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ABSTRACT

The aims of the invéstigation dealt with in this dissertétion my
be ﬁleaed by adly into two‘ The first is an attempt to determine
theuyinaralcglcal and chemlcal composition, cryétallisation hisﬁory,
stfuétures an&fdistributicn of the rock types which make up the
v Boodekraa1 Ignenus Complex. - From this information, conclusgions
are drawn as tO'the ?robably genesis of the individual rock types,
ard the Rocdekraal Igneous Complex as & whole. The'secbnd aim
is to ascerbtain the precise nature of the zones of sulphide minerali-
zatiun with regard to their siructure and the minnralogy and parsgeresis
" of the bre minerals and associated gangue minerals. Conclusions
as to the- p*obably source and nature of the solutlons vhich formed
the sulphide bodies are drawn from the above information.

An extensive drilling program and detailed field mapping were
carried out betﬁeen 1967 and 1971 to determine the distribution ard
structure of the rock types and the zones of sulphide mineralization.
Microscopic examination of thin sections and polished seciions, XLray
diffraction and other laboratory technigues were employed by the
author to determine the mineralogy and petrology of the rock tyﬁes,
ard the mineralogy and paragenesis of the or¢ minerals. Chomicel
analyses were made of a wide variety of rock iypes to determine fheir
geochemistry. A sequence of samples of amygdaloidal andesite wall
rocks taken at varying distances from a large sulphide body were
analysed to determine what chemical changes the hydrotherral aliepztior
has brought about.

‘The Roodekrazl Ignecus Complex, which is regarded as being

approximately the same age as the Bushveld Igneous Complex, lies within.

sedimentary rocks of the Transvaal System, and was probably erplaced
after the updoming of the Vredefort Ring Structure since the lava flows.
within the Roodekraal Igneous Complex are roughly horizontal. Toe -gushor
ngrees with the segquence of emplacement for the rock types of the CompléX‘
as derived by Bisschoff (1950), which begins with amygdaloidal ardesite.
© followed by equigramular dicrite, fine pyroxene diorite, coarse n“rer*e i
‘dlorlte, ﬁlorltlc-apllte, dolerite ard syenite, and ends with syenite-
porphyry. This seguence of ewplacement has howaver been eztenand 1o

.
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include four previously undescribed rock types, namely massive éndé#ité,.

» pyroxene andesite, olivine gabbro and dioritic-pegmatite. The perFene
ande31te is the extrusxve equlvalent of the fine pyroxe.e dlorlte while the
vollv;ne gabbro was formed immediately after the emplacement of the coarse
‘pyroxene dlorlte and shortly before the crystallisation of the dlorltlc-
pegmatlte. Pseudotachylite is present cutting all the rocks of the Complex o
except the syenlte—porphyry and was thus introduced afier the syenlte and
before the syenlte-porphyry. The syenite-porphyry is not regarded by the
author as being a component of the Roodekraal Igneous Complex proper and 1t
is thought that this Tock type was emplaced during Pilandsberg times.
The maflc rocks of the Roodekraal Igneous Complex may be divided into
two groups. The flrst group, which includes the amygdaloldal andesite and
equigranular diorite, has amphibole as the most abundant mafic mineral. The
,second group, which includes the pyroxzene andesite, fine pyroxene diorite

and coarse pyroxene diorite, generally has pyroxene as the dominant mafic:
mineral and invariably contains feldspar phenocrysts. . In addition to the
petrological differences between these two groups, 'Pegrce diagrams’ (Flg.
XV (a) and (b)) demonstrate that these groups have separate dliferentlatlon
trends. A geochemical study of the rock types of the Roodekraal Igneous
Complex seems to indicate that their parent magma was tholeiitiec. The
fact that an earlier suite of igneous rocks wi*h a tholeiitic compositioﬂ"
is present in the Vredefort Ring Structure gupports this conclusion.

The sulphide bodies are mainly localised along normal faulls WLthln
the amygdaloidal andesite, and have apparently conceéntric zones of
hydrothermal alteration around them. The most important process involved
in the alteration has been the destruction of the original mafic minerals
and the formation of biotite. The sulphide deposits are,considered to
be epithermal although both the pyrite and the pyrrhotite are re~arded
by the author as having been depc .ted st temperatures in excess of 40000._
A reversed zoning of the copper minerals is present in the ‘mineralizged zones,
with the low temperature minerals in the centre and high temperature mlugrals
further out. This zoning is similar to that present in ore vodies at the
Artonvilla mine, in the Messina district, as described by J.cobtsen (1967) .,
The sulphides probably differentiated from a large hldden magma body beneafh
the Vredefort Ring Structure shortly after the widespread 1n3ect10n of -
pseudotachylite. The author concludes that although agqueous solutions brought
about most of the hydrothermal alteration associated with the mineralized

. gones, the sulphides were transported in the volatilized state.
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1. INTRODUCTION

The group of volcanic and inmtrusive rocks that ‘e the subject of this
dissertation forms one of the largeot centres of 1gneous activity presesnt’
within the sedimentary collar of the Vredefort Ring Structure (Fig. 1)
Due to the fact that the Complex is made»up of both 1ntru51ve‘and '

extrusive rocks it is called the Roodekraal Igneous Complex which is

in agreement with Bisschoff (1950) who calls it a 'Stollingsg esteente« o

‘ homplnks'

The Roodekraal Igneous Complex is situated in the Potchefstroom
distrlct of the Transvaal. It lies eleven kilometres to the southeast
of Potchefstroom.on the Potchefstroom ~ Parys road ‘between longtitude
27%8" and 27°12' west and latitude 26°47' and 26°50' south. It has '
an average gltitude of 1 400 metres above mean sea level and & surface
area of spproximately thirteen square kilometres. The greater portlon
of the Complex is situated on the farm Roodekraal 37, small portions
in the west are situated on Plessieskraal 43 and Prinsloos Rust - 83.

The Complex is situated on the northwestern flank of the Vredefort
Ring Siructure and on the southern side of the Potchefstroom syrcliroriun
of Transvasl System rocks., It lies within the Magaliesberg and Daspoort
Stages of the Pretoria Series (Flg. 1).

Mellor (1907) gave a brief description of the nost 1mportant rock
types present in the Roodekraal Igneous Complex. . This description was
enlarged on by Willemse {see Nel et ald.y 1939). Mellor (1907) concluaed
that = porphyritic, diabasic rock was present in 1arge proportion &nd

was wainly composed of plagiocluse and Lornblende. He also concluiei

that the copper ores present in the amygdaloidal rocks were concentrape&?*'

along a fissure or joint plane. w1llemse (see Nel et al., 1939) stated
that the porphyritie rock type contained, in addition to the minerals
mentioned by Mellor (1907) mopoclinic pyroxene, and concluded that

the feldspar was mostly albite, together with anbrthoclase and mlero- f
,perthlte. He also noted the presence of a thin dike of syeﬂlpe—poryk}ry
in the extreme south of the Complex. Bisschoff \1950) produced &
 detailed study of the geology, structure and. petrology of the Roodgkrasl
: Igneous‘CompléX'to which frequent reTerence will be made. e ccncluseﬁ
‘ that the Roodekraal Igneous Complex is post-Waterberg in age azd thet
the structure within tkre Complex was caused by the intrusion of the
coarge porphyrltxc rocks in the form of an assymmetrlcal laccollth which

B
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bent the lavas upwards. With regard to mineralogy be decided that
the only variety of feldspar'present within i“e rock types of %the
Complex was plagioclase with a composition varying between the 1imi£s

of Ang 5 and An,, and that all the hornblende was dn alteration

product of the pyroxene. Further work of this author {Bisschoff 1970)
makes meution of the dioritic rooks. Bisschoff (1972b) revised his

previous conclusions as to the age apd method of formation of the

Ropdekraal Igneous Complex and decided that it was probably emplacé&

at the sawe time as the Bushveld lgneous Complex, and that the andesite

was eriruded under shallow water into a basin formed by sediments of .

the Pretoria Series.

Copper mineralization has long bzen known to occur in the rocks

’of the Roodekraal Ignecus Complex. The company employing the author;

namely Rio Pintc Exploration (Pty.) Lid., aze reputed to be the seventh

company to examine the economiec potential of these copper deposits. .

Detailed borehole logging on 135 diamond drill horeholes, znd fhe

compiling of geological sections from this information was carried out

by the author between 1968 and 1971. The original geological mapping
of the Complex was done between 1967 and 1969 on a scale 1 : 500 by

means of 2 tape survey using a2 grid of lines stretching over the enfire

Complex. The lines were 200 feet (sixty»one metres) apart and had pegs

whose elevation above sea level was known at every 100 feet (thirty

metres). These lines were established running northwest to southeast

snd varivus points along thewm co-ordinated using government irigono-

metrical beacons. The mapping was originally carried out by C. Marshall,

M. du Toit, J. Duval and the author. It was then revised, additions
made to it and compiled on 2 scale of 1 : 7 500 ty the author.

