 2f ol (1982),
CaQ-poor peraluminous granites are those formed in an anorogenic environment, i.e,
they are not emplaced during mountain building, plate collision or subduction, This
concurs with Figure 5.3 as A-type granites are more readily formed within a plate
whereas S- or I-lype granites are formed ai plate margins during plate collision and / or

subduction.

Batchelor and Bowden (1985) used R1-R2 diagrams, first used by de 1a Roche et af
(1980, to distinguish various tectonic settings of granitic rocks (Fig. 5.5). The
diagram makes use of two different formulae R1 and R2 , first derived by de la Roche
et ol (1980) where:-

RI=48i-1l1{Na+K)-2(Fe+Ti)
R2=6Ca+2 Mg+ Al
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Nearing the top of the Pretoria Group, volcanic successions start 10 predominant over
the sediments and a large number of diabase sills intrude the sediments, increasing in
abundance upwards. Authors, such as Sharpe and Snyman (1980), have postulated that
the Bushveld magmas infruded as a result of subsidence involving the Transvaal
Supergroup tocks, which began to occur in late Pretoria Group times. Sharpe et al
{1981) postulated that the Bushveld magmas intruded into the sedimentary units of the
Transvaal Supergioup at a late stage in the subsidence of this basin, poésibly ag a result
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Fig, 5.5 Plot of R1 vs. R2, after Batchelor and Bowden (1985), showing the
tectonic setting or the Bushveld Complex in the study area
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of multi-stage conical [ractusing of the crust, The Rooiberg Group was the initial
volcanism and the granites represent loter infrusion of the more highly fractionated

parental magma.

5.4 Differentiation of the felsic rocks

‘Workets, such as Walraven (1982), Kleeman and Twist (1989) and Twist and Harmer
{1987), suggesl that the Reoiberg Group voleanics and the Rashoop Granophyre Suile
represent a single magnta formed by pactial melting ol the lower crust. The granites of
the Lebowa Granite Suite were derived ™om further fiactionation of this same parental
maga, which then intruded these rool rocks. These arguments agree with field
relationships, where it is evident that the granites inlouded buncath a roof of rhyolites

and i many areas granophyre,

Much of the gravophyre in the Complex owes its origin lo [ractionation from a magma
intruded beneath a fayer of voleanies oxtruded from the seme mapma (Walraven,
1982), Only in sotne cases is (he granophyre derived (rom a different origin, such as
motasomalism of melting and reerystallisation of the rhyolites. The Rooiberg Group
was extruded at 206112 Ma ago (Walraven, 1997), with contemporancous hypabyssal

inteusion ol the granophyres beneath the rhyolites.

Recent studics have placed the age of intrusion of the Nebo Granite at 2054.4 £ 1.8 Ma
(Walraven und Hattingh, 1993). Thus a time span of only 5 Mu oceutred between
cxlrusion ol the Rooiberg volcanics, daled at 206142 Ma { Walraven, 1997) and

intrusion of the Lebowa Granite Suile,

Geochumically the major elements do not record changes in the degree of fraclionelion
particularly well, However, trace clements sucht as Rb, Ba, S, Zr, Y, and Nb are more
ugelul, as tracc clemonts oxhibit more significant changes it their conlents during

fractionation than do the major elements, Rb, being an incompalible element, incroases
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its abundance during fractionation, whereas Ba and Sr, which are both compatible
elements, decrease in abundance with increasing degrees of fractionation, The ternary
plot of Rb, Ba and Sr, as defined by El Bouseily and Ei Sokkary (1975), shown in
Figure 5.6 indicates that the granites were derived from a magma which had

und = gone greater degrees of fractiomation (higher Rb, lower Ba) than the roof rocks,
with which it is coeval. This may also be a determining factor as to why the granites

Lepend
Makhutso granite €4 Rashoop granophyre
Klipldoof granite
!;(] thb fo e _ 2 Loskop formation
~ SOVRREEPERLE T Schuilddoof formation
~}+ Sekhukhuni granite A\ Rwaggasnek formation i
i fine-grained Verena granite '

ﬁ coarse-grained Verena granite “s

Figure 5.6 Rb Ba - 8r ternary dmgram, as used by El Bouseily and Ei Sokkary
(1975), showing the more fractionated nature of the granitic rocks ,
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are the main hos to mineralisation, whereas the rhyolites and granophyres acl us
repositories lor mincralisation derived from the underlying granitcs, and appear not to

be sources o mineralisation in Lheir own right,

Another point worlh noting in Fig, 5.6 is that the Klipkioof graniie tends [o have the
highest Rb and the fowest Ba, and indicates that il is the mosl [ractionated of the

granitic rocks,

The Loskop Fornation rocks arc not included duc lo exhibiting variable results.
Tapping of magma that had undergone differing degeees of fractionation may have led

to (he variable rock compositions of the Loskop Formation samples,
5.4.1 Major element geochemistry (Harker dingrams)

Harker diagrams, where 510, is plotled against the other major clemenis ofton show
[ractionation trends well. As Si0, increases fairty substantially in going from the base
ol the granite sheel Lo its upper reaclies, as well as increasing upwards in the volcunic
succession, it is used as the independent vaviable in the Harker diagrams shown in

Figure 5.7, Ba, Rb and Sr are plotied against 810, in Figure 5.8,

Wil increusing degrees of [ractionation of a grunitic magma there are increascs in
$i05 and K,O and decreuses in TiOy, Al,Oy, Fe,05, C20 and P,0s. The granites of the
Lebowa Granite Suite of the study area exhibit factipnation trends from Sekhulkhuni
granite, through coarse grained Verena geanite through to Klipkloo! geanite, which is
the most highly fractionated. The Makhutso granite has a low SiQ, conlent, and shows
that the magma responsible lor this granite had not undergone much fractionation

before emplacement,

It is generally scon that the granophyes have higher silica contenls and generally
higher alkali contents (sce Table A2) than the Rooiberg Group, indica..ng the more

{ractionated nature of the granophyres compaced (o the thyolites of the Rooiberg
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Group. Note too that the voleanies of the upper Schiikklool Formation are more silica
rich than the lower Kwaggasek Formation, and indicates progressive fiactionation off
the parcntal magra during the eruplion of the Rooiberg Group in pussing from its base

upwards.

With regards to the rool rocks, Jw Harker diagrams tond to show [ruclionation trends
better than the traey clement plots. The trace element plols with regard 1o the roof
rocks lend 1o show a greater variation due (o more variable irace clement contents in

the rool rocks compared 1o the granites,

The Harker diagtams, in terms of the rool rocks, show reusonably good rends, with
the granophyres typically showing the best trends. It is found that SiQ;, and Lo some
extenl Aty O;, increase with height in beth the granephyres and Rooiberg Group,
whereas Fe,O,, TiO,, Ba and Sr decrease in content. In the case of the Rooiberg
Group, this is as would be expected foi* rocks which had been extruded from a
progressively factionaling parenlal magma, and in (his regad they show similar

geochemical treuds Lo the granites.

The plots involving treee clements do no have clearly defined fractiopation treiuds for
the roof rocks, and Rl is generally found 1o decrease with heighl in the voleanic pile
{using TEDI values as & genoral guide to height in the stratigeaplhy). This trond is
totatly opposite to that expecled, as Ba and Sr are found to generally decrease in
eontent with stratigraphic height, while Rb generaily increases in content with
stratigraphic height, as may be expected for a succession of volcanics 1apping a
progressively fuctionating parental magma, Some otner influence may have eaused

the RDb o decrease it content with height in the voleanic pile.

Wilh regards to the granjtic rocks the SiO, versu . Ba ad St diugrarms both show a
negative correlation with regands to SiO,, which is particularty well illustrated in the
St dingram, This is a5 would be expected lor a progressively lractionating granitic

magn,
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All the granophyre samples shown pecur between e Lebowa Granite Suite aud the
avarlying Rooibery Group. The granophyre may have originated by fractionation [rom
the base of a piagma chamiber upwards beneath a roof of thyotite. Initial crystallisation
ol the lowermost pranephyre cceurred beneath a roof of chyolites erupted rom the
same parental magma, With tine residual magma, which was cither trapped in-
between the underlying crystallising granophyte and the overlying rhyolites, or was
successively injeciod in-between the geanoeplyric rocks and the rhyolites from an
underlying {ractionating magma chamber, gave rise to the granophyres which exhibil a

(ractionation (remnd (rom base o top.

The grauites intruded the granephyre-voleanie pite afler the hypabyssal intrusion of the
granopltyre and extrusion of the voleanics of the Rooiberg Group. Granophyric granite
formed by Lhe intrusion of the graniles inlo the granophyre pije, ad the gradusl

ascimilation at the contacet of the still relutively hot granophyre.
5.4.2 Trace clement geochemistry

Binary plots of Rb, Ba and Sr against cach olbwer, as shown in Figure 5.9, slso indicate

lractionation tretds in the felsic rocks.

Two distinet trends can be seei on Lhe Rb - Sy disgram, The (irst 1o the loll consists of
sanpies of Sekhukhuni granite, Bobbejaankop granile, some coarsc-grained Verena
granite and Kfipkloof geanite, aud iflustrales the progressive fruetionation from Nebo
granile through Bobbejaankop granite to Klipkloof gratite. Tha sccond trend i the
upper right corner consists predominantly of fine-grained Verena granite. The mells in
equilibrium wilh the crystallising solid are always more enrichied in Rb and less
enriched in Ba and 8r than the solid with which they are in equilibrium * cc Fig, 1,
MeCarthy and Hasty, 1976). This is due to tite differing degrees of differentiation of
Rb, Ba and S into the crystatlising minerals, so that the incompatible nalure of Rb,
and the compatibie natures of Ba and Sr influenec the abundance of these clriients in

the melt. Thus samples plotting with a higher Rb content arc gencrally fess
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fractionated and are closer to the initial melt composition, as illustrated by McCarthy
and Hasty {1976). Thus the fine-grained Verera granite samples represent a less
fractionated chill phase, where the pranitic magma chilled beneath roof rocks and was
iutruded by a more fractionated granitic magma, which siowly cooled giving rise to the
coarse-grained phase of the Verena granite.

Owing to the limited number of samples analysed fractionation trends in the roof rocks
of the study area are not well defined. A foctor to bear in mind is that the samples also
come from across the whole ares, and not from one particular portion of the study area,
and hence wide diserepancies between the sarnples will be observed. The Loskop
Formation, which forms the uppermost part of the Rooiberg Group, is omitted. The
roof rocks, however, generally have lower Rb and higher Ba and Sr than the granites
indicating lesser degrees of fractionation than the granites. The granophyres generally
appear to be more fractionated than the Rooiberg Group voleanics,

5.4.3 The Trace Element Differentiation Index {TEDI})

Walraven (1986) defined a trace element differentiation index (TEDI) to determine the
amount of fractionation a granite of the Lebowa Granite Suite had undergone, To this
end the trace elements Rb, Ba, and Sr proved most useful, The trace clement
differentiation index (TEDI) is defined as:

TEDL =Bax (Sr/Rb)

Investigations by mnmerous workers (e.g. McCarthy and Hasty (1976), El Bouseily
and El Sokkary (1975) and Walraven (1986)) have shown that with increasing
fractionation in a granitic magma, Rb increases in content while Ba and Sr decrease in
content, Thus with increasing amounts of fractionation the TEDI value decreases.
Walraven (1986) reported that TEDI values of between 4000 and 1000 represent the
lowest portions of the granite sheet, whereas values less than 10 are found in the very
upper parts of the sheet, Values of around 500 would be reasonable for the middle
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-of the granite sheet. Table 5.1 gives (he TEDE values for the different granite

types in the study arca.

Despite there being relatively fow samples for each plulon or granite type the TEDI
values ilustrale that the Nebo granite in the area has relatively low TEDIL
vatlues,ranging from 176 1o 10, This indicates that the granites in (he study arca are
high level granites and relatively highly [ractionated, Where TEDI values are low, the
mineralisation potential of e granite is far greater as incompatible clements, such as
the base metals, are concentraled in the most highly {fractionated portions ol the

granite.

Ol the three Sekhukltuni granite plulons the Kameolpoort pluton has the lowest TEDI
values, This, however, would appear to be a function of (ke sambling positions, as
samples were collected [rom near the pluton margins on the northwestcrn pottion of
Kameelpoort 202 JR.

The Kameetpoort pluton is situated on an antiform (rending NE - SW, parallel to the
Zebedicla anticline, that passes through into the Moloto pluton to the southwest and is
parily responsible for the doming of the latler, Thus, present levels of erosion have
exposed deeper level graniles (with higher TEDI values) in the center of the
Kameelpoort plulon glonyg the line of the antiform, Higher feve] graniles are preserved
along the marging of the pluton, parlicwlaly along the northwoslern margin, I is also
waorlh noting that a small Cu - F occurrence is found on the northwestemn margin near a

Klipkloo! granile sili where the TEDI values are low.

The Molote pluton has TED values ranging from 134 to 60, indicating that the
granites are highly fractionated, a feature that is confirmed by iis mincralogy. The
granites with TEDI values ranging from 134 to [18 are nearer the center of the pluton,
with values less than 100 being nearer the margits. The numerous minctal securrences

along the castern margin of the pluton iy explained
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by the lact that higher fevel granites, in the form of Bobbcjaankop granite, are
preserved here. Due to the domical nature of the Mololo pluton high-leve: rocks are

prescrved along the margins, particularly the caslern margin (see Fig, 6.2),

The sumples from the Dennjiton granile pluton are liss  in Tuble 5.1 in a posth 1o
south fashion so that sample 58-163 is al Phooko (see folder), and closer o the cenler
of (he pluton, whereas sample 65-151 is much .t .- south near the Klipkloof graniie
contact, where the granite takes on a Bobbejaankop-like appearance, From the TEDI
vidues it is apparent that in moving from north (o south, one is pagsing inlo the upper
poriions of the granites and up into the Klipkloof granite (sce sampin 63-161). This
upward progression is rellected i both the topography as well as the texture and

colour ol the granites, To the south of Dennilton the granite is grey and hornblende-

rich. Southwards the land riscs lo an escarpment & aranile passes into a deep ved
Bobbejannkop-Like granite, This granite becomos - «ained passing into Kﬁplclduf

granite, and up inlg granopbyre. Further south & plateay is formed by Rooiberg Group
rocks on Zwarlfontein 89 J§ and Rictfontein 99 JS, and south onto
Engelschedoornboom 95 I8, 1t is also worth noting (hat all the mineral occurrences
assoctated with the Dennilton granite are found aleng its margin, in the upper portions

of the granitc shecet, as reficcicd by the low TED} valugs.

The Verena granite has TEDI valucs gencrally less than 100 and hence are high-level
. anites, despite being at an approximately cquivalent topogravhic height as ils
nuighbour, the Mololo pluton. The Verena pluton is more hij v actionated than the
Moloto pluten, The Yerena pluton intrudes Schrikkloof Formation rocks of the
Raoviberg Group along both its eastern and western margins, The Moloto plulon,
however, intruded granophyyes and the lower Kwaggasnek Fonmation, Thus different

plutons intruded the voleanic pile at different stratige. 2hic positions,

The linc-geained phase ol the Vercna granite i the vicinity of the Albert Silver Mine

on Roodepoortje 250 JR, has on average TEDI value of 136, whereas the surrounding
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Table 5.1 TED] - alues for the various granite types in the study area
Nebo granile (var. Sekhuichuni}

sample Ba Sr Rb {TEDI (Ba x {Sr/Rb)} min. oce.
Kameeipoert pluton

18024 215 19 212 19
202-13 263 7] 173 2g
202-19 361 29 242 42
Moloto dome

ED. 3 720 47 281 120
ED. 4 707 43 232 131
ED. 5 690 41 211 134
ED. 6 580 30 233 B8
ED.7 837 41 222 118
ED. 8 678 32 290 75
ED.9 ' 750 25 300 63
ED, 10 574 24 230 60
ED, 1t 787| 24 235 BQ
Rannilton granite _

5B-163 461 48 211 1085
63150 201 16 259 12
85-161 198 1% 290] - 10

Nebo granile (var, Verena)
fine-grained apical phass

250-108 §72 80 362 146

250-110 512 99 289 170

250-115 437 76 358 93

250-113 507 75 285 133!Alhart
441-103 245 24 335 18|Rooipoort
coarse-grained phase '

03-136 285 66 302 41

227117 455 95 273 168

250-109 318 80 354 54

441-102 229 33 307 25

A41-104 108 10 330 3jRuoipoort
444-116 285 &1 367 _ 49
Bobbejaankop granite

217-37 678 27 275 87

217-49 77 4 238| 78

246-76 131 17 300 7

Klipkloof granite

63-161 118 12 309

189-23 168 17 250, i1 i
217-39 249 12 299 10 N
447-130 47 23 332 3
Makhulso granile

MAK-1 | 452 88 181 229

samples ED, 3 to 11 [rom Lonthall {1975), Sample numbers (sce Appendix A, Tablr
Al)
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coarse-grained phase has an averaye TEDI value of 65, Thus the TEDI values refiect
the observation that the fine-grained granitc is an apical chitl phase, that formed by
retulively rapid cooling of 4 refatively unfractionated granilic magma. The coarse-

grained phase represents a more evolved, slower cooting magms:.

It is also worth noling that the geanites neat the granophyre / rhyolile contzet have
lower TEDI values (<., sample 93-136), conpared to those toward {he center ol the
pluton {e.g. samy. & 227-117). This reflects the fet that higher-level granites are
preserved near the granophyre / thyolite contact, whoreas erosion in the conter of the
plutons exposes lower level granites. Thug the TEDI valucs to a certain extent reflect

tha topography of the gmniic pluton.

The Bobbejaunkop granite has low TEDI values rellecting its highly fractionated
nature (cf, McCavthy and Hasty, 1976), The incrsasing volatile. conteat of the magma
which crystallised {o form the Bobbejaankop granite caused the intense deuteric
aitoration characleristic of this granite. The volatile-rich magma also supprossed
crystaflisation ol the malic minerals giving risc to the bimineralic naturc of the

Bobbejaankop granite.

The Klipkicof granite has very low TZ2DI values (less than 10 typically), confirming

that £t is the very tast reminants of erystallised magma.

The Makhutse granite bas a bigh TEDI value and so, despile being the youngest
granite in the Lebows Granite Suile, was derived [rom a differont magma caused by
renewed partial melting of the lower crust, This would cxptain its differenl chemistey

compired (o the olhier granites of the Lebowa Granite Suite. -

The granites hosting the Rooipoort tin accurrence (samples 441-103 and 104) have
markedly low TEDI valucs, which possibly reflect a trace clement redistrtbution
brought about by the mineralising fluids, Walraven ef e (1990b) discusscd the

behaviour of Rb aud Sr isolopes ucar {in mincralisation, and the markedly ditferent
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vatues of these trace clements in mineralised graniles compared to unmincralised,
barren granites, Walraven e of {1990b) diseoyvered a direcl correlalion between (he
degree o0 ¥'8r loss, the severity of alteration and Lhe proximity of the rocks to Sn
mincrajisation, Late-slage, low lemperaiuwre hydratherroal Nuids which had evolved
from: the earlior high-lemperature Muids responsible for Sn mineralisation caused 4
lowering of the Rb-8r whaole-rock ages {Walraven of o, 1990b). Hence these Nuids

would affect the TEDI valuc of these rocks.

Allcration by hydrothermal [uids involves seticitisation and / or ehloritisation of the
feldspars, chloritisation ol the mafic minerals hornbiende and biotite and introduetion
of chlorile, epidolc and possibly carbonates. Rb is able to substitute for K and to a
lesser extent N, Srcan substitute for Ca and to a lesser extont Mg and Fe™*, As such,
during alieration Ca is preferentiatly lost in chloritisation and scricilisation of the
feldspars, Nau s alse aflecied (o  losser degree. Thie Mp and K content is rolatively
unaflocied, As o consequence there is a smalier Sr contenl in the chieritised and
sericitised granites than in the unaltcred granites, whereas the Rb content is affecied to
a far Jusser degree. As such highly chloritised samples wilt have low TED! values duc
lo preferentisl feaching of Sr caused by alleration. As phyllic alleration begsns o
predontinate with deereasing hydrothotinal fluid lemperatures, Sr is not

preforentially leached and the TBDI value is not as severely affected. Hence, TED]
values of allered rocks, that differ substastially from the immediately surraunding
unaltered rocks, may indicate the passage of mineratising fluids and may indicale the
presetice of mineralisation, I so, TEDT values are uselul in any cxploration program as

indicators ol possiblc mincralisation.

The (race efement differentiation index (TEDI) can be used in the roof rocks to
determine steatigraphic height, Even thougl Walraven (1986) first used i to dotermine
the hejght in the granite sheet of the Lebowa Granile Suile the concept can also be
used for ilic roof rocks, The ratio is particularly vatuable for work in the granophyres,
where stratigraphic height cannot be casily corrclated from one area lo another., Even

the Rooiberg Group, despile some matker horizons, is relatively omogenous axt may
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not be well exposed. This may not be necessarily true in widely soparaled aycas, such
as at Loskop Dam and Rooiberg, as separate extrusions may have sceured in soparale
acea~ Nevertheless within a certain area TED! values may be useful in determining the

volcanic stratigeaphy, Table 5.2 lists TEDI values for the roof rocks analysed.

Table 5.2 TEDI values of the roof rocks

Roolberg Group (Schrikkloof Formation) !

sample |Ba Sr Rb TEDI {Ba x 8/}
95-134 1181 29 176 190]

43598 1071 46 191 258

89-140 171 61 207 345 ]
90-138 1845 22 338 121}agglom,
Roolberg Group (Kwaggasnek Formation) '
328.133 ~ 1208 48 301 207

228-132 1194 48 250 229

205-22 1068 42 166 268 ]
434-89 1550 119 291 634

Rashoop Granophyre Sulte

63-162 739 20 164 76

434-90 1017 gi[ ~ 227 227]

248-84 1234 37 201 227

214-32 1206 - 48 222 244

205-27 1247 B7 170 418

The samples as listed in Table 5.2 do not show a decreasing TEDI value froi the
lowermost samples of the Kwaggasnck Formation to the uppermost samples of the
Schrikklool Formation, Rather they show decrcasing trends in the separale formations.
Henee, determination of which form tion the voleanic rocks fell into was determined

by field relationships alone.

The agglomerale layer sampie (sample 90-138) has a low TEDI value. As this sample
is taken from the mineralised aggiomerate layer that is sporadically mineralised along
a strike length of 40 km, the low TED] value may be explainﬁ by lhe influence of
fluids moving slong the permeable agglomerate layer, and giving rise o the low grade
“mincralisation within it. The mineralising fluids would have influenced the Rb and Sr

conients of the rack and hence the TEDI value,
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The TEDI values can help give a1 overall stratigraphy to a field arca and may help in
determining the tectonie, structural or intrusive history of an atea. The TEDH values
indicate that the Vetena pluton intruded at high stratigraphic tevels in the voleanic pile,

whetcas {he Moloto pluton intruded af fower levels, and the Kameclpoort pluton at

cven lower lavels.

The TEDI valucs aiso indicale which roof rocks are lowest particularly in arcas wihere
no underlying granites or Rustenburg Layered Suite rocks are cxposed, High TED]
vialues in this case indicatc roof rocks low dow, in the stratigraphy, and henee closer
‘1o the graniles or mafic rocks. Thesc rocks are of groater exploration potential as hosts

1o mineralisation detived from the immediately unc crlying granites or malic rocks.

5.5 Conclusions _ \

The Rooiberg Group was exlruded from a progressively fractio.nating rest Hquid,
firstly as a passive lype of voleanism to form the Kwaggasnel Formation, followed by
a more explosive volcanism 1o form the Schrikklool Formation, The style of
voleanisni may have changed due to the magma beeoming more viscousducto
Tractionation, The Rooiberg Group samples show a progressive fractionation of the
patenial magma, giving risc to more {tactionated lavas being extruded higher ub in the

voleanie succession.

Magma which Intrudea beneath this voleanic pile erystallised as the Rashnop
Granophyre Suite, ofien metasomatising and reerystailising the immediately overlying
thyolite of the Rooiberg Group. The jowermost granophyres .cr.ystalliscd from the
magma first, With time, restite liquid get progressively trapped bolween the overlying
thyolites and lﬁc underlying crystailising granophbyre, This restite liquid gave rise to
the granoplyre suite, and explains why the granophyre exhibits similar geochemical

trends to Hie granites,
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Crntinued (ractionation of (he now progressively fiuctionated magia pave rise o the
pranites, The magma intruded beneath the roof rocks ef rhyolite and granophyre and
was often chilled and metasomalised in places giving vise to granophyric pranite near

the geanophyre conlict,

Fraclionation of the magma gave rise to the distinet trends noted in passing from the
hottom of the graniles to their top, These include changes in texture, colour ad
mineral conlent, particulazly the dominance of one or the other mafie mineral, The
upperimo:t grasites are marked by deep red IK-feldspar and quartz rich granties, with -
fittle mafie mineral content and often host to tiin lﬁinemlisatio_n. The Klipkloof granite,
oflen assoclated with the Bobbejaankop gtanite, is a fine-grained, pinkish-brown,
aplitic granite, and represents the most hishly fractionated portion of the granitic
magmi. The Klipkloof granite ofien shows pegmatoidal vugs of tourmaline, quarts
and K-feldgpar, The saine textures were found in the granites at the Zuaiplaats' Tin
Mine (Groves and McCarthy, 1978).

The Makhutso granite represents the last intrusive event in the emplacement of the
Bushveld Granites. It has a dilferent chemistry to the other granites, and would scem

to have been derived from a sccond partial melting of the lowor crust,

The upper, most fractionated potiions of the granites contain the grealest abundance of
incompatible clements, i.¢. the metals, and henee are more subject to mineralisation

thun lower level, logs fractionuted granitee.

CTED! values are uselu! indicators of height not only in the granites but also in the roof
rocks. TEOI velucs aro a useful exploration ool as they can be used, in eonjunction

with [icld observations, to delincate aress of mineralisation potential.



CHAPTER 6
METALLOGENY OF THE FELSIC ROCKS

6.1 Introduction

The acid phass.of the Bushveld Complex is host to numerous small mineral
pcourrences, as well as inportant deposits such a3 the Rooiberg and Zaaiplaats tin
mineé. The stody area is no exception, having several mineral occurrences with

- umerous, different commoditics, and hosted in a variety of different rock types. The
vartous commodities found inclﬁde the base metals, precious metals and rare garth
elements, It is found that the granite suite is the principal host to the bulk of the
mineral ocetirrences, especially those of possible economic significance in the study
area. The Rashoop Granophyre Suite does not offer any potential in its own right, but
is rather a vepository for mineralisation originating from the underlying granites. The
Rooiberg Group has a poteniial to host mineral deposits, but it too is often host to
mineralisation derived from either the underlying granites and could possibly host
mineralisation derived from the Rustenburg I;ayered Suite (Schiweitzer ef af, 1995b).

Figure 6,1 shows the various mineral occurrences found in and around the study area.
The name of each occurrence in Fig, 6.1 is given according to the farm on which itis
located, followed by the major commodity found at the occwrence. For convenience
the stucdy area has been divided into four regions, namely:
1. the Moloto pluton area, consisting of the Sekhukhuni gfanite pluton developed in

_ and around the seitlement of Moloto, as well as the fmmediate suirounding rocks
2. the northwestern Verena granite pluton, which is the granitic texrain of the Verena

pluton to the west 0f 29° E |

3. the Rhenosterkop area, which inciudes deposits in the area adjacent to this

prominent hill and
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4. the southern Dennilton granite pluton area, which is found in the upper northeast
portion of the study area. |

‘These four areas are further subdivided iuto major mineral occurrences in that area e.g.

the Enkeldoorn tin field in the Moloto pluton area. Any mineral occurrence outside of

these four areas is described in a sepasate section.

6.2 Moloto Pluton

The Moloto pluton area includes the Sekhulhuni granite found around the sefilement
of Moloto on the border of the study area, as well as the granophytie w...d Rooiberg
Group rocks immediﬁtely adjacent to this pluton (see Fig. 6.1). This area hosts three
minor mineral ocewrrences, namely the Enkeldoom tin field, the Zustershoek Tin
Mine, and the Prins Anna strneturs which hosts Pb-Zn miﬁeralisation Other mineral
oceurrences in the area include the Hartebeestgpruit gold ocenrrence, the Rietfontein

and Enkeldoorn barite oceurrences, and a copper oceurrence on Sybrandskraal 244 JR,

The area is underlsin by coarse-grained Sekhukhuni granite, a variety of Nebo granite,
and is surrounded by granophyre to the north, east and southeast, and by chyolite of the
Rooiberg Group to the northeast and south, In the centre of the pluton & wedge of Ecca
Group sediments is preserved, Bobbejannkop granite is extensively developed along
the eastern margin of the pluton, where it acts as host to the Enkeldoom tin field and
Rietfontein and Enkeldoorn barite ocourrences (see folder), It underlies the granophyre
hosting the mineralisation at the Zustershoek Tin Mine on Zustershoek 246 JR.

Klipkloof granite is frnd in the upper northeast corner of the pluton (see Fig, 4.1),
where it is associated with Bobbejaankop granite. The base and precious metal
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cotitents of the mineral occurrences found within the Moloto pluton and surrcunding
rocks are given in Table 6,1, Some values are obtained from Scogings (1991).

'Fable 6.1 Base and precions metal contents for the mineral occurrences in the

Moloto pluion area
occur, ppm Sn [ppm Mo [ppm Cu jppm Pb [ppm Zn [ppim As|ppm Sh ippm Ag |ppim Ad |ppm F
Enkeldoorn 202 - 2618 1150 | 1508 | 403 | <10 4.8 0.02 a5
Zustarshoek . :
sample 1 64412 62 20.90% | 7870 850 |0.11% 30 | 123 0.37 N
* mple 2 21700 9 4230 | BG33 148 | 1208 20 116 | 0,15 -
gample 3 9567 - 3688 143 93 873 - - 0.02 -
Prins Anna ' . . . '
sample 1 20 <5 147 450 2385 134 21 103 | <0.01 <10
sample 2 - - 67 |0.56% |0.84% ] 30 - 24 - -
sarple 3 - - - 4.27% | 1,65% - ~ - - -
Harte' Al -
sample 1 166 139 2007 | 2323 | 233 [118483] 416 | <1.0 | 001 | 482
sample 2 7 - 274 | 1228 | 179 | 2022 | 347 - 5 -
sample 3 . 27 - 83 - 41 241 14 - - -
lavy, content | 12021 - 24679 | 4233 § 2781 | 13933 - 10,8 | 0.83 -

6.2.1 Znstershuek Tin Mine

The Zustershoek Tin Mine is found on the farm Zustershoek 246 IR, direcily to the
south of Tweefoniein settlement and directly east of KwaMblanga (see folder). It is
hosted in granophyric rock of the Rashoop Granophyre Suite underlain directly by

Bobbejaankop granite. Its main commodities are tin, copper, lead, zine, molybdenum,

gilver and gold (see Table 6.1). The deposit was mined from 1952 to 1954 befere
mining operations ceased. '

6.2.1.1 Host rock petrography

The host rock is 2 fine to medium-grained dark pink granophyre containing quartz, K- |

feldspar and minor hornblende, This granophyre ig extensively sheared, and the shear

zones are infilled with quartz-hematite veining trending 168" with an inner zone of

quartz surrounded by hematite, Hematite veming and gossanous tidges are found in
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the vicinity of the mine and to the notth on Enkeldoorn 217 JR, Quartz veining is also
found crosscutting the deep red granophyre. The main quartz-hematite veining can be
followed directly to the shaft, There are also a number of lesser hematite-quartz ridges _
developed to the west of the major shear zone,

At the old mine plant a stockwnrk of quartz veins is found within the actual plant
workings. The rock is now highly altered and weathered but may have been host to
low-grade sulphide mineralisation. An extensive shear zone at the plant, trending 012°°
and dipping at approximately 12° to the south, is found associated with the extensive
stockwerk of veinis (see Plate V - A), At the plant the granophyre is extensively
chlotitised, sél‘icitised and hematised (see Plate V - B), Miarofitic cavities in the
granophyre are infilled with quartz and hematite, Bobbejaany  granite was found
amidst the waste material at the plant,' suggesting its presence directly beneath the
granophyre, and a possible source of the mineralising fluids: To the west of the plant -
near the granophyre contact, a dark coloured coarse-grained X-feldspar rich granite is
found, which is enriched in iron, possibly by fluid action probably related to the

mineralisation at the mine,

Microscopically the host granophyre is fine to medium-grained, with intergrowth
grams varying in size from 2 to 5 mm. The K-feldspar grains have been extensively
sericitised and hematised, as well as Being chloritised to a. lesser extent (see Plate V - .
B). 1t is occasionally stained red by the hematite,

Chiorite clusters, consisting of radiating fibres 0,25 mm in size, are found asgociated
with quariz velning cutting across the rock, Extensive goethite is found associated with
these veins, K-feldspar nuclei grains and phenocrysts, which can rekch 5 mm. in size,
are totally sericitised. The 2 mm quartz grains found seattered throughout the 1ock and
between the altered K-feldspar grains may haire been recrystallised to some extent.



6.2.1.2 Ore Petrography

Cassiterite occury as subhedral grains, 0,25 tnm in size, near the centre of quaftz veins

~ located at the centre of the shear zone. The cassiterite is found in association with rust
red goethite and sericite, and is overgrown by pyrite. The cassiterite in the centre of the
veining can reach sizes of 0,5 mm, and is found in fine-graived quertz of énly 0,03
mm in size, elong with fine chlorite grains (0,06 mm in size) and goethite (see Plate V

-C).