Chemical analyses of thiriy one different rock samples were carried
out during 1969 and 1970, of these twenty one were done by the Naiional
Insbitute for Metallurgy as project K.26/70 and were presented in report -
pumber 1167. The remaining ten analyses were done by Gold‘Fields :
Iaboratories {Pty) Ltd. The lzboratory work undertaken by the aathoir,
was carried out between April and Decexber, 1971 ai the Universify of

the Witwatersrand. v )
The Roodekraal Igneous Complex forms an arez of high reliefl above

the surrounding Transveal System sediments. Roodekraal - beacon No. 61

ig the highest poin% of ike Complex &nd has an elevation of' 1 £90,4

melves above mean seaz level, arnd rises approximately 80 petres shove

the surrounding rocks of the Coxplex. The area in which the Roodekraal
Gomplex is situated forms part of the ’Highveld’ geoxmorphological




provincé of King (1963). It is a post-Africen erosion surface, with = -
woll developed pediments. The Roodekraal Spruit, an intermittent i
’,stream which flows from northeast to southwest and 1s a trlbutory ‘of

- ‘%he Mool River, drains the area.

’ One of the most important problems 1nvolvea in describing the
geology of the chdekraal Igneous Corr -~y is the sub-divisior of the
roecks into lithelozical units. The o+ ‘or sub-division of the rock |
'.typés was made duiing field mapping‘ yurely on a basis of texture.
\Thevrock types were divided into two groups, one group being equi~-
granular, amygdaloidal and dark'grey in colour and the cother group
being strongly porphyritic with a finer grained, aimost black, ’
groundmass. These two groups have been studied mineralogically and
chemically to determine what differecices exist between the groups '
other than the textural features. ' .

In naming the varlous rock types at Roodekraal, the cla5a1flcatLon
of rocks according to Streckeisen (1967) will be adhered to ag far as
possible. ) o

T+ was attempted to decide at what stage in the formation of'the
Vredefort Ring Structure the Roodekrzal Igneous Complex was erplaced
anG to this end the structure of ihs Complex is considered in detail.

With respect to the sulphide bodies, the zoning of the sulph;de‘
minerals, gangue minerals and the chemical components were studiéd,inA
detail to ascertain undey what conditions the sulphide minerals were
emplaced. 4 comparison is made between these sulphide bedies and
similar deposits at Artunvilla in the Messina district of Trans%aal.

Phe dissertation is broadly divided into two sectlons, firstly all
the factual data such as field relationships, mineralogy, petrology and

geochemistry are presented and secerdly the inferences and conclusions:’

- drawn from this data by the author are given.




'II. REGIONAL GEOLOGY

’ Ag prevxously men'tloned the Roodekraal Igneous Comp: ex is 3.nur.men ;u:‘:o,
the norﬁhwes‘&ern flank of the \:sdefort Ring Structure. The voeck -E*.-ces
that it transgresses are Ongeluk volcani¢ rocks, Daspoort Quartzites
and-Shales, Magal:.es’berg Quartzites and Shales and a dla'base siil. i“cé
‘contacts of the diabase and the Roodek_raul Tgneous Complex are soil co"ere&
and no. good exposure is present, bub it. 45 known that the diatase Zsz.
suffered ’:“Zhe same Aeformation as the sedimentary horizens of fke '&Yre:'xean'-
fort Ring Structure., This can clearly be seen on Sheet 61 - Potchelsirs ozt,’ :
issued by the Department of Mines, Geological Survsy, and it is z?.ns
“presumed t3 be pre-defovrmation in origin. ' '

The Vredefort Ring Structure, and hence the Roodekraal Igzneous C‘cmn ex,
lies on & line of igneous activity stretching from the Greal Dize of

Rhode “&z, through the Bushveld Igneous Complex and the Vredefor: Rirg '

2

Rhodesia hias been dated as 2 532 + 30 nillion years old by R ~ r ari 7
K - Ar metheds (Allsopp 1965), and the Bushveld Igneous Comrlex kes tesr .
dated as 1 954 1 30 million years by a Sr isotope method (Da':f;’_es 2% 8kay

Structure, finally ending in the Trornﬁburg Complex, The Gresi Dis el

2

1970). Three of the centres of igneous activity within the Trelelord

Ring Structure have been dated. An average of four determizetions n:i:r.:\

a Rb - St method gives an approximate aée of 2 040 willion years (X :wo&aysen N

et al., 1963) for the alkali granites and syenites &t Sehurweirssi ¥

o
¢$‘

the same method gives an approximate age of 1 970 milliom yesrs {ﬁiaclé.’*sé;;
et al., 1963). for the basic granophyre ring dike which ogeurs rezr 3ie
centre of the Vredefort Ring Structure. The Losberg Intrusicn hag Tesn '
“@ated by Sr isotope methods at 1 88L + 282 ‘million years Ly Ssviss et £0.
{1970). It‘follows that the average age of the centres of igregus aé:ii*i?;{
within the Vredefort Ring Structure appears to be very penyly the sane £s
the age of the Bushveld Igneous Complex. Rocks of the Trozpsburg Co:piex
have been dated ss 1 372 + 142 million years by & Sr isotore == ‘;ci
{pavies et al., 1970). Thus it appears that the igneous roszs CoOWTT s

t""

b‘

rih e souil

along this lineameni become progressively younger from rortn

s

Thia line of igneous activity is readily observed in Elg&re 2 wricn
modified after Hargraves (1970, Fig. 2, p. 256).

it
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IIT. DETAILED GEOLOGY

A, TPetrology of Individual Rock Types

“X. M&ssxve anﬂe51te
Mauroscopic 1eatures

The maggive andeg te is pale grey, fine—grainedkand only occasioﬁaIIY‘,
¢ta1ns phenocrygtq and amygdales. '

Microscoplc features

The primary rock‘forming minerals present are plagiéclasé, common .
hornblends, uralite, augite, sphene, apatite and ore minerals. Tﬁe o
plagioclase has a composition of An3d and is present as subhedral 1a£h5
up to 0,8 millimetres long. The augite grains have a maximum diameter!

of 0,65 millimetres and may be twinned parallel to (100) while the
sphene is present in rounded grains generally less than 0,10 m1111metres
in diameter. v
Secondary minerals whlchAwere probably formed during the deuterlc
atage of alteratiorn are calcite, quarts, aclinolite and cllno—40151te.
The calcite occurs in fissure fillings and interstitial grains in the
groundmass. The quartz is present in anhedral grains up to 0,15 milli-
metres in width, or in cryptoerystalline masses which were formed later
at low temperéturesi Actinolite is in fine acicular crystals developed
as an alteration produ- - of augite and hornblende, and clino—zoigite is
‘an alteration product c. the feldspar. ' '
TLate-stage hydrothermal minerals are locally developed in abunuance.
These minerals include epidote which is present as aggregates, ccatlng '
crys*+als of the primary rock forming minerals, end chlorite. Both these
minerals are confined to zones of hydrothermal alteration. ", i
" A volumetric analysis of the mineral composition of the massive;'~-

»

andesita is given in Table L.




TABLE T

7,Eigeralnc§ﬁpo§iﬁiqn by yoiume of the massive andesite

LA Ty

Volumebric

‘ Minera1" . percentage
Plagioclase 72,4
Pyroxene 9,6
‘ . Auphibole Ts4
v Orve minerals 7,2
Epidote . 244
Sphene . - © 1,0
“Total - 100,0

AugiteAgraihs are commonly concentrated in clusters within a’
© groundmass of raniomly orientated feldepar laths, The grains of
sphene are poikilitically enclosed within crystals of plagioclase,

hornblende and augite.
2.  Amygdaloidal andesite
Masroscopic ¢ catures

The amygdaloidal andesite is geaerally dark grey with a crypfocrystal~
line, microcrystalline or'finely crystalline groundmass. Theaamygdales
vary in size from mzcroscuplo +o several centimetres in dismetery and

are uOmetlme° elongated in the horizontal ‘plane, parallel to the

‘direction of flow of the lava as 1nd1cated by flow lines and parallel¢ﬁm g

of feldsPar crystals. Amygdales may have feldsper crystals allgnei
‘parallel %o their edges (Plate 11, l) Vithin a single lava flow ﬁhe

~amygdales become larger and more numerous towards the top and the grain

size reaches a maximum in the centre of the lava flow. The 1nd1v1dual,
lava flows are chilled along their contacts with adjacent flows, and
- are genarally less than ten metres in thickness. A narrow gone of |

lava is pregent in sguare 20, Plate XXIV which contains many 1rreuular1y
_shaped calcite amygdales and whorl like structures of cryptochstalllne
quartz‘and hematite {Pl&te 1I, 2). : :

H;crascoplc features

‘The prlmary rock forming minerals present uithxn amygdaloidal an iasite_
are plagioclase, common hor ;blende' kaeruutxte,; ugite, dagnetlte,k