- Away from the centre of the vein, the vein quartz becomes coarser, being 0,5 mm in
size on average, whereas the cassiterite graing become smaller, typically 0,125 mm in
size and smaller, Subhedral to aghedral pyrite grains, ranging in size from 0,125 mm
to 1,5 mm are found in association with the cassiterite, Chlorite fibres are pssociated
with the pyrite. Chalcopyrite is found further aﬁay, as massive masses that have been
breceiated and infilled by sphalerite. Small grains of cagsitetite 0,125 to 0,06 mm in
size are found within the chalcopytite mass (see Plate V - D). Sericite fibres §,06 mm
in size are found associated with the sulphides.

Still further out from the vein centre, grains of pyrite, varying in size from 0,25 t0 0,75
min, have been overgrown by sphalerite (see Plate V - E). These are found in vein
quartz, varying in size from 0,125 to 2 mm. On the margins of the vein massive
hematite extensively overgrows and brecciates pyrite grains 0,125 to 0,75 mm in size,
and small cassiterite graing 0,125 to 0,25 mim in gize. The later hematite is found in
large abundance away from the centre of the veining (see Plate V - F).

The paragenetic sequence would thus appear to be cassiterite - pyrite - chalcopyrite -
 sphaleritc - hematite. Cassiterite precipitated early and is found near fhe centre of the
veirting in association with pyrite. The pyrite is extensively breceiated and infilled by
sphaerite, Chalcopyrite precipitated next, away from the centre uf the vein, and was
also brecciated and infilled by sphalerite. The hydrothermal fluids deposited the metals
in order of increasing solubility, with early precipitation of tin, proceeded by copper,
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PLATEV

A Photograph of stockwork of veins associated with a main vein in lnghly a]tered
and weathered granophyre, Old mine plant, Zustershoek 246 JR,

B: Photomicrograph of sericitisation and minor hematisation of the feldspars in the
granophyric fexture of the host granophyre. Zustershoek Tin Mine, Zustershogk
246 JR. Uncrossed nicols; feld of view is 2,2 mm wide.

C: Photomicrograph of cassiterite crystals (centre; and pytite (lower left)
surrounded by goethiie near the centre of the shear zone quartz veining,
Zustershoek Tin Mine, Zustershoek 246 JR. Uncrossed nicols; field of view is
1,89 mm wide. _

D: Photomicrograph of cassiterite {centre) overgrown by chalcopynte (dark)
Zustershoek Tin Mine, Zustershoek 246 JR. Uncrossed nicols; field of view is
3,55 mm wide. -

E: Photomicrograph of brecciated pyrite crystals infilled by sphalerite (lower left)
and overgrown and infilled by hematite (upper margin). The hematite has
overgrown the sphalerite (upper centre margin). Zustershoek Tin Mine,
Zustershoek 246 JR. Reflected light; field of view is 3,55 mm wide.

F': Photomicrograph of brecciated pyrite crystal (centre) and cassiterite (off centre

" lower left) overgrown by hematite, Zustershoek Tin Mine, Zustershoek 246 JR.
Reflected light; field of view is 3,55 mm wide.
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- lead and zinc, as the te.. serature of the fluid decreased. This order follows the natural

solubiliies of these elements.

Hematite extensively brecciates and overgrov. # the cassiterite and pyrite away from the
centre of the vein. Thus there is an early base-metal rich assemblage ollowed by a
later oxidised iron-rich assemblage. A later assemblage consisting of malachite, azurite
and other coppér oxides and hydroxides is also present, found within the hematite and
often associated with pyrite grains. This indicates the Jxidation of chalcopyrite in the
fresh ore to give rise to the malachite-rich oxidised assemblage.

6.2.1.3 Ore Geochemistry

The concentration of base and precions metals found in me ore at the mine is given in
Table 6.1. The mine is very rich in copper (> 3500 ppm Cu, Table 6.1}. The copper

. that is present in chalcopyrite, and in the oxidised assemblages of malachite and
azurite, was introduced late in the paragenetic sequence, where it overgrew and
teplaced earlier cassiterite and pyrite, and thus accounts for its high concentration.

Tin hosted in cassiterite is the other major commaodity found at the mine, Silver is
present in large quantities, and is possibly hosted in tetrahedrite, although none was
found in the samples taken. The other base metals such as zinc and lead are found in
lesser amounts. The ore is rich in arsenic {around 1200 ppm), possibly hosted in
arsenopyrite, althongh none was found in the dump saﬁaples taken. Iis large abundance. .
would suggest that it too was deposited late in the paragenesis, possibly along with or
succeeding chalcopyrite, Galena and molybdenite have also been reported from the ore
suite,

6.2,2 Enkel?oorn Tin Field

The Enkeldoorm tin field consists of several minor mineral occurrences all on the farm
Enkeldoorn 217 JR (see folder). The mineralisation is hosted in shear zones, filled by
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quartz veining, frending 340" to 020° and dipping from 72° W to vertical, and
containing minor sulphides. Of these oceurrences two are hiost to base metal

" mtineralisation. The northernmost occurrenice is named the pipes and consists of an
area of three cylindrical pipes found to the north of the Tweefontein - Moloto road (see
foldei). These cylindrical bodieé have now been flooded. The second occurrence s
named the eastern lode and is developed to the east of the pipes (see folder). The
easten lode is host to tin, copper, lead, ziﬁc, silver and gold mineralisation,

Other minor localities shch as the western lode, blue lode and intermediate ode are
marked by quartz veining on the surface and pccasional disseminated sulphides. The
area was mined from 1904 to 1910, as well as m the early 1950s, and then
intermittently until 1568, but has not been worked since. Tt was the first tin deposit to
be found in the Bushveid granites, as reported by Merensky (1908). As it is also hosted
. in shear zones infilled with quartz, and showiﬁg a similar orientation to the
Zustershoek Tin Mine shear zones, it doeg show similar characteristics to this deposit
which is 4 km away. |

6.2.2.1 Host Rock Petrography

Deep red K-feldspar rich Bobbejaankop granite is the host to the mineralisation in the

. Enkeldoon tin field. The host granite contains anhedrat, ferrohydroxide stained,
sericitised and chlorttised, 3 mm sized K-feldspar grains, and subhedral to anhedral
quartz reaching sizes of 0,016 mm ta 0,25 mm, Euhedral quartz grains 0,5 to 2 mm in
size are also.found, and pften exhibit triple junction boundaries with each other,

‘indicating some degree of recrystallisation in the bost rock. There is a large abundance
of chlorite, as very fine-grained dark green gfaina, found to be extensively replacing
the K-~feldspar grains, or in clusters growing as euhedral grains 0,06 to 0,25 mm in

size,

- Within the confines of the sheared granite, an abundance of light preen sericite is
found developed preferentially in the vicinity of the shear zone and intimately
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nsgociated with mineralisuticn (see Plate VI - A), Within the sheur zone, light green
sericite is associated with mineralisation, along with 0,125 imn'sized graing of epidote
and 0,125 mm sized grains of quarte in the quartz veining, Abundant dark green
chlorite is found concentrated along the shear zone, as well as around the sulphides
(see Plate V1 - B). Unlike the Zustershock Tit Mine, hematite is nbt extensively
developed, although the K-feldspars are extensively hematite stained, an incipient
feature of deuteric alteration associated with the Bbbbejaankop granite,

Away from the shear zones, the granite is typical of the Bobbejaankop granite with
deep red K—feldSp.ars, coalesced quartz and minor amounts of mafic minerals. Nearing
the shear zone, sulphidic minerals, particularly pytite and chalcopyrite become more
abundant and the granite is extensively sericifised, In one instance, stringers of
chaloopyrite cut through the rock, associate.d with blebs of pyrite 5 mm in size.

Entering the shear zone, the rock becomes chloritised to a large extent and becomes
dacker in colour. K-feldapar grains are extensively altered and replaced by chlorite, and
* quattz becomes less abundant, Sulphides are found as disseminated blebs throughout
the rock, Withir *. shear zone, the rock is dark grey to black in colour, and is highly
chlotitised and sericitised, containing guartz grains 5 to 10 mm in size, either a8
recrystallised graine or as veining, within the shear zone,

6.2.2.2 Ore Petrography

The eastern lode, and to a lesser extent the western lode, are characterised by shear
zones, infilied by quariz veining and disserninated sulphide mineralisation. Within a
minor shear zone 15 mm wide, sulphides are infimately associated with chlorite and

some minor epidote (gee Plate VI - B).
Within the sheared granite the K-feldspar is a dark pinkish red colour caused by iron

hydroxide stainmg, particularly along cleavage planes in the feldspar. There is minor
chloritisation, as represented by dark green grains 0,06 mm in size, forming clusters
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FLATE V1

A: Photomicrograph of chlorite crystals in association with sulphidesina
chloritised and sericitised groundmass, Bnkeldoom tin field, east lode,
Enkeldoorn 217 JR. Unerossed nicols; field of view is 3,55 mm wide,

B: Photomicograph of extensive chloritisation along a minor shear zone in
sericitised Bobbejannkop granite. Abundant sulphides are found associated with
the chiorite afong this shear zone and decrease in zbundance away from it,
Enkeldoorn tin east lode, Enkeldoorn 217 JR, Uncrossed nicols; field of view is

3,55 mom wide,

C: Photomicrograph of euhedral cassiterite crystal (centre) surrounded by and
overgrown by chalcopyrite (dark) in chloritic groundmass. Enkeldoam tin field
east lode, Enkeldoorn 217 IR, Uncrossed nicols; field of view is 3,55 m* - wide,

D: Photomicrograph of sphalerite (dark grey low relief) overgrown by '
arsenopyrite (white). The aphaletite has overgrown cassiterite (centre, dark grey.
higher relief), Enkeldoorn tin field, east lode, Enkeldoorn 217 JR. Reﬂected
light; field of view is 1,89 mm wide,

E: Photomicrograph of arsenopyrite (bright white) overgrowth of cassiterite (centre,
dark grey) and chalcopyrite (bright yellow), Tre chalcopyrite has also overgrown

the cassiterite, Enkeldoorn tin field, east lode, Enkeldoom 217 IR,
Reflected light; field of view is 2,2 mm wide,

F: Photomicragraph of sphalerite {centre, dark grey), exhibiting exsolution of
chalcopyrite (yellow), having overgrown pyrite (bottom, whitish yellow),
Bakeldoom tin field, east lode, Enkeldoorn 217 IR, Reﬂected light; field of view is
1,89 mm wide. '
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0,25 mm in size, Nearing the shear zone, the feldspars are highly chloritised, causing
grain boundaries to be indistinct, Magnetite grains 8,125 mm in size, cve found as part
of the eiteration of the feldspars. Anhedral quartz is present in minor amounts, often
agsociated with 0,25 mm sized chalcopyrite grains,

A few centimetres away from the shear zone, in the chloritic groundmass, anhedral
quartz 0,125 to 0,23 mm in sizeis fuﬁnd. Light yeltow green epidote is found as
amorphous clusters, varying in size from 1,25 to 0,25 mm and is part of the ajteration
of the feldspars, as well as being associated with the sulphides, particularty
chalcopyrite (see Plate VI - A),

Along the shear zone, ﬁne;grained recrystallised quartz with chlorite is found, along
with small, hackly chalcopyrite grains surrounded by dark green chlorite. Chalcopyrite
is often found in quartz-rich pockets, along with muscovite and epidote graing 0,25
mm in size, with quartz reaching 0,25 to 0,5 mm in size within these pockets, Sericits,
m places where it has altered feldspar, is now overgrown by chlorite and ep1dota,
which reach sizes of 0,03 to 0.25 mm.

There is an abundance of chalcopyrite within the shear zone, where there is also an
sbundance of light green epidote, quartz and radiating muscovite fibres, overgrown by
epidote in areas (see Plate VI - B), Cassiterite is found as zoned reddish brown,
euhedral erystals, 0,25 to 0,75 mm in size, within the shear zone. Here it is surrounded
iy chalcopyrite (see Plate VI - C). Chalcopyrite is found as subhedrs! to anhedral
grains 0,125 to 0,_75 mm in éize and often in clusters.

The amount and size of the sulphides falls sharply away from the shear zone,
Cassiterite grains only 0,125 mm in size are found a few millimeires away from the
shear zone, whereas few are found a few cantimetres away. In other ateas, a fow
millimetres from the main shear zone, subhedral to anhedral cassiterite grains 0,25 to
0,75 mm in size are surrounded by and occasionsily overgrown by pyrite. Pyrite
occurs as anhiedral grains 0,25 to 1 mm in size, Chalcopyrite, mostly hackly and
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anthedral, reaching sizes from 0,25 mm to 1,5 mm but typically 0,5 mm, overgrows
both the pyrite and cassiterjte,

Away from the shear zone Hne cassiterite clusters 0,5 mn in size are ovargrown by
chalcopyrite. The sulphides are more disseminated away from the shear zone.
Sphalerite, showing exsolution of chalcopyrite (see Plate VI - F), occursas 1to 1,5

' mm sized grains overgrowing cassiterite, chalcopyrite and 0,125 to 0.5 mm sized
pyrite graing, Chalcopyrite veinlets, 0,03 mm in size, cut across the rock. Arsenopyrite,
found as subhedral grains T to 1,5 mm in size, overgrows both cassiterite and
éha.lcopyrite (see Plate VI - E), as well as sphalerite (see Plate VI-D).

'The paragsretic sequence would thus appéar to cassiterite - pyrite - chalcopyrite R
sphalerite - arsenopyrite, Galena and bornite have also been reported from the eastern
lode. '

The pipes to the east of the eastern lode are also hosted in Bobbejaankop granite. The
ore is hosted in a gtoup of simﬁle cylindrical pipes 2 km? in area. Microscopically the
margins of the pipes are marked by euhedral vein quaitz, 2 to 3 me in size, exhibiting
growth zones, growing from areas of fine-grained anhedral quartz grains 0,03 to 0,125
mm in size. Grains of clear fluorite 0,125 {0 0,25 mm in size are found within the vein
quartz. Small sericitic areas are found interstitially to the equigranular grains. Fine
radiating muscovite grains occur near the fine-grained area.

The excavations are infilled with water. and hence no cre could be found, and very few
samples of vein quattz arc available, The ¥ st granite is siticified and sericitised to a
limited extent around the orebody.

6.2.2.3 Ore Geochemistry

The ore is rich in copper, zine, lead, silver and gold (see Table 6.1), with the first three
commodities hosted in chalcopyrite, sphalerite and galena respectively. The silver may
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possibly be hosted in galena. The primary commodity, tin, is present in relatively
small amounts (202 ppm), but this may simply be a function of sampling, as the pipes
are reporied to contain 1,2 % tin, and the eastern lode 0,1 % fin (Geol. Survey Minsral
reports, 1982), The Enkeldoorn tin field, unlike the Zustershoek Tin Mine, has no
significant amounts of hematite associated with it. The paragenetic sequence is similar
to Zustershqek, except for the absence of the later oxidised assemblage.

6.2.3 The ?rins Anna Structure

This structure extends for approximately 10 km in an approximate north-south
.direction from Prins Anna 234 JR through Sybrandskraal 244 JR and south into Van
‘Dykspruit 431 IR, where it ten:inates beneath sediments of the Waterberg Group (see

folder). '

It is ot extensively mineralised, but is rather marked by hematite veining along the
entire length, where it cuts through different Iithologies. It shows its greatest base
metal content on Prins Anna 234 JR just north of the Moloto - Sybrandskraal road (see
folder). It is host to zinc and Tead as well as lesser silver, The deposit represents 10 000
tons of mineable lead ote, but is a very low grade occmrence, It may, _howavet,
reprasent the okidised surface expression of a large sulphidic ore body at depth.

6.2.3.1 Host rocks and marphology of structure

The structure cuts across many different lithologies, including granophyre,

" Sekhukhuni granite, and sediments and voleanics of the Loskop formation. On Prins
Anna 234 JR, the structure cuts pinkish-red medivm-grained granophyre, and ig
marked by quartz veining, At this locality the quartz véining, often exhibiting a
cockscomb textuts, has been breceiated and infilled with later quartz, itself having
been breceiated a number of times and infilled by later quartz veining,. To the south the
brecciated quartz veining is infilled by hematite (see Plate VII - A). The fragments
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vary in size from 0,75 mm at the smallest to 2 and 4 mm and up to 20 mm at the
largest,

Passing into the Sekhukbuni granite the strueture is not easily traced and disappears.
To the nortli of the Moloto - Sybrandskraal road, however, it reappeurs, and is marked
by a hematite-limonite *“possarous” ridge trending 189° and approximately 11 m wide,
but narrowing toward the road and north into thé granite (see folder). The ridge is
made up of enhedral to subhedral hematite cryﬁals 0,25 to | mm in size and 2 mm at
the largest, along with goethite which imparts a red colour to the rock, Small boxwork
steugtires 2 to 3 mm in size and infilled with limonite are found within the hemutite

sgesting possible oxidation of sulphides. Minor quartz veining, made up of anhedral
quartz 0,125 mm in size, is found in the gossanous ridge, as well as occasional vugs
infilled with amorphous siliga, leached from the quartz veining. In some areas, the
ridge is particularly limonite rich, and this area is host to the greatest zinc and lead
content,

To the south of the road the structure once again disappears, but re-emerges on
Sybrandskraal 244 JR, where it cuts across the north-south trending Tweefontein -
Cullinan road (sce folder), Here the structure splifs into two, one limb running near the
Cullinan road, where it cuts through black rhyolite, and the other further to the east
where it occurs within & quartzitic horizon within thyolitic layers of the Loskop

Formation,

‘Within the eastern arm of the structure fine hematite veining 3 - 5 mm in size cuts
across a quartzits horizon in the 1.oskop Formation (see Plate VII - B). The overall
hematitic quartzite ridge, approximately 20 m in width, shows an orientation of 350°,
but the ridge is made up of hematite veining of various sizes and abundances, the '
majority of which have a strike of 074° and dip at 84° o the north, The second major
vein orlentation is 005° and dip at 75° {o the west, These two vein onentations are the
most dominant in the stockwork of veining in the quartzite ridge. It is worth noting
that the first vein orientation is sub-parallel to a major crustal lineament, called the
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Steelpoort fault lineament, which is a major structural feature in the eastern lobe of the
Bushveld Complex. The second vein orientation is parallel to the north - south fauiting
and shearing dominant in the eastern margin of the Moloto pluton. This quartzite
horizon continues onto Van Dykspruit 431 JR,

The hematite veining occurs within quarizite consisting of equigranular euhedral to
subhedral, angular quartz 0,5 to 0,75 mm in size, but typically 0,5 mra. Hematite and
gocthite are found as large clusters within the quartzitic groundmass, and hematitic
veins 2 to 5 mun in siZe, cut across the rock. In places, boytroidal hematite is found
infilling open cavities in the hematite veining, A dark red granophyric rhyolite is found
to the east of the quartzite hotizon.

Further south, on Var Dykspruit 431 IR, a second paraliel vein is found to the west of
the q.uartzite-hosted veining, where it cuts through fine-grained black rhyolite. Moving
south, the structure passes through an agglomerate whose fragments consist of a very
fine grained, black, spherulitic textured thyolite, with fibres 0,25 to 0,5 mm in size,
Fragments within this agglomerate vary in size from 2 mm to 40 mm, |

Under the microscope the fragments of thyolite are surrounded by hematite orystals
0,25 mm in size, with sericite clusters 0,5 mm in size, Hematite crystals 0,5 to 0,75
mm i size a2 also found within the fragments, Hematitic clusters 0,125 to 0,25 mm
in size are alsc occasionally found in the fragments. The hematite is often associated
with rust red goefhite. It would seem that the structure is making use of the
agglomerate as a conduit tather than having created it by hydrothermal fracturing,

Still further south the structure passes into & sericitised yellow green granophyric
thyolite. Within the hematite veining, or near their margins, 0,5 mm sized, hackly,
limonitic material is found. Here the structure clearly exhibits two generations of
hematite veining, which was not as inherently apparent elsewhere. The first generation
brecciates and alters the rhyolite, The seccond generation infills the first and occurs due

to extension and brecciation along the previous veins, Renewed growth of hematite
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accompanies the second generation of veining, Southwards the structure diminishes in
size and could not be traced into the Waterberg _sediménts at the southern end of Van
Dykspruit 431 JR. '

6.2.2.. Jeochemistry of the Prins Anna structare

Table 6.1 shows the base and precious metal geochemistry of the Prins Anna structure,
at its most mineralised locatity on Prins Anna 234 IR, 100 m north of the Moloto -
Sybrandskraal road (see folder). '

In moving from the northemn, granophyre-hosted quariz-fiematite breccia to the

' gfanite—hosfed hematite-limonite ridge, Cu, Zn, Ni, Pb, As, an'd.W contenis increase,
whilst Sn, Bi, and Sh contents remain low and constant. The hematite-limonite ridge,
just north of the Moloto - Sybrandskraal road, is the site of the greatest concéntration '
of metals, albeit at low grades, and has been prospected in the 1970’s by Shell
Minerals. Moving south onto Sybrandskraal 244 JR it is found that all the
aforementioned elemeﬁts decrease in conteut, whilst Sn, Bi, and Sb are still present in
snall amounts.

The structure has its greatest mineralisation potential in the soutliern region of Prins
Anna 234 IR, north of the Hartheesspruit river, and decreases in metal content to the
north and south, Whether the site of greatest mineralisation was the site of
predominant fluid flow or supergéne enrichment by the stream is not known, but the
‘metal contents suggest greatest deposition of metals at this locality,

' 6.2.3.3 General Comments
The Prins Anna structure also has a north-south trend, being parallel to the
Zustershoek and Enkeldoorn shear Zzone trends. The structure is dominated by

hematite, and has no fresh Sulphides. Limonite is develbped along the structure in
certain arens, particularly in the most mineralised portion of the structure, This
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possibly points to the existence of original sulphides in the structure, which have now
becm oxidised. There s a strong possibility of a deep seated massive sulphide body
beneath the Prins Anna structure, as also suggested for the Albert Silver Min~ (Robb ef
al, 1994),

6.2:4 Other accurrences in the area

The Moloto pluton area is host to a number of smatler deposits and occurrences that
are found hosted either in the granite or in the overlying roof rocks, They are the
Hartebeestspruit gold deposit un Hartebeestspruit 434 IR, the Enkeldoorn and
Ristfontein barite ocourrences ane a small coppe_r ocewrrence on Sybrandskraal 244
IR,

6.24.1 Hmtébeesﬁspmit gold deposit

The Hartebeestspruit gold deposit consists of two separate occurrences sitwated 60 m
from each other on the farm Hartebeestspruit 434 JR. The deposit is hosted in a thm
extension of granophyre, found between the Sekhukbuni granite of the Moloto pluton -
and The overlying riyolite to the east (see folder and Fig, 6.1) and is apparently
mineralised with up to 20 g/ t of gold (Geol. Surv. S, Afi. Hbk. 7). The deposit was

* prospected and mined in the early 1930’s hefdre mining ceased. The ocourrence to the
west is marked by a small prospecting pit, with chloritised and sericitised granophyre
and limonite within quartz veins, whereas the mine is situsted direetly east of the
prospacf pit, and is marked by a trencﬁ, dump and quart:i veining 7 mm in size,
oriented at between 165° and 151° within the granophyre,

6.2.4.1.1 Host Rock Petrography

The deposit is hosted in a fine-grained granophyre that has been extensively
cliloritised, and sericitised to a lesser extent in the most raineralised portions. The
prospect pit to the west is hosted in granophyre that is stightly chloritised and
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sericitised to a large extent, but the granophyre at the mine shows predominantly
propyllitic alteration with minor hematisation,

The granophyre consists of an intergrowth of sericitised K-feldspar and quartz to form
intergrown textures 1,5 to 2 mm in size. The feldspars are a deep pinkish red due to
being iron hydroxide stained, The feldspars are also chiloritised by dark green chlarite
to a lesser extent. Quartz grains, which are typically anhedral dre found as distinet
grains 0,25 mm and less in size, © ..avate, distinet quartz graing are found to be in
greater sbundance than separate K-feldspar gréins and fend to be enbedral,
approximately 0,5 mm in size, neaver quartz veing, which are 2 to 7 mi n size. Quartz
wi'hin the quattz vein is found to be euhedral to subhedral and typically 1,5 mm in
size, Quartz-rich pockets 1,5 to 2 mm in size consisting of anhedral quartz grains 0,06
to 0,125 mm in size, ate also found seattered throughout the rock, |

Minor amounts of lﬁghly chloritised plagioclase, with a composition of An,,, are also
present, Magnetite, 0,125 mm in size, occurs ag ~ubhedral grains, and is found in

- association with chloritisation of the feldspars, as well as with epidote, Epidote fibres
0,25 to 0,5 mm in size are associated with the quartz veins, In the vicinity of the quartz.
veins the rock is highly sericitised, Muscovite fibres and epidote, 0,25 mm in size, are
found on the boundaries of the veins, The sericite is often associated with epidote
where the two are associated with quartz veining. This association is found particularly
where smal’ euhedral sulpbide grains are Tound within or near the gquartz veluing,

Pyrite occurs as grains which are typically 0,25 mm to 3 mm in size and euhedral
within or near quartz veins (typically 3 mm fron: the vein), and anhedral when
disseminated throughout the rock. Pyrite is often found associated with sericite and
epidote (see plate VII - C). Chalcopyrite, found as anhedra® grains 0,125 to 0,25 mm in
size, and anhedral arsenopyrite 0,125 to 0,5 mm in size, is also found,' sssociated
particularly with quartz {reining, and widely disseminated throughout the rock, Gold is
found associated with arsenopyrite, particularly near the quartz veining.
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6.2.4.1.2 Ore Geochemistry

Table 6.1 gives the ore composition of the ore-bearing granophyre at the mine.
The gold prospect to the west of the mine is rich in lead and arsenic, as well as lesser
quantities of copper, zinc, tin, bismuth and atitinomy, afthough this site is markea by
quartz veinihg, limonite and sericitised granophyre and no sulphides, The mine, to the
east, is rich in copper, lead, arsenic, yttrium, cobalt and gold. Sulphides present at the
mine include pyrite, chalcopyrite and arsenopyrite with minor amounts of
molybdenite. The gold is hosted in quartz vams occupying a shear zone having a
similar orientation to the shear zones at Enkeldoom and Zustershoek and to the Pring
 Atina structure, 5o that a major control on mineralisation orientation is evideot in the
. Moloto granite pluton. o

6.2.4.2 Sybrandskraal copper occurrence

This occurtence occurs to the south of Moloto on Sybrendskraal 244 JR, and is hosted
in sandstone of the Rayton formation of the upper Pretoria Group (see Fig, 6.1). The
occurrence is hosted in a shear zone wrending 145° The granophyre to the north is
sericitised, is dark pink to red in colour when unaltered, and is  breceiated in places '
with hematite veining cutting across it. The oceurrence shows a similar type of

motphology and arientation to the other oceurrences in the Moloto pluton area.
6.2.4.3 Rietfontein 'wmd Enkeldoorn barite occurrences

Yellow barite is found associated with quartz, which is amethyst in places, ina 15 m
long quartz vein trending 030° in Bobbejaankop granite on Rietfontein 214 JR, to the
north of the Enkeldoom tin ﬁeld.(see Fig. 6.1}, Immediately to the southeast, a barite
occurrence is found on Enkeldoorn 217 JR. On Enkeldoorn 217 JR. a prospect pit
marks the locality, but there is no clear indication as to the actual morphology of the
occutrence, The Rietfontein occurrence appears to have developed from a low-
tetnperature hydrothermal fluid, Even though they are hosted in Bushveld granite the
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PLATE VI1

At Photomicrograph. of vein quartz breccia infilled by hematite. Prins Anna
structure - granophyre hosted, Prins Anna 234 JR. Uncrossed nicols; field of
view is 3,55 mm wide.

B: Photograph of hematite veining in quarizite, Pring Anna structure, Van
Dyksproit 431 JR.

C: Photpmicrograph of euhedral cubic pyrite crystal assuciated with epidote,
chlorite and quartz in a sericitised granophyric groundmass. Hartebeestspruit '
gold mine, Hartebeestspruit 434 JR. Crossed nicols; field of view is 3,55 mm

. wide.

D: Phowomicrograph of sericitised coarse-grained Verena granite, Rompoort tin
prospect, Hartbeestfontein 441 JR. The K-feldspars have been extensively
gericitised, Crossed nicols; field of view is 2,2 mm wide. . '

E: Photomicrograph of growth zoned cassiierite crystal. Rooipoors tin prospect,
Rooipoort 440 JR. Uncrossed nicols; field of view is 3,55 mm wide.

F: Photomicrograph of arsenopyrite (white) overgrowth of cassiterite (dark grey).
Rosipoort tin prospect, Rompoort 440 JR. Reflected light; field of view is 1 89
mm wide.

G Photomicrograph of intergrowth of arsenopyrite (white) and cassiterite (dark

grey). Roocipoort fin prospect, Rooipoort 440 JR. Reflected light; field of view
is 1,89 mm wide.







exact ages of these occurrences are not known; they may be post-Waterberg or even
post-Karoo in age (Martini and Vorster, 1994),

6.2.5 General Comments on the Moloto Pluton area

The Moloto 2luton area is characterised by tin, copper, gold and silver with lesser

amounts of zinc and lead. The pranit~ has a relatively low TEDI value (sec Chapier 5),

and the pluton is domed with higher level granites exposed in the margins anu lower

level granites exposed in the pluton centre (s.ee Figure 6.2). Thus mineralisation would

tend to be concentrated siear the pranophyre / thyolite contact, as s preserveé higher

level, more fractionated granites than granites further in toward the centre of the

pluton, where crosion has exposed lower level, relatively unfractionated granites, On

ihe epstern piargin of the pluton, Bobbejaankop granite is preserved, which indicates a '

high level in the granitc sheet at this locality, and it is ir or adjacent to this granite fhat :
- all the mineral occurrencs are found. Even the Prins Anna structure has its greatost

metal potential near the granite - granophiyre contact,

il

" e,

o+ o+

+ =
ok b
MOLOTO SECTION

DMW nmowm ."::‘m':“ Mllnumwm

Warrog Amde Qearetryne
| amargroun Dranuy aranty Locras grap graie

Figure 6.2 Section across thie Molof:; pauton, showing low level granites ix the
centre and hira level granites at the margins
- (after Lenthall, 1975) .

The notth - south trend of the shear zones appears to be a dominant orientation along

the eastern margin of the ialoto pluton, where north - south shear zones and faults atc
host to the Enkeldootn tin field, the Zustershoek Tin Mine, the Prins Anna structure

i



and the Hartebeestsproit gold océurrence. Two crustal antiforms paratlel to two major
crustal lineaments, one oriented NE - SW called the Wonderkop fauit lineament and
the other 8B - NW called the Laersdrif fanlt Hneament, intersect in tha Moloto pluton
causing doming of this pluton.

Doming may have influenced the fracture pattern, giving risge to a north - south fracture
pattern, which would have influenced the snbsequent passage of mineralising fluids.
“The lincaments may have been active from pre-Bushveld to syn- or even post-
Bushveld times (Hartzer, 1994)(Cameron, 1971), and hence have influepced granite
emplacement as well as localisation and passage of fluids and volatiles.

The granite phuton is approxilﬁately circular in shape, but is more elongated nottheast -
southwest, parallel to the Wonderkop fault, than southeast - northwest, paraitel to the
Laersdrif ﬁnaameﬁt, indicating the dominance of the former Hneament in this part of
the Complex, The stress field caused by doming of the pluton influenced the locat |
structure of the pluton. In addition possible stresses caused by emplacement of the
 pluton, may have had a major influence on the orientation of shearing and faulting in
the pluton, The presence of shear zones along the eastern contact, as compared to
stockwork veining in the centre of the pluton, suggests iht there was.a greater
development of stress along the eastern margin than anywhere else in the piniton, and
hence no faults or mineralisation are found in the western central portions of the

pluton.

6.3 Northwest Verena Granite Pluton Area

The Verena granite forms a pluton in the south central pottion of the study area (see
Fig. 6.1). It is @ cosrse-grained pinkish white sranite with abundant K-feldspar
phenocrysts 30 mm in size. A fine-grained chill phase is developed in the centre of the
pluton on the farms Roodepoortje 250 JR and Zwartkopje 444 JR. The granite in this
region is host to two occurrences of petential economic interest, namely the Albert
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Silver Mine, and the Rooipoort tin occurrence, The granite is also host to minor
necurrences near Rlienosterkop, whicl will be discussed in section 6.4, A copper
occurrence occurs near the Moses River in thyolites adjacent to the Verena granite on
Roodepoort 439 JR. The base and precious metal contents of the mineral occurrences
of the Verena pluton are given in Table 6.2 with some vales taken from Scogings
(1991).