X e



ilmanite and‘accéssory arounts of apatite. The plagmoclave has a
1v wmde ranga of . comp951tlon from An24 32, the size of the crystals o
- ranging from mlérollths to phenocrysts 2—25 millimetres in length.
The plagioclase grains are generally stubby and euhedral and only :
 ocoasionally tabular parallel to (010), they are twimned according to ,
V the albite and more rarely according to tlie Carlsbad and perlcllne 1aﬁs
and may be’ zoned Zoned crystals have a composmtlonal range from ‘
27 32 The common hornblende and ksersutite ocdur 1n.subhedral
vrectangular grains, which are generally wmnder 0,50 millimetres in
1ength¢‘ Both these amphiboles may be replaced by actinolite along
their vdges and cleavages. The augite grains are subhedral up to
0,80 millimetres in diameter and are invariably partially or completely
replaced by uralite., Magnetite and ilmenite are present in abundanée,
" with the ilmenite occuring in grains up to 0,60 millimetres in diameter
while the nagnetite grains, although more abundant, are smaller being °
up to 0,25 millimetres in diameter. »
Beuteric~stage minerals are present in abundance and include albite,
uralite, actinolite, quartz and spheune. Albite, with a composition of
"Ano_g’ makes up the majority of the feldspar present in the rock. It
is associated with the normal alteration products of feldspar such as
‘sericite, oryptocrystalline quartz and epidote. The urnrlite iz present
as pseudomorphs after augite and is often parfially replaced bty
needles of actinolite.  Actinolite is prusent in fair proporﬁion
an an alteration product of the mafic minerals. The actinoliie crystals:
are acicular or columnar up fto 1,80 millimefres long and have. been
observed to cut completely across albite and quartz crystals.  Quartsz
is present as colourless anhedral or euhedral grains ang as crgpto;"
crystalline masses. The anhedral grains which are generally inter-
atitial to the other rock forming minersls and the euvhedral graius
which line the eages of fissures and amygdales, are regarded as belng
formed during the deuteric-stage ‘altrough the erypitocrystalline aggregatés"
were probably formed at a later stage. Sphene ceeurs as an slteration '
product of the uralite in subhedral grains aligned parallel ¢ the .
elesvage of the amphibole, it also crystalllses an an open space 111113g
within the amygdales. ) _ ‘
| Late-stage hydrothermal minerals have devéloped in aburdance in the
viciﬁity of the nulphife bodies. The ghief ninérals develored sre 1o

femperature (or&ered) aibi te, two varieties of mica namely olive-green
to pale brown biotite ana‘a‘green‘pbyllosilicatfi ﬂhlor?te’ e§1d0v€"  ,

.




hematlte. g@ethlte, thﬂ suiyhxde pinerals and thelr-alteratlon pro&ucts
‘an& weolite .« Rutlle and leuqoxene were formed as supergene rey}aas&
_ment products of the 11men1te.

' “The relative proyortlans of the various mlnerals»gresent are‘
fsnmmarlsed in Table IT below.

TABLE 11

Vblumetric'comgpsitidn of the amygdaloidal andesije

Mineral Volumetric |
percentage

Piagioélase '65,3
Ore minerals 10,0
Calcite - g,6
Biotite 8,1
Amphibole ' 4,4
Bugite 1,2
Quartz 1,0
Chlorite ' 0,3
Zeolite 0,1

Total _ 100,0

Feldspar crystals comprise the majority of the roeck and are geaerﬁlly
rendomly orientated giving the Tock a 'felty texiture'. Although the
majority of the feldspar 1sths are the same size, a few phenocrysts are
always present when the rock is examined under the mlcroscoye. On rare’
occasions the feldspar laths have & sub-parallel alignment in the
direction of flow. The amphiboles end augite are present as smaller
‘grains or clusters of grains situs =4 between the feldspar laths, while
quartz and calcite are commonly interstiiial. " ;

The awygdales have a clear cnt and oiten repeated concentric se@uence
ibf mineral feposition within them. The order of occurrence of the
‘minerals proceeding from the margin to the cenire of the amygleles is

as follows:-

Albite~> sphene—s —>agtinolite %>quartz»ﬁ»calc1te-q—bibtitc—%»eyidcte %rcbigriﬁg- 
The actinolite in the amygaales is present as long acicular pesiles which
" often form a network within azygiales {rlates IX, 4 and XI, 4), Guariz

. gocuys in enhedral erystals (Plate I, 2) which often rim the apyzdales
voompletely, and have thelr c-axes at hlgh.angles to the walls of une




- ﬁrystailine*

famygﬁaies..‘ﬂalcité bf'thefa&ygdaleé is~presen£ in masses which‘é'

cemgosedfo; & mpsaic of int@rloekang anhedpal crystals, and is only

nrareiv preseat By euhadral gralns, “The epldote way meplace the ea;c;is
.of the amygdales, hhen it may pelelaity as & fine-grained aggregaue or ‘as
‘radaating‘masses of euhe&raL cxystalﬁ with 1nd1v1ﬂual crystals up o

: lﬂ'mllimmetres in length. Finally brlght greenAchlbrlte wath.ahnormalv'“‘
linterference colours is present in the very centre of amygﬂa‘eq 1n;%he'

. zones of lata-stage hy&rothermal slieration.

‘ﬂ'3. Volcanlc agglomerate : o -
MacrOScbplc features | o ' R , L f ,
. i
. Mhe agglcmerate cons;sts of well roundpd fragmeqts bf quart21te (Platé4 .~
, %) and 1ava, together with separate mineral grains within n flnely
:cxystalllne mairlx of andesite. The amygdalo:dal andesite of the :
matrix contains only a few small amvgdales.k : o 1&.;

Mlcr05cop1c features

Cracks within the guartz pebbles are filled with actinolite, calcite,
and, in zones of hydrethermsl alteration, ore minerals and cklorite.

4. Volcanic breceis.
‘Maoroscopic Teatures

Pwo varieties of volcanie breccis are present. In one variety the lsava
 has sinply been fragmented and the fragments cemented by caléite {Flate
'1I, 4). The fragmenis are usually large and anguler and only & spall
‘praportlon of the totzl volume of the rock is made up of calclue. Hore
commonly however, the breccia is Qomposed of fragmenis of coarse ard zzna
andesite, individual mineral grains and fragments of gralins, cresert

within a fine-grained lava matrix (Flate 111, 1) This Varaeby of breccza,_ '

with a matrlx of andesite, has rcunde& as well as angular fragmenta dlth
in 1%, and the matrix generally makes up at least B0 per cent of the o
- wolume of the rock. ' : o

hlcroscopzc features

N

Hematite is abundant, aeourring au a coating on rock and mineral fragmeﬁts.
‘kQua“tz and caleite are present between the fragments and may Lave replaged
the fragments, esgeclally feldspar grains, a1 ohg their edges. Ghlorlue has

L

veplaced the caleite vement of the voleanic breccis. 1?&«@1aua1‘rock-;raga»“,f
-sauts within breceia vary *rom macrnsccpmc size to seyeral ce;ti*atres”iﬁ'

diameter. The andesite of the mairix is mzcrocrgatalllne to crvpta~

*




5 Equigranular leTAie

Macroscopxc features.

The equlgrannlar dmer¢te is maalum grey and conﬁalns a few amygdales.
hcagh this rock tvpe 13 ‘as & whole flne~gralned lrrégularly shaped
kcoarser gralned patnheﬁ are present ‘withkin it. The coarser grained poT=
"vticns range in size fyom a few square millimetres to several square metres;
’ pave iyregular shapes and are not arranged in & pattern or parallel ﬁo '

any geologlcal con&act.
ﬁlcroscoplc features

The p:ima“y rock forming miperals within the dlorlte 1nclude plagioclase,
microperthite, aaglte, geveral varieties of smphibole, quartsz, magnevlue,
$1menite, apatite and uphene. The composition of the plagloclase varmes
between wide 1imiks from Anyg %o An37, and the size of the plagloclasg
erystals renges from microliths to crystals of 5 millimetres in length.
As in the case of the andesite, the plagioclase grains are stubby and,
euhedral and are only oecasionally tabular parallel to (010), they are
twinned according vo the albite and more rarely the Carlsbad and perz—
cline laws and may be zoned. The inclusions within the feldspar reflect
this zonal arrangement. Mugite is present in fair proporiion &8 subheiral
grains between 0,4 and 1,2 millimetres in width. . Gowmon nornhlende. aud L
kaersutite are present 4n subhedral, rectapgular grains between 0,20 and
0,60 millimetres in Llength. Arfve&sonlte is present as tcoronas' around
grains of ¥& sovnutite {P1ate XV, 1). Since the arfvedsonite is in crystal i
continuity w;oh.ihe kaersutlte, its formation probably represenis 8 o
change to & nore spda~rich composition in the solution from mhlchithe
amphibole was formed. Quartz is present as & primary rock forping zineral
in & portion of the dlor1te lying to the we stern end of the northern zone .
of equlgranulaﬂ ﬁlorlta. The srains are less than O, 5 millimetres’ in dia~ -
meter, grhedral and colourless snd contain jpclusions of apatlte anﬁ
au‘inolite. Magnetite and ilmenite are present in fair proportion &8s
individual grains or 1n,emsolut10n with one snolher. Sphene, in suhhe&ral'
grains, and apatie, in shori prisms; are present ‘37 accessory amounts.
Deuterlc»stdge minerals in the diorite. jnelnde albite, uralite, :
,éctinalite, red-brown viotite, bowllnglte, quariz and calcite, The alblte
is aﬁsoc:ate& with the normal alteration products of the feldspar. -
Urall%e is ooycon and way ve replaced along its cleavagea by actinolite

vor sphene ntinml;te, in acicular or columnar crvstals up 101,y 0 Yll-i”

- metre long, is present as an alteratmon product of the other mmfxc




 mine;a1s,, Red-brown blotile io presenﬁ'in Qmail grajns'replacing éugité
and amphibdle; , 0;1v1ne PSQUMOuOFPhS are yresent within the diorite and
Vvaerevformed durmng the deuteﬂlc~siage. C&lclce and quartz were the last,
deuterlc—sfage minersls to form, and are 1nterst1t a1 to the nther‘ruck
‘formlng minerals. ' : : B
011V6~green to pale brown‘hlotxte, epidate, chlormte and replacemen*

mlcroperihltes were formed by lste-stage hydrothermal alteratlon assoclated
with sulphlde deposition. Other secopdary mlnerals whlch were probably ’
'formed at‘lower'témperatures include cryptocrystalline quariz, rutile and
~leucozene. ' '

: The volupetric mineral composition of the equagranular dlorlte 1s
‘given in Table III below.

' ’ v PABLE III
Volunetric mineral composition-of the equigranular diorite

: Volumetric
Hineral percentage

Plagioclase 61,2
Amphibale 18,8
Pyroxene 10,6

Ore minerals 7.5
Biotite 1,3
Apatite 0.6
Total . 100,0

The eguigranular diorite is fine-grained to medium-grained
aﬂd has a hypid{horphic granular texture. The coarse—gralnei por-
tions contain feldspar crystals up to 5 millimetres in length. The amyg&ales
are Lomposed ‘of the same minerals arranged in the same sequenﬁe as in the

amygdaloidal andesite.
- ©. Pyroxene andesite
Macroscopic features

“This iock type is quite distinet in appearance from the amygdaloidal and
massive ardesite gince it is derker and always coatainS'an'abundance ij
large feldspay phenocrysts and smeller pyroxene phenocrysts. It contains
far 1ess amyglales than the amygda101dal andesite,

Micrcsecplc features =
Pr;mary mznerals present hlﬁh‘n the pyroxens ande51te 1ncl: - plagioclase,
augmte, kaersutlte, megnetite, ilmenite, apatite and bphene. The plagiaclgse

is prasent in two genaratlans as parly formed tabular phenocrysts up
1o 18 mlillmetreﬁ in 1ength apd as miceroliihs maklng up the fine-grained




grounﬁmass. The p? gloclase has a compoaltlon of An28“34 and is t"lﬁne&

‘ cordzng to the alblte and Carlsbad laws. The plagiovlase nhenOQr;ats are
”,subheﬂral ‘to euhedral. The angite ‘phenocrysts are up to 5 millinetres in
dlaméter, subhedral to evhedral and may- be partislly aliered to aral»te or .
‘-4ct1nollte. The kaersutite is only present in small grains of uelo 0, |
mzlllmetres in lengthb. Hagnetlte and ilmenite are present as acce5qory
'mlnerals together with apatlte and- sphene.

, Mlnexals which were probably formed during the deuterzc-stage of al-
teration include aslbite, uralite, actlnollte, red-brown biotite,’ pseudcw
mor@hﬂ sfter olivine, Quartz and calcite. The albite was formed by alteré— -
$ion of the more Ca—rlch plagioclase, and the uralite, actinglite and # :
‘red~biown biotite as alteration products of the mafic minerals. , 3

The pyroxene andesite as 2 whole has undergone very 1ittle late-siage
bydrothernal, algeration, it does however conkain a little epidoie, chlqrite"
and o0live-green to pale brown biotite. Rutile and leucozehe OCCur as

_glteration products of ilmenite.

The mineral composition of the pyrcxene~andesite is besi sumrariged

by means of Table TV below.
TABLE IV

Volumetric mineral composition of the pyrcxene ardesiie -

Volumetric
Mine. ~? pereentage

Plagioclase 70,9

Ore minerals 5,1

Pyroxene N 73
Galcite 3,1
Amphibole 2,6
Biotite 1,5
Chlorite 1,5
Quartz 0,8
Total 100,0

The pyrozene andesite is strongly porphyritic enntaining plagloelaase
and augite phenocrysts set in a flne~grained.groundmass.’ The anygizles
contain the same mlnerals deposited in the same seguence &s in the

amygdaloidal ardesite.
—-Qraine
7, Pine pyroxene dlorlhe

Macroacopic fEatures

B The“finngraina& pyroxene diorite is very4similar in appearsnce %o‘the

o
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pyroxene and951te. The chief differences between the {wo rock types
belng that the diorite has a coarser grained groundmass and does not’;
contain amygdales. ‘

Hicroscopic features

AjThe fine pyroxene diorite has an almost identical mineralogy-to'the
pyroxene andesite except that it contains no kaersﬁtite, fthe difference

‘vbetwéen the two rock types being textural. The plagioclase is present
1n.phenocrysts up to 20 millimetres in length and as smaller crystals

fwithln ‘the groundmass. The composition of the plagioclase ranges from

’ 3ﬂ to An33.> The augite occurs as euhedral phenocrysts AVeraging‘ )
2,60 millimetres in diameter and as smaller grains averaging 0,01 milli- =
metres in diémeter. The augite contains lamellae of orthopyroxene o
aligned parallel to (100). A small amount of green commen hornblende

is present. ’ - 5

Minerals formed by deuteric alteration are the same as in the pyroxene
andesite, however the red-brown biotite is more‘abtndant than in the
‘pyroxene andesite and is present in grains up te 1,2 millimetres in
length. ’ -

The fine pyroxene diorite has undergone very little late—stage
hydrothermal slteration and only contains small amounts of epidote,
chlorite and olive~green to pale brown biotite. Rutile and leucoxene
occur as alteration products of ilmenite. ’

The mineral composition of the fine pyroxene diorite is given in
Tabie ¥V below.

TABLE V

Volumetric minerasl composition of the fine pyroxene diorite

Volumetric
Mineral percentage

Plagioclase 71,4
Augite 9,8
Ore minerals _ 8,9
Axpvhibole T,1
Biotite 2,0
Apatite ' 0,6
0livine pseudomorphs  O,1
Caleite 0,1

Total ' 100,0
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In eommon with the pyroxene andesite the fine pyroxene diorite is
strongly porphyrltlc, the augite phenocrysts may be partially OI' comw
* pletely poikilitically enclosed within the feldspar'phenocxysts
(Elate XIII, 4}. The feldspar phenocrysts are often present in radiate
clusters. ‘

8. Coarse pyroxene diorite

Macroscopic features

The coarse f}roxene diorite is light grey and sirikingly porphyritic,
containing abundant feldsper phenocrysts up to 24 millimetres in lengih.
This rock type always has a fresh appearamce and is lighter in c¢olour
than the other iﬁtrusive rocks due to the greater abumdauce of feldspar
phenocrysts. An unusual feature is the presence of large phenocrysts’
within narrow'intrusicns. The phenocrysts are frequently allgned
paraliel to the contacts of the intrusions.

Micreoscopic features

The composition.of this rock type is very similar to that of the pyroxene
anfiesite and the fine pyroxene diorite, having plagioclase, augite,
magnetite, ilmenite, apatite and sphene as its primary constituents.
The plagioclase is present in two generations both of which are larger
than the corresponding plagioclase crystals in the fine pyroxene diorite,ﬁ
the phenocrysts have a length of 15 - 24 millimetres and the plagioclése
of the groundmess has an average length of 2,5 millimetres. The plegio-
clase is twinned according to the albite, Carlsbad and pericline laws
and may occasionally be zoned. A notable feature of the‘plagioclase is _
its almost constant composition of An32. The augite also has a constant
-composition and occurs in grains averaging about 2,20 miilimetres in dia-"
meter which may contain large irclusions of apatite and smaller 1nclusions
of magnetite and ilmenite. Bisschoff (1450) observed brown amphlbole '
oceurring within the coarse pyroxene diorite which could possibly be
kaertutite. As previously steted apatite is present in greater than
accesgory amounts, and occurs in euhedral columnar grains up to 5,0
 millimetres in length. . . .
The deuteric-stage minerals developed are the same as those in the
fine pyroxene diorite. Uralite is the most abundant amphlbola an& re-
' places thé augite malnly along cracks. The uralite is in turn replaced
by actinolite. Red-brown hlotlte is present replac1ng augite and the T

anphiboles. : s
Hydrothermal alteration has only affected z very 2mall propprtinn of




the rocks where it has resulted in the formation of olive-green to pale
brown Lilotite, epidote and ghlorite. Minerals formed by the proéessés,
of‘supargene alte;atioﬂ are the same as in the other rock’typés of the s
pyroxene andesite/diorite suite. ; S A '
‘The proportions of varions minerals present are shown in Table'VI;‘
| TABLE VI ' o
‘Gomparison between volumetric mincral composition of the

coarse pyroxene diorite as obtained by the writer and
Bisschoff (1950, p. 20) and (1972b)

*

) Volumetric
© Mineral _ .~ percentage

Writer Bisschoff'(_

Plagioclase , 63,5 66,89
‘Pyroxene 19,3 10,34
Amphibole _ 8,2 8,24
Other alteration products 1,3 8,20
Ore minerals : Ts1 3,90
Apatite , 0,6 2,43

~ Totals 100,0 - 100,00

The differences between the volumetric analyses of the author and Bis@phoff S
(1950) and (1972b) are attributed to the fact that the author used ‘
specimens from borehole cores and a wide variety of outcrops in his
analysis while Bisschoff used specimens from only one 6utcrop,_an ex~
foliation dome of coarse pyroxene diorite in square B 4 of Dlate XXIVQ
The plagioclase Yorms the majority of the aoarse pyroxene diorite

and the other minerals present are intersiisial $o ‘the plagioclase.