Table 6.2 Base and precious metal contents for mineral occurrences within the

Verena granite pluton
GCOUI. ppri1 Sn [ppm Mo [ppm Cu Jppm Pb [ppm Zn [ppm As [ppm Sb [ppm Ag [ppm Ad [ppm F_|
Riatfonteln .
sample 1 686 - 11 52 | 43 <15 <1¢ 1 <101 003 [ 28
sample 2 128 - - 278 - - - | - - -
Reolpoort

sample 1 20100 | 95 | 0.78% 0.21% | 199 |>20%| 89 7.3 135 | 20920
sample 2 123% | 84 | 052% [017% | 82 {3.80% - 2.9 0.2 -
sample 3 0.79% - 827 | 1338 19 | 3.64%

Lecuwfontain| 34 - 260 811 15 1437 | 1298 | 27.8 | 0.0 119
Albert N 28 - 140 | 1681 860 | 1496 | 340 ~ - -
Albert Ag T

sampie 1 5 16 5.52% | 27800 | 2000 | 047% ] 9400 | 014% | 05 11
sample 2 36 27 1.489% | 839 206 348 10,24% § 565.9 - -
sample 3 - - 813 789 | 102 174 1 0.17% » . -
[Zusterstroom | 10 - <5 22 455 <18 210 | <10 | 0.01 28
|a\rg. <O, 5023 - 8518 | 3402 | 484 | 3BB70 | 2525 | 401 035 | 6024

6.3.1 Rooipoort tin occurrence

This ocourrence ig hosted in a shear zone trending 265° in coarse-grained dark red
Verena granite that has been exiensively chloritised and sericitised, The mineralisation
is marked by a nutnber of prospect pits straddling the Rooipoort 440 JR and the
Hartbeestfontein 441 IR boundary. The deposit contains approximately 10 000 tons of
tin ore, and is the biggest tin occurrence in the study area, To date the aceurrence has
not been thoroughly investigated by any mining contpany, although the Geological

. Burvey of South Afiica has studied this occurrence.
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6.3.1.1 Host rock petrography

The Vereng granite near the prospect pits is a deep pink to red, coarse-grained, X-
feldspar and quartz-rich granite with dark red K-feldspar phenocrysts 20 to 30 mm in
size, which stand out prominently on the weathered surface. The granite is very similar
to the Bobbejaankop granite in appearance with coalesced, interconnected quartz
grains 3 to 10 mm in size. However, there is a greater abundance of homblende ahd
biotite present than would be expected in typical Bobbejaankop granite,

Microscopically the groundmass K-feldspars, which are 2,5 to 7,5 mum in size, are
subhedral to anhedral, and hematite stained, imparting a red colour to the rock, The
feldspars are sericitised to a minor extent. Subhedral magnetite grains, 0,06 to 0,03
mm and less in siﬁe, are associated with the sericite. Anhedral orthoclase grains 3 mm
in size are also foﬁud. Quai‘tz grains oceur as anhedral grains 2 to 5 mm in size, along
with accessory, subhedral plagioclase, 0,75 mam in size, and with a composition of

Al

Biotits, nostly highly chloritised, ocours as skeletal, subhedral pleochroic yellow
green brown / dark green grains, 1 to 2,25 min in size, along with pleochroic yellow
green/ orange green to dark green, anhedral to subhedral chioritised hornblende grains
0,75 mm in size, Mignetite oceurs interstitially as grains 0,06 mm in size, and as
subhedral grains 0,03 to 0,06 mm in size forming clusters 0,25 mum in size associated
 with chloritisation of the mafic minerals, Accessory minerals include subhedral grains
of 0,25 mm sized zirﬁon, fluorite and apatite, typically associated with or near the

femic mineials,

The coarse-grained granite is out by fine-grained dyke-like intrusions that are parallel
to the two jointing directions of 247° to 265° and 328" to 344", Field relations indicate
that the fine-grained granite intruded the coarse-grained granite, as fragments of |
coatse-grained granite are found within the fine-grained grenite, This relationship
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differs from elsewhere, such as near the Albert Silver Mine, where the opposite
situation is predominant, '

The fine-grained granite has a similar mineralogy tq the coarse-grained granite, but is
obviously finer-grained with pink, subhedral to anhedral, K-feldspar grains, 0,5 to 1,5
mm in size, which are often perthitic. Quartz is found as anhedral grains 0,5 to 2 mm
in size. The granite exhibits granophyric texture in places, with K-feldspar grains
acting as nuclej for the development of the texture, Biotite, which is the dominant
femic mineral, is pleochroic dark brown / black to yellow brown / green in colou,
often highly chloritised, and occurs as subhedral grains 1 t6 2,5 mm in size,
Hornblende, which is often associated with magnetite, is found as chioritised,
subhedral to anhedral graing 0,5 tam in size, Chlorite is found as discreie, subhedral
grains 0,25 mm in size, and often as an alteration product of biotite, hotriblende and K-
feldspar, Accessory fluorite is found as euhedral, putple graing 0,06 to 0,25 mm in

size.

Pegmatoidal vugs 100 mm in size are fourd within the fine-grained granite, and
' contain quartz 25 mm in size and K-feldspar, 38 mm in size, The fine-grained phase
has many characteristics of Klipkloof granite, and may in fact represent dykes of this
late-stage granite intruding the Verena granite.

Nearing the prospect pits the coarse-grained granite becomes pink it colour with
sericitiﬁation, along with minor ehlorite aiteration. Microscopically the K-feldspars are
highly sericitised, subhedral to anhedral grains 3 mm in size, although in most cases
the boundaries between individual grains are not clear. Quartz is tound as anhedral
grains 2 to 3 mm in size (see Plate VII - D), The K-feldspar and quartz are
occasionally intergrown. Vugs of euhedral quartz 1,75 to 4,25 mm in size are found
within a fine-grained sericitic mass, Radiating wuscovite fibres 0,125 mm in size are
found near the vugs, Quartz-rich areas 1 to 1,5 mm in size, and occasional quartz
gréins 0,25 mim in size are found in sericitic areas immediately adjacent to quartz
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veins Muscovite fibres 0,25 to 0,5 mm in size are found in the rock, but are smatler in

size near quartz vugs within the sericitic area.

At the prospect pits four different granite vatieties are found in the dumyp site. They
are;
o a fine-grained dark red Klipkloof-type granite with K-feldspar, quartz and
homblende, -
+ acoarse-grained dark pink to red Bobbejaankop-type granite with K-feldspar,
coalesced quartz and hormblende,
. a light pink coarse-grained Bobbejaankop-type granite with K-feldspar, coalesced
quartz, plagioclase, black biotite and chlorite, and.
+ adark green to black coarse-grained chiorite-rich Bobbejaankop-type granite with
disseminated sulphides and fluorite. | .
The three different coarse-grained granites yepresent an evolution from relatwely
unialtered granite through to chlontlsed, altered wall rock adjacent to the ore. The fine-
grained granite could possibly represent a cap to the ere preventing fluid escape, and
allowing a relatively high grade ore to be formed. The same situation is apparent atthe
Albert S1lver Mine (see Iater). '

Thus there is a transition, from light pink coarse grained K-feldspar and quartz-rich
granites with an intermixed fine-grained phase, throngh a dark pink and light green |
sericitised coarse-grained granite, to a dark green highly chioritised coarse-grained
granite cut by mineralised quartz veins. This alteration zone is no more than 10 m in
width on cithér side of the mineralised veing, Alieration passes from phyllic 10 to 15
m away to propylitic within the shear zone hosting mineralisation.

" 6.3.1.2 Ore Petrography

The ore is hosted in quartz veins in an east-west trending shear zone, in chloritised
dark green, coarse-grained granite, Within the shear zone quartz veins, which can be
up to 30 mm wide, are found. The grenite adjacent to these veins is highly chloritised,
and is host to disseminated sulphide mineralisation and dark purple fluorite,
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Immediately adjacent to the veins, the K—feldspars are sericitised to a limited extent.
Muscovite fibres 0,25 mm in size are also found adjacent to the vein. Reddish brown

~ and yellow zoned, anhedral cassiterite crystals, 0,375 to 0,75 mm in size, are found on
the margins of the vein. In certain instances dark purple fluorite psendomorphs repla-e
the cassiterite, growing from the ¢enire of the cassiterite crystal outwards (see Plate
VIII - G), Small subhedral to anhedral arsenopyrite grains, 0,125 to 0,06 mm in size,
are found on the vein margin,

Euhedral to subhedral quartz 0,25 to 0,5 muy in size is found at the vein margin giving
| way to large interlocking quartz grains 1 to 4 mm in size, typically 1,5 mm, toward the
ceﬁtre of the larger veins. Clear, anhedral fluorite 2 mm in size, is found along cracks
perpendicular to the vein orientation, Near the centre of the vein, the quartz is euhedral
reaching 4 mm in size, Clear fluorite is found in larger abundance near the vein

centres.

Abundant cassiterite and arsenbj:yrite crystals, along with extensive 'stza'ri.u::itf:f and
fen‘ohydroxidés associated with the metal-bearing mitierals mark the centre of the
vein. The outer portions of the vein centre contain highly brecciated reddish brown aund
yellow zoned wassiterite crystals 0,5 to 0,75 mm in size, with abundant associated
‘sericite, The cassiterite is overgrown by subhedral to arnthedra)] arsenopyrite 0,125 to 1
mm in sizé, which is also highly fragmented (see Plate VIII - C and D). In one instance
adjacent to a small vein I mm in size cuiting perpendicularly acro s the main veins,
dark purple flucrite psauddmorphs replaces cassiterite (see Plate VIII - D),

In the centre of fhe vein there is a large abundance of higlﬂy' brecciated cassiterite
crystals 0,5 to 1,5 mm in size, cut by thin quartz veins 0,25 mm and less in size, in
numeroys orientations (see Piate VIIL - B). The cassiterite crystals are zoned dark
brown / yellow with some grains being blue to green in colour. Fine sericite is found
associated with the cassiterite, which is. overgrown and in places intergrown with
arigular, brecciated arsenopyrite 0,25 to 1 mm in size (see Plate VIL - F and G).
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The vgined granite bears evidence of minor breceiation, not only in the sulphides and

cassiterite but also on a small scale in the granite, A large vein, 30 mm in size, has an

area of cassiterite mineralisation in the centre of the vein, out by small perpendicular

quartz veins 0,75 mm in size, The altered granice is brecciated and cuts into the main

~ vein fruncating agamst the central thineralised portions of the vein in many ayeas.
Adjacent to one of the smaller perpendicular veins cutting across the main mineralised
quartz vein, a small block of sericitised granite containing small disseminated
subhedral cassiterite crystals 0,125 mam in size, abundant serjcite and pyrophyllite
fibres 0,125 mun in size, is found, This brecciated granite” blocklet” truncates abruptly
against the main large vein. Associated with the smaller, perpendicular vein are
anhedral dark purple fluorite pseudomorphs 0,75 to I mm in size (see Plate VIII - E),

- replacing cassiterite in certain areas and exhibiting the growth zonation of the
cassiterite crystals, '

Abundant secondary veins cutting perpendiculﬁrly across the main vein orientations
pass into the host granite. In one instance a secondary vein varying from 1 mm to 0,5
m in width, where it passed from the main vein into the host granite, contains
angular fragments of cassiterite, quartz, arsenopyrite and clear primary fluorite (see
Plate VIII - C and D). Along its margins vein quartz of the main vein is sheared and
incorporated into the secondary vein, Hence possible later hydroﬁ‘actuﬁng may have
been responsible for the secondary perpendicular veins brecciating the carly sulphides.
The timing of this later veining is unclear, but it is likely to have been relatively soon
after the first mineralising episode, as chalcopyrite appeats to be associated with this
later veining and brecciation.

The granite away from the main veins is brereiated, sericitised and cut by small quartz
veins 0,25 to 1 mm in size, oriented in all directions, hosting fine fragmented
cassiterite and arsenopyrite, with larger ore-bearing mineral fragments in the veins.
The K-feldspar grains in the granite are slightly sericitised, as well as being iron
hydroxide stained. K-foldspar phenocrysts, 3,5 mm in size, are ferrohydroxide stained,
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PLATE VI

A: Photomicrograph of arsenopyrite (white) overgrowth of cassiterite {centre, dark
grey), but itself having been overgrown by pyrite (vellow, off centre Tight).
Rooipoort tin prospect, Rooipoort 440 JR. Reﬂected light; field of view is 1,89
mm wide.

B: Photomicrograph of arsenopyriis \ .. +K) overgrowth of cassiterite (centre), and
both being cut by later secondary quartz veins. Rooipoort tin prospect,
Rooipoort 440 JR. Uncrossed nicols; field of view is 3,55 mm wide,

C: Photomicrograph of breceiated cassiterite and arsenopyrite cut by a secondary
quartz vein perpendicnlar to the main mireralised vein, The secondary vein
contains fragments of cassiterite, arsenopyrite and primary clear fluorite (left
margm) Rooipoort tin prospect, Rooipoort 440 JR. Uncrossed nicols; field of
view is 3,55 mm wide.

D: Photomicrogtaph of secondary quartz vein containing ﬁ'agmeats of cassiterite,
arsenopyrite and fluorite cufting perpendicularly to the main mineratised vein,
In the centre region, adjacent to the secondary vein, secondary dark purple
fluarite psendomorphs replace cassiterite. Rompoort tin prospect,

- soipoort 440 JR. Uncrossed nicols; field of view iz 3,55 mm wide,

mtomlcrograph of cassiterite and arsennpynte mineralisation in the centre of
the main vein cut by a secondary quartz vein (tight margin), containing a
secondary dark purple fluorite crystal Rooipoort tin prospect, Rooipoort 440
TR, Uncrossed nicols; field of view is 3,55 mm wide.

" F: Photomicrograph of chalcopyrite (bright yellow) overgrowth of arsenopyrite
{white, right margin). Rooipoort tin prospect, Roaipoort 440 JR. Reflected light;
field of view is 1,89 mm wide.

G Photomicrograph of dark purple fluorite psendomorphs replacing earlier

cassiterite graing. Rooipoort tin prospect, Rooipoort 440 JR.
. Uncrossed nicols; field of view is 3,55 mm wide,
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slightly sericitised and are rimmed by small cassiterite and arsenopyrite erystals, 0,06
to 0,125 mm in size. Quartz is found a5 subhedral to anhedral grains 0,5 to 0,125 mm

in size,

Within this granite, cassiterite crystais are associated with wericite fibres. Large growth
zoned euhedral to subhedral cassiterite (see Plate VII - E), and arsetiopyrite crystals,
0,25 tw 0,5 ;mm in size, are associated with fine quartz veining, 0,5 to 1 mm in size,

cutting across the rock. Chloritic veins 0,25 mm in size also cot across the granite,

The cassiierite in the séricitised granite is 2aned dark brown / yellow, and is euhedral
1o subhedral, reaching sizes of 0,5 to lmm up to 2 mm, particu]arljr near quartz veins
(sse Platy VII - ), The cassiterite is found to be overgrown and intergrown with
arsenopyrite, which shows similar size ranges as the cassiterite. The arsenopyrite is
found to be extensively breceiated, but can reach sizes of 3 to 4,5 mm, and in some
cases is intimately intergrown with minor chlerite clusters 0,25 mm in size. Fine

sericitic veins 0,125 mm in size cut acroes the rock in places.

halcopyrite is found as frregular grains 0,25 to 2 mm in size associated with small,
disseminated anhedral grains of arsenopyrite, 0,125 to 0,25 mm in size. Arsenopyrite
is overgrown by chalcopyrite (see Plate VIII - F), Subhedral pyrite grains 0,125 to 0,25
mm o 1 mm in size at the latgest ovérgrow arsenopyrite and casgiterite (see Plate VIII
-A).

The paragenetic sequence is thus cassiterite - primary clear fluorite - arsenopyrite -
pyrite. Breceiation of this early assersblage then followed with later or concomitant
precipitation of chaleopyrite, and late-stage secondary purple fluorite pseudomorphs

replacing the early cassiterite,
‘Galena and sphalerite are aiso reported from this Jocality, althougli none was seen in

the samples taken, Martini and Vorster (1994) reported that the primary, high-
temperature association of cassitetite - ar-anopyrite - fluorite has been brecciated and
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cemented by chalcopyrite - bornite - galena of a lower temperature mineralisation
event,

6.3.1.3 Ore Geochemistry o

Table 6.2 gives the ore composition of the Rodipoort tin ocewrrence. The occurrence is
tich in tin, copper, arsenic and jead hosted in cassiterite, chalcopyrite, arsetiopyrite and
galena respectively, There iy a large amount of arsenic (> 3,5 %) as reflected by the
Targe amounts of arsenopyrite.

6.3.1.4 General Comments

The host granite has a very low TEDI value (see chiapter 5), and thus is highly
fractionated and volatile-rich, explaining its Bobbejaankop-like appearance, The

~ mineralising fluid made use of a shear zone trending 085° for its propagation, and
which acts as 2 host to the mineralisation.

The early cassiterite - arsenopyrite - pyrite assemblage is breceiated and overgewn by
chilecopyrite and later fluorite pseudomorphs replacing the early cassiterite. This bears
evidence to a later finid influx, possibly caused by reactivation of the faults and shear
zones in the arvea and hosting the occurrence,

The nature of emplacement a*.d possibl. basin development of this region of the

" Verena granite pluon could possibly influamce the cast -vest direction of the host shear

Zone,

6.3.2 The Albert Silver Mine

The Albert Silver Mine on Roodepoortje 250 JR (see folder) is the most significant
mineral occutrence in the study area, being a source of both base and precious metals,
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'The deposit, on the banks of the Moses River, is situated on the largest and most
highi.y mineralised of 2 set of east - wost trending hematite - quartz veins (sce Plate IX
= A). The deposit was discovered in 1885, and was mined continuously for
approximately 14 years, and then intermittently until about 1910 (Robb et af, 1994),
Various mining companies have held the mineral rights to the inine, most recently
Anglo American Corporation, and the deposit has been re-examined a number of
times. Present orc reserves to a depth of 150 m are éstirnated to be 1,2 million tong at
73 gton Ag, 0,42% Cu, 0,27 % Pb anc 100 ppm U,0, (Robb ef ai, 1994), At the
present time the deposit is considered uneconomic. During its productive years the
mine was high-graded, producing an estimated 20 000 tons of ~ve grading 1,14 kg.ton™
Ag and 10% Cu (Voet, 1981). Recerit assays of dump material also reported isolated
samples v} to 400 g.ton” Au and 0.48% Sb (Robb et al, 1994).

The deposit is hosted in fine-grained, pinkish grey granite, which becomes datk pink
to red nearing the gossanous veins, but is found to be grey in the immediate vicinity of
the rmune, possibly due to Jater silicification and sericitisation of the feldspavs. A
coarse-grained, light pink pofphyritic granite intrudes this fine-grained chill phase. The
granite forr.s low, undulating topography with the Moses River forming a broad, |
shallow river valley, The Albert Silver M#~e is situated on the southernmost of three
major veins running east - west actoss Roodepoortje 250 JR. A north-south oriented
post-mineralisation diabase dyke cuts across the Albert lode, dividing and distocating
e body into eastern and western sectors {Champion, 1970},

To the northeast of the mine is the north-east vein, and to the notth-west of the mine
the north vein (see folder and Fig. 6.1). On the houndary between Leeuwfontein 248
JR and Welverdiénd 249 JR, a gossanous hematite - lisnonite vein is developed that
has similer characteristics to the north vein (éee folder and Fig, 6,1), and appears to be
a continuation of the same vein system developed on Roodepoortje 250 JR.
Considering that this vein is approximately 4 km away from the mine, this vein system

could represent a large, minsable ore deposit.
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6.3.2.1 Host rock petrography

The cozrse-grained granite, which is found to the north of the Bronkhorstspruit road
(see fdlder), and within a simall area itnmediately to the south of the Albert Mine shaft,
where it terminates the diabase dyke, intrudes the fine-grained apical phase of the
Verena granite, which is host to the mineralisation at the mine. The coarse-grained
granite is whitish pink in colour, with K-feldspar phenocrysts 30 mm in size, and a
coarse mafrix of K-feldspar, quartz, plagioclase, biotite and hornblende, Xenoliths of
fine-grained granite, varying ‘n size from 15 cm to 50 cm are found within the coarse-
grained granite,

Microscopically the granite consists of sericitised, cloudy, subliedral to anhedral K-

~ feldspar grains 0,5 to 2 mm in size, along with auhedral quartz 0,5 to 5 mm in size, but
typically 2 mum, Perthite is found as anhedral grains 3 to 5 mm in size and forms a
major proportion of the K-foldspars. Plagioclase occurs as subhedral, partly sericitised
graing 0,5 mm to 1 mm up to 2,5 mm in size, and with a composition of Any. 5. _
Subhedrat albite grains, 1,5 mm in size, are also found. Biotite is the main femic
mineral, occurring as pleochroic dark yellow brown / dark green brown, subhedral
grains 0,125 to 2 mm in size, and is often highly chloritised.

Chlorite, often totally replacing biotite, is also found as separate, distinet subhedral
grains 0,25 mm to 0,75 mm in size, and is often associated with goethite. Magnetite
ocecurs as subhedsal grains 0,06 mm to 0,5 nim in size, with the largest been anhedral
and 2 mm in size. It i3 also found as graing 0,03 to 0,06 mm in size forming clusters
0,125 mm in size, agsociated with chioritisation of the femic minerals. Accessdry
minerals include fluorite as anhedral grains 1 mm in size, and subliedral zircon 0,25
mm in size. ' _

The fine-grained apical phage of the Verena granite, which is found at the Albert Sitver
| Mine, {s a pinkish grey rock with K-feldspar phenocrysts 10 to 30 mm in size, setina
fine-grained matrix of K-feldspar, quartz, plagioclase, biotite and hornblende. The
granite is intruded by the coarse-grained phase of the Verena granite, as is seenina
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number of sharp contacts between the two, such as to the north of the Albert Silver
Mine, at the north-east vein, and at the southern boundary of Roodepeortje 250 JR (sec
" Plate I1I - B and C). '

Microscopically the granite consists of ewhedral to subhedral, cloudy, ferohydroxide-
stained, sericifised K-feldspar grains typically 1 min in size, K-feldspar phenocrysts,
which resch up to 30 mm in size, often have fapakivi—iike textres, with a rim of albite
around the phenocrysts. Quartz is also found as phenoerysts, reaching sizes of 1{ to 20
mm, Quartz ip the groundmass occurs as subhedral to anhedral grains, 0,125 to 1 mm
in size, Plagioclase, with a composition of An,, .5, occurs as euhedral, sericitised '
grains 0,25 to 0,75 mm in size,

Biotite, which is often highly chloritised, is the dominant feniic mineral, oceurring as
pleochroic yellow green brown / dark green, subhedral to euhedral prains 0,125 to 1
mm in size, with some grains reaching 2 mm. The biotite iy sometimes associated with
magnetite, which is associated with chlorite, both being alteration products of the
biotite, Hornblende nocurs as an accessory mineral, and is also chloritised. It is found
4 subhedral grains, which are dark green in colour, and reaches sizes of 0,5 to0 0,75
mm, Magnetite is found, mostly interstitially, as eu.iedral to subhedtal grains 0,0625
mm in size, Accessory minerals include zircon, ns subliedral to euhedral graing 0,06 to
0,5 mm in size, fluorite and apatite,

Neating the quattz-hematite veins the fine-grained granite becomes progressively more
altered, At the mine, this aiteration zone is extensively developed on the northern side
of the quartz-hematite “gossanous” ridge, but is not extensively developed on the
southern flank of the Albert lode, Champion (1970) attributes this to the lode abuiting
against an sast-west fault on its southern flank, which resulted in the erosion of part of
the alteration zone during and after displacement. These same faults within the granite
would appear to be responsible for the emplacement of the lodes in the granite.
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The alteration zone associated with the Albert lode extends from between 10 to 20 m
away from the lode, and is more extensively developed in the western sector of ‘e
lode, This may be atiributable to the presence of the Moses River cutting across the
lode in this area, which has caused a greater amount of alteration, associated with
supergene entichmerit, there, The alteration zone shows a number of different stages
proceeding toward the lode, The various stages include incipient alteration, a quartz-
sericite stage, a quariz-rich stage, the introduction of quartz, ematite and chlorite, and
a chlorite-hematite stage, before intense hematisation in the immediate vicinity of the
lode. The alteration shows different stages in different sectors of the lode as reported
intensively by Chémpion (1970). ' ' '

in moving toward the lode an incipient alteration js seen, The granite iz sericitised to a
Timited éxtent with K-feldspar grains ferrohydroxide stained by incipient deuteric
alteration, and kaolinised to a Hmited extent, The plagioolase grains are sericitised to a
lirnited extent, and biotite htas undergone partial psendomorphous replacement by
chlorite,

In the western porticn of the lode, the granite undergoes alteration by sericitisation of
the feldspars, infroduction of coarse-grained guartz, and total chloritisation of biotite,
Nearer the lode, coarse-grained quartz-rich bands are found and this is followed by
liematite introduction; first as fine, disseminated particles and then as dense clusters

nearer the Inde,

Tr *he centeal sector of the lode, the granite becomes chloritised first, along with
intense keolinisation of the K-feldspars (Champion, 1970), Abundant subhedral to
anhedra! quartz, 0,25 mm in size is found, along with abundent chiorite, replacihg the
feldspars, The chlorite ocours as clusters ot as velng 0,125 mm in size, Chlorite is often
associated with epidote and small clué.ters of magnetits, The biotite is completely
chloritised, and the plagioclase highly sericitised, Nearer the lode in this sector,
hematite is introduced, 8] a5 vith a greater amount of chloritisation of the rock, The
hematite extensively replaces the feldspar grains, preserving the outline of laths in



relict form (Champion, 1970). I the immediate vicinity of the lode, the rock is
completely sericitised, and extensively replaced by large blebs of hematite,

In the eastern sector, feldspars are totally replaced by sericite, with no grain boundaries
being evident 10 m from the vein (see Plate IX - B), Clusters of magnetite, up to 0,25

- mm in size, consisting of anhedral gratus 0,03 mm in size, are found associated with
the sericitisation, particularly where K-feldspar phenocrysts, 2 mm in size, have been
totally replaced. Minor chlorite veins, 0,125 to 0,25 mm in size, cut across the rock.

 The granite in this region of the lbde containg kaolinised orthoclase and chloritised and
sericitised plagioclase near the lode, with intense chioritisation and introduction of
fine-grained quartz and quartz, veining 0,25 to 0,5 mm in size m the immediate
proximity of the lode (see Plate IX - C). Minor amouats of hematite with associated
ferrobydroxides are found in the chloritic groundmass, being part of the alteration. -
Found disseminated throughout the rock in this alteration stage are fine-grained
disseminated sulphides, particuiarly chalcopyrite, along with vugs of purple fluorite 7
o in size. Thin veinlets of chaleopyrite 0,25 mm thick are found sporadically in the
rock, and pass over short distances of only 10 mm, suggesting some remobilization of.
the sulphides.

6.3.2.2 Ore Petrography

The ore at the mine is hoated in the targest of a number of sub-parallel quartz-hematite
veins occupying east-west trending shesr zones. The mine is found on the banks of the
Moses River, and is in fine-grained granite, The quartz-hematite vain ocours as a
fe:mginods gossanous ridge, approximately 5 m wide, with an alteration envelope
from 10 to 15 m away from the vein, The ore extends down to a depth of 120 m at
least (Champion, 1970), and ore reserves are given to a depth of 150 m,

The old workings took the form of two development drives along the strike of the lode,
at the 23 m and 47 m levels below surface, along with a number of raises and winzes |

which passed into the alteration zone (Champion, 1970). The mine is, iowever, now
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PLATE IX

A Photograph of Albert Silver Mine, from north of the Moses River, Note the
prominent ferruginous gossanous ridges, Roodepoortje 250 IR, :

B: Photomicrograph of sericitised granite, with minor chloritisation, approximately

. 10 m away from the main vein, Albert Silver Mine, Roodepoortje 250 IR.
Uncrossed nicols; field of view ig 2,2 pun wide.

C: Photom:crogrﬂph of chloritised granite, approximately 2 m away from the
main vein, Albert Silver Mine, Roodepoortje 250 JR. Uncrossed nicols; field of
view is 3,55 mum wide,

D: Photomicrograph of bornite (dark brown) overgrowth of pyrite (wmush yellow).
Albert Silver Mine, Roodepoon_]e 250 JR. Reflected Hight; field of view is 1,89

mm wide,

E: Photomicrograph of bornite (now altered to digenite)}(blue - pruple) having been
avergrown by chalcepyrite (bright yellow) and galena (white with trianguiar

pits). The chalcopyrite i also overgrown by the galena, the latter has also
overgrown pyrite (off centre - whitish yellow). Albert Silver Mine,

_ Roodepoortje 250 JR. Reflected light; field of view is 1,89 mm wide,

F': Photoraicrogiaph of pyrite grains (yellow) overgrown by galena (white with

© triangular pits), Albert Silver Mine, Roodepoortje 250 JR. Reflected light; field
of view is 1,89 mm wide.

G Photo:mcrograph of galena (whlte with triangular pits) overgrowth of rounded
pyrite grains, In the upper right hand corner dark grey crystals of hematite have
overgrown galena. Albert Silver Mine, Roodepoortje 250 JR.

Refiected light: field of view is 1,89 mun wide,
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completely flooded and this the ore at depth could not be viewed. Ore samples were
taken from the ore dump directly in front of the main shaft, where the lode is cut by
the Moses River, as well as from a smaller dumyp to the west of this.

The ore shows a large number of sulphidic phases, and hence a number of i.nterésting
relationships (see Plates IX and X). The major sulphide minerals are pyrite,
chalcopyrite, sphaleri:e; galens, arsenopyrite, argentiferous tetrahedrite, and bornite,
with digenite occurring as an alteration of bomite, and to a lesser extent chalcopyrite,
Champion (.19_70) also reported the presence of minor argentite, molybdenite and an
unspecified Pb-Bi-Sb sulphosait. ' ' '

From borehole intersections, tne ore is found to be predominantly hosted in quartz
veins and quartz-rich areas at a depth of between 100 to 175 m, ocourring
approximately at the contact between fine and coarss-grained Verena granite (Robb et
al, 19%4). In places the coarse-graired granite takes on the appearance of
Bobbejaankop granite. The quartz-rich areas hosting sulphide mineralisation, consist
of interlocking anhedral quattz grains 0,06 to 0,25 mm in size, with occasional large
grains reaching 1,75 mm. Ferrohydroxides are found interstitially to the quartz grains
along with minor amounts of sericite,

Three genetations of quartz veining can be identified, with the first hosting the
mineralisation and the others, crosscuiting the first, being barren, Flmd inclusion data
shggests no substantial tempemtl#e difference between the three generations of quartz
veining (L. Robb, pers. comm, 1997). Within the veining and quartz-rich areas,
tetrahedrite is found 2s anhedral grains 0,125 mm in size. Chalcopyrite is found as

. irregular, hackly grains, reaching sizes of 0,06 to 0,25 mm in size, when disseminated
in the quartz-rich area. Itis overgrown by sphalerite. The chalcopyrite can reach sizes
of up to 3,375 mm, and is also found as veinlets 0,375 mm in size. On occasion,
chalcopyrite blebs, up to 2 mm in size, are found adjacent to secondary quartz veins,
crosscutting the earlier quartz-rich area. Tetrahedrite is often found near chalcopyrite,
as small rounded grains 0,125 mm in size.
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‘Within the granite, away from the quartz-rich areas and veining, the rock is extensively
sericitised and contains abundant recrystaltised quartz, Minor amounts of dark green
chlorite, 0,125 o0 0,25 mm in size, is associated with the seticite, along with hematite
0,06 t0 0,125 mm in size. The feldspers have been totally sericitised, whereas
elsewhers sericite and chlotite are intimately associated. Radiating clusters of chlorite
are found associated with the sulphides. Goethite is aiso found, often associated with
the sulphides, but more particularly with hematite.

Chalcopyrite is found es disseminated blebs 0,25 to 0,75 mm in size. Arsenopyrite,
found as frregular, anhedral graing 0,125 to 0,375 mm in size, is found associated with
chelcopyrite, as well as overgrowing it. Tetrahedrite, often found as anhedral grains
0,5 mm in size, overgrows pyrite, chalcopyrite, galena and arsenopyrite (see Plate X -
B, C and D). Anhedral, rounded pyrite grains reaching sizes of 0,125 to 0,5 mm, are
overgrown by m‘éenopyrite.

Elsewhere within the sericitised graniie, cubic pyrite. 0,5 mm in size, is overgrown by
chalcopyrite. Pyrite grains ave also found as anhedral, broken up, rounded grains 1 and
2 mm in size down to 0,25 mm. Galena is found as subhedral grajus 0,5 mm in size,
and ag large amorphous masses 3 mm and more in size, totelly overgrowing rounded
pyrite grains (see Plate IX - F and G and Plate X - E and F), as well as chalcopyrite
and bornite, but is itsslf overgrown by arsenopytite and tetrahedrite (see Plate X - C).
Bornite is found as anhedral grains 0,125 to 2 mm in size at most, which have been
extensively oxidised to digenite, disseminated thronghout the rock. It overgrows pyrite
(see Plate IX - D), but is overgrown by chalcopyrite and galena (see Plate IX - B),
Champion (1970) recorded the presence of magnetite in the deeper levels of the
boreholes he studied, and suggested that it may have been one of the first minerals to
pmcipitate..

- Hematite crystals, euhedral in shape, forming long fibrous thin graing 0,25 mm to 0,5
mm in length, to more stubby crystals 1 mm in size, overgrow pyrite, galena,

127



sphalerite, chalcopyrite, in places oxidised to  genite, bornite and tetrabedrite (e,g. see
Plate X-E — G),

Robb et al (1994) reported observing cassiterite along the margins of a quartz vein.
They also repotted that some assayed veins yielded enhanced tin (200 ppm to 3000
ppm), and so they considered that sulphide precipitation may have been preceded by

minor deposition of Sn cres, in the form of cassiterite.