9. Olivine gabbro AR |
Macroscopic features

This rock type does not occur on outcrop and is only intersected in

the two boreholes drilled on section 4 (Pla*e XXI). It occurs as a
dark.mediumrgrained, equigranular rock about thirty metres in thickne5357
directly below a thick sill of coarse pyroxene\diorite. The olivine
gabbro has a gradational contact with the coarse pyroxene diorite above
it, but a sharp contact with the‘eqnigranular diorite which underlies

it.




,Hicroscopicvfeatures

. Within the olivine gabbro itself there is a.rapid'petiolagical varia-
‘; tion with height above base. Thin sections were cut from samples taken.
Cat three dlfferent localities, which are marked by black dots (see Plate .
XXI)»and gach sample was shown to have a distinctly different petrology-;b
Considering the petrology of these samples in order of increasing
 distance below the upper contact (see position of samples marked on
. Plate XXI) the foilowing sequence it obssrved. '

(i} The dominant‘mineral of -the uppermost sample is_plagioclése

(composition.An38 41) present as about 45 per cent of thre
total volume of the rock, second in abundance is 1frouz:\.‘lze
at .about 40 per cent with a composition of EnBl' nexk
comes olivine with & composition of Fogy making up 10
pe- cent of the volume, the remaining volume is made up.
- of augite,_kaefsutite, red-brown biotite, magnetite and
-alteration products. The plagioclase was the last mineral
to ferm and is present as an interstitial groundmass‘
enclosing the other minerals. The bronzite is present as ‘
large anhedral grains with a length of up to 5,0 millimetres.
The augite occurs as a few small grains with an approximate
diameter of 0,70 millimetres. The olivine is present as
rounded grains poikilitically encloved within the pyroxene
and plagioclase. The kaersutite and red-brown biotite
occur mainly along the edges of the subhedral to euhedral
magnetite grains and are primary minerals which crystaliised‘

.

from the rasidium.

In the specimen taken towards the middle of the olivine
gabbro body, dugite is by far the most abundant rook forming
mineral making up about 80 per cent of the volume of the
rock. The remaining volume is made up of interstitial
plagioclaze, olivine, subhedral or euhedral magnetite grains,
which are cveoncentratéd in clusters, and red-brown biotite.
The augite grains are small, being 0,10 - 0,20 millimetres
in diameter, they are subhedral to ¢uhedral, rounded and are

poikilitically enclosed within the augite.and'plagioclaSe.

.The'lowermost sample is mainly composed of magnetite
forming about 40 per cent of the rock by volume, augite is the




néxt most -abundant comﬁoﬁent making up about 30 per cent of
‘the vblnme,‘olivine is present in fair abundance'and the
remainder of the rock is made up of small quantlties of
interstitial plagmoclase, biotite ‘and kaersutlte.

. The relationships between the samples are more eagily appreciated ih
the form of a summary with the minerals arranged in order of decrea31ng
abundance. '

(i} Plagioclase + orthopyroxene + clinopyroxene + olivine
+ magnetite. ‘

(ii) ' Clinopyroxene + plagioclase + magnetite + olivine.

(iii) Magnetite + clinopyroxene + olivine + plagioclase.
Thus it can be observed that :--

(a) There is a downward decrease in the amount of
interstitial plagioclase present.

(b) Orthopyroxene is only present near the upper
contact. '

A downward increase in the amount of olivine

and magnetite present occura.

(d)' Augite reaches its greatest concentration:
near the centre of the body.

An average mineral composition was not determined for the olivine
gabbro because due o the large variations in mireral composition an
average would be meaningless in that it would not reflect the composi-

tion of any rock found in nature.
10, Dioritic-pegmatite and dioritic-aplite
Macroscopic features

The pegmatite and aplite are not present as plpe—llke bodies and
appear to be fissure fillings. The pegmatite veins do not contaln
xeroliths of the wall rock, and may have mafching irregularities in
the wall rocks on either side. The aplite may contain xenoliths of

wall rock.
Mioroscopic features

Pegmatite




The pégmatiﬁe is cbmposéd essentially of plagioclase (comﬁoSifidn :
A ”27'é9) and hornblende, with lesser amounts of interstitial quartz
:‘and calclte. Apatite and 37 shene occur in small amounts whlle.biotite,'f
a green,phy1108111cata and act1n011+e are developed along the confacts

with the wall rocks. - Secnndary minerals which are formed wlthln the

. pegmatite are hematlte and actinolite as alteratwon products of the

o hornblenae. ,

ol ' Whe volumetric mineral comp031tion of the pegmatite is given in
~ Teble VII below.

TABLE VII

‘Mineral composition by volume of thekpegma%ite

Volumetric

. ‘ Mineral ‘ percentage
Plagioclase 73,8 ' o 'ﬁ”l'
Amphibole 16,7 - e :
Ore minerals 4,9
. ; » , Calcite 0,8
» Other feldapar 0,3
- " ; : Apatite ‘ ' : 0,3
Total 100,0

The grain size of the various minerals is c¢nnsistently large. The

feldspar crystals are up to 25 millimetres in length, itornblende is

present in anhedral grains with a maximum width of 1, .. limeires,

kactinolité crystals are smaller averaging 0,5 millimetres in lenpth, :
» while apatite and sphene are present in small gralns about 0, 2 mlllr-:‘
metres in length. The pegmatite is unzoned eycept for & narrow rlm,
R vabout 5,0 millimetres wide along ifs contacts with the wall rocks,

which is finer grained and contains a2 concentratlon of red-brown biotite
and actinolite. The plagioclase and primary hornblende may occur: as. an‘“

sntergrowth (Plate XV, 2). RN

Apllta
Phe chief prlmary minerals present in the apllte are plangclaae (Anso).4
in grains gemnerally less than 0,5 millimetres inm 1eng%h, an& £green .
Uamphibole. Augite, sphene, apatite and red-hrown blotbte are present

in swall amounts. Bisschoff (1950 . 30) noted the presence of graen
amphlbcle around a core of brown amphlbole, the amphlbcles belng in -




crystailine continuity with-one énoiher. Secondany mlnerals include

quartz, calclte, epldote, olive-green to pale brown biotite and leucoxene.
The relative proportlon of the constltuent minerals in the aplite

‘is given,ln.Table VIII below. '

TABLE VIII

Volumetrlc mlneral comp051tlon of the aplite

: _ Volumetric
Mineral _ percentage

Plagioclase - 59,5
Amphibole 17,9
Augite : 9,1
Ore minerals S 8,1
Apatite ’ 3,1
Biotite 2,3

Total ~100,0

The aplite is composed in the main of randomly orientated laths of
plagioclase under 0,5 millimetres in length, with subhedral grains of
hornblende and augite occupying the areas between theyfelés;ar laths.
Xenoliths of wall rock are common and have been rounded by assimilation.

11. Dolerite
Macroscopic features

The dqlerite is‘dark grey to black, fine-grained and equigranular.
Microscopic features

The main primary mirerals are plagipclase and augite. The plagioclase.
occurs in phenocrysts up to 1,85 millimetres in length, but the average
length of the plagioclase laths of the groundmass is 0,20 rillimetres,

The augite occurs in anhedral to subhedral gralns with a maximum dzameter of
0,50 millimetres and an average diameter of 0,08 ‘millimetres, ~bagnet1te

is present in small anhedral grains. Secondary pinerals include

interstitial quartz and calcite and hydrothermal epidote and chlorite.
The volumetric composition of the dolerite dikes is given in. '
fable IX. '




TABLE IX

Volumetrlc analysis of the mineral comp031tlou of the
. dolerite dikes

R ; . Volumetric
Mlneral-; percentage

Plagioclase 75,5
Pyroxené‘ 13,7
Ore minerals 6.6
Chlovite ‘ 2,9
Epidote C 1,0
Calcitev 0,3

Total : 100,0

The augite may be interstitial to the feldspar and may 1ntrude 1t
along cracks, or it may enclose it in a sub-ophitic texture. Within
the interstitial areas aggregates of feldspar microliths occur together
with epidote, chlorite and magnetite.

12. Rheomorphic veins

This rock type has the appeearance and petrology of the arygialoidal

andesite except that it contains no amygdales.
13. Syenite dikes
Macroscopic features

On outecrop these dikes have a characteristic red colour wkich is absent
' when they are intersected at depth in boreholes. The dikes are always

gtrongly porphyritic and have a fine-grained groundmass.
Microscopic features '

The majority of the rock is composed of oligoclase (composition £528~30)
which is present in two generations, firstly as euhedral to subhkeiral -

feldspar phenocrysts with a length of up t6 5,00 millimetres and sécqﬁdly

as smaller grains making up the grouninasg with an average lengTh of
0,40 millimetres. gQuartz, which is present as a primary mineral, is
interstitial and nay form up to 10 per cent of the volume of the rock. '
Anphiboles which are present as small scattered grains within the ground-
‘mgss are green rornblende and arfvedsonite. Red-brown biokite, ana*'ite
and magnetlte are also present within the grounduéss Secor.ﬁ'ry _.:marala
‘present include alblte, actanollte, epidote, chlorite, olive~green to ‘
" pale brown biotite and red-brown iron oxide. :




The relafive proportlon of the various mlnerals present 1s{g1ven e
1n‘Table X below. ARSI : - o B

.

TABLE X

Volumetrlc mlneral comp051tlon of the syenlte ~ 

: i Volumetr;c
Mineral .- _Ppercentage

Plaglqclase : ; ~ 1843
Ore minerals Ts7
Quartz 6,8
Calcite ' " 3.3
Biotite 2,6
Chlorite . : 0,9
 Apatite 0,2
‘Amphibole : 0,2

Total 100,0

The euhedral plagioclase phenocrysts are randomly orisntated wifhiﬁ}
a grounimass composed mainly of a second generation of ylagioclaée, The -
guartz £ills the irregularly shaped interstitial areas between the
plagioclase crystais. o .

14. Pseudotachylite
Macroscopic features

This rock iype is composed of a dark opaque very flne-gralned groundmassi.
which contains fragments of wall rocks and mineral grains. The rock

apd mineral fragments within the pseudotachylite are angular near the
edges of veins, but rounded in the centre of the‘veins. Thevpseudoﬁa;‘
chylmte may show a well developed flow structure, with flow lines

passing around fragments of wall »ock, and has sharp contacis W1th 1ts

host rocks.
Microscopic features

The dark opaque groundmass of pseudotachylite,when observed under the
‘microscope, is seen to be completely structureless, while the rock and
mineral fragments enclosed within the groundmass have undergone such
intense shearing that they are in fact a mosa*c of individual fragments,.-'
The enclosed fragments may often be elongated parallel to the flow llnes
within the pseudotachylite, The veins of pseudotachylite are almost

invariably surrounde&‘by a gone of microshearing. The larger shears

[S
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‘ may'have f;ne aggregates of crushed rock dlstributed a]ong them.  The
pseu&otachyllte is’ 1n places replaced by sulphlde minerals. .

Syenlte—porphyry V', : o S \
Macroscoplc features

¥ if;\Thls ‘rock typn is 11ght grey, f1ne1y~crysta111ne—arﬂ.contalns an abunuance
‘of 1arge reddlsh plagloclase yhenocrysts and fragments of these plaglou
-clase phenocrysts, which are. ranaomly orlentated.

Mlc*osccplc features{

'The primary roék formlng mlnerals include ollgoclasey barkev1k1te,
hornblende, orthoclase and apatite. The oligoclase, which has & comé ’
posatlon Of An14 16° is present in phenoecrysts and fragments of phEnocryuts _"
uwp to 11 mllllmetres in length, but averaging 5 millimetres, and as _all
ﬁrystals forming the bulk of the groundmass. Barkevikite is presént as.
phenceryste up to 4,50 millimetres long and as smaller grains which ’
appear to be fragments'of original phenocrysts. Hornmblende is preser t as
' é later formed mineral within the groundmass, it occurs in subhedral
cryetals averag1ng~0 25 millimetres in length. Orthoclase is present as
anhedral grains in the interstitial areas between ihe abovémentloned '
minerals. Swmall euhedral grains of apatite are commonly,enclcseu altgiﬁ‘
- plagioclase or bdrkeV1k1te. Secondary minerals are rare because this ‘
rock type has undergone little alteration except for surface Weaunerlng. »
The main secondary mineral present is albite, together with minor amounts
-nf guartz, epidote and chlorite. ‘ '
Pable R helow gives the proportlons of the mlnerals present w1th1f

the syenite-porphyry.
’ TARLE XI

Volumetric mineral composition of the syenite-porphyry

Volumetric

lineral pereentage
Plagioclase 79,9

Hornblende 13,7

Barkevikite : o 3,7

Ore minerals . 1.7

Epidote : L3

K - feldspar L1 :

Quartz 0,3

Chlorite 02
_Apatite 5 0,1 ’

Total ~100,0




ThefphenOCrysts have to & large extent been broken or Crackéd,

»and have the ‘minerals of the groundmass filling the cracks. The

' bar&ev1k1te phenocrysts are olten rounded and show alteratlon, generally.r\‘
[1nvolv1ng darkenlng, along’ thelr edges., '

,16._Rock types surrdunding ‘the Roodekraal Igneous Complex
Macroscoplc features

,The havallesberg Quartzxte is white while the Daspuort Quartz1te

is sllghtly darker in colour. Both varletles of quart21te display

reli¢ bedding planes which are usually 10 - 15 millimetres apart. The

- Daspuort Shale is dark brown and very fine-grained. The Ongeluk Yol
canie rocks are brown and amygdaloidal, with the amygdales being‘hainly 3

cOmpqséd,of quartz. The diabase is dark grey and medium-grainped.

Microscopic features

Both varieties of quaritzite are composed of grains varying in size frum 0 06
to 1,0 miliimetre in diameter. Quartz forms at least 90 per cent of the .~
grains with most of the remalnder being made up of orthoclase, mlcro- '
cline and myrmekite. Magnetite is present in small graing and chlorite

and biotite occur around the edges of the larger graims. Bisscﬁoff

(1J50 p. 3%) also noted the occurrence of zircon, Where the qusytzife
occurs as xenollths within the rocks of the Roodekraal Igneous Complex it
shows every gradatlon between the original quartz1te and a rock composed
almost entirely of albite. The quartzite has a pronounced ‘mosaic' texture
with individual grains interlocking with their neighbours.  Even where the

quartzite has in the main been altered o albite, this texture is retained. .

The Daspdbrt Shale is so fine-grained that the individual grains
cannot be identified. Zeolite occurs alongfcfacks within the shalé»A

The Ongeluk volcanic rocks are predvminantly composed of feldspai,
khlch has been intensely sericitized, together with small amounts of
amphlbole. '

The Aiabase is composed essentially of plagioclase, monocllnlc
pyroxene and a little quartz, together with an abundance of secondary
minerals'inclnding'uralite, calcite and chlorite.

B. Gepchemistry of the Individual Rock Types

ﬁndér fhis héading only the broad geochemistry of the rock~typés will
be discussed. Specific aspects of the geochemistry will be considered

- in detail when ‘the seguence of tormatlon of the rock tyces at Rooaecraal
and the nature of the parevtal magma are dealt with under the sectxon




~entitled 'Discussion of Results'.

“‘he chemlcal ana;yses of the ozides and C. I.P.W. norms :t‘or most of
,the rock types presem; at Roodekraal sare given in Appenan I. The -
averdge concentr&tmns o.t’ the maacr elsuents for each rOC:K type are grven
'{-111 Takle XII and the concent trations of some of the minor elements, and
u eful l'atl()% of these m:mor elements are presented in Table XIII.
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TARLE XIII

ICO'n_cen_tra%idns of some elements and ratios of elements
: in’themrock types of the Roodekraal Igneous Tomplex

T “Wark of Kb K X
-~ Rock Type ’ Sample . Sr - 8r R

Massive andesite . RC 1 0,0438 4,4 112,1
" Amygdaloidal andesite RC 2 0,1536 56,2  365,5
- Amygdaloidal andesite RC 3 0,1468 37,6 256,%
Amygdaloidal andesite- RC 4 0,1621 - 50,0 208,5
. Amygdaloidal andesite RC S5 0,2847 67,3 236,3
Amygdaloidal andesite  ~ RC 6 00,2544 61,1 240,3
Anmygdaloidal andesite RC 7 0,3253 54,2 166,17
' Amygdalnidal,andesite RC 8 - 00,2051 59,7 201.4
Amygdaloidal andesite RC 9 0,2312 43,9 189,9
Anmygdaloidal andesite RC 10 0,1262 = 17,7 140,4
Amygdaloidal andesite RC 12 0,1883% 44,4 236,1
Amygdaloidal andesitle RC 12 0,1565 37,0 188,1
Amygdaloidal andesite RC 13 0,2472 59,4 240,3
Arygdaloidal andesite RC 14 0,1012 30,3 300,0
Coarse crystaliine
amygdaleidal andesits 15 0,2612 52,6 201,3
Equigranular diorite 16 0,1134 35,3 302,6
Equigranular diorite 17 0,1397 40,8 292,0
Pyrczene andesite 18 0,1101 34,2 | 310,4
Fine pyroxene '
diorite 19 0,1208 30,0 248,0
Fine pyroxene
* diorite 20 0,0726 24,2 3%2,6
Coarse pyroxene
‘diorite : RC 21 0,0493 291,2
Coarse pyroxene ‘ .,
diorite - RC 22 0,0158 416,7
Dioritic-pegmnatite RC 23 0,0C84 1,¢ 220,0
Wall rock to RC 23 RC 24 0,0984 , 240,0
Dioritic-pegmatite RC 25 0,0074 ; 920,0
Wall rock to RC 25 RC 26 0,0296 ’ 160,0
~Dioritic-aplite RC 27 0,0368 Y 350,0
- Dolerite: “RC 28 0,1017 - 362,7
. Syenite RC 29 0,0895 458,1
' Syenite RC 30 0,5917 225,0
Syenite-porphyry ~RC 31 0,7126 1 193,4

ppm — parts per million by weight

4 : - Anslyst : Gold Fields laboratories (Pty) Ltd. :
. (Sr was de»ermlned in parts per ten %nousand)

Reraining '
samples - Analyst : The National Institute for Metaliurgy :
: (Both Sr and Rb were determined in paris per
‘ m11110n3.