Native silver is found as minute blebs, disseminated throughout the hematite, but alone
cannot be responsible for the high silver content of the mine. Silver, however, is
predominantly associated with tennantite, tetrahedrite-bearing galsna and possibly the
lead-bismuth sulphides. '

From the above, a paragenetic sequence of pyrile - bornite - chalcopyrite - galena -
sphalerite - am 'nopyrite and finally tennantite-tetrahedrite is observed. Robb et o/
(1994) believe that cassiterite may have been deposited early before the sulphidic ore.
Thus tin and possibly tungsten could have been deposited early, followed by sulphidic
minerals, which passed from copper th+ough lead and zinc, and onto deposition of
fahlores, rich in arsenic and antinomy.

The sulphide minetals are extensively overgrown by a paragenetically later, high fO,
assemblage of fluorite, chlorite, hematite (often the varisty specularite) and
pitchblende (Robb et al, 1994). These assemblages are generally found as open space
ﬁllihgs. toward the centre of veins, or in miarolitic cavities (Robb.et al, 1994). Fluorite
occurs as Vugs, 5 cm in size within the hematite, which overgrows the previous ore
minerals, Pitchblende, which is the major nraniferous vhase, oceurs in associgtion with

- the hematite, and as veinlets which cross-cut the sulphide mineralisation (Robb af o,
1994). Pitchblende ig intimately intergrown with the hematite, and appears to be
deposited contemporaneously (L. Robb, pers. comm, 1997). '
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The hematitic ore is iiighly radioactive, with assay values up to 15 kg.ton™ U,0, (Robb
et al, 1994), whereas the sulphidic veiss can reach values of 170 ppm to 300 ppm
U,0;, but typinally have values of 10 ppm to 50 ppm (Robb et al, 1994),

Robb et al (1994) reported on vugs in the hematite, wherein Fe-rich chiorite grewon
the margins of the vug, with dark purple fiuorite at the centre, suggesting secondary
purple flucrite is the last mineral to be deposited in the oxidised assemblage of
hematite - pitchbiende - fluorite, Late-stage bydrofracturing may have passibly
occurred due to brecciation, in places, of the fine-grained host phase associated with
‘hematits in borehoie cores (L. Robb, pes, comna., 1997).

The ore minerals show a distinet zonation in passing from weat o east (Chiampion,
1970), as shown in Figure 6.3. Champio:d (1970) described in detail the abundance of
each of the ore minerals in passing from west to east, by detailed examination of
borehole core. The major ore minerals are present o different abundances in different
portions of the lode. The other ore mirerals, namely bornite, tennantite-tetrahedrite,
argentite, magnetite and the bismnth sulp}ﬁﬂes, are only in abundance in portions of
the lode. Native silver is found as very fine disseminated grains less than 0,001 mm in
size (Champion, 1970). Hematite is in greater abundance than any other miﬁeml.
Pi_tchblende shows a similar trend to the hematite, with which it is associated,

This ore zonation probably has a direct correlation with the variation in the nature of
the alteration zone, with hermatisation more predominant in the westein sectors and
chioritisation more predominant in the sast, corresponding with the ore minerals found
in the diff. ent sectors. This may give clues as to the sequence of ore deposition as
well as pointing to supergene enrichment, initiated by the Moses River, which affected

the western portion of the lode preferentially.
The ore has undergone extensive supergene entichwnent, particularly in the area

drained by the Moses River (Champion, 1970). Due to periods of shearing and the

presence of shear zones in and around \ 1& vicinity of th mine, the ore is susceptible to
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PLATE X

At Photomicrograph of tetrahedrite (datk grey) overgrowth of chalcopyrite (hright
yellow) and bornite (dark brown). The bornite may be due to supergene
enrichment of the chalcopyrite (centre). Albert Stlver Mine, Ruodepoorue 250
JR. Refleoted light; {ield of view is 2,2 min wide.

B: Photomicrograph of tetrehedrite (dark grey) overgrowth of arsenopyrite (bright
white - left), chalcopyrite (bright yellow) and pyrite (rounded white - right).
Chalcopvrite has overgrown pyrite. Albert Silver Mine, Roodepoortje 250
JR, Reflected light; field of view is 1,89 mm wide,

C: Photamicrograph of tetrahedrite (dark grey) overgrowth of ¢halcopyrite (bright
yellow), galena (white with trisngular pits) and arsenopyrite (white), from the
centre outwards and along fractures. The galena has overgrown c;.‘dcopynte
Albert Silver Mine, Roodepoortje 250 JR. Reflected light; field of view is

3,55 mim wide, '

D Photoricrograph of tetrahedrite (dak grey) overgrowth of arsertopyrite (white)
and chalcopyrite (bright yellow). Albert Silver Mine, Roodepoortje 250 IR,
Reflected light; field of view is 2,2 mm wide.

E: Photomicrograph of chalcopyrite {bright yellow) overgrowth of pyrite (yellow
white) and itself having been overgrown by galena (white with triangular pits). The
galena has aiso overgrown pyrite. The galena and pyrite are overgrown by hematite
ervatals (dark grey - ight margin), Albert Silver Ming, Roodepoortje 250 TR,
Raflected light; field of view is 1,89 mm wide.

F: Photomicrograph of galena (white with triangular pits) overgrowth of pyrite
(yellow) and both having been overgrown by hematite crystals (dark grey - upger
margin}, Albert Silver Mine, Roodepoortje 250 JR, Reflected light; field of view
is 3,55 mm wide,

G Photomicrograph of galsna (white with trianguler pits) overgrown by hematite

crystals (grey). Albert Silver Ming, Roodepoortje 250 JR. Reflected light; field
of view iy 1,89 mmn wide.
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supergene envichiment, The presence of the Moses River, which cuts across the fode 10

the west of the ranin shaft, provides the vecessary fluid for supergene enrichment in

~ addition to 4 very minor component from rain water, In the supergenc oxide zone al

surface limonite, complex Bi, As, Sb, Pb oxides, 8 Lindackerite-type minetal
(CusAs,0,:.9H,0), malachite, azurite, copper suiphate pentahydrate (CuS0,.5H,0)
-and the rare Cu - U - As mineral metazeunetise {Cu(U0,),(As0,),.8H,0} are lound
{Champion, 1970}, '
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N Figure 6.3 Concentration of ore minerals in the Albert Silver Mine lode
(from Champien, 1970)

In the supergene sulphide zone at depth, minor amounts of covellite, chaleocite and
bornite, which all replace chalcopyrite, arc also found, Native silver, found us

disseminated blebs in massive hematite, is found in the supergene sulphide zone, and

probably originated from the percolation of superger  fluids. The greater presence of

both massive hematite, as well as native silver in the western scotor at and in the
vicinity of the Moses River, indicates the role of the river in the percolation and origin

ot the fluids responsible for supergene enrichment of the ric.
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6.3.2.3 Ore Geochemistry

| The composition of the ore at the Albert Silver Mine is given in Table 6.2. The ore
shows high values of copper, zine, lead, arsenie, bismuth, antinomy and silver, hosted
in chalcopyrite, sphaterite, galena, arsenopyrite, Bi-Sb sulphosalis and argentiferous
tetrahedrite respectively.

Antinomy shows surprisingly high concenirations (> 1700 ppm) compared to the other
metals even though its host, tennantite and tetrahiedrite are present in only a portion of
the lode, and in relatively small amounts compared to the other ore minerals,

6.3.2.4 Other hematite-quartz veins in the area related to the Albeit vein

Other hematite-quartz veins, trending east-west, are found on Roodepocrtje 250 JR,
ana form part of the mineralising system (see folder and Figure 6.1), The north vein on
Roodepoortje 250 JR shows an alteration zonation in going from unaltered pionite
toward the vein, Incipient alteration involves introduction of seticite replacing
plagioclase, kaolinisation of at least 40% of the feldspars (Champion, 1970) and
chlaritisation of the biotite. Nearet the vein, the granité is extensively sericitised,
making the rock light green in colour. This gives way to a lighter coloured grasite, cut
by occasional fine hematite veins traveiling along fractures in the wallrock, In the
proximity of the vein the sericitised portion of the rock gives way to large-scale
infroduction of quartz and hematite replacing the feldspars and micas.

The vein, approximately 10 m wide, is made up of interlocking, recrystallised quariz
grains, 0,125 to 0,06 mm and less in size, associated with radiating chlorite clusters.
Gozthite and ferrohydroxides are associated with the hematite and stain the rock red.
The hematite is oﬁeu found as fibrous radiating clusters with pains 0,125 min in size.

The hematite is associated with extensive sericitisation in cettain portions of the rock.
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On the boundary between Lesuwfontein 248 JR and Welverdiend 249 IR, a hematite-
limonite gossanous ridge is found, that also trends east-west (se¢ folder and Fig,
6.1)and shows similar base meinl contents as those found at Albert (see Table 6.2),
Thig gossanous ridge would app e to be related to mineralisation at Albert, even
though it is 3,5 km away from the Albert Silver Mine. The Leeuwfonteln vein,
approximately 2 m wide, ocenrs directly east of the north vein and the Albert vein, and
protrudes ﬁoni l'oamy soil with no other outerop. It consists of quartz ir'eining with
euhedral to subhedral crystals 0,25 to 0,75 mm in size and 2 mm at the largest. These
are surrounded by and intergrown with euhedral hematite erystals 0,125 to 0,25 mm in
size, The hematite is associated with minor amounts of goethite and limonitic vugs in |
places, The vein here is more qu&rtz-rich, and contains less hematite than those on
Roodepoortje 250 JR.

Table 6.2 shows the base and precious metal contents of the north vein aud.
Leeuwfontein vein, In passing from east to west, from the Albert Silver Mine through

the north vein and to the Leeuwfontein vein, there is an overall decrease in Pb, As, Co,
| Aun, and Ag, but an overﬁll increase in Su and W, 1f'Sn and W are deposited first from
a hydrothermal fluid, followed later by Pb and Cu and finally As, 8b, Au and Ag, then
it can be. msidered that the Lesuwfontein vein was depasited first, followed by the
lodes on Reodeponstje 250 JR, as Sn and W decrease in content in passing from the
Lecuwfontein vein to the Roodepoortje veins, Zonation of the ore minerals at the
Albert lode also tends to suggest this deposition from west to east,

6.3,2.5 General Conmiments
The Albert Silver Mine is the targest deposit in thie area, and shows the widest tange of
coramodities of any deposit in the study area, Supergene enrichment has led to the

occurrence having larger amounts of silver and copper than it would otherwise have
had, and is the main reason why this occutrerice was mined for a period.
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- The presence of a fine-grained phase, which has been shown to be a chill phase of the
coarse-grained phase (see Chapter 5), suggests.that the ore-bearing fluids may have’
welled up beneath this fine-grained chill poase to form a stratiform high-grade massive
sutphide body at depth (Robb ef al, 1994). The veins seen at surface may just be stib-

~vertical quartz-sulphide veins caused by hydrofracturing of the fine-gfained phase.

The east - west otietitation of the Roodepoortje veins, as well as the Lesuwfontein
vein, show a similar trend to the Rooipoort tin-bearing quartz vein trends, and may be
~aused by stress conditions inherent during emplacement of the Verena granite pluton.

The i:aragenetic sequence found at Albert is a fairly extensive one, and mﬁy bean
almost complete paragenefic sequence for mineralisation in the granites of the
Bushveld Complex, The paragenetic sequence, however, does not exhibit extensive
early tin mineralisation, but does show an extensive development of a later more
oxidised.assemblage.

6.3.3 Other oceurrences in the area

A minor copper occutrence, hosted in a shear zone trending 060°, occurs on
Roodepr;drt 439 JR. within the rhyolites of the Schrikkloof Formation of the Rooiberg
Group, on the banks of the Moses River, Minor disseminated chalcopyzite {s found
within quartz ve'uﬁng within the shear zone.

6.3.3.1 Rooipoort copper occurrence

The Roéipoort copper occurrence on Rooipoort 440 JR aceurs almost directly o the
east of the Rooipoort tin occurrence, The oceurrence is hosied in veins that trend 090°,
paraflel to the.trend of the mineralisation at the tin occutrence, The small oceurrence is
matked by small amounts of massive hematite. It is hosted in Verena granite near the

sontact with overlying Rooiberg volcanics.
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6.3.4 General Comments on the northwest Yerera granite pluton srea

The northwestern portion of the Verena granite avea hias a prominent east-west
mineralisation direction, compared to the:  :h-south direction of the Moloto granite
pluton. An easi-west stress field may have been caused by basin development in this
portion of the phiton due to the inte; . -~ 2m and interaction of two crustal synforms,
pa:ailel to the Wonderkop fauit and Laersdrif fault lineaments respectively, This
basining may have preserved the fine-grained apical phase at the Albert Silver Mine, -

The Albert Silver Mine, high up in the granite pluton (low TEDI values - see Chapter
5), has little tin, but has metals characteristic of Jater fluid deposition, as well as large
quantities of hematite, It is also'wor** - ‘ing that at Leeuwfontein rto fine-grained
phase is present, there is less henat | there is a greater abundance of metals
typically deposifed early by a hydrothermal finid. This would suggest that the
mineralisation at Leeuwfontein :8 situated in lower level granites of the granite phtton
than the granite.s. at the Albert Ap Mine. This concurs with the notion that basin
development has occurred in the immediate vicinity of the Albert Sitver Mine, with
high level granites preserved beneath the fine-grained chiil phase, and with the '
sirrounding granites been lowet level granites.

Away from the Albert Ag Mine, lower level granites are exposed, such as the granites |
at Rooipoort tin, and the granites hosting *  ~in mincralisation on Lesuwfontein.
Near the granophyre margin, higher level . .ines are preserved, hosting
mineralisation, such as the Rooipoort copper ocautrence and the nearby
Hartebeestspruit Cu occurrence, both marked by hematite, Continued displacemeni
aleny the shear zones and faults could have allowed {Laid flow for extended periocs of
time, possibly even a few hundred thousand years (cf, Cathles er af, 1997).
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6.4 Rhenosterkop area

The area around the solifa.ry hill of Rhenosterkop contains a nurber of minor
occurrences. The occurrences have no economtic significance, but their position close
to a possiblé volcanic vent, and the nature of the host rack, predominantly
Bobbejaankop granite intermixed with Xlipkloof granite, make the area worth
investigating, There are three occurrences in the aren, the Rieffontein tin oceurrence
~and the Zusterstroom zinc and flucrite occurrences. The base and precious metal

contents of the first two are given in Table 6.3,

Table 6.3 Base and precious metal contents of the mineral oceurrences in the

vicinity of Rkenaosterkop
gosur. ppm Sn [ppm Mo [ppm Cu [ppm Pb [pptn Zn [ppm As [ppi Sb [ppm Ag [gpm Au |ppm F
Rielfontein ' : : : ,
saniple 1 686 25 11 52 43 <15 | <10 | <1.0 | 0.03 28
sample 2 128 37 - o719 | - . . . . .
{Zusterstroom | 10 <6 <5 22 450 | <16 | <10 | <1.0 | D.D1 28

6.4.1 The Rietfontein tin occurrence

The Rietfontein tin occurrence i found to the east of the Zusterstroom -
Bronkhorstspruit road, and to the north of the Zusterstroom 447 JR boundary (see
folder and Fig, 6.1), The occurrence is hosted in Bobbejaankop granife with
interdigitated Klipkioof granite to the north and south (see folder), Inuuedmtely to the
east of the excavation pits is an extensive atea of breccianon.

The host Bobbejaankop granite withiti 5 m of the mineralised shear zone on
Rietfontein 446 JR (see folder) contains K-feldspar phenocrysis set in @ matrix of K-
feldspar, quartz, hematite, sericite and muscovite. K-feldspar phenocrysts, which are
extensively ferrohydroxide stained, sericitised to ve+ying degrees, as well as
hematised, are subhedral in shape. The larger grains (16 mm or more) are hematised to
. alarge extent along cleavage and twin planes, Smaller feldspar phenocrysts (4 mm in
size) ate enhedral to subhedral in shape, and are tota]'ly replaced by sericite, K~feldspar
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in the groundmass has been totaily replaced by sericite and hematite (formerly
magnetite?),

Quarty is found as subhedral phenocrysts 3,75 mm in size. Quartz in the groundmass
occurs as anhedral grains 0,25 to 0,5 mm in size with 1,5 mm the largest seen.
Muscovite grains 0,25 to 0,375 mm in size are found as anthedral grains in the
groundmass. Ferrohydroxides are found associated with the hematite alteration.

M. scor ite clusters 2 mm in size comprising grains 0,25 mm in size are associated in

place , with sericitic alteration of the feldspars.

On the margins of the mineralised shear zone the rock has extensive quariz, radiating
fibres of muscovite and small disseminated cassiterite crystals (see Plate X1 - A).
Quartz occurs as anhedral interlocking grains 1 to 2 mm in size. Extensive masses of
radiating muscovite clusters 0,75 to 1 mum in size are found as veinlets cutting across
the quartz mass. The centre of the muscovite veinlets are marked by deep_. brown
ferrohydroxides. Muscovite fibres ave also found separately, scattered throughont the
rock with individual fibres reaching 0,125 to 0,25 mum in size, Graing of clear fluorite
reaching sizes of 0,125 to 0,5 mm are found in the Quartz grOuﬁdmass, and are
occasionally associated with the muscovite fibres. Euhedral to subhedral cassiterite
ocours as crystals 0,125 mm in size within the quartz groundmass, and are often
associated with the muscovite fibres. Away from the muscovite fibres and in more
quartz-rich areas the cassiteﬁte erystals can reach 0,5 mm in size,

At the centre of the vein, the cassiterite crystals become larger, and are found ag
subhedral, zoned reddish brown to pink and green grains 0,25 to 2 mm in size, but
typically being 1 mm. The cassiterite crystals are sometimes found to form closters 3
to 4 mm in sice set in the muscovite-quartz rock (see Plate XI - B), Muscovite fibres
form clnsters 0,125 to 0,25 mm in size, consisting of radiating fibres 0,06 to 0,125 mm
in size, These fibres, along with the cassiterite crystals, dominate the centre of the
shear zone set in coarse, anhedral vein quartz 0,25 to 1 mm in size.
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Muscovite is also found as skeletal grains 2 mm in size, which in parts has been
replaced by sericite. Hematite / poethite clusters 1 mm in size are occasionally found
associated with the muscovite clusters ahd the cassiterite crystals, Clear, anhedral
fluorite 0,25 mm in size is also found associated with the radiating muscovite clusters.
Vein quartz found with the radiating muscovite clusters is 0,125 to 0,0¢€ mm in size,
and is finer grained than elsewhere in the vein, Martin and Vorster (1994) haye
reported minor sulphide mineralisation within the nearby breccia.

The presence of muscovite indicates the presence of relatively Ligh temperature _
hydrothermal fluids having passed through the rock, and obviously been responsible
for the mineralisation. The mineralisation is hosted in a shear zone trending 350°, The

granites in the area are highly brecciated, and in many places extensively sericitised.

In a small prospect pit to the west of the Zusterstroom - Bronkhorstspruit road and 3,5
km from the summit of Rhenosterkop, the host Bobbejaankop granite to a small tin
oceurrence is a purply red colour, and is cut by quartz-hematite veining. The feldspars
are sericitised and extensively repIauad by fine hematite. '

The base and precious metal geochemistry of the main tir  .urrence to the east of the
Bronkhorstspruit - Zusterstroom road and Rhenosterkop on Rietfontein 446 JR is .
given in Table 6,3, The granites do not appear to be highly mineralised, although the
results shown are not of the cassiterite-rich central zone, Molybdenum values are
apparently as high as 120 ppm. The tin prospect to the west of the Zusterstroom -
Bronkhorstspruit road contains enhanced tin vatues and some lead, but iz not entiched
in the other metals.

6.4.2 Zusterstroom zinc and fliorite occurrences
The granites on Zusterstroom 447 JR, irnmediately to the south of Rietfontsin 446 JR,

are also breceiated and highly altered in places. Approximately 2 km northeast of the
Bronkhorstspruit - Zusterstroom road, sericitised and breceiated granite, cut by quartz-
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hematite veining, is found (ses folder). The hematite colours the rock deep red.
' Veining has an orientation of 231° This granite is found to contain enhanced zinc

values.

The coarse-grained Bobbejaankop granite imunediately to the north is also sericitised,
with minor chloritisation and hematisation, being cut by quartz-hematite veining, and
containing sccéndary muscovite, It is here that a borehole was sunk and fluorite waé
intersected in a sheared and broken up quartz body (Martini, 1982). To the south-
southeast, near the Wilge River, quartz veining with small euhedral hematite and
goethite erystals 0,125 mm to 0,25 mm in size are found, The base and precious metal
concentrations of the zinc-hosting altered granite on Zusterstroom 447 JR is given in
Table 6.3. The altered granites are not rich in metals, except for this quartz brectna.
approximately 2 km northeas: of the Bronkhorstspruit - Zusterstroom road.

6.4.3 General comments on the Rhenosterkop area

A plug of Bobbejaénkop gm:nité interdigitated with Klipkigof granite ocours in the
vicinity of Rhenosterkop, extending in a sovtheast direction from near the
Brogkhorstspruit - Gibblersdal road to an area just north of the Wilge River (see
folder), The pranite in the area of Rhenosterkop is highly altered and brecciated in
places, with brecciation occurring over & distance of 4 km near the contact of the
Bobbejaankop and Klipkloof granites.

The }iresence of a breccia at this location may be due to the presence of an extension of
the Steelpoort fault trending northeast - southwest and truncating in the granites of

. Leenwfontein 228 JS to the northeast of Rietfontein 446 JR. If this fault is exirapolated
in a southwest direction it would pass through the area of mineralisation on Rietfontein
446 JR and Zusterstroom 447 JR, as well as Rhenosterkop.

Whether this fault may have been used by the Klipkloof granite for its emplacement,
or for preferential fluid flow causing subsolidus crystallisation of the Bobbejaankop-
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like granite is not cleay, but it is worth noting that *he irend of the brecciation in the
~tanites is parallel to the Steelpoort fault orientation. Alteration and brecciation of the
granites may also be related to renewed activity along the fault structure.
Rhenosterkop, which appears to be a volcanic vent within the Rooiberg group, may
have used this fauit for its emplacement. Whether the mineralisation in this area is
related to Rhenosterkop is also not JJear,

6.5 Southern Dennilton Pluton Area

The Klipddﬂ! Boekenhouthoek molybdenum / gold occutrences ocour to the west of
the study area on the farms Klipdrift 62 JS nd Boekenheuthoek 6118 (see folder and
Fig. 6.1). They occur within a nature regerve, but were stadied due to their r eral
associations not found ¢lsewhere in the study area, Base and precious metal contentg
for the southern marginal area of the Dennilton granite pluton are given in Tabie 6.4,
with certain valueg having been abtained from Scogings (1991).

‘Table 6.4 Base and precious metal contents of the mineral occurrences o the
southern margin of the Dennilton granite pluton

oceur, ppm Sn jppm Mo [ppm Cu jppm Ph [ppm Zn [ppm As [ppm Sb lppm Ag (ppm Au [pm F
Kitpdritt Mo -

sample 1 16 750 0.01% | 990 121 [12.20%) &1 1.8 7.6 1188
sample 2 - 668 840 72 26 | 2.80% . 1 6.9 -
sample 3 - 851 25 65 - M ] - . - 2.2 "
Klipdrift AU 10 20 <5 194 54 138 <10 <1.0 0.02 a1
Boaken'Au | <10 <5 22 92 80 | >»5% - 0.3 0.57 -
{ave. con. . - 247 283 - 52535 - 1107 | 346 [ 780 ¢

6.5.1 Klipdrift Mo / Au occurvenr:

The Kiipdtiﬁ molybdenum / gold ocourrence on Klipdrift 62 IS, is honted injoinﬁng
oriented at 110°, and is rich 1n molybdenum, arsenic and gold (Table 5.4), but has
never been niined, Prospeet pits and borehiole collars exist at the site, indicating some

 degree of investigation in the past. The occurrence, along with the nearby gold
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occurrences on the sume farm, were investigated due to their different ore sssemblages
and associations not found elsewhere in the study area.

6.5.1.1 Host Rock and Ore Petrography

The oecurrence s hosted in deep red, sericitised and chloritised Bobbejaankop granite
interdigitated with fine-grained Kiipkloof granite in places. Kiipkloof granite is found
developed to the south of the occurrence, The granite consists of deep red,
ferrohydroxi&e stained K-foldspar graing 3 to 10 mm iu size, surrounded by yellowish
green sericite and dark green chlorite, with associated hematite and goethite
preferentially attering the feldspats along fractures (see Plate X1 - C). Minor amounts
of perfhité are also found, Microscopically the K-feldspar graing make np
approkimately 70% of the rock.

Rust red goethite and hematite, accasionally forming clusters 0,75 to 1 mm in size, are '
found in the chloritic - sericitic groundimass, as well as along fractures in the foldspars,
Subhedral hematite crystals 0,5 mm in size are associated with anhedral quartz 0,25 to
1 ram in size. There is very little quartz in the rock, except for quartz veins cutting

" across the rock which contain vugs of purple fluorite within the centre of the veins,
Clear, cubic crystals of fluorite 2 to 4 mm in size, are also found as yugs up to 30 am

in size in the granite,

Sericitic veinlets 0,125 mm in width, are found along major factures across the rock,
and replace the feldspars in places, Fibres of muscovite, 0,25 mm in size are
occasionally found, Plagioclase, with composition Any,. ,, accurs as accessory,
subhedral grains, Disseminated throughout the rock are grains of molybdenite varying
in size from 3 to § mm, Molybdenite is also found a5 rosetiss, 7 mm in diametes,
disseminated throughout the rock. Grains of arsenopyrite 2 mm: in size are also found
disserninated throughout the rock.






PLATE XI

-A: Photomicrogtaph of radiating muscovite fores set in a voin quartz groundniass,
A small cassitetite crystal (dack brown -upper left near the margin) can be seen
i the vein quartz, Rietfontein tin prospect, Rietfontein 446 JR. Cmssed nicols;
field of view is 3,55 mm wide.
B: Photoricrograph of cassiterite crystals in centre of the ruartz vein shear zone
along with radiating muscovite fibres, Rietfontein tin prospect, Rietfontein 446
JR. Crossed nicols; field of view is 2,2 mm wide.
C: Photomicrograph of hematised K -feldspat in Bobbejaankop-like gravife.
thdnﬂ molybdermm prospect, Klip.irift 62 J8. Uncrossed nicols; field of
view is 2,2 mm wide.
D Photomicrograph of molybdendte (dark gray) overgrown by asenopyrite
{white). Klipdrift Mo occurrence, Klipdrift 62 I3, Reflected light; field of view
is 2,2 mm wide, '
E: Photomicrogreph of molybdenite (dark grey) avergrown by arsenopyrite
(white), Klipdrift Mo occurrence, Klipdrift 62 JS. Reflected light; {ield of view
is 3,55 mm wide, o
¥ Photomicrograph of molybdenite (medium grey) overgrown by sphalerite (dark
griy - lower laft). The sphalerite has also overgrown arsenopyrite (whlte)
Kiipdrift Mo occurrencs, Klipdrift 62 JS. Reflected light; field of view is 2.2
mm wide, :
G Photomicrograph of arsenopyrite (white) overgrowths of pynte (yellow), thdnﬁ
Mo oceurrence, Klipdrift 62 8. Reflected light; feld of view is 3,55 mm wide.



‘Molybdenite ocenrs along with arsenopytite as subhedral grains 0,25 mm in size ina
highly chloritised area, but are also found as disseminated grains 3 to 5 mm in size
throughout the granite. Arsenopyrite, anhedral in shape and reaching sizes of 2,5 to 4
mim and up to 15 mm in large masses, overgrows molybdenite (see Plate XI- D and
B). Quartz veins 9 mm in size cut acrosa the rock, and consist of interlocking quartz
grains 0,25 to 0,75 mm in size, alorg with ore minerals, The ore minerals occur in the
greaiest abundance near or adjacent to quartz veiﬁ.s.

Sphalerite appears to be later in the sequence, found as subhedral, cubic to elongate
grains 0,125 to 0,25 mm in size When sub-cubic, t6 0,5 mm in size when elongate, The
sphalerite overgrows both molybdenite and arsenopyrite (see Plate XI - F).
Chalcapyrite occurs as anhedral blebs, 0,125 mm in size disseminated in the rock.
Sphalerite overgrows chalcopyrite and arsenopyrite. Cubie, subhedral pyrite 0,25 to

- 0,375 rm in size is found sssociated with arsenopyrite, and appears to be overgrown
by the latter (see Plaie XI - G). Thus, although not all the relationships are present, it
wauld appear that molybdenite was deposited first, followed by pyrite, chaleovyrite
and then widespread deposition of arsenopyrite followed by later, less voluminous
sphalerite, Clear fluorite would gseem to have been introduced early along with the
molybdenite and pyrite although this relationship is not clear, and two generations of
fluorite may be present. Purple fluorite may have been introduced later. _

" 6.5,1.2 Ore Geocheinisiry

‘The base and precious metal contents of the Klipdrift Mo occurrence are given in
Table 6.4. The rock is particularly rich in arsenic (>2,8 %), hosted in arsenopyrite, and
would tend to indieate its introduction into the rock at a late stage due fo its large
cdntent. The rock is also rich in gold (2 - 8 ppim, Table 6.4), which is likely to be-

* associated with the abundant arsenopyrite in the rock, Molybdenuin is present in
substantial amounts, as seen by the abundant mblybderﬂte disseminated throughout the
rock,
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6.5.1.3 General Comments

The occurrence is found in the upper levels of the Demnilton granite, just below
Klipkloof granite and granophyre to the south. The mineralisation is concentrated
along fractures in the Boﬁbejaankop-like granite, and is especially abundant at the
intersection of the joints. Here the volatiles associated with the fractionated granites
made use of unloacing of the granite sheet for its propagation. Hematite, however, is
not found in larg: . ‘ounts here.

652 Klipdrift Au occurrence

This oceurrence is found to the east of the molybdenum occurrence on KlipArift 62 JS
'(see folder and Fig. 6.1). A shear zone oriented at 045° hosts the oceurrence. The
occlrrence is miner, and hot as highly mineralised as the molybdenum occurrence, but
it is alsn relatively rich in gold (0,02 ppm) and arsenic (138 ppm, Table 6.4). Medium-
grained deep red altered Sekhukhuni granite acts as the host to the oceurrence.

6.5.2.1 Host Rock and Ore Petrdgraphy

The host granite is deep red in colowr, and is medium grained, consisting of deep red

| feldspars and quartz, with disseminated pyrite scattered throughout the rack, The K-
feldspars are ferrohydroxide stained deep red and are cloudy, being subhedral to
anhedral in shape, with minor sericitisation and are 0,375 to 3 tum in size. Lesser
amounts of microcline are present. Plagioclase, also cloudy and sericitised, but
distinctly clearer than the K-feldspars, is found as subhedral to anhedtal grains, 0,5 to
2 mm 1in size, and with a composition of An,, ., (determined microscopically, as forall |
the detmninaﬁons). '

Quartz, which is the predominant mineral in the rock, is found as anhedral grains 0,5

t0 1,5 mm in size. K-feldspar and quartz are often intergrown in a granophyric texturz,
forming intergrown grains 2 to 4 mm in size, and having either a K-feldspar or a
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' plagioclase grain at its nucleus, Fibres of epidote, 0,375 mm in size, are fq;md
associated with clusiers of magnetite, with individual grains of magnetite '0;12'5 1o 0,06

“mm in size. Dark red poethite is found along fractures in the K-feldspars. Epidate is
found in clusters associated with pyrite graing disseminated throughout the rock,
Epidote ig also found as evhedral grains 0,06 mm in size, along with chlorite and
magnetite alteration, along with red goethite. Subhedral to anhedral pyrite grains. 1,5
mim in size are found widely disseminated thronghont the rock, and are broken up and
infilled by dark green chlorite,

6.5.2.2 Base and ﬁrecioﬁs metal geochemistry

The base and precious metal contents at this occurrende are given in Table 6.4.

The granite contains small amounts of Pb (194 ppm), As (138 ppm) and Au (0,02

" ppm), which s associated with the disseminated pyrite.' The ﬂuorine value (321 ppm)
is relativaly high, but not much more than the inherent values of Klipkloof granite,
This occurrence may represent a higher level equivalent of the molybdenum
occurence, where most of the mineralisation has been deposited at lower crustai levels
at the Mo oceurrence in the granite sheet below,

6.5.3 Boekenhouthoek Au cccarrence

The Boekenhouthock An occurrenice is hosted int dack red granophyre of the Rashoop
~ Granophyre Suite on the farm Klipdrift 62 JS near the boundary of Bogkenhouthoek
51 J8, with a number ot small prospects marked by quattz - hematite veining in
granophyre on Boekenhouthoek 61 18 (see folder and Fig, 6.1).