It shoulﬁ he borne in mind during the following discussion thatwail
the ‘rock types of the Roodekraal Igneous Complex egcept the olivine - -
'gabbro, syenlte and syenite-porphyry have undergone exten51ve nyd*other-‘iﬂt
mal alteratlon. This alteratlon has probably resulted in the present
chemical 0019031t10n of the rock types being more alkaline than the
sriginal unaltered rock. A detailed discussion of the chemical changes
 takiﬁg viace during hydrothermal alteration is presented under the '

section enbitled *Eydrothermal Alteration'.
Andesite

The chaﬁical compositian of the amygdaloidal andesite is almost i&éntidal

to that of the massive andesite execept for the distribution of the mlncr

elements, In order to discuss the geochenistry of the andesite obaectlvely

the average of all the analyses for samples of andesz”" from Raodemraa‘,

' excludlng-the pyroxene andesite, will be compared v1tn Jell known averhga

compositions in Table XIV below.

TABLE XIV

- Comparison between chemical analyses in weight per oent
for Roodekvaal andesite and some well known averages for andesite

Average of fifteen Nockolds' (1954) Fockolds'  Daly*s (1933)
Uxide analyses of ande-~  averag: Tholeiitic (1954) average average

site from Roode- cadesite andesite “andesite

kraal * )

Si0, 51,43 51,43 54,20 59,53
41,05 11,72 13,05 : 11T 11,31
Fe 03 2797 3336 3,48 : 3",3’5“ k
Feb 11,00 9,74 5,49 3,13
Mg0 2,78 5,28 4,%6 ST
Cal 5:23 8,72 7292 : : 5:80 o
K20 1,81 1,04 1,11 C T g, O
Ho0- 0,20 , - - 1,26
Hy0+¢ 1,24 0,87 0,87

coa 4,04 - | b , L
Ti0g 1,77 2,60 1,31 0,77
P05 0,50 0,48 o 0,28 C 0,26

¥nQ } 0,18 0,19 ; 0,15 ; 0,18
Sr0 ppm 434 ‘ - -
Rby0 ppm 71 - -

Totals 99,68 100,00 [ 100,01
* . Aﬁerage of analyses RC 1 — 15 {Appendix ;);

ppE. —~ parts per million.
It car. be noted from the data presented in Table XTIV %t the andesiter
at Roodekraal Las lover MgC, CaO, A1207 and SlOa contents and “higher




nazo, KéO, ?eO and 00 ‘contents than most varxef;es of ana. q;ty. It :
- ean thus Ye concluded that the’ andes;te 4%t Roodekrasal is mor.: alkaline‘

" than the' world average. In the AFM dlagram.(Flg. i, Appenuix II) the ‘”
-andesife has a proportlonally hlgher iron content than the other rock
“types of the Complex. The (Fe0 + 0, sggapezo,) - Mg0 — Ti0, ternaxy diam
‘gram (Fig. vi, Appendix II) slso emphasises the high iron content of
 the ande31te although the syenitr and syenmte«porphyry are enriched in
~“1ron relative to the andesite. Considering the (Pe0 + 0, 8998Ve/03

mlaﬂ) » KgO - Alzoa ternary diagram (rig. vm.,7 Appendix 1), suce aga;n

the andesite conoglns # high proportion of 1ron 00&pared wigh the other

rock types. From an‘exawlvailon of Table XIT it is readily observed : o
" that the andesite contaanq more CO, than any other rock J"pe in the Lomnlex{,'
As far as the minor elements are conce*ned the massive andesx*e has & -

much lower Rt/Sr value than ths amygdaloidal andesite
‘2., Equigrapular dlorite

The geochumistry of this rock type is best apprec:ated by referr:ng to
diagrans in Appendix II iu which the ratios and funchions of the various
elemen;s snd oxides have been plotted. It can be observed thai the egui~
granuiar diorite analyses occupy & similar position to the'analgses‘bfyi
pndesite in the AFM diagram (Pig. i, Appendix 11) although the>eauigra:ular -
diorite contains less iron in comparison to alkalis and magnesiuz ikan -
andesite. In the Na~K-Ca ternary diagram {Rig. v, Appendlx II) ihe equx—
granular diorite shows K depletion relative to the andesite, while in the
{FeO + O 8998Fe20 ) - Mg0 - Ti0, ternary diagram (Pig. vi, Appendix 11) the v
eguigranular diorite shows magneSLum.enrlchment compared to the gndesite.
As far as the distribution of the minor elenents is comcerned an | :
examingtion of Table XIII (p. 28) and Figures xi, xii, xiii and xiv of
Appendix IT shows that the equigranular diorite has a very similar distri-. -

bution of minor elements to the amygdaloida. idesite.

3. Pyruxene andesite

¥hex the chemiecal comp051t10n of this rock type is compared grarhic cally.
with the compositions of the other varlet1e9 of andesite present %

Rocdekrasl, it is observed that i she pyroxene anuetLto on averege contain ns
more calczum'relatlve to the aikalis in the Na-¥-fa ternary diagran

{Fig. v, Apperdix II). The pyroxene andegite bontains more nEgnesing
relative to total iron plus %itanium and alumlnaum.than the QT?E“ types.
of ardesite (Fig. vii, ippendix 1I). It can be gbserved, fron en emznixs
%ioﬁ of Table XIII (p. 28), that there is very 1ittle difference be“"aer'




‘the dlsbrlbutlon of minor elemevts w1th1n the pyroxene andQSLte and:
other types of: andesite.»

4. Fine pyroxene dlorlte‘

- The analySes of the flne pyroxene dlorlte in Appendlx I (RC 19 and.

RC 20) contain more silica than the analysis of the pyroxene ande51+e
(re 18) The fine pyroxene dlorlae contains relatlvely less iron com-

. pared %o alkalis and magnesium +han the pyroxene andexite (Flg. iy
Appendix II). The relative proportions of all other chemical components,-
ineluding the mlnor elements present in the fine pwroxene dlorlte, are
similar to the proportions present within the pyroxene andesxte,}w1th
the exception that more of the iron in the fine pyroxene diorite is

in the lower oxidation state (Pig. viii, Appendix II).

5. <Coarse pyroxene diorite

The variation of the major chemical components of the coarse pyroxens =

diorite is very similar t¢ the variation present in the fine pyroxens
diorite. When the variations of the minor elements in the aho?e two rock
types are compared it is observed tnat the coarse pyroxene diorite has -
iwwer Rb/sr, X/Sr, Ca/Sr, K and Rb values and higher Sr contents than‘thee‘
fine pyroxene diorite and the pyroxene andesite (Figs. xi, xii and xiii,
Appendix IT)and Tables XIT and XIIL. | .

6. Dioritic-pegmatite and dioritic-aplite

To determine what exomorphic effects the pegmatite has had on its wall B
rocks the number of cations in the stardard cell nf the altered equlgr 1“*.
diorite wall rock to the pegmatite are compared with the number of cat;nns

in the unaltered equigranular diorite in Table XV. In Table XV,RC 16‘5,‘

used as the unaltered eguigranular diorite and RC 17 is omitted, this is
because RC 16 is a channel sample of an unaltered equigranular dic. ite

sill taken frOm a borehole core, while RC 17 is a sa.ple taken f1 4 £1
outcrop of equigrenular diorite which is much further from the art wWhers

the pegmatites have been samp.led then RC 16.