6.5.3.1 Host rock and ore petrography
The mineralisation is hosted in dark red K-feldspar-rich granophyre, with vugs of

"quartz 10 to 25 mm in size and abundant arsenopyrite. The K-feldspar is extensively
ferrohydroxide stained giving the feldspars a dark pink-red colour. Sericitisation has
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accurred along fractures and cleavage planes in the feldspar. Minor amounts of
anhedra) quastz, $,375 mm in size are found to he intergrown with the K-feldspar,
possibly indicating the remnant granophyric texture. -

Quartz vugs, 10 mm or more in size are composed of euhedral quartz, Subhedral
grains of K-feldspar, 1,5 to 2.5 mm ih size, are found within the quartz vugs on
uccasibn. The edge of the quartz vugs consist of evhedral quartz 2,5 mm in size,
growing i toward a fine-grained quartz centre made'up of equigranular, subhedral
quartz graing 0,125 mun in size, Buhedral zitcon grains 0,25 mm in size are found on
the edge of the qrartz vugs.

Tﬁe_ bulk of the rock hosting mineralisation consists of a K-feldspar rich area, with
smai] vuggy quartz areas 4 tm in size within it. The K-feldspar areas appear to be
made up of subbedral to anhedral K-feldspar grains 0,25 to 0,5 mm in size, .cl_osely
intergrown and possibly recrystallised. Serieitic ciusters, 0,25 mm in size, are found in
the feldspar groﬁndmasa,- along with enhedral zircon grains 0,125 mm in size within
the sericitic clusters. Magnetite occurs as euhedral to subhedral grains 0,06 to 0,123
mm in size, scattered throughout the feldspar groundmnass.

Arscstopyrite oceurs as highly fractured subhedral grains 1 to 3 mrm in size, within or
on the margins of the quartz vugs, The fractures within the arsenopyrite are infilled by
sericite, along with small quartz grains 0,125 mm in size.

6.5.3.2 Ore Geochemistry

The base and precious metal contents for the Boekenhouthoek Au occutrence are given
in Table 6.4, The occurrence is rich in arsenic (> 5 %), gold (0,57 ppm) and silver (0,3
ppm), and appears also to be a high level mineral ocowrrence, exhibiting late-stage
mineralisation, just liks the Klipdrift Au ocourrence, There is 0 hematite or
pitchblende associated with this ucourrence, and no visible fluorite, The granophyre
appears to have been extensively recrystallised, with introduction of quartz, associated
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with arsenopyrite in the form of vugs, as welil as the introduction of feldspar. The rock
has no granqphyric texture whatsoever. Gold is evidently hosted in the arsenopyrite.

6.5.4 General Comments or the Dennilton Granite area

The Demnilton granite has a high TEDI value, that decreases proceeding southwards
towards the Klipkloof granite contact, where the TEDI values become very low, The
mineral ocourrences asgociated with the Dennilton granite are fount along its margin,
typically near ot hosted within the overlying Klipkloof granite or granophyre. No
mineral occurrences have been found further in toward the centre of the pluton owing
to its low TEDM values and low metal specific Ghm‘acter This teaffirms, once again,
that there appears to be a correlation between highly fractionated (low TEDI) granites

- and the oceurrence of mineralisation,

The escarpment between the Springbok flats to the northi and a platsau to the south (cf.
De Bruiyn, 1980), found along ihe Klipkloof -Dennilton grarﬁte contact, indicates that
there is a progression from lowar level granites upwards to higher level granites
southwards onto the platean. Tis explains why there are more mineral occurrences to
the south, cdmpared to the nor;heast portion of the Bushveld granites in the area of

" Dennilton and in Sekhukhuniland to the sast (cf._Kleernan gnd Twist, 1989).

The mineralisation along the edge of the Dennilton granite also shows a distingtly
different paragenesis than ¢'sewhere, being dominated by gold, arsenic and cobalt, Aun
and in particular Co are corsidered to be deposited at relatively low temperatures by a
metal-bearing hydrothermi,l' fluid. The mineralisation here would thus point to
precipitation from a low-temperature hydrothermal fluid compared to the higher
temperature magmatic-doininated type of mineralisation found within the Verena and
Moloto Qrmﬁtes. As the mineralisation on the margins of the Dennilton pluton is
hosted in high level granites vompared to the Sn and Cu-Ph mineralisation hosted in
the lower level granites of the Verena and Moloto plutons, this suggests an evolution
of the mineralising fluid with height in the granites.
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6.6 Other occurrences in the stndy area

The study area also has minor mineral occurrences scattered outside of the four main
regions described. These fll within the Kameelpoort pluton and the rhyolites
surrounding the four plutons in the study area, A brief description of each from north

to south and west to gast follows.
6.6.1 Western portion
6.6.1,1 Kameelpoort Cu - F ocowrrence

The Kameelpoort Cu - ¥ occurrence is found on Kameelpoort 202 IR, near its northern
boundary with Zandspruit 189 JR (see folder and Fig. 6,1). The ocourrence is hosted in
* aquartz vein with an orientation of 080°/ 10° N within Sekhulhuni granite, and is
marked by copper staining on surface. The vein ¢ontains ﬂuofite in chlorite pockets
and pockets of chalcopyrite, Chlorite alteration is fourd around the vein.

6.6.1.2 Kameelpoort rare sarth and thorium occurrence

. A minor occurrence of monazite is found within Sekhukhuni granite on Kameelpoort
202 IR, to the southeast of Kameelpoort settlement near the Moloto - Siyabuswa road.

6.6.1.3 Enkeldoornspoort zine occurrence

An eﬁcavation within tuyolites of the Schrikkioof Formation of the Rooiberg Group
was found on the farm Enkeldoornspoort 207 JR (see Fig. 6.1). The excavation is
marked by a breceia and minor gopper staining. The occurrence is enriched in zine and
copper (see Table 6.5) and is located along a fault tha extends to the northwest to
intetsect the Vergenoeg fluorite - hematite body (see Fig 6.1). Whether there is any
relation to the Vergenoeg body, with fluids originating from there, is unclear.
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. 6.6.1.4 Rietfontein iron occurrence

A minor kematite occurrence is found on Rietfontein 214 JR, within rhyolites of the
Kwaggasnek Formation. The occurrence is near the granophyre contact, near the
northeastern corner of Rietfontein 214 JR. '

6.6.1.5 Graslaagte Cu - As - Au occwurence

On G:raslaag'ta 232 JR within thyolites of the Schrikkloof Formation of the Rooiberg
Group (see folder and Fig. 6.1), hematite veining trending 240° is found within dark
red brown chloritised and hematised rhyclite. Associated with the hematite veining are
flakes of solden brown biotite, indicating hydrothermal fluid activity thrcagh the rock.
The rock is enriched in copper, arsenic, zinc, lead and gold (see Table 6.5),

6.6.1.6 Hartebeestspruit Fe, Zn occurrence

" Within the rhyolites of the Schrikkloof Formation, near the contact with the overlying
Eeca Group of the Karoo Sequence, on Hartebeestspruit 434 JR a quartz-hematite
breecia vein trending 115° is enriched in iron and zinc.

6,6.2 Eastern portion
6.6,2.1 Haribeesfontein Mo - Co occwrence

On Hartbeesfontein 93 JS, just north of the Moses River, in rhyolites of the

- Sehrikkloof Formation, and near the Versna granite contact (see folder and Fig, 6.1),
Mﬁc veins in a shear zone trending 355° are enriched in molybdenum, arsenic,
cobalt, nickel, gold and silver, Ore minerale include arseriopyrite, molybdenite,
erythrite and impure graphitic ruterial (Geol. Surv. S. Afr. Hbk. 7),
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6.6.2.2 Langkloof ¥ occurrence

On Langkloof 229 JS, just north of an extension of the Steslpoort fault, and within
thyclites of the Kwaggasnek Formation, irregularly disseminated fluorite of a low
grade 1s found. This occurrence is found near the mineralised agglomerate layer
separating the Kwaggasnek and Schrikkloof Formations in this eastern portion of the
study area. '

6.6.2.3 Mineralised agglomerate layer

The volcanic agglomerate horizon, separating the lower Kwaggasnek Formation from
the upper Schrikkloof Formation of the 'tooiberg Group, is irregularly mineralised
along a strike length of approximately 40 km, stretching from Leeuwfontein 228 JS
(see folder) around to Dooranek 88 JS, and on to Rhenosterfoatein 227 JR to the west,
The agglomerate is often infilled with limonitic material and occasionally hematite.
Elsewhere itis a deep pink, sericitised rock, infilled by quartz veining between the
fragments, In other areas, such as on Engelschedoornboom 95 IS (see folder and Fig,
6.1), the mineralisation occurs as fine-grained sphalerite with pyrite, mingr galena and
occasional arsepopyrite. These sulphides form irregular impregnations, mainly in the
agglomerate but, to a lesser extent, also in the lava (Martini and Vorster, 1994). The
grade ig always low, bﬁt may be due to upwelling solutions that may not have reached
the surface, as no sinters have been fuund (Martini and Vorster, 1994).

6.6.3 Geochemistry of some of the minor mineral oceurrences

The base and precious metal contents of some of the minor mineral occurrences within

the study area listed in section 6.6 are given in Table 6.5.
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Table 6.5 Base and preclious metal contenis of some of the minoxr mineral

occurrences in the study area

sample | ppm { ppm | ppm | ppm | ppm | ppm | ppm [ ppm § ppm Co { ppm - {opmippm

CulzZnlPhiasisniBi| Y | W Ar JAg] F
207-2C {284 [460) 99 | <18 <0 | <7 | <56 | 7 g | <0.01 (<1.0{<10
232-95 {1627 | 177 { 152 [22621 12 | 60 [ 131 ] 12 | 83 | 0.05 [<1.0f 10
90-138°) 19 | 3¢ | <15 | <15 <10 | <7 | 83 | 23 { <B - -1

207-26: excavation in brecciated rhyélite, Enkeldoornspon:t 207 JR
232-95: hematite veining in altered rhyolite, Graslaagte 233 IR
90-138: agglomerate layer, Ricifontein 90 J§

The Enkeldoomspoort excavation (section 0.6.1.3) has enhanced Cu and Zn values but
is riot of any economic significance. The site was prospected at some stage, but was
abandoned. The Graslaagte océurrence {suction 6.6.1.5} is enriched in Ax, Cu, Zn, Pb

~ and As but has riever been prospected. Mineralising finids +aid seem to have been
derived from the underlying pranites, The agglomerate layer separating the
Kwaggasnek and Schrikkloof Formations is not significantly enriched in any particular
element at the sife sampled but is found to be enriched in Pb and Zn elsewhﬁre, such as
on Engelschedoomboom 95 JS.

6.7 General Discussion

The Moloto pluton is rich in Sn, Cu, Pb, As, Ag and Au, as seen by the average values
from mineral occtirences in and around the pluton (see Table 6.1). Cu is the most
abundant metal in the granites of the Moloto pluton, followed by As and Sn. Hence the
Moloto pluton exhibits large concentrations of metals that are paragenetically
relatively early in the mineralising. event, The Verena granite is rich in Sn, Cu, As, Ag
and F in some aveas, Arsenic is the most abundar foliowed by Ag and Cu. Hence the
Verena granite contains a greater abundance of metals deposited later in the
mineralising episode, The southern, more fractionated margin of the Denndlton granite
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is rich in As, Au and Ag, in that order, and so is significantly enriched in late-stage
metals,

In passing from the Moloto pluton to the Verena pinton, to the southern margin of the
Dennilton pluton Sn, Cu, Pb and Zn decrease in sbundance, whereas As and Au (in
general) tend fo increase in abundance, These observations agree with the average
TEDI value of the piutons which are 79 (Moloto pluton), 55 (coarse—graihad Verena
pranite) and 33 (Dennilton granite - southern marging), including Bobbejaankop and
Klipkloof granite found within the pluton or its margins,

Hence the loast ﬁacﬁoﬁated pluton (the Moloto pluton) is rich in Sn and Cu, whereas
the Verena plhtdn {(which is more fractionated), is rich in Cu and Ag. The most highly
‘fractionated portions of the granite « ‘quence in the study area (the southern mafgin of
the Dennilton pluton) is rich in Au aud Ag, It is worth noting that the mineralisation in
the Moloto pluton is intimately associated, in most cases, with Bobbgjaankop granite,
which is agsociated with or host to tin mineralisation, whereas the Au occwurences of
the Klipdrift / Boekenhouthoek area are associated with Klipkloof granite, illustrating
the changing nature of fluids and volatiles with an increasingly fractionating granitic

magma,

6.8 Conclusions

The granites offer large potential for mineralisation, perticularly th_é upper portions cf
the granite sheet with low TEDI values, As Bobbejasnkop and Khipkloof granites nre
usually found neer the top of the granites they are obviously prime targets in any
exploration program, As the upper portions of the granites are preserved ncar the

_ contacts with overlying rhyolite or granophyre, rather than near the centre of the
pluton where erosion has exposed lower levels of the gtanite, the margins of a pluton
offer larger potential for mineralisation targets than do the centres of the plutons.
There are notable uxceptions, such as the Atbert Silver Mine, but in these cases other
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factors, such ag the presence of a fine-grained chill phase, have affected the locality of

the minerslisation.

The level within the pluton affects the ore assemblage, with tin being dominate lower
down in the granites, giving way to copper and lead futther up, and gold and arsenic at
the very top of the granites. Height in the granites also determines the extent to which

“ an oxidised assemblage of hematite-fluorite atd possibly pitchblende, overgrows an

_ earlier sulphidic assemblage, such ag at the Albett Silver Mine. 'ilsere are other
criteria, however, that will also affect this, such as rate of efosion and unroofing of the
granites. However, height in the granite is the predominant factor affecting the ore
assemblage, as seen for the Zustershoek Tin Mine, the Bnkeldoorn tin field and the

Rooipoort tin and copper occurrences,

Ore-bearing fluids originate from a fractionating granite at depth, and pass upwards
depositing metals, with tin deposited early. These fluids have a lerge magmatic
component, and give Irise to occurrences such as the Rooipoort tin occurrence and the
Enkeldoorn tin field. Higher up in the granites the deposition from the ore-bearing
fluids give rise to later metals, such as lead and copper being deposited and there is a
larger meteoric component present, giving rise to a large quantity of hematite in the
ore (Robb et al, 1994, Freemian and Robb, 1995, Freeman ef &/, 1997). In these type of
deposits a cap rock is often found, which preventé the ore-bearing flaids from reaching
the surface, as well as hosting the deposit, Such examples include the Albert Silver
Mine and the Zustershoek Tin Mine. |

Due to the high heat productive cupagity of the granite (3 IcNaughton ef o/, 1993), the
minera]ising fluids continued circulating for a long time, possibly a few hundred
thousand to a few million years. Cattiles et al (1997) investigated the duration of
hydrothermal finid flow set up by a shallow intrusion, For a large iht_rusion they
estimated fluid civeulation of up to a few hundred thousand years, Even though their
mudel.applies to mafie and ultramafic rocks, fluid flow in the granites would have
been of a similar magnitude, or slightly loriger due to their large radiogenic decay.
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Various magmatic pulses may have been active over time and possibly have caused a
long hydrothermal event,

With time the fluids mixed with a meteoric / connate fluid, which with time became
increasingly dominant and gave rise to the precipitation of later assemblages, Where
the mineralising episode continued for a long time, the fluids becatne predominantly
meteoric / connate in nature, and oxidised assemblages such as hematite and poséibly
fiuorite were deposited (Freeman and Robb, 1995). |

The momhology and orjentation of the mineralisation appears to be controﬂed by
large-scale factors. These are associated with the predominant stress field present
within a pluton during eniplacem'ent or subsequent uplift or deformation, Major crustal
lineaments, such as the northeast-southwest trending Steelpoort and Wonderkop faults, _
 anid the southeast-northwest trending Lacrsdrif fault lineament, may also have affected
granite emplacement and structure within the plutons, and hetice mineralisation trends
within the granites. '

The granophyres offer no potential for mineralisation, being just a hypabyssal
equivatent of the Rooiberg Group, but rather act as hosts to miﬁem'lising fluids derived
from the underlying granites. The Rooiberg Group also acts as a repository for
mineralisation derived from the underlying granites and possibly the Rustenburg
Layered Suite (Schweitzer ef al, 1995b). It could however act #s a host to
voleanogenic massive sulphide deposits, but no such occurrences have presently been
found, The minor mineral occutrences in the Rootberg Group, such as the
Enkeldoorngpoort and Graslaagte oceurrences, and the mineralised agglomerate layer,
geem to have been derived from flnids originating at depth, and making use of
permeable conduits such as faults, agglomerates or breceias for its passage,
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CHAPTER 7
ALTERATION AND THE NATURE OF THE MINERALISING
FLUIDS

7.1 Tntroduction

The mineral occurrences are derived from hydrotherma) fluids, derived from magmatic
fractionation of the granitic magme that gave rise to the Lebowa Granite Sujte (Rohb
ef al, 1994}, These fluids mixed with 2 meteoric / connate fluid compenent, giving rize
to the various minera] assemblages seen (Freeman wad Robb, 1995, Freeman et af,
1997) Associated with this mmerahsahon are various alteration assemblages and
gangue minerals that allow something of the nature of the ore-bearing fluids to be
investigated. The source of the ﬂulds,_ the degree of fluid mixing, and the inherent
nature of the fluid can hersby be examined. To this end examination of the alteration
assemblages associated with the mineral occurmrences, as well as Fe determinations and
petrographic fluid inclusion studies were undertaken,

7.2 Alreration assemblages

The mineral ooctirences in the study area show zones of alteration related to he
passage of hydrothermal fluids through the rock, As th= occurrences ate smal! the
altered regions around them are typically a few mefers fn width Another factor _
cornplicating interpretation is that some alteration assemblages have superimposed
thernselves on sarlier assemblages, causing complex paragenetic sequences and
alteration assemblages to be found at some occurrences. The Albert Silver Mine serves

as an example, where prolanged fluid flow has given rise to alteration zonation from
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zarly incipient alteration to the Fe-rich alteration associated with the final paragenesis
of hematite - pitchblende and fluorite.

7.2.1 Incipient alteration

Incipient detteric u!*eration involves chloritisation of the mafic minerals, biotite and
homblende, as “}'eli as iron-oxyhydroxide staining of the feldspars, and minor
replacement of tlie foldspars by sericite. Depending on the ore assemblage, s one
moves closer to the mineralised zone, extensive serici* {in most cases), as well as
chlorite totally replace the feldspars, Fine-grained recrystalllsed quartz is also found i in

- some alteration assemblages.
71.2.2 Alteration associated with Sn-dominated systems

Ocourrences which contain metals precipitated by early magmatic fluids, such as tin or
molybdenum, have 2 predominantly propylitic alteration with minor sericitisation. The |
Enkeldo omn tin field, as an example, is dominated by chlotitic alteration. Other
occurrences, such as the Reoipoort and Rietfontein Sn occurrences, however, are
dominated by sericite and muscovite respectively. Enkeldoorn is, however, seen to be
enriched in Pb and Zn, and may indicate a later alteration assemblage associated with
these metals.

For the tin occurrences, such as Rietfontein and Rooipoort, the initial stages of
alteration in the granites is extensive sericitisation of the feldspars. Muscovite fibres
are found on occasion. In the case of Rietfontein, radiating muscovite fibres are found
in the sheared granite, and cassiterite crystals 1 to 2 mm in size are associated with
these clusters. Minor kaolinisation of the granite, along with minor chloritisation, is
also found, .
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7.2.3 Alteration associated with C'u-dominated systems
In copper dominated occuirences, such as the Albert. Sitver Mine, chloritisation is
found to be less dominant than sericitisation, The Sybrandskraal Cu occurrencs is
dominated by sericitisation of the host granophyre. The Albert Silver Mine and i*elabed
veins, however, exhibit a long-lived hydrothermal history, and their elteration
assemblages are complex (¢.g. Champion, 1970), varying from incipient alteration of
the gramites, from approximately 20 tn from the vein, to sericitisation and intense.
chloritisation, giving way to hematisation iramediately adjacent to and within the vein,

From descriptions of host ¢ ... and ore petrographies those occwurrences that were
exposed to some degree of meteoric / connate fluids, such as the Albert Silver Mine
_ and the Zustershoek Tin Mine, have an extensive amount of hematitic alteration

associated with them, often superimposing itself on the earlier assemblagés.
7.2.4 Alteration associated with Ph-Zn-dominated systems

In Pb - Zn dominated systems, such as the Prins Anna structure and the Zusterstroom
altered granites, sericitisation is dominant, with hematisation and associated goefhite
beginning to appear in the alterstion assemblage, particularly in the case of thé Prins

Anna structure, .

7.2.5 Alteration associated with Jate-stage metal deposition

The mineral occurrences typicaily found high up in the granite sheet, such as the
Hartebeestspruit, Klipdrift and Boekenhouthoek Au occurrences, have alteration
assernblages varying from phyllic into the phy].ﬁc - argillic boundary. Hartebeestspruit
is found to be both sericitised and chloritised with minor hematisation, As this
occugrence is rich in Pb and Cu this alteration assemblage would appear to be derived
from earlier ﬂuid flow, giving rise to the Cu and Pb mineralisation, than that which
gave rise to the Au mineralisation. The hematisation may be asgociated with the later
Au precipitation, The Ktipdrift Mo occurrence has early molybdenum precipitation
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with associated chloritisation and sericitisation, and later Au pr-ripitation with
associated minor hematisation, The Klipdrift and Boskenkoutheek Au ocourrences are
dominated by intense iron-oxyhydroxide staining of the feldspars and minor _
hematisation, Infroduction and recrystallisation of feldspar and quartz would appear to
have taken place, particularly for the Boekenhouthoek occurrence where the
mineralised granophyse is very coarse-grained and has no granbphyric texture,

7.2.6 Alteration zonation

Zonation from propylitic to phyllic alteration, in moving awey from the mineralised
zone, was noted for a few of the occurrences, such as Enkeldoorn and Rooipoort, At
Rooipoort an outer phyllic zone, approximately 20 m away gives way to a zone of
intense chioritisation around the mineralised shear zone, A Enkeldoorn, where there is
a greater Cu component, the shear zone hosting mineralisation is highly chioritised
(where chalcapyrite has been deposited), whereas sericitisation is found 2 m from the
mineralised shear zone. The granophyre-hosted Zustershoek Tin Mine, being also
copper dominated, is dominated by later hematigation and iron oxyhydroxide staintng
of the feldspars, with extensive sericitic replacement of the feldspars and minor
chloritisation, Here the later meteoric / conmate component has dominated the
alteration assemblage at this locality, |

7.2,7 Alteration styles

- Potassic aiteration, where K-feldspar scrystallises or is introduced is rare, and
propylitic alteration in its strictest form is secondary to phyllic alteration. In some
cases an intermediate case between propylitic and phyllic alteration is found. Argillic
alteration is rare but has been noted, possibly at the Boekenhouthoek Au occwmrence,

~as well as the shear zone at the Rooipoort tin occurrence. The latter bears evidence of
two episodes of ore deposition, one where early cassiterite and atsenopyrite are
deposited, followed by later brecciation and infilling by chalcopyrite, The
predominantly phyllic alteration appears to be associated with the early cassiterite,
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wherear tiie later, low-temperature argillic alteration may be associated with the

chalcopyrite deposition,

A change froln predominantly propylitic to phyllic and possibly argillic alicration,
with a late superimpaosition by oxi-.«. "ag fluids to give the late hematitic agsemblage
points to a gradual decrease in fluic . amperature with deposmon, and an increasingly
oxidising fiuid dominating the ore fluids.

Hemley and Jones (1964) illustrated the temperature range versus exﬁected log ey./ ag,
' that conld be cxpéctad for different alteration assemblages. The range would be
anywhere from 500° C for muscovite to be stable, as for example at the Rietfontein
occﬂxrenée, down to temperatures of 300° C for argillic alteration assemblages, such as
at Boekenhouthosk Au fsee Figure 7.1). | .
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Figure 7.1 Plot of log a,,/8, vs. temperature showing the temperature ranges of
alteration assemblages assoclated with mineralisation
(after Burnham aud Olimoto, 1980)
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7.3 Fe*'/ Fe** Ratios

A number of samples of granite, vér?ing from fresh unaltered granite to altered granite
associated with, or host to, mineralisation, were analysed for their Fe® and Fe*
contents, The method used was that of Wilson (1960), described in Appendix B,
Fe*/Fe** ratios were then determined io see whether they could beused as an -
exploration tool, similar to the TEDI iridex, and alsd 1o test the hypothesis of an
increasiugly greater meteoric / connate fluid component affecting mineralisation

higher up in the granites.

Six samples of granite, from a variety of locations varying from the base to the fop of
the granites, were analysed. TEDI values, field relationships' and petrdgraphic and
textural criteria determined the height of the samples in the granites. Seven samples of
| altered granite, either Bosting or associated with mineralisation, were examined in the
same way. The rﬁajority of the altered granile samples are from Sn-dominated systems.
These samples were taken from the Rietfontein tin oceurrence and altered granite in-
the vicinity. Samples of actyal ore could not be analysed, as the high meta)l contents
serigusly affect the Fe*"/Pe** determinations. The analyses are given in Table 7.1,

The samples have been listed according fo TEDI values, from: the lowest TEDI values,
representing the most fractionated granites, to the highest TED] values, representing
the least fractionated. The altered granite samples have been ordered in. a siniilar
fashion. ' '

* Figure 7.2 plots the Fe®/ Fo* raio against the TEDI value for both the unaltered and
the altered granite samples. From Table 7.1 it is seen that, at least, for the Samplés
taken from the Dennilton granite, i.c. 58-163, 63-159 and 63-161, the Fe** / Fe** ratio
decreases with decreasing TED! value, i.e, increasing amounts of fractionation, The
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Table 7.1 Fe**/ Fe** determinations for gelected granite samples

[unaltered granites —

sample ppm S | FeO, % | Fer % | Fe % | Ferire™ | TEDI
63-181 12 2.28 .81 .47 0.56° 5
63459 18| 249 1 13 | 0.79 1z
20515 17 176 | 134 | 044 | S04 | 79 |
217-37 27 3.13 1,57 1.66 101 67
280-195 | 78 3,05 1.68 037 .54 93

58-163 8 206 | 147 | 058 2.53 105
altered granites _ ' : . _
sample ppmSr | Faly% | Fe™ % Fe™ % Fa"‘fFa"“ TEDI

250-114_ 21 546 1.97 3.49 0.5, 8
447127 | 18 4.54 1,14 343 0 32 5
446-118 10 3.39 0.72 288 | 027 5
[44B124 T 9 3.97 0.68 3.29 0.21 3
446-119 11 147 046 | 126 0.13 2
447-126 14 |” 623 0.51 472 0,17 3
445-123 14 4.20 0.23 407 | 0.06 5

58-163; grey Sekhukhurl granite, Maloek Zyn Kop 58 1S

250-115: fine-grained Verena granite, Roodepoortje 250 JR

217-37: Bobbejaankop granite, Bnkeldoora 217 JR

202-15: fine-grained red Sekhukbuni granite near Klipkloof'dyke, northwestern

| margin, Kameelpoort pluton, Kameelpoort 202 JR '

63-159: Bobbejaankop-like Selchukhuni granite, Rhenosterkuil 63 I8

63-161: Klipkloof granite, Rhenosterkuil 63 IS

250-114: altered fine-grained Verena granite, Albert Silver Mine, Roodepoottje
2506 IR

447-127: chloritised and sericitised coarse-grained Bobbejaankop granite,
Zusterstroom 447 JR

446-118: chioritised and sericitised Bobbejaankop granite, Rietfontein 446 JR

446-124: eltered Bobbejaankop-like coarse-grained Verena granite, Rietfontein tin
ceeurrence, Ristfontein 446 JR

446-119: seri .. 4, hematised Bobbejaankop granite, Rietfontein 446 JR

447-126: ¢ an +-hematite breccia, Zusterstroom 447 JR

446-123: sericitised and chloritised Bobbejaunkop granite, Rietfontein 446 JR

% Fe,O, determined by XRF analysis, and % FeO determined by Wilson’s (1960)

method (see Appendix B).

159



200

LI L N R I R L RN R LB R R R I RN N A

TEDI
.100

T T R T T A T T T

i

. + : _ ]

- ]
3 ,.Z + o J

r 7

ﬁ_’ +::.+, it PTITI PET

0 1 2 3 4 5

FediiFeat
Legend

@ altered granite samples
- unait;red granite samples

Figitre 7.2 Plot of Fe*/ Fe* ratios versus TED values

Fe* decreases from 1,47 to 0,81, whereas the Fe** increases from 0,58 to 1,47, hence
causing the Fe*/ Fe* ratio to decrease.

The decreasing Fe*/Fe** ratio comelates with the decreasing TEDI value with
increasing height and degree of fractionation in the granites. High level grarites have
the greatest Fe* content reflecting the concentration of fluids and the progressive
reddening of the granite (caused by microcrystalline hematitisation of feldspar) in the
upper reaches of the grauite. Hence the trend in Fe*'/Fe™ ratios mirrors that of the
TEDI values, and so could be used it conjunction with or as an alternative to TEDI

values in an exploration program.
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The altered granite samples tend to cluster, and are characterised by very low TEDI
values and low Fe*'/Fe* ratios in Fig. 7.2. Sample 250-114 has a higher Fe*/Fe** ratio
and higher TEDI value than those near Rhenosterkop, but is characterised by a chlorite
dominated alteration assemblage. Mineralised samples, particularly those characterised
by the late stage paragenetic sequence, are characterised by an association with high
10, fluids that are responsible for the intense hematisation which typify these deposits..

Figure 7,2 exhibits some important points:

» The TEDI value decreases upwards in the graniteé

s The Sr content decreases upwaras

» The Fe*" ion concentration decreases and the Fe* increases with increasing height
in the granites

. & The Fe?*/ Fe* ratio decreases with increasing height

With increased degrees of fractionation, Sr and Ba decrease in abundance whereas Rb
increases in abundance causing the TEDI value of the higher level granites to decrease.
With increasing degree of fractionation and height in the gfanites t! = granites
crystallised from a more volatile-rich magma which ceused intens. .outeric alteration
of the feldspars and chloritisation of the mafic minerals, Oxidation of magnetite results
in the decrease of Fe™/Fe™ in the granite and the precipitation of hematite in the
crystal lattices of the feldspars. Hence with increasing degrees of fractionation in the

© granites, the Fe* is progiessively oxidised to Fe** causing the Fe*/ Fe*” re*io to
decreass with height in the granites.

Trends in Fe*'/Fe™ ratios appear to be different in the various plutons studied, ag
witnessed by the widsly separated sample points of the unal.ered granites in Figure
7,2, The three samples from the Dennilton pluton are virtually colinear, whereas the
other three unaltered granite samples, each from three separate phrtons, show different
Fe?/Fe** ratios and TEDI values from each other. This conld suggest that each of the
plutons in the study area were chemically isolated, and did not form part of a single
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laccolithic intrusion, as suggested by MeCarthy and Hasty (1976), Groves and
MeCarthy (1978) and Kleeman and Twist (1589),

7.4 Fluid Inclusion Studies

Flald inclusions provide vaiable information on the fluids that wete preseﬁt. not only
during formation of the rocks (primary inglugions), but also those which vere present
at later stages of the rock’s evolution (secondary inclusions), Bstimations of the

- temperature st which the fluids were frapped, a3 well as their basic composition, ean

be obtained from fluid inclusion studies, Thus they can serve as useful indicators of

the fluids responsible for the varions mineralisation styles present in the granites, as
 well as shedding light on the origin and evolution of those fluids,

A general petrogfaplﬁc study of fluid inclusions from some of the mineral occurrences
in the study area was undertaken in order {o compare the characteristics of these fluids
with fluids from other occurrences and deposits, such as those recorded for the .
- Zaaiplaats Tin Mine (Pollard ef ul, 1991 and Ollila, 1981) and for the Rooiberg tin

~ deposit (Ollila, 1981),

7.4.1 'The Zaaiplaats Tin Mine

The mineralisation at the Zaaiplaats Tin Mine is hosted in coarse-gtained
Bobﬁejaaukop Granite, overlain by a thin sheet of fine-grained granite calied the f.casc
Granite, This granile is bound along its upper margin by 4 marginal pegmatite. The
granités of the Lebowa Granite Suite intrude the granophyres of the Rashoop
Granophyre Svite, The mineralisaiion at the Zaviplaats Tin Mine is found in three
forms:
# Low-grade orebodies: These form the maost extensive ore type mined in the Lease |
Granite, which is a red~ or grey-coloured granite, which contains cassiterite as a
hydrothermal infill component in miarolitic cavities (Poliard ez al, 1991). They
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generally occur in the uppermost portion of the Lease Granite, 1.ith the upper limit
of the orebodies often coinciding with the base of the pegmatite zone. A second
type of ore called lenticuler nrehodies, accurring in the Lease Granite, are
composed of cassiterite, feldspar, sericite, fluorite, scheelite and sulphides, and
have a more restricted distributicn (Pollard ef af, 1991).

* Zone of disseminated mineralisation in the Bobbejaankop Sranite: This zone of
disseminated mineralisation oceurs approximat: ty 50 m below the Lease Granite.

_ Casgiterite is found as a hydrothermal infill mineral in interstitial miarolitic cavities
in this zone, along with scheelite, Within these miarolitic cavities 2 genéi'al
paragénetic sequence of quartz, perthitic alkali feldspar, and chlvrite (originally -
biotite?) ate the earliest infill minerals, followed by cessiterite, scheelite, synclrysite
(more rarely bastnaesite), arsenopyrite, and molybdenite, ‘The final minerals
precipitated are fiuorite, calcite, quartz, sericite, hematite, chalcopyrite, pyrite and
galena (Pollard er af, 1991),

o Pipe orebodies: The third type of mineralisation is that of a seties of caviterite-
bear'ng pipe orebodies that occur in localised groups forming interlinked systems. .
T re pipes exhibit large variations in plunge and azimuth and range from circular to
haghly irreguiar in cross section, The pipes are found in both the Bobbejaankop and
Lease granites, but do not extend into the overlying granophyres. The pipes have an
outer zons rich in quartz an 3 tourmaline enclosing sn inner zone rich in feldspar,
sericite and / or chlzate, In some pipes fluorite, quartz, caleite and sulphides occupy
the central portion. The majority of the pipes are not Jocalised by fractures (Pollard
et al, 1991).

The granites and all mineralisation styles are crosscut by subvertical veins of several
oricntations. They are composed mainly of quartz, fluorite and caleite with minor
chlorite, hematite, chalcOpyrite,' galena and sphalerite, They are late-stage features

not directly refuted to mineralisation,
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Pollard et al (1991) recognised three types of inclusions at Zaaiplaats. These are:

¢ Type linclusions: These are two- and three-phase inclusions that contain carhon
dioxide. They have been observed in quartz from the Lease and Bobbejaankop
granites, quartz from the marginal pegmatite, and ealy cavity-filling quartz from
the disseminated mineralisation. In most cases they ocenpy healed fractures and
thus appear to be secondary. '

® Type Il inclusions: These inclusions contain H,0-rich liquid, a small vapour
.-bubble, and up to six different solid phases. Several subtypes are recognised on the
basis of the assemblage of solid phases. The three major phases are halite, sylvite,
and Fe chioride, Other minor phases include.tiny unidertified, opague, birefringent
and nonbirefringent solids, These inclusions have been observed in quartz from the
Lease and Bobbejaankop granites, quartz from the marginal pegmatite, and early
quartz from .avities in the granites.

¢ Type I inclusions: These inclusions contain liquid, a small vapour bubble
(approximately 5 vol. %) and minor solid phases similar to those observed in type 2
inclusions, They have been observed as primary incinsions in quartz, fluorite and
- caleite from a cavity in the pegmatite, late quartz from cavities in the disseminated
mineralisation zone, quartz and calcite infill from the central portion of one of the

pipes, and quartz from late-stage veins.

Pullard af af (1991) report that the results from their study are similar to those obtained by
Oliila {1981).

Pollard et ol (1991) teport that the dorinant fluid type in early hydrothermal minerals
at Zaaiplaats is 2 high-temperature, high salinity solution veptesented by type 2
inclusians, There is a progressive decrease in iomogenisation temperatare defermined
by dissofution of solid phases from a high of 596" C in granite and early cavity-filling .
quartz to a low of 160° C in later cavity-filling quartz and fluorite, At the sams time,
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there is a change from inclusions containing several solid phases (e.g. Fe chioride,
halite and sylvite) to inclusions containing halite solids (£ the minor unidentified
phases).

Inclusions which homogenise at less than 200° C ars dominated by type 3 (liguid-
vupour) inclusions. which occur in late infill quartz, flucrite, and calcite from cavities
in granite, pegmatite, pipes and in vein quartz, Total salinities in NaCl equivalent
weight percent range from 15 to 68 percent, and ave considered as minimum estimates
due to the presence of additional salts in solution, Type 2 and 3 inclusions form part of
a continuous evolution from high-temperature, high salinity fluids to lower
temperature, moderaty salinity fluids occurring in later minerals,

At Zaaiplaats the Bobhejaankop granite intruded relatively impermeable granophyre,
and the evolution of the magmatic fluid phase, which formed the miarolitic cavities,
was not associated with extensive hydraulic fracturing, so that the hydrothermal flnids
wore largely confined within the pluton. Due to the disseminated nature of the
mineralisation, its confinement within the granites, and the progressive d-rreases in
temperafure and salinity of the hydrothermal fluids, the hydrothermal system is 2 good
approximation of the closed-system model, where flunids are continwousty recycled
within the pluton causing extensive alteration, Thermodynamic modelling of
hydrothermal transport and deposition of tin indicates that in rock-buffered .s_vstems,
such as Zaaiplaats, more than 99 % of the initial tin in solution will be precipitated

" above 400° C (Pollard et al, 1951).

Ranly fiuid inclusions contain solid phases including halite, sylvite and Fe chloride and
homogenise at temperatures up fo 600° C. This fluid evolved to lower temperatitres
and salt concentrations during, precipitation of cavity, pipe and vein filling minerals,
An H,O - NaCl - CO, fluid was trapped as primary inclusions in quartz frot the
Bobbejaankop pipe, and a8 rare secondary inclusions in granite quartz and early
cavity-filling quartz, Homogenisalion and compositiona] data for these inclusions are
consistent with fluid immiscibility at temperatures around 350° C and lithostatic
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“pressure of about 1250 bar., It is possibie that the CO,-bearing fluid played a role iﬁ the
early stages of pipe formation. At the same time thaf the granites were undergoing
pervasive alteration, the saline fluids precipitated ore and ganguc minerals in cawtxes
and pipes, A progressive decrease in temperature from around 600° to 200° C,
accompanied by a decrease in salinity from 68 to 15 equiv, wt percent NaCl is
observed from fluid inclusion studies,

7.4.2 The Reoiberg Tin Deposits

The Rootberg Tin deposits are situated within the Rooiberg Fragment in the western
lobe of the Bustveld Complex, The continental shaflow marine sedimentary and

- woleanie rocks of the Transvaal Seqﬁence, which constitute the Fragment, were
deposited on the Ar('.haean Kaapvaal Craton insn mtra-cratomc, graben-controll=d
basin, The roughly triangular-shaped fragment is surrounded by granophyres of the
Rashoop Granophyte Suite and by granites of the Lebowa Granite Suite, the latter
being clearly intrusive (Rozendaal er al, 1986).

The Rooiberg tin deposits arc viratabound and classified as conformable or
unconformable according 1o th~‘r geometric relationship with the bedding,
Conformable mineralisation includes pockets, bedding-plane mineralisation, bedded
lodes, and bodding-plans related stringers, Pocket-type mineralisation refers to
bedding-plane and fracture controlled, caésiterite-beaﬁng, irreguiarly shaped nodules.
. Bedding-plane minesalisation is defined as disseminated cassiterite dispersed within
sheet-like bodies that tend to lie parallel to the bedding.

Unconformeble ore bodies tend to ocour as steeply dipping lodes that strike parailel to

' the major fracture directions. The prevailing ore assemblage is: cassiterite, pyrite,
chlorite, tourmaline and carbonates associated with varying amounts of magnetité,
| hematite, chalcopyrite. quartz and potassic feldspar. The close spatial association
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between bedded lodes and steep fractures is obvious in all the mir_ies'(Rozendaal et al,
1986), o

Ollila {1981) performed -umber of heating and freszing runs on inclusions from the
Leenwpoort Mine, south of the Rooiberg Mine, in the Rooiberg area, He described the
inclusions as moderately saline with liguid and vapour phases thet homogenise to a
liquid or a vapour phase. The inclusions were found in guartz of the cassiterite-beaﬁng
bedded lodes. In these lodes cassiterite is usually associated with magnetite, hematite,
pyrite and chalcopyrite with quartz and aukerite being the common gangne minerals
{Ottila, 1881). Oliila (1981) recognised two generations of quartz, namely a clear
euhedral older generation enclosed in a younger, milky generation. The fluid
inclusions were taken from the older, clear quartz. Ollila (1981) reported that all the
 inclusions studied were undersaturated with regard to NaCl and other daughter
minerals were not usually observed in them. Ollila (198'1) sﬁggmted an estimated
pressure correction of 500 bars for the homogenisation tenperatures, He reported
homogenisation temmeratures from 134 to 220° C, witha preésure cotrestion, at 500
bars, varying between 45° and 48° C, He reported salinities ranging from 13,9 to 22.0
equiv. wt % NaCl.

The tin mineralisation is considered to be derived from the undertying granites of the

Lebowa Granite Suite. Extensive subvertical fracturing, related to the infrusion of the

acid phase of the Bushveld Complex, as well as volumetric shrinking of the

cryatallising granite, resulted in a tensional regime producing near-horizontal terision

fracturing, and Lience assisted the localisation of the ore bodies, particularly the
_conformable ore bodies (Rozendaal ef al, 1986).

The Rooiberg Tin deposits represent an open system in which extensive fauiting and
fracturing of the sedimentary fragment allowed magmatie fluids frorm the underlying
Lebowa Granite Suite to move up and make uge of the prevailing fracture system in

the movement of the mineralising fluid and the precipitation of ore, In this regard the
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Zaaiplaats and Rooiberg tin occurrences represent two end members of a whole range
of mineralisation styles and seitings possible in the granites and associated roof rocks
of the Bushveld Complex.

7.4.3 Evidence for Fluid mixing - The Spoedwel Copper Mine

Freeman and Robib (1995) have reported on fluid inclusion studies that have illustrated
that there are at least three episodes of ore precipitation, The first episode of
mineralisation, typified by the Zaaiplaats tin deposit, ocomrred at relatively high
temperatures { > 600° C to 400° C (Pollard ot af, 1991, McNaughton et af, 1993)), and
resulted ini the formation of orthomagfnatic cassiterite and scheetite. Poltard ef a
(1991) recognised a progressive decrease in temperature from 630° C to 200° C,
accompanied by a decrease in salinity from 68 to 15 equivalent weight percent NaCl
and a decrease in 8'%0y,,, values from 6.4 to 1.4 per mil, -

At lower temperatures (5 200° C), the mesothermal Cu - Pb - Zn assemblage was

deposited e.g. the Albert Sitver Mine and Spoedwel and Boschhoek Cu mines /

veeurrences to the northeast of the study arca (Freeman and Rabb, 1995). This later

assemblage is associated with widespread secondary fluorite precipitation,

Robb et al (1994) recognised a third episode of minetalisation at the Albert Silver

Mine post-dating the Cu - Pb - Zn assemblage, wherein a late assemblage of Fe - U - F
“was precipitated.

Freeman and Robb (1995) recognised a regional variation in the relative proportions of
these three ore assemblages, with the northem and northwestern sectors of the
Coraplex containing greater tin (e.g. the Zaaiplaats Tin Mine), The southeastern
sectors, including the study area, however, are dominated by the mesothermal Cu - Pb
- Zn assemblage {e.g. the Albert Silver Mine and the Spoedwel Cu deposit).
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Freeman and Robb (1995) re-examined the Spoedwel copper mine in light of these
new paragenetic assemblages, The Spoedwel Copper Mine is found to the northeast of
the study area and to the west of Marble Hall. The m.ihera_lisation oceurs in the upper
portion of the Lebowa Granite Suite, and is hosted by de-silicified medium-grained
brick-red granite, often referred to as an episyenite. The highest grade of
mineralisation occurs at the contact between two granite variéties. Mineralisation and
de-silicification oceurred simultaneously, with excess silica expelled into the
immediate hanging-wall, where it occurs as cryptocrystailine quartz veins {Freeman
and Robb, 1995),

The fitst ore mineral to be deposited was cussiterite, forming the orthomagmatic suite,
The main sﬁlphidé mineralisation ocourred at a later stage and exhibits a paragenetic

© sequence of arsenopyrite, pyrite, galena, tennantite, sphalerite, chalcopyrite, barnite
and chalcocite, The third and final episode of mineralisation resulted in covellite,
hematite and fluorite precipitation (Freeman and Robb, 1995). '

Freeman and Robb (1995) have classified the fluid inclusions according to the
variation in phese proportions, Type 1 inclusions consist of two phases (lignid and
vapour), and are subdivided according to the degree of fill by the vapour phase. Type 2
- inclusions contain both liquid and vapour phases, as well as one or more solid phases.
Type 3 and 4 inclusions are monophase liquid, and monophase vapour inclusions
respectively. |

Fluid inelusions containing any number of solid phases from a possible Hst of 11
minerals including halite, sylvite, FeCl,, hematité, muscovite, 2 unidentified opaques
and 4 other unidentified crystals, are associated with the more saline fluid populations,
whereas fluid inclusions in fluorite rarely contain any solid phases (Freeman and
Robb, 1995),
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Homogenisation temperatiures (T,J for fluid inclusions in interstitial quartz and fluorite
range from spproximately 150° to 300° C. Ty, values for vein quartz fall into two
cafegories; 200 - 230° C for terminated quartz crystals lining fractures, and 160 - 193°
C for secondary quartz overgrowth filling the remeining fracture spaca. The early
'quartz-hosteﬂ fluid inclusion populations have higher T, values than the later
populations hosted by fluorite (Freeman and Robb, 1995).

The early fluids are highly saline (27 wt.% eNaCl), and are hosted by interstitial
quartz. This fluid population does not oceur in fluorite, indicating that fluorite
precipitation began at a later stage. The most saline fluids trapped in fuorite are
moderately saline (14 wit% eNaCl). The fluids trapped in progressive crystal growth .
stages and in secondary trails are less saline, the Ca content decreases, and the
presence of hematite and opaque daughter / trapped crystals becomes Jess common.
The Ca-rich fluid inclusion papulations have been asscciated with the second episode
of mineralisation, whereas the inclusion populations with Yttle or no Ca in solution
have been related to the third puise of mineralisation during which covellite, hematite
and fluorite deposition ocourred (Freeman and Robb, 1993),

Late stage quartz veins consisting of two generations of quartz have salinities of
approximately 9 wi% eNaCl for the first generation, and salinities between 0.3 ard 0.5
wit% eNaCl for the second generation (Freeman and Robb, 1995),

| Using Raman spectroscopy, Freeman and Robb (1995) discovered the presence of
nitrogen, methane, carbon dioxide, hydrogen sulphide and water in the fuids. The
presence of nitrogen and methane in all fluid populations in interstitial quartz led
Freeman and Robb (1995) to suggest the presence of a meteoric fluid component in the
Bystem. '

The Spoedwel copper deposit has all three episodes of mineralisation preserved.
Gangue minerals agsociated with each of the ore assemblages may give flyid
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inclusions, which could be used to determine the nature of the fluid during deposition
of each episode.

Freeman and Robb {1995) proposed that due to the variable phase proportions in the
fluid inelusions, the broad range of densities énd salinities in single fluid populations,
and the presence of methane and nitrogen in the fluids, the. there may be a secund
flnid component in the system, namely of meteoric or connate otigin, increagingly

~ mixing with the changing magmatic fluid over timne, and giving rise to the three
difforent mineral assemblages observed, |

In »ummary the early magmatic fluids hiave a high temperature (600° C or more) and a
high salinity (68 wt % eNaCl), Cassiterite is precipitated at temperatures of above 400°

~ C. At lower temperatures the fluid is less saline, and in open systerﬁs where meteoric /
connate fluids « + wessed, fluid mixing begins, and precipitation of aCu-Pb-2Zn
assemblage occurs at temperatures above 200_‘"0. With time and progressive
domination by meteoric / comnate fivids a late Fe - U - F assemblage is deposited on
the preceding asgemblages, At this stage the hydroﬂlermal fluids have é.very low
salinity, are nitrogen rich and are low temperature (< 200° C).

The high U, Th and K, Q caparity, particilarly of late stage fractionates such as the
Bobbejaankop granite, impurts a high heat producing capacity to the granites, such that
hydrothermal fluid eireulation may have continued for a few million years after
crystallisation of the granite (McNaughton of o/, 1993). This long lived hydrothermal
flnid circulation i reflecied in the complex and often extensive alteration assemblages
associated with the mineral occurrences and deposits, such as the ﬂteraﬁon
assemblages at the Albert Silver Mine (e.g. Champion, 1970).

1



7.4.4 Fluid inclusion stndies from the study area

General fluid inclusion p.etrbgraphic studies were undertaken for some minersl
occurrences in the study area, It was found that despite careful sampling, the rocks did
not contain sritable inclusions, being either too small (less than 1 um) or that the
quartz was t¢ . milky and hence not suitable for petrographic observation of fluid
inclusions. It was hoped that coﬁapariéon of the finid temperatures and compositions
could be compé.red with fluid inclusion studies from other occurrences, such as those
described above and from elsewhere in the acid rocks, However, general petrographic
observations did help iilustrate a few points, despite no microthermometric work being
carried gut or salinity or density detanninatiohs being made, Purther work in this
regard is required if the nature of the mineralising finids responsible for the
polymetailic mineralisation in the felsic rocks of the Bushveld Complex is to be
understood.

* The general obsetvations are as such:

) In Bobbejaankop granite, the quartz contains abundant inclusions, often imparting a
cloudy apﬁeamnce to the quartz in some samples. This festifies to the high volatile
content associated with these granites, Primary inclusions are two-phase with a
vapour bubble occupying 15 % of the volume of the inclusions, The inclusions are
sound to have inconsistent liquid ; vapour (L:V) ratios, with some being single

- phase and are typically 2 um or less in size. These inclusions imply entrapment at
relatively high temperatures in order to have such large vapour bubbles at room
temperature and are compositionally ..nple (absence of daughter crystals).
Secondary inclusions are very small, being typically 0,5 . 1 or less in size and are
typically one phase, with minor two-phase inclusions observed, indicating fracture
healing by lower temperature fluids,

¢ Inclusions from early tin dominated mineralising systems, such as the Rietfontein

tin occurrence, have large primary inclusions, 10 jm or more in size and often with
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2 vapour bubble o~cupying between 10 to 15 % of the inclusion volume. Halite and
sylvite daughter crystals are observed in some inclusions. Secondary inclusions are
smaller, typically 2 wm in size, and are mostly one phase with a small percentage
having vapour butbles occupying 10 to 15 vol. %.

Mineral ocourrences that are dominated by the second phase of mineral
precipitation, viz. the (Cu) - Pb - Zn assemblage (Freeman and Robﬁ, 1995); such as
the Prins Anna structure and the Bnkeldoornspoort occurrence, typically have
monophase, very small primary and secondary inciusions, The secondary inctusions
are geherally smaller than the primary inclusions. Inclusions with vapour bubbles
were occasionally seen, but the quartz frem these occurrences was found to be very
milky and unclear and lence hindered ng@ﬁc observations.

Samples from the Albert Silver Miﬁe, known to exhibil a 1m‘ge degree of fluid
mixing (see Freeman and Robb, 1995), exhibit small (generally 1pm or less),
primary inclusions which are typically one phase. Some exhibit vapour bubbles and
some monophase inciusione have daughter erystals (sylvite?). Secondary inclusions
are generally ene phase with some exhibiting a vapzor bubble (generally 135 vol.
%), '

Early mineralisation, such as tin, and possibly molybdenum, mineralisation have
fluids which would have been precipitated at high temperatures (large vapour
bubbles), be highly saline and have complex compositions (halite, sylvite and other
daughter crystals). With time aud precipitation of later Cu-Pb-Zn mineralisation the
temperatures of the fluids, and hence temperature of entrapment, dropped, giving
rise predominantly to inclusions with one phase present. Minor fracture healing and
entrapment of secondary inclusions trapped this lower temperature fluid, Later

~ inclusions record fluids that were lower temperature (mostly monophase), less
saline and compositionally simpler (absence of daughter crystals).
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Simple petrographic observations have qualitatively recorded tne more accurate,
quantitative observations of other workers working on different . osits and in
different areas of the felsic rocks of the Bushveld Complex. The observations thus
point to a complex, but universal, system of fluid flow, mixing and mineral
precipitation across the entite area of the felsic rocks of the Bushveld Complex,

7.5 Conclusioﬁs

The granites show a marked decrease in their Fe® jon concentration, with an
associated increase in Fe™ ion concentration, with increasing height in the granites.
This reflects the transition from relatively unfractionated granites at depth, where grey
humbiende granites dominate, to high level red biotite granites. at higher orustal levels.
The altered granites associated with mineral occurrences show a slight rise in Fe and
a Inrge increase in Fe* and therefore a decrease in the Fe*'/Fe'* ratio with increasing
height in the granites, reflecting an incrensing degree of fluid mixing and deposition of
a late oxidised assemblage of hematite - pitchblende and fluorite.

The fluids passed from high temperature (> 600° C), high salinity fluids (68 equiv, wi
% NaC1), associated with orthomagmatic cassiterite and scheelite precipitation, to
lovver temperature flulds { > 200° C) asgociated with deposition of Cu - Pb -« Zn
assemblages, where some deoree of mixing of the magmatic fluids with meteoric /
connate fluids hab hegun, Low temperature (<200° C), low salinity (approximately 15
equiv, wt % NaCl) fluids are associated with late stage nitrogen-rich finids giving rise
to precipitation of an oxidised assemblage of hematite-pitchblende-fluorite, thought te
have been derived from a predominantly meteoric / connate fluid.

The alteration assemblages associated with the mineral occurrences reflect the

temperature of metal deposttion, but are often complex due to long-lived fluid activity
and possible deposition of mefals ranging fror magmatic fluid dominated to meteorie
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/ connate fluid dominated, with a large degree of fluid mixing occurring, Early
stanniferous mineralisation i¢ typically associated with propylitic alteration with
associated phyllic alteration on the matgins, whereas phyllic alteration becomes more
predominant with increasing height in the granites and increasing degree of fluid
mixing, Hematisation is found to become predominant in high level mineral

~ oceurrences, or where 2 Jong lived hydrothermal system has eventually become
dominated by predominantly meteoric / connate fluids (e.g. the Albert Silver Mine).
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CHAPTER 8
CONTROLS ON THE NATURE AND LOCALISATION OF
MINERALISATION

8.1 Introduction

Numerous small; polymetallic, mineralised localities are known throughout the
granites and related roof rocks of the Bushveld Complex. Many anthors have stdied
the styles of mineralisation and possible origin of the major deposits. Abundant
literature exists on the endogranitic tin deposits at Zaaiplaats (e.g. Stranss (1955),
Coetzee and Twist (1989), Crocker (1986), McNaughton et ! (1993), and Pollard et al
 {1991)), as well as the exogranitic tin deposits at Rooiberg (e.g. Leube and Stumpfl |

.- (1963), Rozendaal ef af (1986)), and other leposits such as the Vergenosg fluorspar
mine (Crocker (1979)).

Few authors, however, have described the smaller inineral oceurrences, and there have
only been a few authors (e.g. Robb ef af (1994)) who have attempted a generalised
model for mineralisation in the acidic rocks of the Bushveld Complex. Field mapping,
geachemical and petrographic studies have revealed a number of related and
interactive factors which would appear to have had a majot influence on the
localisation, morphology and nature of hlineralisation in the acidic rocks of the
Bushveld Complex. As such, this chapter deals with these conirols which include in
sltu fractional crystallisation, structural controls and other factors, such as supergens
enrichment. Much of the chapter is a reiteration and summary of some of the points

taised in previous chapters,
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8.2 In Situ crystal fractionation

Authors such as McCarthy and Hasty' 1976) and Groves and McCarthy {1978) have
lustrated that the Nebo granite has under,;one pronounced, in situ, fractionation, a

feature that is particularly noticeable with respect to the distribution of the trace
elements, such as Rb, Ba and Sr, Kieeman and Twist (1989) confirmed the sheet like
nigture of the Ngbo granite and documented the variations observed within the granite

sheet in proceeding from its base to its upper l=vels, The variations in the gramites are:

& change in colour upwards, passing from a grey homblende rich gramte upwards
to adark red biotite-dominated granite _

Hornblende and plagioclase decrease in abundance, whereas biotite and K-foldspar
increase in abundance, Quartz increases in abundance merginally. '
§I0, increases fom 69 to 76 %, K,0 from 4,6 to 5,7 %; FeO decredses from 6 to
2%, TiQ, from 0,4 to 0,1%, and CaO from 1,7 to 0,4%; while Na remains fhirly
constant (Kleeman and Twist, 1989),

Rb increases while Ba and Sr both decrease, As a function of this the trace element
differentiation index (TEDI) decreases from values of 5000 in the lower levels of
the granites down (o values of 100 and Jess in the upper levels (Walraven,
1986)(see Chapter 5),

 The upper pat of the Nebo granite frequently contains dykes and sills of light-pink

aplitic granite that may contain lenses of pegmatoidal material. This aplite, called

the Xlipkloof granite by numerous authors, is more abunidant near the top of the

Nebo granite, where it exhlblts TEDI valnes of less than 10,

The deep red Bobbejaankop granite that is characterised by coalesced, linked
chaing of quartz along with deep red K-feldspar grains, occurs at the top of the
Nebo granite, Tt is similar, compositionally, to the Kiipkloof granite, and would
appear to be a near end product of fractionation of the granitic magma thnt gave
rise to the Nebo granite, This granite is often assoclated with mineralisation and is -
Host to mineralisation at the Zaaiplaats tin miae. '
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Progressive fractionation gives rise to a magma which may force its way to higher
~ crustal levels, and form a small plug of highly fractionated granite (Groves and
MceCarthy, 1978), This is the explanation for the origin of the Bobbejaankop granite,
particularly af the type locality at Zaaiplaats, |

The Klipkloof granite is derived from the very last magma remmants and would appear
1o have been filter pressed, and explams why it is often found s sills and dykes cuiting
across less fractionated, lower level granites, The Klipkloof granite would also carry a

. certain amount of exsolved H,O fluid with it, and this would give rise to pegmatifes
which are often found associated with the Klipkloof granite, such as at Zaaiplaats
(Strauss. 1955), Naturally, the Bobbejaankop granite would also carry some exsolved
H,0 fluid with it too, For this reason, the Bobbejaankop and Klipkloof granites, in
addition to the upper levels of the Nebo granite, are highly prospective for base metal
mineralisation in any exploration program. |

8.2.1 Degree of n'n__ctiohation of the granite plufons

From a compitation of TEDI values and their distribution the degree of fractionation of _
a granite pluton may be determined and correlated with field observations. From this
the mineralisation potential of a pluton can be determined, as well a5 areas of possible
greater exploration potential demarcatéd. o

8.2.1,1 Kameelpoort pluton
The plujon to the notth anmneelpooMek 218 JR (see folder) is relatively
unikeetionated but does have higher level granites (with lower TEDI values) near the

marging, The area contains Klipkloof granite silis near the contact between the granite
and granophyre, 'This area joins onto the barren Springhok flats area to the north,
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8.2.1.2 Moloto pluton

Further south, the Moloto pluton is a relatively highly fractionated granite due to:

1. its domical nature due to the interaction of crustal warping in the area. The domical
nature of the pluton has given rise to lower level granites been exposed toward the
cenfre of the pluton (see Fig. 6.2), as indicated by TEDI values ranging from 80 to

134 (see Table 5.1). Granites toward the pluton margins have lower TEDI values
(80 to 60, Table 5.1).

2, the preseﬁce of Bobbejaankop-iype granite on Enkeldoorn 217 JR. (see folder) along

 the margins of the pluton and near the granophyre contact on Zustershoek 246 JR.
Bobbejaankop granite was found in the dump at the old tin workings on
Zustershoek 246 JR indicating its presence beneath the granophyre hosting the
mineraligation there. '

3. the presenice of minor tin occurrences ( Enkeldoom 217 IR and Zustershoek 246
JR){see folder), indicating an jnherent concentration of tin and incompatible
.elements in the phuton relative to the barrew pluton to the north, However the tin
concenirations are low compared fo more economic tin areas such as Zasiplaats
(Lenthall, 19728).

8.2.1.3 Verena granite pluton

The Verena Granite is also a relatively highly fractionated pluton, Many workers have

considered the Verena granite to be a marginal facies of the Nebo Granite, This would

seem to bear out due a humber of factors: - _

1. its pink / red colour, indicative of deuteric alteration, as seen in granites neat the tbp
of the succession .

2, its coarse porphyritic nature

3. the presence of a fine-grained apical phase in the centre of the pluton (on
Roodepoortie 250 JR)(see folder and Fig, 4.1), and atong the margins of the pluton,
as well as the presence of both Klipkloof and Bobbejaankop type granite  sar
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Rhenosterkop on the farms Rietfontein 446 JR and Zusterstroom 447 JR (see folder
and Fig. 4.1)
4, the presence of tin deposits (Rooipoort 441 JR and Ristfontein 446 JR), and base /
precious metal mineralisation at the Albert Silver Mine (Roodepaoortje 250 TR )(see
~ folder and Fig, 6.1).

A TEDI contour diagram of the Vercna granite pluton is given in Figure 8.1, The
diagram indicates that the main coarse-grained portion of {he pluton exhibits TEDI
values in the 100s and less, with values decreasing toward a SE - NW trending area in
the western portion of the pluton. In this area the fine-grained apical phiase is found
with values generally in the 100s. This confirms that the fine-grained phase is a lesser
fractionated phase of the granite that cooled relatively quickly. Directly beneath it, the
granite underwent advariced fevels of fractionation. In the vicinity of the fine-grained
cap ﬁnumber of small prospects including Rooipoort Sn and the Albert Silver Mine
are found (éee folder, Figs. 6.1 and 8.1). '

Mineralisation has occurred where the epper levels of the granife are preserved, To the
SE, along the same trend the granite also exhibits low TEDI values where
Bobbajaankop granite, interspersed with Klipkloof granite, outcrops adjacent to
Rhenosterkop (see Fig. 8.1 and Figure 4.1). This granite hosts tin mineraligation at
Rietfontein 446 JR (see folder and Fig. 6.1), as well as minor fluorite mineralisation
neatby on Zusterstroom 447 JR. Along this 8E - NW trend, the granite is downwarped
preserving higher level granites, as well as the fine-grained cap, and is mineralised. To
the east, lower levels of the pluton are exposed in a similar trend. Here the granite is .
barren.

Further to the east toward the rhyolite contact, higher level pranites are found along -

with minor mineralisation, as seen by the molybdenum mineralisation near the rhyolite
. contact on Hartbeesfontein 93 JS (see folder). Thus, despite the pluton being at a

topographically sitmilar height throughout TEDI values indicate that the granite is
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exhibiting upwarping and downwarping, probably as a result of major crustal
shrmeiural featares (see later),

Figure 8.1 TEDI contours and mineral occurrencey in the Verena pluton

8.2.1.4 Demnilton granite pluton

The Denniiton granite pluton stretching to the south of Dennilton is relatively

unfractionated due to: ' |

(2) its predominantly grey colour, compared to the deep red colour of higher level
granites, _

{b) Hornblende is also present along with biotite, particularly in the lower portions of
the batholith, Plagioclase is found in g, ,xater abundance than in the other plutons.

(c) the scarcity of any base / precious metal deposits in the platon. Moving further
south, the granite takes on 2 redder appearance, anu in some instances looks simitar
to the Bobbejaankop granite, patticulatly where it is in contact with or near the
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Klipkloof granite. Hence, higher level granites are exposed further south at the
pluton margins. '

Clubley-Armstrong and Sharpe (1979) saggested that this region represents an
upfaulted block falling between the Steelpoort and Wonderkop faults, which fits with
the observations made above, The Moses River drains the Dennilton; granite pluton
creating a large peneplain to the north of the escarpﬁent It iz worth noting that the
gracites north of the escarpimeit, such as in Seklmkuniland to the east, are barren,
These granites are lower down in the granite gheet proposed by MeCarthy and Hasty
(1976) and so do not exhibit mineralisation,

8.2.1.5 Effect of erosion

Higher level granites are preserved along the margins of plutons by the surrounding
_granophyres and rhyolites that protect the margins from pervasive erosion. In the
- central regions of the plutons greater erosion ocours, as shown in Figure 8.2 (and Fig.
62). . .

The central portions of both the Kameelpoort and Moloto plutons are drained to the
north by major perennial rivers cansing the land to be flat and outerop poor. The
Kameelpoort pluton is drained by the Kameel River and its tributary the Sandspruit,
and the Moloto pluton by the Bnkeldoringspruit in the.north, and the Hartebeestspruit
- draining west to the south (see folder, Figtwe 1.3 and Fig, 8.2). These rivers have
affscted the outorop of the plutons, with the Kameelpoort pluton within a valley, with
granophyre on either side forming higher country.

The Moloto pluton has been affected by the two rivers draining it. The
Enkeldotingspruiv has e)ipﬁsed lower levels in the north central region, leaving higher
level Bobbejaankop granite to the east on the margins, To the south, the
Hartebeestsproit flowing to the west hag expésed lower level pranites. Between the
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drainage basins of the two rivers lies a wedge of granophyre which stretches in
towards the center of the pluton, To the south, away from the Hartebeestspruit,
Pretoria Group sediments, Loskop Formation rocks and siratigraphically higher
Waterberg and Karoo sediments are exposed,

Most of the major mineral ocourrences in the area are situated near the margins of
plutons where higher level granites are preserved after erosion by rivers have removed
the higher level granites in the centers of the plutons, Thus the level of intrusion and
erosion is important, The Moloto pluton, for example, has no major mineral
occurrences near its center, except for the Prins Anna structure, but has a number of
| mineral oceurrences along its margin, The Dennilton pluton hus major mineral
ocourrences, such as Klipdrift, Boekenhouthoek and Houtenbek, along its margins at
the escarpment.
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Figure 8.2 Topography, drainage and present level of erosion 1s a control to
present-day localisation of mineralisation

The granites south of the escarpment are also at a higher level in the granite sheet than
those to the north and east on the Springbok flats and Sekhulhuniland, Thus the
present level of exposure of the pluton plays a major role in determining the economic
potential of a granitic area and present-day localisation of mineralisation.
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8.2.1.6 Mineralisation potential of the roof rocks

- The Rashoop Granophyre Suite itself shows little to o potential of creating ore
deposits from its own magmatism, and acts more as a repository for minerszlization
derived from the underlying granitic suite (e.g. Zustershoek 246 JR). Granophyre
overlying high-level highly fractionated granites may have mineralising fiuids dertved
from these granites pass through it and give rise to mineralisation, This is the case at
the Zustershoek Tin Mine, and the Hartebeestspruit and Boekenhouthosk Au

QCCULTENCEs.