TABLE XV

Comparison befween the number of cations in the standard . =
cells of. the unaltered ejuigranular diorite and the
waLl rocks to the pegmatlte velns

Numher of Fumber of ~  Amount of Number of Amount of
cations in cations in cations re~ catioag in  .cations re-~.
the standard - the standard quired to the stand- quired to -
cell of KC 16 cell of RC 24 convert the ard cell of  convert the -
i.e. the un- i.e. the al- unaltered RG 26 i.e. unaltered
altered equi- tered wall equigranular the altered = equigranular’
granular rock to diorite into wall rock to - diorite into.
diorite pegmatite the altered pegnatite the altered
RC 23 wall rock to RC 25 wall rock to:
pegmatite o pegmatite
RC 2% . RG 25

8i 48,78 48,97 0,19 41,45 7233

AL 11,64 12,82 1,18 1043 4,21

Fe’* 3,12 0,05 - 3,07 8,83 5,71
 Fe2t 10,44 10,33 0,11 8,35 . - 2,08

Mg 8,49 o s,83 10,34 19,42 10,93

Ca 7,61 6,83 0,78 17,70 10,08

Na 8,48 5,82 2,66 - 1,58

X 1,80 0,90 0,90 0,14

H (hygro-

scopic) 1,13 2,26 ¢ 1,13 0,96

H (combined) 7,75 1,26 6,49 1,50

Ti 1,56 0,37 1,19 - 2,36

P 0,34 0,27 0,07 0,17

m 0,19 0,10 0,09 0,15

Algebraic
Totals 111,33 108,81 2,52 110,04

Cation

The most importénf chemical changes which have taken place are

marked increases in the Mg contents of both wall wrock samples, and narked
increases in the Ca and Feo% contemts of RC 26 when compared with the
unalitered diowxite. Both samples of wall rock have begen depleied in X, K,
H, P and Mn, ‘vhile RC 26 has been depleted to a lavge extert in 5i.
Gereralising, there has been a decrease in alkalis and volatiles snd an
increase in femic conutltuents in the wall rocks of the pegratite. This
is what we would expect since most of the components vwhich have keen sub-
tracted from the wall rock are those which have been enricked in the
pegmatite, No exomorphic effects are oﬁserved around the aplites. When
the distribution of the minor elements in the pegmatite and apliie is
considered the most important feaiure is the sxtremely low Rb content
snd Rb/Sr values present iun the pegmatite, This is probahly' *"cei o
& lack of suitable host minerals for the rubidium.
Do detormine what changes in composition take place relative to heizht:
in the composite pegmatiie - aplite veins & comparison is made in Table
'XYI between the average of the number of eations in the stapdnrd cells




,of diorltmc~pﬂgmat1te veins occurring in the equlgranular dlorlte, at

'some dlstance abave the coarse pyroxene dlorlte, and the number of ¢at10ns

ln the standard cell of an dlorltzc-aplxte present thhln the coarse
'pyroxene dlorlte. e : : ‘ S
- TABLE XVI
Comparlson between the average number of cations in “the

‘standard cell of the dioritic-pegmatite and +the number
. »of catlons in the standard cell of the dlorltlc-aplltP

Average numher of Nomber of cations in  Number of cations.
» cations in g.andard standard cell of ' required to convert
Cation = cells of dioritic- dioritic-aplite dioritic-aplite 4o .
: pegmatite RC 23 RC 27 , . dioritic~pegratite
and RC 25 ' R

Si ‘ . 51,35 50,65 : + 0,70
Al . 18,26 15,95 2,31
FeIt 0,00 1,49 1,49
Felt 5,70 9,45 3,75
Mg - 3,34 4,63 ; ‘ 1,29
Ca 6,25 : . 6,05 , 0,20
Na ) 12,90 9,94 , - 2,98
K 0,42 1,44 1,02
B {hygro-

scopic) . 0,94 1,94 1,00
H {comhined) 9,20 1,62 4. 8,18
P 0,15 0,82 0,67
Mn 0,04 0,08 : 0,04

Algebraic : -
Totals 109,78 : 105,01 + 47T

lt can be observed from an examination of Table XVI that 4*here is
a str;klng decrease in the basic components Fe3 Fe2+, ¥g, T4 and Mn
and also in K and P with increasing he:ght. There is & oirorg increase
in H and smaller increases in Na, Ca, Si and Al, with incressing he;gn%"
which is what one would expect from the great increase in the amoant
of plagioclase. | '

An interesting feature in the analyses of the pecma+1t s‘t;e
fact that neither contains any ferric iron, which iz only pessitle i
the hornblende is a member of $he edenite-ferro oedenite series of horn-
blende which contains no ferric iron. Since the edenite-ferroeieniie
“geries has a high 51llca:content,,and alumznlum substitutes for s;llca
in increasing amounts at elevated temperatures, the authcr feels irnaf
‘4% must be a low temperature series of hornblenie, wkich is yhal we

ould exgdut in a rock crystallised at 10w*tempe;aturea,‘such s a'pagzatite,




7. ‘Dolerite~
The dolerlte contalns less 5102 tban all other rock types excaph the

“wall rock mmeﬂmatelv adaacent t6 a pegma.tlte vein, - The ¥g0 and Ca0
;contents of the doler;te are hlgher, and the amount of alkalis presenf

1owér, than The proportions du the ma;orlty of the rock tyyes analysed
(Tavie XII) The dolerite, with the exception of the wall rock to the
'pegmatlte vein has the highesi Ca/ur yalue of all the rock types analysed
(‘I‘a’ble XIII) , -

B. Syeﬁite

The distribution of the major elements within this rock #ywe is véry )
similar to that of the syenite-porphyry (Table XII), Both these e
rock types contain more Si0, and less iron and Ti0, than the other
rock types of the Complex. It may be noted from Table XIII that both.
syenite ana syenite—porphyry have higher Rb/Sr and Rb values than -
the other rock types, with the values for the syenlte-porprsny bezn
cleariy'hlgher than those for the syenite.

9, Syenite~porphyry

The geochemistry of this rock type has been compared with tke syerite
and other rock types of the Roodekraal Igneous Complex in the»precgiing
sub-section. The geochemistry of the syenite-porphyry iskcompared to
that of the syenite of the Pilandsberg dike swarm in Table XVII over- -
leaf. ’ '




TABLE IvVir

ofComparlson of chem;cal analyses ln‘welght per cent for the
syon;te-porphyry and syenlte of the Pllandsberg dike syarmn

N Roodekraal ~v> Piland%berg syenité  Average of sevenrmn L
Gonstltuent syenxte~porphyry from ‘Leeufontein, analyses of Pllan&s— -
_RG31  analyst Shand (1921) _berg syenite

‘62,69 L 60,24 7 54,83

0400 0,94 - ,ci;oof, .

16,73 . 18,54 R CH VI
1,34 : 0,54 N 07
4,29 2,36 - 5,84
0,50 : ’ 0,76 . - 3,16
1,75 : 2,29 R
6,48 : 6,59 | 475
4,22 5,44 2,42
0,14 | 0,27 o022
0,10 - 0427
0,12 1,22 - 1,84
0,38 ' 0,22
n.a, 0,43 | 0,80
0,02 n.a, , L ﬁ.a.
300 . - o . -
198 | Cn.a,  onma.

S0,
M0
115;203
‘Fey0z
Fed
Mg
- Ca0
nazo
K0
P205
Mn0
H20+'
Hy0-
€0
Ba0
Sx0
R0
¥ _ n.g. : 0,02 ‘ ’ "~ Nl8,
505 _ S n.a. 0,04 v‘. f.84
S , - 0,07 S e N8,
Rb/Sr 0,714 T, . o
'Totals 99,21 100,77 o 100,00

a
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g
o oong.
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The average of seven analyses of‘Pllandsberg syenlte are reproduced by
~ permission of Dr. J. Ferguson (publlcatlon in preparatlon)

The Leeufontein ana1y51s is of red syenite (umteklte type) and was  é
~ published in Shand (1921, p. 241, No. F),,the analyst being S.d. -
Shand. = ppm = parts per million. n.a. =.not analysed.-g

Waen the chemlstry of the syenlte—porphyry is compared ‘ith the aver&ge"'

Pllandsberg syenite the main dlfferences are that it has a loywer content“of
bagic oxides and a higher content of gilica and alkalls. The veochemistwy
-of" the syenite-porphyry is, however, observed to correspond qulte omosel
w;thuthaﬁ of-a,P;lan&sberg gyenxte,found at_Leeufonteln.




_c., Mineralogy of the Rock Forming Minerals

L. Prlmary Rock Formlng'ﬁlnerals

r»Under this headlng mlnerals which- crystallised dlrectly‘frcm the melt,
before the residual flqlds‘had brought about widespread alteration,
will be considered. k

a. Feldspar

.The feldspar of the Complex’is almdst exclusively plagioclase,

together with a small amount of potassium feldspar. The potassium
fe1d5par 1s present ‘within the syenlte—porphyry, equigranular diorite
and coarse pyroxene diorite.

(i) Plagioclase

The size of the plagioclase crystals vary greatly, from mieroliths
preseﬁt in the lavas, which are less than 0,01 millimetres in length,
to erystals up to 25 millimetres loﬁg in the dioritic~pegmati£e.r The
crystal shapes range from stubby euhedral grains to tabular grains
flattened parallel to (010), plaginclase is also present as interstitial
material in the olivine gabbro. The stubby euhedical grains are general&y ’
limited in their occcurrence io the amygdaloidal andesite, thlgrapular
diorite, syenite, syenite-porphyry, dicritic-pegmatite and the dioritic~
aplite. The tabular crystals are largely confined to the coarse and fine
pyroxenz diorite and the pyroxene andesite. The plagioclase is generally

twinned aceording to the albite law, although some Carlsbad and pericline

twinning is present. In the unaltered plagioclase the albite twins have
atraight, regular twin lamellae, but where the plagiocclase grains have
undergone hydrothermal alteration the twin lamellze are irregular and
“lens shaped. Zoning is present in the plagioclase of all tke rock types
excephk the plivine gabbro, coarse pyroxene diorite, doleWLte and dlorltlc
aplite.

The compusitions obtazned for the plagioclase generally compare well
with the values dr rived by Bisschoff (1950, p. 10}, see Table‘XYIII. )
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