The Rooiberg Grouﬁ in the area also acts as 4 repository for mineralisation derived
from the underlying granites. The possibility of massive volcanogenic sulphidés' in the
Rooiberg Group does not seem feasible, probably owing to its anorogenic, within plate
setting, Other likely ore forming processes in the Roaiberg Group conld be related to
the intrusion of the Rustenburg Layered Suite, which could have given rise to the
introduction of ore bearing fluids into the Rooiberg Group (Schweitzer et al, 1995Db).

8.3 Mineralisation in a vertical context

The various mineral occutrences and deposits within the granitic and associated roof
rocks show a wide range of commodities and paragenetic sequences (see Chapter 6).
Some ocecurrences are dominated by Sn, others by Cu and others by Pb and Zn and
even An. Different associations in the mineral occurrences come about due fo the
height of the miner_aliéati_on in the granites, In general terms the main commodities and
parageneses found depend on where the mineralisation hrs oceurred vertically and the
extent to which flud mixing has ocenred, Thus Sn will dominate mineralisation lower
down in the granites, wheress higher up Cu, followed by Pb and Zn will dominate, and
Au and possibly Co will dominate in the very upper reaches and into the overlying
roofrocks, An assemblage of Fe-U-F éuperimposes itself on the carlier usssmblages
with increasing degree of fluid mixing and height in the granites.
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8.3.1 Height differences in mineralisation

TEDI values cun be used to give an indication of the height in the granites of various
mineral aceurrences showing different metal associations and commodities,
Mineralisation in each of the granite plutons may be examined with regard to TELT
values to examine if height in the granites influences metal associations.
Mineralisation inr the granophyres and rhyolites present a sepdrate problem due to
being derived from the underlying granites.

Four mejor mineralisation styles are vecognised. They are:

1. Sn-dominated occurrences.wim iesser Cu, Pb and Zn, Mo may be important in
certain ocenrrences. These occurrences are typically hosted in granites with a TEDY
ﬁtue of arotind 50, .Propyiitic alteration is the dominant alteration assemblage. This
type is typically hosted in Bobbejaankop or Bobbejaankop-like granite,

2. Cu-dominated occarrences with subordinate Pb and Zn, but fittle Sn. The
oeourrences are hosted in granites typically having a TEDI value of around 40.
Propylitic alterafion is still predominant but there is a substantial amount of
associated phyllic alteration. _ _

3. Pb, Zn-dominated occurrences with lesser Cu. The precious metals may be present
in substantial amounts. The host granite has TEDI values typically around 30,
Phyllic alter tion w+ith minor hematisation occurs. _

4, Au, Ag-dominated systems hosted in granites with TEDI valuas leps than 20 or in
the granophyric roof rocks. Hematisation is a dominant alteration assemblage. Co
and Sb may be present in substantial amounts.

The mineral occurrences in the study area can generally be placed into one of these

four categories as shown in Figure 8.3, The metals are ordered according to the
accepted sequence o v tal deposition from a hydrothermal fluid.
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Figure 8.3 The four types of mineralisation styles in the acidic rocks of the
Bushveld Complex

The horizontal positions are just estimates, with the position determined by the
abundance of the major commodities, as many of the minetal oceurrences show a wide
range of commoditics. With increasing degree of fractionation and associated increase
in height in the granites the mineralisation pagses from type 1 to type 4 styles. This
change in commodities is reflected by n change i the paragenetic sequance,

8.3.2 Paragenetic sequences

The paragenetic seguences ot the individual deposits examined in the present study

are:

¢ Rietfontein Sn: disseminated cassiterite

¢ Roolpoort Sn: cassiterite - fluorite (primaty) - arsenopyrite (brecciated and broken
up by later finid ) - chalcopyrite - fluorite (secondary)

« Enkeldoorn Sn: cassiterite - pyrite - chalcopyriie - sphalerite

s Zustershock Sm: cassiterite - pyrite - sphaletite - sideite - henatite

+  Klipdrift Mo « Au: molybdenite - pyrite - arsenopyrite - sphalerite

o Albert Ag; cassiterite? - pyrite - bornite - chalcopyrite - galena - sphalérite .
arsenopyrite ~ tetvahedrite (argentiferous) - hematite / chlorite / fluotite

o Prins Anne: granophyre - quartz veining - brecciated - infilled by more quartz,
veining and massive hematite
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& Harteheestspruit Au: pyrite in quartz veins or assoc. with them, overgrown by
chalcopyrite an’ Liter arsenopyrite |

» Klipdrift Au: disseminated pyrite

s Boekenhouthoek Au: arsenopyrite

« possible overall paragenetic sequence in the granites: cassiterite - molyblenite -
fluoriie (primary) - pyrite - bornite - chalcopytite - galena - sphalerite -arsenopyrite
- tetrahedrite - hematite = pitchblende - fluorite (secondary)

Both spatial and temporal relationships have influenced the nature of the
mineralisation, with at least three episodes of ore formation occurring, The first
episode of mineralisation (typified by Riet{ontein and Rooipoort Su) oceurred at
relatively high temperatures {ca. 600° to 400° C)(Freeman ¢t al, 1997), and resulied in
the fonnation of orthomagmatic or magmatic fluid derived cassiterite and an garly
generation of fluorite. At lowet temperatures (400 200° C}), where processes were -
essentially flyid dominated, a mesothermal Cu-Pb-Zn-As-Ag-An assemblage was
deposited (exemplified by the Albert Silver Mine), A third episode of mineralisation
resulted in the formation of a Fe-U-F assemblage and is recognised at some of the
deposits (e.g. Zustershoek Tin Mine and the Albert Silver Mine),

The extended nature of these three-stage paragenetic sequences are considered to
teflect widespread mixing between an early fluid derived by H,O - saturation of the
granitic magma and & meteoric fiuid, circulation of which was stimulated by the long-
tived high heat-productive capaéity_ of the Bushveld Complex, as well as exhumation
of the ntetellotect.

Freeman et af (1997) provide further evideace to support this hypothesis. These

inelude:

1, two major episodes of fluo: ite precipitation at certain deposits recognised by the use
of cathodo~luminescence '

2, the recognition of covellite overprinting of Cu-bearing sulphides along grair
boundaries and miicrofractures, This overprin:ing is characteristic of retrograde
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thermal processes and the imposition of an oxidising fluid, and not simply lower
temiperatures.

| 3. tourmaline veins and spheroids have been mapped, both in the study aren and
clsewhere in the granites, and are considered to form by the interaction of boron-
tich, magmatically derived fluids with Fe-Mg-rich connate fluids.

4. the coexistence of hypersolvus (single feldspar) unmineralised and subsolvus (two
feldspar) potentially mineralised granites are interpreted as being the producta of
meteoric water inoursions,

5. fluid inclusion indicators and _

6. stable isotope signatures of fluid inclusions which indicate at least two sources of
carbon, and 80 and 31 values which fall outside the range of purely magmatic
fluids.

Thus in general the mineral associations change with height in the granites, or rather
with increasing degree of interaction with meteoric or connate flvids. The early high
temperature (ce 600° C) Sn - W assemblage was precipitated by orthomagmatic
processes, as well as the circulation of magmatic fluids, With time, the granites cooled,
and were subject to regional uplift and evosion, Fractures developed, or were
reactivated, and acted as conduits for external fluids of meteotic and / or connate

origin.

The late magmatic fluids, enriched in incompatible metals (and volatiles), interacted
with the connate / meteorie fluid, of contrasting chemistry and possibly also n.etal-
charged, resnlting in the localised precipitation of a secondary, lower tereperature (>
200°C) mineral assemblage (Cu-Pb-Zn-As-Ag-Au) in the zone of fluid mixing, As the
external fluid compenent became progressively more dominant, the late Fe-U-F (>140°
C) paragenesis formed, The extended paragenetic sequence in the acid 1ocks of the
Bushveld Complex is adequately explained by a combination of orthema; aatic
processes and sub-solidus fiuid mixing as depicted in Fignre 8.4,
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Figure 8.4 Metal associations and paragenetic sequences as related to height in
the granites and degree of fluid mixing

8.4 Structural Controls

Mineralisation in the granitic rocks is greatly affected by structural controls. From

* lorge scale crustal lincaments that influenice granite emplacement and form, to smaller
soale structure such as faults, shear zones and jointing. The presence of permeable
conduits and cap rocks will also influence mineralisation and ifs emplacement on the

local scale.
8.4,1 Large scale structures

Two major crustal lineament orientations can be identified in and around the study
area a8 shown in Figure 8.5. The first is the NE - SW trending Wonderkop fault with
paralle] trending Steelpoort fault ta the southeast. This direction is itself semi-parallel
to the Murchison lineament. The other is the SE - NW trending lincements and foults

parelle! to the Laersdrif fault (see Loc and Shurpe,1986).
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. 'The Wonderkop / Steelpoort fault direction is predonrinant with the development of
the Steelpgort fault in the southeast of the study area, and a major crustal lineament
stretching from beyond Dennilton thro1gh the Makbutso granite and beyond Moloto to
the southwest (sec Fig. 8.5). The Laecrsdrif Hﬁeament expresses itselfin a number of
smaller fauits and dykes. The two linearnents have influenced granite emplacement,

- local structure and localisation of mineralisation.

The Kameelpoort pluton intruded paralle] to the Wonderkop fault lineament, and the
Moloto pluton shows a slight elongation in its present-day shape in the same direction.
The Verena and Maichutso plutons, however, show a SE - NW elongation, paraliel to
the Laersdrif fault lineament. The Verena and the Makhutso plutons were intruded at a
later stage than the Kameelpoort and Moloto plutons, owing ta the more ﬁactionatéd
nature of the Verena pluton and the younger age of the Makhutso grnnité. This may
suggest that the ‘Wonderkop fault lineament is older and deeper seated than the
Laersduif lineament, This would follow, as the Wondetkop fault lineament is pacalle!
to the Murchisan lineament, itself a long lived and deep-seated lineament (Cameron,
1971).

Large-soale crustal warping has ocourred parallel to these lineaments (see Fig, 8.5).
The Kameelpoort pluton is situated on an antiform paallel to the Wonderkop fanlt
tineament (De Bruiyn, 1980). This antiform extends to the southwest, so that
Kwaggasnek Formation rocks are exposed to the southwest of the pluton. The Moloto
pluton lies at the intersection of the Wonderkop fault lineament antiform and a
Laersdrif fault trending antiform, vﬂmse intersection gave rise to doming of this pluton
(see Fig. 6.2).

The western half of the Verena pluton lies on a synform adjacent to Rhenosterkop, ina
zone trending parallel to the Laersdrif lineament. Bobbejaankop granite on Riutfontein
446 JR and the fine-grained apical phase present on Roodepoortje 250 JR are

preserved along this trend (see also Fig, 8,1), It is worth noting that the Bobbejaankop-
like plug, with interdigitated Klipkloof geanite to the east of Rhenosterkop, is along an
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extension of the Steeipoort fault which would pass directly through Rhenosterkop.
This structure would have affected granite emplacement of these lateu stage '
differentiates, as well as fluid and volatile flow and hence mineralisation. A basin may
possibly be developed in the vicinity of the Albert Silver Mine where the fine-grained
apical phase has been preserved (see Fig. 8.5). Tensional fractures developed inan E -
W direction in this portion of the pluton where it exhibits its greatest mineralisation,

" Directly adjacent to this trend is an antiform, sround Wolvenkop 227 JS and
T.eeuwiontein 228 IS (see folder and Figures 8.5 and 8.1), where the Verena' granite is
domed preserving low-level granites which are barren.

The Makhutso granite falls along this antiform and could explain why the Makhutso

' granite, a relatively unfractionated granite with Sn-dominated mineralisation, is
-exposed in this area. Rhenosterkop itself les at the intersection of an extension of the
Steelpoort fault and a lineament parallel to the Laersdrif lineument (see Figure 8.5),
and hence its emplacement a8 a voleanic vent at a structurnlly weuk spot in the crust iy
reasonable (Twist, 1983).

The Rooiberg Group, 1o the northeast of Verena, on the farms Bngelschedbomboom
95 IS and Rietfontein 90 IS outcrops at the intersection of two antiforms (see Fig. 8.5)
creating a dornical feature, reflected by the high flat topography in the area, The low
grade mineraiisation within the agglomerate layer comes about due to this doming angd
subsequent upwelling of fluids along this permeable conduit,

Doming has strong infinences on mineralisation due to the siresses set up due to
doming, Doming is conducive to hydrofracturing and the subsequent movement of
minefalising fluids afong the fractures and / or shear zones thereby generated.

As a divert copsequence of doming the pluton fractures radiatly due to high tensional
forces along the apicel regions of the dome, The Moloto pluton underwent tension so -
as to give rise fo the dominant N - § shear zones and faults prosent in the pluton, and
which are host to mineralisation. This tensional stress propagated into the overlying
roof rocks and surrounding country rocks, particularly slong the eastern margin. It is
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signiﬁcan{ that the Prins Anna structure lies almost directly in the centre of the pluton
at the point of intersection end interaction of the two antiforms,

A point worth noting is that the Wonderkop lineamens influences the western portion
of the study area, whereas the Lacrsdrif lineament influences the eastern portion of the
study area. This would appear to be purely a function of distance away from the major
faults that causs the lineaments. The Laersdrif lineament would appear to have
affected the position of the escarpment in the eastern to central portions of the study
aren, which runs inan approximately ESE - WNW direction, parallel to this trend, The
escarpment to the west on Zandspruit 189 JR, Melkhoutfontein 183 JR and
Zaaglkuilfontein 204 JR is developed in a NE - SW direction, parallel to the
Wonderkop fault.

In terms of mineralisation, the major structurel features have influenced the
localisation of mineralisation, In the Kameelpoort pluton, the Kameelpoort Cu - F
occurrence has an orientation parallel to the Wonderkop lineament and the trend of the
pluton (see Fig. 8.5). The Enkeldoornspoort Zn - Cu oceurrence is found aiong a fault,
parallel to the Laersdrif lineament, which extends northwestwards to the Vergenoeg F

mine.

The Enkeldoorn Sn ueld, the Zustershoek Tin Mine, the Pring Atina structure and the
Graslaagte Cu - Zn oceurrence all fall along or near a major NE - SW irending
lincament, paraliel to the Steelpoort fault (see Fig, 8.5). The Hartebeestspruit .Au
occurrence }alls on a smaller lineamett paraliel to tho S‘tCOIpouft fault lineament,
whereas the Hartebeestspruit Fe - Zn, the Roodepoort Cu and the Leeuwfontein Pb -
Ag occurrences fall off, but still parallel to, it. The Au and Mo OCCUITENCES O
| Klipdrift 62 J§ and Boekenhouthoek 61 IS fall along the intersection of the major NE -
SW lineament running through the centre portion of the areq, and a lineament parallel.
to the Laersdrif [ineament (see Fig. 8.5). Even other mineral occurrences outside the
study area exhibit the major influence of structural control. The predominantly coppet
tineralisation of Sheba Ridge (see Fig. 8.5) falls aldng the Steelpoort fault, whereas
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the Vergenoeg Fe-F mine to the northwest of the study aren has been influenced by the
Laersdrif lineament (see Fig. 8.5)

8.4.2 Minor structures

Quartz veining, faults, shear zones and jointing all give an indication of the tectonics
subsequent to emplacement and / or extrusion of the felsic rocks. Due to lack of good
exposire ir many areas a detalled study of structural features was hot possible, but

_s0mse geners. - bservations about sorme of the granitic plutons, as well as overall trends,
can be examined from the data collected. These minot structures atso influence
mineralization, being either host to or created by the mineralising fluids, or affecting
the orientation and motphology of the mineralisation. No distinction was made
between systematic and non-systematic jointing, and so this will influence the
interpretations to some extent,

A rose diagram for the Kameelpoort pluton, combining both veining and joint
orientations is given in Figure 8.6 ), .'I‘hree. major orlentations are present in the
structural features of the pluton. Both jointing and veining have been influenced by the
Pretoria- Zebediela anticlinal lineament oriented at 036° (Clubley-Armstrong and
Sharpe, 1979). The main axis of the anticline, along which the pluton is developed, is

. along this orientation, indicating a major influence in this part of the study area.

Veining has been influenced by the Murchison lineament at 056° (Clubley-Armstrong
and Sharpe, 1979). The Steelpoort fault orientation, oriented at 0475 {Clubley-
Armotrong and Sharpe, 1979)'appears to have had little to no influence on the local
structure in the pluton, The Laersdrif fault lineament (122°) has influenced veining,
jointing and brecciation orlentation in the pluton, and indicates its importance in
influencing the structure of the eastern Bushveld Complex,

The Thabazimbi-Murchison lineament, and possibly the Steelpoort and Wunderkop

faults, are long-lived deep seated structures which have undergone numerous periods
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of reactivation during the development of the Kaapvaal craton, so that these
orientations, including, possibly, the Laersdrif fault were responsible for the shape,
exteént and depoaitioﬁ of the Transvanl Supergroup as well as for the Bushveld
Complex (Hartzet, 1994).

The rose diagram for the Moloto pluton is given in Fig, 8.6 b. Here the dominant
orientation is approximately 005° indicating the effect of the interaction of two
antiformal structures giving rise to the domical nature of the pluton, and ereating
tensional fractures in the pluton, Most of the mineralisation in the pluton is hosted in |
shear zones or veins along this orientation. The Murchison / Steelpoort lineaments
have influenced veining in the dome, along with minor vein orientation along the
Laersdnf hneament orientation, Another orientation falling between 150° and 165°
cannot be tied in to any major lineament, and may indicate some later tectomc

influence on this pluton,

The Verena pluton, as shown in Figure 8.6 (c), has three major orientations of its local
structural features, The dominant orientation aﬁeﬁﬁng jointing; dyke orientation and
veining is parallel to the Mutchison {rend, with the Steelpoort fault secondary to this
trend, Veining and jointing falls in the 090° to 105° oriuvntations, and indicates the
effects of tensional forces set up due to bagin development in the v ity of the Albext
Silver Mine. A minor orientation is also found developed in the interval 345° to 360°.
Whether this is due to some influence from the updoming of the Moloto pluton or
some secondary tectonic effect is unclear, '

The Dennilton pluton, as shown in Figure 8.6 (d), has very few readings due to the
small extent of this pluton in the study area. However orientations of veining in this
pluton indicate that they have been strongly influenced by the Murchison / Steelpoort
orientations, as well as ihe Laersdrif orientation to a lesser extent.

Hence major crustal lineaments and large scale ernstal features have influenced the
localised structute in the plutons. Scogings (1991) noted that north-cast trending
breccia veins, paraliel to the Wonderkop / Steelpoort fanits, tend to be barren,
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11 moy be sugpested that veins pacatle] or sub-patallel to the Laersdrif lincansent (ond

1o be more subject lo mineralisation, but there is 1o real evidenes to confirm this.
- 84.3 Stracture as Rost to mincralisation
Structural features play an imporlant role in the passage of mineralising Quids and in

the deposition of melals, Pre-existing faults, shear zones, brecefas and other fealures,

such as agglomerate horizons are conducive areas to fluid flow and can act as conduits
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and often hosts to mineralisation. This is particularly the case in the roof rocks, which
host mineralisation derived from the underlying granites. The Zustershoek Tin Mine
and the Hartebeestspruit Au occurrence are hosted in shear zones in granophyre
developed due to tensional forces created in updoming of the Moloto pluton and which
-propagdted into the surrounding granophyre. |

The Prins Anna structure, in its southern limb, makes use of an agglomerate horizon in
its propagation, as it offer less resistance to fluid flow and is a permeable conduit. The
Enkeldoornspoort Zn cceutrence is found at a site of ' scciation, along a major fault,
and which acts as an ideal conduit to fluids derived from depth.

The Albert Silver Mine and its related veins owe their origin to shearing in the pluton,
and the passage and interaction of magmatic and meteoric flnids along these conduits
0vér #n extended period, Mineralisation at the Albert Silver Mine is also influenced by
the presence of a fine-grained cap rock that has caused welling of fluids beneath if to
form a possible stratiform high-grade ore-body (Robb e af, 1994}, Stratiform
mineralisation was reported by Champion (1970), who also considered the peasibility
of fluid ponding beneath the fine-grained apical phase of the Verena granite,

The agglomerate layer in the wesiern portion of the study aren, which marks the
boundary between the underlying Kwaggasnek and the overlying Schrikkloof
Formation of the Rooiberg Group, containg low-grade mineralisation along a strike-
length of 40 km (Martini and Vorster, 1994). Here upwelling of fuids along this
permeable conduit seems likely, particularly in view of the fact of the presence of a
domical feature underlying the Rooiberg Group in this area, which would allow
upwelling of fluids from the underlying granite into the overlying lithologies.
Mineralisation is low-gtade, which confirms fluid flow from a gereralised, nnt

specific, source.

Permeable horizons are, therefore, an ideal conduit for mineralising fluids, and an
important feature to be examined in any exploration program,
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CHAPTER NINE: CONCLUSIONS

9.1.1 The Rootherg Group

Partial melting of the lower crust oceurred during late Pretoria Group times and
generated an acidic magma which gave rise to the felsic rocks of the Bushveld
Complex. The oldest felsic rocks in the stuily area are those nf the ypper Rooib_erg. _
Group subdivided into a lower, more mastive, Kwaggasnek Faormatiou, which was
extruded under guiet, passive conditions, overlain by the flow-banded, agglomeratlc
and tuﬂaceous horizons of the upper Schrilkkloof Formation,

The prominent Union Tin Member agglomierate hotius., 7 patating the two
forimations, represents a change in the style of voleanism from more passive, for the
Kwaggasnek Formation, to mhore explosive and active for the Schrikkloof Formation.
Subaerial volcanism with periods of subagueous sedimentation are represented by the
agglomeratic horizons with occasional sedimentary intercalations. Sedimentation
began to be more dominant during Loskop Formation times giving way to the
sanidstones, shales and conglomerates of the overlying Waterberg Group,

9.1.2 The Raskoop Granophyre Suite

The Rashoop Granophyre Svite was formed hypabiyssally to the volcanies of the
Rooiberg Group to which it is related. The bulk of the granoplyres formed by
hypabys:al erystallisation of the felsic magma beneath the thyolitic caver, with
metasomatism gnd recrystallisation of voleanivs and roof sediments being locally
important elsewhere,
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9.1,3 The Lebowa Granite Suite

Continued fractionation of the felsic magma gave riseto a granitic magma that
intruded into roof rocks with which it is genetically related. Progressive fractionation
of the granitic miagma gave rise to the granites, passing from grey homblende rich
granites towards the buse upwards into pinkish red biotite-tich granites in the upper
levels, which are likely to be mineralised, having a greater concentration of the
invompatible base metals. If there was incremental emplacement of successive sheets
-or dykes of granite, as may be the case (see Section 7.3), each pluton, possibly
differentiated to varying degtees, underwent its own differentiation from more
primitive rocks at its base to more evolved granites near the top and centre of eash
pluton. The qubejaankop granite, a deep red, coarse-grainud K-feldsper rich granite,
which is often host to or associated with mineralisation, particularly tin, is thought to
represent one of the last remnants of magtna to crystallise.

The Klipkloof granite, a pinkish brown. splitic granite, is considered to represent the
very last remnarits of magma to crystallise, and is found as dykes or sills cutting across
the main Nebo granite sheet, as well as bieing associated with the Bobbejaankop
granite. '

The Makhutso granite, a gréy biotite rich granite in the central portion of the study
area, represents the last pulse of felsic magmatism of the Bushveld Complex, and was
derived from renewed partial melting of the lower crust and intrusion of this less
fractionated granitic magma into the older, more fractionated Nebo granites.

9.1.4 Geochemisiry as an aid to exploration

Trace elements such as Rb, Ba and St are useful indicatoré of the amount of
fractionation a granitic magtma has undergene, Walraven (1986) defined the trace
element differentiation index (TEDI) as Ba x {8t/ Rb), with which he determined the
amount of fractionation various granites had undergone, Ba and St, being compatible
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elements, decrease in concentration with increasing degrees of fractionation whereas
Rb, being incompatible, increases in concentration with increasing degrees of
fractionation. '

As such the granites show high TEDI values toward their base, decreasing in value
upward, to the most fractionated Bobbejaankop and Klipkloof granites, exhibiting low
TEDI values of less than 50, Hence the most highly fractionated granites, and those -
most likely to be mineralised could be demarcated, TEDI values of altered rocks which |
differ sﬁbst_aniially from the surrounding rocks may indicate the passage of
mineralising finids through the rock, which would affect the Sr/ Rb ratio, and hence
the TEDI value. Hence TEDI values can be useful exploration tools for mineralisation.

Granites with an average TEDI value of 50 or less are more likely to be minetalised,
The granite plutons in the study area are all relatively highly fractionated (TEDI

" generally less than 100), with the highest level granites being preserved along the
margins of the plutons at its contuct with overlying granophyre or voloanics.
Mineralisation is preferentially found at or near the margins of the plutons, or where
high level granites have been preserved, for e.g. at the Albert Silver Mine,

9.1.5 Controls on mineratisation

There are a number of controls on mineralisation in the acid rocks of the Bushveld
Comgplex. Localisation and the nature and morphology of the mineratisation are g
combination or interaction of some, if not all, of these facvors,

9.1:5.1 In situ crystal fiactionation
Crystailisation proceeded from the outer periphery of the sheets, causing a mote highly -
fractionated granite and a volatile-rich phase of the magma, rich in metals and other

incompatible elements, to collect at the more central cupolas or roof highs in the centre
of the lobes of the Complex (Crocker, 1979). These volatile-rich phases, which
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streamed upwards from the neck or point of origin of the intrusive sheets, and the
highly fractionated magmas are in evidence in the central portion of all three lobes of
the Bushveld Complek. Ag the study area is located near the south central portion of
the eastern lobe of the Buchveld Complex, with that to the south Yidden under younger
cover, this may explain the numerous small polymetallic mineral occurrences in the

area,

The volatiles suppress the crystailisation temperature of the granite close to the roof
zone, causing a change in the predominant mafic mineral, perthitisation of the
{eldspars, chioritisation of biotite and release of iron as magnetite from the K-feldspar
latitces, which upon oxidatior. to hematite gives rise to the red colouration of the
granites associated with mineralisation. Centripetal crystallisation also initiatss, in |
some instances, radial hydrofracturing along which the metal-rich volatiles move.

Thug crystal fiactionation would give rise to the concentration of 2 metal-rich volatile
phase near the yoof of the granites, or associated with the last remnants of
crystallisation, aud thus the concentration of mineralisation in the upper preserved
portions of the granites, | ' '

9.1.5.2 Height of minetalisation and the effects of fluid mixing

Owing to the high K, Th, and U content of the granites they had a long-lived high heal
producing capacity cansed by prolonged radiogenic decay of these cle.nents,
Circulation of fluids, set up by this high heat producing capacity, could have continued
for millions of years, ellowing a long time for mineralisation to occur and mineralising -
fluids to cireulate. Mineral assemblages are found to differ with heighf in the granites,
as indicated by TEDI values. Mineralisation associated with granites with TEDI values
in the order of 50 to 60 are Sn, W, F (primary) +: Mo dominated with an assemblage
deposited as cassiterits, wolframite, fluorite and molybdenitc respectively with early
pyrite ofien accompanying the early minerals. The Bobbejaankop granite is found to
be the predominant host of this type of mineralisation, These metals are deposited by
orthornagmatic processes or from early magmatic fluids,
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With increasing fractionation {and hence decreaging TEDI values) and time, Cu, Ph, _
and Zn in the form of chalcopyrite (with possibly bornite), galena and sphalesite
become dominant, and tin is found in lesser quantities. It is fornd that the changing
magmatic fluid or pulses are increasing)y mixing w1+h & meteoric / connate ﬂuid,
giving rise to this second paragenesis. With time As, Ag and Au begin to become
predontinant, along with lesser Sb and Bi, with the deposition of arseropyrite, stibnite
and tennantite-tetrahedrite in the very upper pori:ioné of the granite sheet. In the
overlying roof rocks Au, with possibly Co, is found to be a dominant commodity, such
as at the Hartebeestspruit and Boekenhouthoek Au occutrences, both of which are

_ hosted in granophyre.

Higher up in the granités and / or into the overlying roof rocks, particularly the
granophyres, an oxidised assemblage of Fe, U and late F in the form of hematite,

_ pifchblende and fluorite is found to superimpose itself on the earlier sulphide
aésemblages, with Fe-rich chlorite and fluorite deposited in vugs. This late paragenetic
sequence is particularly well exhibited at the Albert Silver Mine, but is also evident at
other ccourrences. This late paragenesis i5 derived from a predominantly meteoric /
connate fluid which had deposited these late minerals afte the mineralising event had:
praceeded to a late stage (Freeran and Robb, 1995, Freeman et af, 1997).

Fluid mixing is a dominant factor determining the natore of the ore assemblage, Lower
- down in the granites, and / or where the mineralising episode was not preferenﬁally
accessed by meteoric / connate fluids, mineralisation is predominantly magmetic with
precipitation of early sulphides. With time and higher up in the granites, and witl a
greater meteoric / connate finid influence later assemblages precipitated. If tae
mineralising event advances to a stage where there is a predominantly meteoric /
connate influence then there could possibly be an oxidised assemblage of heraatite
superimposing itself on the earlier sulphide assemblage.
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9.1,5.3 Structural controls

Mineralisation is mostly directly influenced by rmajor structure, being either bound by
it or found along faults, elc. paralle] to these structures, Pre-existing structural features,
such as breecias, shear zones or minor fanlts, amongst others, will alsa aid the passage
of fluids as well as host the deposit.

9.1.5.3.1 Muajor crusial lineaments

Major crustl Hneaments, such as the Steelpoort / Wonderkop faults trending NE - SW
and the Laersdrif fault trending SE - NW, have influenced overall structure in the area
(see Fig, 8.5). ‘These lineaments, which may have been active from pre-, syn- to even

_ post—Busl_iveld times, may have influenced Bushveld Complex formation and shape
(Hartzer, 1994), granite emplacement as well as, certainly, the passage ot mineralising
fluids, whether they be magmatic or meteoric / cunnate and hence the nature and
morphology of the mineratisation, These orientations, which themselves arg parallei to
other major lineaments, such as the Mitrchison lineament, appear to have influenced
the Kaapvaal Craton structure to a large extent (Hartzer, 1994){Cameron, 1971).

9.1.5.3.2 Crustal war;ping

Major crustal warping occurred parallel to these lineaments This warping has directly
_ influ_éncad the shape and outcrop pettern of the plutons. Intersection of crustai
aptiforms and synforms have given rise to dome and basin development, such as in the
Moloto pluton or the “bagin’” around the Albert Silver Mine, which preserved a fine-
grained chilied phase of the Verena granite there. '

Dotning produces tensional fracturing, along which volatiles may move, as well as
exposing high level rocks in its core, Intetaction of crustal warps will influence
doming, and the subssquent trend of fracturing or shear zoning that is often host to
mineratisation,
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9.1.5.4 Other controls on mineralization

A geochemical or physical bartier such as the shale horizons at Rooiberg, or the fine-
grained chilled margin at the Albert Silver Mine, may cause the fluid to preferentiaily
precipitate its load of metals, and possibly give rise to a high grade mineralised

_ oceurrence,

Other factors influencing mineralisation are supergene enrichment, which has
influcnced fhe ote at the Albext Silver Mine, as well as the rate of erosion and
fracturing of the roof rocks, These are dependent on a number of factors, such as

_ drainage, topography and climate, but may influence the ore, enciching it further in

certain elements and metals.
9,1.5.5 Mineralisaﬁon in the felsic roof rocks

The roof rocks to the granites act more as repositories to mineralisation derived from
the granites, rather than as sources of mineralisation. Factors which influence
mineralisation in the granites also influence mineralisation in the roof rocks, such as
structuré, proximity to high level granites, and accessibiliy of fluids into the roof
rocks, as well as interaction of the magmatic and meteoric components, It is generally
found that roof rock hosted occurrences do not contain early predominantly magmatic
dominated assemblages, but show assemblages indicating a fair degree of fluid
mixing, as well as having an oxidised assemblage of hematite associated with them.

9.1.6 Generalised model for mineralisation in the felsic rocks of the Bushveld
Complex

Figure 9.1 combines the effects of structure and présent level of erosion and
fopography, to indicate how the interaction of a number of factors has influenced the
localisation of min~: .lisation. Diagrams using geographic information systems (GIS}
should be used t¢ wombine all the available data, be it geological, geochemical,
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Figure 2.1 Diagram shewing effects of topography, drainage and major crustal
features on granite emplacement and present day localisation of mineralisation
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ROOIBERS GROLP (RHYOLITEY

“Figure 9.2 Diagram showing the source of fuids 2nd the effect of fiwid mixing in
controlling the nature of the ore assemblage (after Robb ef al, 1994)
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structural, or other factors, to target areas of exploration potential. Figure 9.2 shows
how fluid mixing as well as structure has influenced the localisation as well as the
nature of mineralisation,

Interaction. of all of the above factors has given rise to the localisation, morphology
and nature of mineralisation in the acid rocks, Thus in an exploration program, features
such as height in the granites, structure and geochernistry should afl be incorporated to

. delineate areas of greater exploration potential.
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APPENDIX A
GEOCHEMISTRY OF THE FELSIC ROCKS

Table Al Geochemistry of the Lebowa Granite Suite in the study area

sample] 56163 [ 68-150 | 63-161 | 65-151 | 93136 | 180-23 | 189-24 | 20916 | 202-19 | 216-37 | 218-90
%SIO;, | 76.751 | 76.070 | 77.303 | 77,330 | 75,606 | 77008 | 76.843 | 77,984 | 76,101 | 75,802 | 77.027

. %T!Oa 0.13¢ | 0.104 | 0,432 | 0.076 | 0.167 | 0.098 0.134 ; 0.0086 | (093 0.175 1 0-104
%Naoa 11,783 | 10.868 1 11.102 | 11.444 |1 2300 [ 11.670 [ 11.190 | 1 1.807 [ 11486 [ 41.068 [ 11477 |
[%6Fe,0,] 2.050 | 2485 | 2276 | 1.768 | 2.942 | 1.642 | 0,984 | 1,761 | 1.069 | 3.984 | 2.636

%MnOC | 0.048 | 0.032 | 0.032 § 0.011 | 0.014 | 0,004 | nd | 0.021 | 0,002 | 0.039 | nd
%MgC| nd | nd n.d ‘nd .d n.d nd n4d nd [ nd | nd
%Ca0 | 0.543 | 0.030 | 0,024 | 0,062 | 0.457 | 0,150 | 0018 | 0.188 | 1,162 | 0,736 | 0.042
%Ne,0 | 3,776 | 3.380 | 2.801 | 4,007 | 3.890 , 4.014 | 3.757 | 3.878 | 4.256 | 3.409 | 3.502

%K,0 | 4.976 | 5.302 | 6.418 | 4.860 | 5,270 ' 5.166 | 5.264 | 6,106 | 6,074 | 6.267 | 6.241
%P,0 | 0.015 | 0.023 | 0.006 | 0.004 | 0.095 | ¢.N07 | 0.007 | 0.010 | 0.093 | 0.006 | n.d

[%L.0.1.| 0.430 | 1.728 | 1,593 | 0,730 | 0,050 | 0.822 | 0.809 | 0.547 | 1.088 | 0.966 | 0.933
% Total [100.509]100.924|100,668)00.286] 100.863]160.656] 100,924 100.656{100.826]100.710]100.862
ppm8b| <10 | <10 <90 <10 =10 <10 <10 <10 <10 <10 =10
ppm on| <10 12 | =10 | <10 | <10 | <10 | <10 | <10 | =<0 | <0 | <10
ppm Nb| 19 44 a4 a2 3z | a8 28 | 17 | 28 28 36
ppmZr| 198 | 283 | 328 | 208 | 175 | 226 | 269 | \87 | 272 | 238 | 236
ppmY | 68 87 | &8 80 76 87 44 7120 | 100 | 7 | 119
ppmSri 48 |16 12 18 56 17 18 17 29 27 | 12
ppmRb| 211 | 268 | 300 | 290 | 302 | 260 | 212 | 1¢8 | 242 | 276 | 299
ppm Pb] 21 15 17 <15 | 34 | <16 | <16 | <16 | <16 | <16 | <15
ppmAs| <15 | <16 | <16 | «i§ | <15 | <15 | 21 <16 | <16 | <16 | <ib
ppm Bl <7 <7 | <7 | <7 < |t [ % | <7 <7 <7 <7
ppm2n| 52 a7 66 | 47 48 7 18 18 17 | 48 28

ppmW| 8 | < | <7 <7 | 14 “7 | 14 < | 7 8 | <7
ppm Cu| <5 <5 <5 <5 <5 <6 <B <5 <5 <5 <§
ppm NI| <B § 7T {7 8 6 ) <5 <5 <h 5
ppmCo| 5 5 B 6 ] 8 <5 8 & <5 <

pPmMV | <15 | <15 | <16 | <16 | <18 | <16 | <16 | <18 | <16 | <16 | <16

ppmCr| 9 14 13 ) 17 9 20 <8 | 23 ] 14
ppm Ba{ 461 200 | 118 198 285 188 215 | 2p3 38 | 678 249
ppmAu| - - . o - - - =001 - <001 | <0.01 |
ppmAg| -« - - - - - - <1.0 - <1.0 | =t.0

ppmF | - - . " - . - 472 - ) 627 | 213

210



Table Al (cont.)

Sample | 21 7-83 | 217-49 | 227~ | 246-75 | 246-76] | 250-108 | 260-100 | 250-110 | 250-113 | 250-115
- |7 ' _
%SO, | 75.388 | 73.496 |72.432| 74.342 | 75,564 ] 74.048 | 76.278 | 73.644 | 73,642 | 74,799

[ %TI0, | 0.242 | 0.211 | 0.297 | 0,239 | 0.115 || 0.246 | 0.184 | v.286 | 0.207 | 0.168
%ALD, | 11.928 | 11.437 |12.695| 11.477 [19.574| | 18.327 | 12.217 | 18.026 | 18.112 | 13.403
%Fa,0q | 2590 | 5.804 | 2.853 | 4.043 | 2,804 | | 2.583 | 2.156 | 2.588 | 2,823 | 2.060
%MnO | 0.008 | 0.125 | 0.025 | 0.107 | 0.058 || D.030 | 0.032 | 0.086 | 0.066 | 0.027
YMgO nd n.d n.d n.d n.d nd n,d nd | 0289 nd
%Ca0 . | 0.172 | 0424 | 0.991 | 0.585 | 0492 | | 0535 | 0437 | 1,077 | 0422 | 0.830
%Na;O | 3.584 | £.209 {38.704 | G063 | 2.061 || 5.066 | 3.079 | 4122 | 8.722 | 4.123
%K:0 | 5401 | 5.174 | 4.800 | 5.261 | 5.438 || 4.890 | 4.797 | 4650 | 4683 | 4.696
%P0s | 0.01 | 0.025 | 0.053 | 0.018 | n.d 0.162 | 0,041 | 0084 | D.071 | 0,020

%L.O., | N.B18 | 1.556 | 0.686 | 0,516 | 0.867 || 1,248 | 0.090 | 0.008 | 1,158 | 0.605
“Total(%) | 100.066) 100.261 | 98,580 | 100.488 | 99,080 | | 100,583 | 101,111 | 100.392 | 100.28¢ | 100.521
ppmSb | <10 | 11 | <10 { <10 | <iD <10 | <10 | <10 | <i0 | <10

ppm Sn 12 22 10 <10 10 11 <10 10 22 <10
ppmNb | 30 29 24 2] 38 36 33 37 | 86 36
ppmZr | 204 | 283 | 20a | 422 | 260 236 186 | 208 | 263 182
ppmY | 219 96 3 79 118 . 65 62 78 | T2 79
ppm Sr | 36 24 95 52 17 [} 90 | 60 89 75 | 16
ppmRD | 222 | 238 | 273 | 221 | 300 352 | 354 | 299 | 285 | 358
ppmPb | <15 | <15 | 19 42 22 27 7 19 32 22
ppmAs | <156 | <1b | <16 | <15 | <& <15 <15 | <15 | <i6 | <15
ppm Bl | <7 <7 <7 | <7 <7 <7 <7 | <7 <7 <7
ppmzZn | 87 606 42 178 | 989 25 24 | 42 72 27
ppmW | <7 <7 | <7 10 <7 7 10 8 ) ]
ppriCu | <5 <5 <5 7 <5 <5 <B <5 5 <5
ppm Nl | <5 <5 8 8 <5 <6 8 7 7 B
ppm Ca ] <5 [ 8 5 ] & 6 8 7
ppmV | <18 | <156 | 16 | <16 | <18 <16 | <13 5 78 <15
ppmCr | <8 <8 |7<8 | 138 | <o 10 16 16 | 14 | 17
ppmBa | 698 | 771 | 455 | 1161 | 181 572 316 | 512 507 | 437 |
ppm Au - - - - = - - <001 ; <001 [ - -
ppmAg | - - - - - - - 1.0 <1.0 -
ppm F - - - - - - - §52 717 -
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Table Al (cont.)

sampla |441-108]441-108] 444~ |447-330] MAK-1
116
%8I0, | 76.062 | 76.804 | 74,060 | 76.827 (73,123

%TIO, | G174 § 0,108 | 0.203 | 0411 | 0.167
%AL0, | 11,658 { 11.865 | 12,139 | 11.696 | 12.645
%Fey0,| 2.358 | 1,732 | 2.262 | 1.995 | 1.697

%MnO | 0.042 | 0.026 | 0.028 | 0,021 | 0.029
%MgO | nd n.d nd n.d nd
%Ca0 | 0521 | 0.398 | 0.732 | 0.324 | 1.086
[%Na,0 3384 | 8.766 | 4,058 | 3.066 | 4.611

RGO | 4.708 | 5005 | 4.621 | 5.200 | 4,701
 %P,05 | 0.095 | D.002 | 0,035 | 0,000 | 0.034

%L.0S. ] 0.870 | 0644 | 0921 | 0.832 | 0.385
| .l otal{%)| 100.683 100.341| 98,356 | 100,769 98.602
ppmSb{ <10 | <10 | <10 | <10 | <10
ppp. £} <10 14 <10 11 | =i0
pprr Nb {35 37 38 | 27 43
ppm Zr) 213 j00 203 180 | 198
pem Y | D7 88 81 74 | 96
ppmSry 33 24 61 23 | 89
ppmRb] 307 | 835 | a67 | 332 [ 191
ppmPb: 18 28 24 22 <15
ppm As| <15 <15 <18 =15 <45
ppmBI | <7 <7 <7 | < <7
ppmzn| 45 35 36 30 17

ppmwWi 11 9 <7 7 <7
ppr Cu{ <b <5 <5 <5 | <6
ppm Nl  «b <& <5 8 8
ppmCo] 8 5] 7 5 8

ppmVy <15 | <15 <15 <18 | <16
ppm Cr| <8 10 17 17 22
ppm Bai 229 246 285 47 492

PpM Al - - - . - -
ppmAgl -~ | - - - -
ppomF | - - - - -

n.d, not detected
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Table A2 Granite sample positions

sampie no. jat. long. saiple no. Lat, long.
58-163 _|25°18746°5) 20°0B 66°E | 227-117 | 26:81'48°S | 26°69 12 E
63-150 25921 14°S | 2P 07 47" E | 24676 | 26°26'62'S | 26°43 18'E
63-161 |26°22 165 | 20°07 86°E | 946-76 | 26°20°58°S | 26°48 03 E |
85-167 |25°20736°S[ 20° 13 87" | 260-108 | 26°2826'S | 28°61 36'E |
93-136 |26°05' 50" S) 29°00'AB°E | 260109 | 26°28°056°'S | 28961 a1 E
189-23 [26° 19 17" 8| 26°4D' 20"E | 260-110 | 25°28°35°'3 | 28°62 29'E

" 189-24 |25°19'80°S] 26°49°38°E | 250113 | 26°928'43°5 | 28°53 03 E |
202-18 [25°15 63° 5| 28°A6 54'E | 260-116 | 26°20° 31"8 | 28964 40°E |
20219 |25°15°26° 5] 28°46'42°E | 441-102 | 26°81'32°S | 28°52 26" E
218-37 [26°22'25" S| 28°42'50°E | 441103 [ 25°317°34°8 | 28°52 28°E
218-38 |25°22"21" 8| 28°42565°E | 444-116 | 26°30'42"S | 26°68 19°E
21743 2502417 S| 28742 OFE | 447-130 | 26°85'24'S | 20°01 A4 E
217-40 |25°24'60°S| 28°43 26'E | MAK-1 | 26°99 1679 | 29°55 26°E

58-163: coarse-grained grey Sekhukhuni granite, Maloek Zyn Kop 58 JS
63-159: medium grained dark red Sekhukhuni granite, Rhenosterkuil 63 J8
63-161; fine-grained golden brown Klipkloof granite, Rhenosterkuit 63 J§
65-151: coarse-grained dark red Sekhukhuni granite, Vreemdeling 65 IS
93-136: coarse-grained dark pink Verena granite, Hartbeesfontein 93 JS

189-23; fine-grained light pink Klipkloof granite, Zandspruit 189 JR

189-24; coarse-grained dark red Bobbejaankop-like Sekhvkhuni granite, Zandspruit
189 JR | |
202-15: fine-grained red Sekhukhuni granite, Kameelpoort 202 JR
202-19: fine-grained dark pink Sekhukhuni granite, Kameelpoort 202 JR
217-37: coarse-gr .ed dark red Bobbejaankop granite, E1keldoom 217 JR

217-39: fine-grained dark pink Klixkloof peanite, Enkeldcom 217 JR

217-43: coarse-grained dark red Bobbsjaan¥« v granite, Enkeldoorn 217 JR
217-49: coarse-grained black Bobbejaankop granite, Enkeldoorn 217 JR
227-117: coarse-grained light pink Verena granite, Wolvenkep 227 JS

246-75: medium-grained, grey granophyric Seldhukhuni granite, Zustershoek 246

IR

246-76: medium-grained dark red Bobbejaunkop granite, Zustershoek 246 JR
250-108: fine-grained pink-grey Verena granit=, Roodepoortie 250 JR
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250-109; coarse-grained pinkish white Verens granite, Roodepoortje 250 IR

250-110: fine-grained pinkish grey Verena granite, Roodepoortje 250 JR

250-113: fine-grained, dark pink Verena granite, host to mineralisation at Albert
Silver Mine, Roodepoortje 250 JR '

250-115: fine-grained light pink Verena granite, Roodepoortje 250 JR

441-102: coarse-grained dark red Verena granite, Hartbeesfontein 441 JR

© 441-103: fine-grained dark red Verena granite, Hartheesfontein 441 JR.

444-116: coarse-prained whitish pink Verena granite, Zwartkopje 444 IR

447-130: fine-grained dark pink Klipkloof granite, Zusterstroom 447 JR

MAK-1: medium-grained grey Makhutso granite, Hartbeesfontein 224 JR
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Table A3 Geochemistry of the roof recks

B9-140]90-138]

20627

sample |63-162 g95-134|206-22 214321 228- | 228- 1248-94]|434-89
: i 132 | 133
%8I0, [76.393 73,243 73,555 |74.58673.063(73.956 {74,469 | 70.07 | 71.65174,603]74.075
%TIO, | D195 | 0.24 [ 0,295 | 0.243 | 0.258 | 0.255 | 0.24 | 0,332 [ 0.333 ) 0.24 | 0,228
%AI,0, [11.502[10.998| 9.628 | 10.92 [10.982[92.807 14,242 [11.397(10.798]11.393] 11.61
%Fe,0,| 2.785 [ 4251 | 8.248 | 4,265 | 4.891 | 3,836 | 3.61 | 8.904 £.023 | 3.678 | 3.513 |
%MnG | 0,052 [ 0.046 | 0.053 | 0.085 | 0,057 | 0.042 | 0.033 | 0,03 | 0.021 | 0.08 | 0.124
%MgO | nd nd | nd nd | nd nd I nd | nd | nd | hd | nd
%CaQ | 0.348 [ 1.06 | 6.006 | 0,784 | 0.705 | 0.483 ] 0.230 | 0,629 | 0.572 | 0.395 | 0.854
%Ne,O | 3.334 12200 | nd |[2.727]3.150 | 3.831 ) 207 | 2.741 [ 2,785 | 3.486 { 2.104
DR T27B [ 5954 | 748 | 4,987 | 4.726 | 546 | 5496 | 6471 [ 5,807 | 5.430 | 6.208
%Pa.. J.004 {0.014 | 0,042 | 0.021 | 0.012 | n.d | 0,031 | 0,039 | 0.028 | 0,015 { 0.008
%L.0.1. | 1.067 | 1.068 | 0.654 | 9,542 | 1.266 | 0.671 | 1.792 | 0.581 | 0.40 | 0,854 { 0.434
Total(%} 99.927 [99.113199,6560(100,16{99.219]|101.03]100.12[99.204} 88,5 ]100.236]100.08
ppm8hy <10 | <10 | <10 | <10 | <40 [ <40 | <10 | <t0 | <10 | <10 | <10
ppmSn] <10 1 <10 | <10 [ <10 | <10 | <10 | <10 [ <10 | <10 10 <10
ppm Nby 24 19 16 22 21 22. 23 | 20 19 23 23
ppm2Zrq 377 | 407 | 337 | 42B ) ADB | 412 | 449 ) 388 | 382 | 481 | 474
ppmY | 61 | 62 | 63 | 68 | 67 | 70 | 69 | 62 | 66 | 78 | 69
ppiSr | 20 61 22 29 42 | 57 45 48 48 37 119
ppmRb| 184 | 207 | 336 | 176 | 168 [ 170 | 222 | 260 | 301 § 201 | 281
ppim P |- <15 26 | <15 17 | <15 | <15 | 28 <i5 | <15 25 | 108
ppmAs| <18 | <15 | <15 | <16 | <156 | <15 | <15 | 20 16 | <16 | «1§
ppm B | <7 <7 | <7 | <7 <7 <7 <7 | =7 =<7 <7 <7
ppmZn| 53 | 422 | 34 | 99 | 69 | 55 | 108 | 71 | 80 | 85 | 214
ppmwW | 7 <7 | 238 | 11 | <7 B 7 <7 | <F | <7 8
ppmCu| <b <5 18 <5 <5 <5 ) <B 18 <G 6
ppm Nl{ <5 <5 <5 5 | =B <f <h <5 <5 6 <5
ppmCo| © B | <6 | <6 | <5 | <6 | <6 | 8 | <5 | <56 | <5 |
pomV | <15 | <16 | <16 | <6 | =18 | «15 | <15 | <16 | <185 | <16 | <iB
ppmOr| 16 | 18 | <6 | <® | {0 | @ | <8 | 12 | 16 | 14_| 10
ppm Baj 730 [ 1471 | 1845 | 1151 | 1068 | 1247 [ 1205 | 1194 | 1295 | 1234 | 1550
ppmAU] - - - . - [<007) - - [<0.01] - =
[ppm Ag] - - - - S <i0 (| - R TN .
ppmF | - - - - - 11286 )] - - | 1887 | .
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Tahle A3 (cont.)

sample 1434-00] 439-08 1440-100]440-101[448-121]446-122
%SI0, | 73.27 | 71.282 | 73.735 | 76.966 | 78.147 | 72.339

%TiO; | 0.243 | 0.336 | 0,616 | 0.226 | 0.42 | 0.36
FRl;0, 111.062) 11.86 | 12.672 | 5.082 | 12.781 | 13.303
%Fe,0s | 4.22 | 7.47 | 6.135 | 4.186 | 6.72 | 6.620

%MnO | 0050 | 0.154 | 0.034 | 0.079 | 0,089 | 0.051
%MgO | nd nd 0,122 n.d 0.179 nd
%Ca0 | 0.668 | 0.247 n.d nd n.d nd
%Ng,0 | 374 { 4248 | nd nd | nd nd

TR0 | 48411 3602 | 4.958 | B.486 4297 | 3,088
%P0, | 0.021 | 0.065 | 0.143 | 0.035 | G.03 | 0,024

| %LOL | 075 | 0.821 | 2358 { i.241 | 2.0086 | 2.362
Total(%) [98.974] 10046 | 52.863 | 100.07 | 99.637 | 28,145
ppmSh| 13 [ =10 <10 <10 10 15
ppmSn| 10 | 10 10 14 11 | <10
ppmNb| 24 20 | 16 20 17 22
ppmZr | 375 | 408 227 433 406 | - 474
ppmY | 67 72 45 67 48 48
bpmiSe | 51 44 44 40 25 16 |
ppmRb| 227 | 191 323 244 290 278
ppaPh| 76 <16 | =18 [ 12 15 | <15
ppmAs| <5 | <15 <15 [ «<i5 <15 16
ppm Bl | <7 7 <7 8 | =7 <t
ppm2n | 205 | 104 3 | 48 209 | 156
ppmW | 7 12 ] 26 18 9
ppmCu i 28 <f 10 <5 <b <5
ppmMNi & <5 15 8 | 1% ]
ppmCo] & 6 ] 7 <5 6
ppmV | <16 | «ib 106 <15 | 30 <15
ppmCr, 13 <9 79 18 32 18

ppm Ba | 1011 | 1071 | 510 | 1782 | 950 | 413
ppmAu| - - - |- - -
ppmAg| - - -1 - - -
ppmF [ - - - - - -

n.d. not detested
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Table A4 Roof rock sample positions

sample no, tat. forig. " sample no. . lat. long.
63-162 25°22'33" S [29°07' 32°E  [248-04  [26°28'06°S |[28°47 25°E
89140 156°04'53° S [20°00'35' E  [434-89 25°30'24° S [28°42° 19 E
90-138 25°24' 11" 8 |20° 06 50" E  |434-80 25CA0 28" 8 (28042 26 E
85.134 25°20' 04" S [20°08 01" E  |430-08 25°30' 38" 8 [20°49 1B°E
205-22 SE0 20 1675 |28°45' 67" E  |440-100 CEF 33 368° S |28°61 14°E
205-27 TH19'45°S 280 46 BT E  [440-101 26°33'21°S 198°51' 18" E
214-32 = 190T30° S [26°38'51" E  [446-121 26°35°20'S 128°56 567 E
256132 .. 3720 S 2 04 00 E[346-152 2535 20" 5 [28°50 47" E
028133 |26°31 16" S [29° 04 01" E

63-162: medium-grained dark purple granophyre, Rhenosterkuil 63 JS
89-140: dark brown, vesicular thyolite, Schrikkloof Formation, Zwartfonteln 89 JS
90-138: agglomerate layer, Union Tin Member, Schrikkloof Formation, Rietfontein
90 IS |
95-134: dark brown vesicular thyolite, Schrikkloof Formation,
Engelschedoornboom 95 IS
205-22: black massive thyolite, Kwaggasnek Formation, Klipfontein 205 JR
205-27: medium-grained dark red granophyre, Klipfontein 205 JR,
214-32: madiﬁm—grained dark pink granophyre, Rietfontein 214 JR
228-132: black vesicular rhyolite, Kwaggasnek Formation, Leeuwfontein 228 IS
228-133: black vesicular flow banded rhyolite, Kwaggasnek Formation,
 Leeuwfontein 228 JS _
248-94: medium-grained deep red granophyre, Lecuwfontein 248 JR
434—89:. black vesicular porphyritic thyolite, Kwaggasnek Formation,
Hartebeestspruit 434 JR
434~90' medium-grained dark pink granitic granophyre, Hartebeestspruit 434 JR
439-98: dark purple red vesicular rhyolite, Schrikkloof Formation, Roodepoort 439
IR
440-100: grey / black massive rhyolits, Loskop Formation, Rooipoort 440 JR
440-101: dark brown / orange flow banded volcanic, Loskop Formation, Rooipoort
440 JR
446-121: dark brown, slumped sediment, Loskop Formation, Rhenosterkop,
Rietfontein 446 JR
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446-122: grey agglomarate, Loskop Formation, summit of Rhenosterkop,
Rietfontein 446 TR

Note: Data for Figure 5. 1 was obtained from CLPW norm calculations carried out by
the software program Minpet 2.0°. The Q, A and P ratios wers calculated from these
tesults. The R1 and R2 rﬁtios for F1gure 5.5 were calculated from the above
geochemical data, |
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APPENDIX B

'ANALYTICAL ERRORS OF THE MAJOR AND TRACE ELEMENT
DATA OBTAINED USING THE PHILLIPS 1400 XRFS
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Standards used for calibration of PN1400 XRFS for silicate analysis.

STANDARD iFe203 iMnd  3Ti02 $CaQ ~¥h20 YP205 %5902 3A1203

NIN-§ Z.02 .02 00 .79 5.03 01 76.3% 12.18
NTK-S 1.4 81 .00 .68 _15.40 .12 §£3.85  17.40
MLm= §.96 .18 .20 11.49 .25 .03  52.57  16.48
NTK-D 16.87 L 22 .02 .28 .01 .01  38.66 .30
NIH~P 12.77 .22 .26 2.67 .09 ,02  51.3% - 4.20.
BN-6 _ 3,35 .04 .22 168,03 .13 D01 46.67 30,04
AC-E Z.54 .06 (11 .34 4.51 .01 78.63 14.76
HA=N .47 .04 .01 .59 3.19 1.40 66,86 17.69
AGY-1 o 6.79 .10 1.06 4,96 2.91 .48 59.48 17.22
FK=N .09 01 - .82 .11 12.88 .02 65.37  18.71
BHVD-] 12,15 17 2,69  11.33 .52 .27 49.61  13.71
MICA~FE 26.33 . .35 2.57 .44 8. 98 .46  35,3L  20.01
STANDARD t¥gl  EWa20 $L01  3Total
NIM-G .06 3.39. D.4% 100.42
NIH=S .46 .43 u.28 93.70
NIM=N 7.4%. 2.46  ~0.40 99,83
NIH-D . 43.18 .64  -0.93 99.42
NIM-P 26.47 .37 . -0.84 §6.03
AN-G 1.81 1.64 0.565 99,84
AC-E o .03 ehi_ 0.37 99.53
C MA-H .04 5.8 1.82 0.6
AGY-1 1.54 1. 2? 1.59 1a0,01
- FK-N .01 7.59 0.54 59,82
BHYO-1 7.18 2.25 -0.71 $9.82
MICA-FE 4.67 L3 1.43 98,31

ﬁnaﬂynca] prem.-'.on for major element analysis. :
The analysis are based on 107 duplicate samples representing ﬁ \.ahbrations.
Ney fusien discs and powder pelilets were prepared for each machine calibratio
For this reason the statistics presented should represent the total ana'lytica
uncertatniy in the prucedure inciuding sample preparation, _

“EVement Standard deviation Average % error
Fe2D3 0.24 . ~-0.8
Hn0 Coe.01 1.6
Tin2 . . 0.02 .4
Cag ' 0.23 0.6
K20 0.07 -5.2
P205 0.01 0.4

- giop 0,73 1.1
A1203 0.36 3.8
Ma0 0.22 -3.1

- Nalo Q.44 11,2
LGI 0.08 0.7
Total 1.16 0.9
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AT uhEa YN R SR b e e B Tt E P19 TR 3 ahi%??apreaenting 5. calibrations.

" New powder pellets ware prepatrued for each machine calibration. - '
Far this reason the statistics presented should represent the total ana1ytica

uncerta1nty 1n the progedure,including sampie preparat1on. .

Element - ~ Standard deviation Averace % ereor
kb
Sr
Y .
rdd
Rb
¥
Cr
(W1
Wi
Cu
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—
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O MOy IO W0 B N e W
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Standards used tor calibration of PH1400 XRFS for trace cloment analysis.

STANDARD
AGY-1
GA

6H

6-2
RIK-G
NIH~3
NIH-P
HIM-N
NIM-L
NIK-D
PEC-1
aR
BrAvD-1
MAG- 1
56R-1
5C0-1
QLO-1
STH-1
RGH-1
sbe-1
DR-HN
G35-N.
¥ CA~FE

*[CA-MG

FK~N
BX-N
“BT=H
. UB=N
GXR-1
- GRR-2
6XR-3
GAR-4
GXR-~6
G3sP~]
MHa~H
aAN-G

ppa Rb
67.

175.
350,
170.
325.

..530.

41

0.

ppm Sr

662.
310.
10-
478,
10.
62.
iz,
260,

4£00.
3

0-
1320.
403,
146,
42”.
174,
336.
700.
108.
163,
400.
570.
5.
27,
39.
130,
27,
10.
259,
160!
950.
221,
35.
234,
g4.
6.

ppm Y
21.
21,
75.
lll

- 8.

pepn Ir
225.
150.
i50.
300,
300.
20,
15.
14,
11800,
8

Q.
250 "
179,
126,

53,
160,
- 185.

L1210,

219.
290,
125.
235'
gng,
znl

© 13,
520.
370.
g,
38,
r{-1' 8
63.
186.
110.
330,
27,
15“

222

ppn Hb
15.
12.
85,

ppt. Co
5.
1.
5l
0.
3!
110,
58.
2.
208.
110.
52-
45-
20.

12.

11.
?I
1.

2.

18,

38,

65,

13.

ppm Ni
7t

3.

5.

B.

7.
555.
120.
2.
2040,
L4080,
260-
121,
53.
28,
27,
3,

N 4.
38.
i5.
34,
38.
110

190.
16.
2000,
41.
21.
60.
42,
27,
10.
3,
35,



o

STANORRD ppm Cu
AGYV=1 50.

G4 16.
GH 14.
G2 11.
NIM"G _ 12-
NIN-S 13,
- NIN-P 16,
NIM~H : 14,
NIH-L . 13,
S NIK-D 10.
f"CC“l 10»
BR 72,
BHVO-1 136,
BAG-1 30.
S6R-1L - 68,
sco-1 - 29,
aLo~-1 29,
§TH-1 5..
RGM-1 12,
5DC-d . 3Q,
BR-N to,
BS-N A0,
MICA-FE 5
BICA-NG 4.
FK"H 2.
ax- 18,
L Y g,
LN 28.
- 111 N
ERk-2 8
GKR‘S 15.
GXR-1 a520.
. GXR-6 GG,
GEP-1 ¢ ELE
NA-N 140.
L 19.

ppmn Zn
88..

BD‘
89.
85.

50..

[ru-Ray g o)

g TPy
o

P
» * & * 2 3 3 F @ 3 & =+ Ju v 3 ®
hhscwwlhkuﬂariht»c:omuvmcjcsmréaﬁmro~4w
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_ppm Cr

12.

23950,

30.
10.

2820,
2730.
380.
289.

37,
30‘
68.

3.
50.

pem Ba
1221.
840.
zul
1680.
120.
2420,
- 46,
102.
450.
10,

1050.
139,
479,
286,
570.

1370,
560.
807,
630.
385-

1400,
150.

40040.
200‘

34.
130,

680,
2240,

1640,
1300q,

- 1310,

42,
34.




APPENDIX C

V IETR NATION OF FERROUS IRON IN

SILICATE MATERIAL
1, Outlinie

The sample is dissolved in hydrofluoric acid in the presence of quinquivalent
vanadium that is reduced by the ferrous ivon in the semple as it dissolves, The
excess unreduced vanadium is titrated with a standard ferrous ammonium sulphate
solution, Sodium diphenylamine sulphonate is used as the indicator,

2. Application

The method is applicable to silicate material containing more than 0.5 per cent

ferrous oxide.
. en

Sulphuric aeid 10N - Dilute 280 ml of sulphuric acid to 1000 ml with water,
Phosphorie acid 1:1 - Dilute 100 ml of phosphoric acid to 200 ml with water,
Ammonium metavanadate (NH,VO,) - AR, Grade. _

Boric acid ssturated solution - Dissolve about 70 g of borie acid in 1000 mi
water, Heat until dizsolved, then cool and decant off the supernatant sofution,
Sadium diphenylamine sulphonate solntion 0.32% w/y - Dissolve 0,32 g of
barium diphenylanﬁne sulphonate in water. Add 0.5 g sodium sulphate, filter and
difute to 100 m! with water.

Ferrous ammonium sulphate sofution 0,03N - Dissolve 11,7647 g of A.R.
grade ferrous ammonium sulphate in 800 ml of water containing 28 m of
sulphuric acid, Cool and transfer to a litre votumetric flask and dilute to volusue,
Standardise, using two 25 m! aliquot portions, Add 3 ml of 10N sulphuric acid, 2
mt of 1:1 phosphoric acid, and about 10 ml of water. Add 5 drops of indicator
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solution and titrate with a 0,0500N potassium dichromate solutinn, Subtract &
blank of 0,05 m} from this titration as the Indicator consumes this amount of

| potassium dichromate. Calculate the normality of the fron solution and the ferrous
oxide equivalent as follows:
Normality of ferrous ammonium sulphate solution =

(Volume of potassium dichromute solution x 0,05) /25

1 ml ferrous ammonium sulphafe solution = Normality of ferrous ammonium
sulphate solution x 0,0719 g ferrous oxide, ' : (A)

4. Amount of sample

Estimated Fel | Waight | Waignt of Ammonium
content of sample Metavanadate
% g 9
052 1,0 0,1000
2510 0,5 0,1000
70— 20 06 0,000 _
20> 30 0,6 0,3000
5. Procedure

a. Transfer the accurately weighed sample to a 100 ml polythene beaker and add
exactly the required amouni of ammonium metavanadate, |

b. Add 10 ml of hydrofluoric acid, cover and set aside until the sample has
decomposed. For most samples, 48 hours is sufficient, but some refractory
samples will require up to 32 days digestion. _

¢. Add 30 m! of 10N sulphuric acld and wash the sample solution into an 800 or
1000 mi beaker containing 5 drops of indicator solution, using 250 ml of
safurated borie acid solution, Stir the solution until any white curdy precipitate
formed during decomposition has dissalved. ' |

- d. Add 15 mi of 1:1 phosphoric acid and titrate with the standard ferrous

ammoniwm lsulphate soution, while stirring with _either a glass rod or a plastic

covered magnetic stirrer, At the endpoint the solution changes from purple to

pale green, ' (B)
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e un a standard with each sample, adding exacfly the amount of ammonium
‘metavanadate and the other reagents that were added to the sample, and allow
to stand for the sarne time as the sample before titrating. ©)
£ Cslculate the amount of ferrous oxide in the sample as follows:
% FeO = (( C - B) x A x 100} / weight of sample

6, _Reference _
Wilzon, A. D, (1960) Analyst, London, 85, p. 823.
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