TABLE XVIIT
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CompariSpn.ﬁetweénvthe values obtained for the composition;x‘
of the plagioclase by the author and oy Bisschoff (1950, p. 10)

ROCK*?YPE S o ' Compos1t10n in per cent Anorfh1ﬁe

Values obtained Value of Blsschoff
margin -« core 1950)

. Olivine gabbro : o Anyy (unzoned)
~ Coarse pyroxene diorite Ans (unzoned)

Dolerite. Anzg 5 (unzoned)
’Fine pyroxene diorite An30 5%
Pyroxene andesite © Anpg _ 34
‘Dioritic~aplite Anszg (unzoned)
Dioritic-pegmatite Ange 29 -
Bquigranular diorite Anyq 37 o An37‘
Andesite , ; An24 - 32 =
Syenite ' Angg _ 30 g 30
Syenite~porphyry Any, 15 Ansqg

(ii) Potassium feldspar
‘Willemse (Nei et al., 1939, p. 90) observed potassium feldspar
(microperthite) within the coarse pyrouxene diorite./kBiSSthff>(1950)
and (1972b), however, states that potassium feldspar is noi present:
within the rocks of the (omplex, and concluded that Willeméé mistook
an abnormal type of albike iwinning for microperthite, ' s

In an effor+ to determine if potassiuum feldspar is in iact present
within the rocks of the Complex, the author exam1ned_several selected :
grains by X-ray diffraction. Two varieties of potassium feldspar grains
were X-rayed, firstly turbid, aphedral grains from the syenite~porphyry
and secondly graines showing exsolution from the coarse pyroxene diorite
and equigranular diorite. The 2@ values obta_ned for tne sanples Y~rayea

are given in Table XIX.
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TABKE XIX (modlfled after erght 1968, p. 89,
Table I)

“Compariscn between the posltlons of the most importan? alkali
feldspar reflections according t¢ Wright {1968, p. 89) and
those obtalned for the feldspar samples which were thought

‘ “to be potassium feldspar

Milier _,Apprbx—A ‘ ‘ :
Indices ~ imate ‘Approximaie range of 26 (Cu K¢ )
(n k 1 ) Intensity : ‘ !

Potassivm- Samples  Samples
rich phases Anorthoclases  Albite from " from
jorite  syenmite- .
- . ~ yporphyry
(201} 40 20,8%- 21,2° 21,6% 21,99 21,9%- 22,1° 21, 85% R
(o02) 100 27,40~ 27,8° 27,8%- 28,0° 27,9°- 28,1° 2T, 95°; 27.800'
. 28,050 & R :

_ 28,10% .
(113) 8 38,6%- 39,0° not present - not present ,39,000 58,809"
(060) 25 41,60- 42,00  41,7°- 42,0° 42,2°- 42,6° 41,950 & 41, 90°.
51,20

(Bos) 30 50,5% 51,1° 51,10 51,3° 51,2°- 51,5° 50,05° 50;209,‘

From the data presented in Table XIX it can be noted that, for both
gets of samples X~rayed, th# (Z04), {060) and (113) reflections gave
values within the potassium feldspar range. The presence of a (113) ‘
reflection indicates a potassium-rich phase since this reflection is:v

absent in snorthoclases and albite (wright, 1968).
~b. Pyroxene

Pyroxene 1§ 4 compon rock forming mineral within thevComplex occurring - -
in all the rock types except the pegmatite, syenite and sYenite-porphyr&.
- The varieties of pyroxene present are limited to augite and bronzlte.
(i) RAugite
This is by far the most abundant variety of pyroxené and is present in
anhedral to subhedral and more rarely euhedral grains that vary in size:
from 0,5 millizetres to 2,6 millimeires. Generally the euhedral forms
consist of stubby crystals with pyrimidal termlnaulons and hexagonal
cross sections. The augite is commonly fwinned parallel to (100) and
may contain exsulution lamellae of another pyroxene lying parallel to
this plane. These exsoluilon iamellae are probably composed of ortho~ -+
pyroiene'as was suggested by Blsscroff {1950, p-. 11). The cleavage of

 the augite is contiruous across the exsolution lamellae.




: The optlcal propertles of the augite nresent in the coarse pyroxene
diorite varies sllghtly frcm the optmcal propertles of the auglﬁe present
- in the fine pyroxene diorite.,
Values for augite from coarse Values for augite from fine
pyroxeng diorite R pyroxene‘diorite 
o, = 51° 2y, = 470
Zac = 40° - 440
vPléocthiSm' S Pleochroism o
X = colourless _ As for augite from the
¥ = pale greenish-brown . : pyroxene diorite

2 = pale greenish—brown

/3= 1,692 ' B =1,702
X= 1’725

It can be observed from the above that the augites of the finé pyfoxené
diorite have a smaller 2V and a higher .3 value than the augites of the
coarse pyroxene diorite. According to Deei et al. {1967) this indicates’
that the augite of the fine pyroxene diorite has a higher proportion
of iron and less calcium than the augite of the coarse pyroxene dibrité.
The author obtained compositions of W039En77Fsz4 and Wo42nn40F518

the augites from the {ine pyroxene diorite and coarse pyroxene diorite

respectively, by using a diagram showing the variation of optical -

properties with chemical composition of climopyroxenes (Deer et al.,
1967, 2, p. 132, Fig. 41). ~

(ii) Orthopyroxene

Orthopyroxene is only present in the olivine gabbro. It occurs qs:laige,
'elongatéd and subhedral crystals which may enclose grains of olivine

and magnetite p01k111t1ca11y, The’orﬁhOpyroxene grains may be up 0

5 miliimetres in length. Tn ﬁhln section the orthopyroxene is colour~"
less, has 2V, = 769 and ¥ = 1,687. Referring these values of 2Vy and Y
to Deer et al. (1967,‘", p. 28, Fig. 10) a compositign of Engy  is : -
ohtalned; indicating that the pyroxene is br0L21te.

When the compositions nf the pyrozenes from the Roodekraal Igneous Complex,
Losberg Intrusion and Bushvpld Igneous Complex are compared by plottlng ‘their
posz+1ons on the pyroxene triangle (Fig. 3), ;t can be observed that the
pyroxenes of the Roodekrasl Igneous Complex have a similar composition to

the pyroxenes from the Losberg Intrusion. However, the cllnopyroxenes
‘ frOm Roodekraal contaxn more magnesium in relation to- calclum and irem . -

=
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g,,3. Compansm of the compositions of p,'roxenes from‘

Bushveld Igneous Cum p!ex Losberg Intrusion and the

"',Roodekraai' 1gneous Complex. A’

Diopside n ol Hedenbergt‘te‘h

M v
Atomic s

Bushvetd ‘gneous Complex pyroxe r‘a differentiatioh ;rendvs,
according to Atkins 13‘3‘.63,,..2-.2 fga} |
Compé&’tion of pyrovernss from Loshwgéa!rusiof

" according to-Abbott and Ferguson (1965,p.4€, £ig.§)
Compos:twn of pyroxenes ?rom R‘oodekfaal {autﬁm’iméasuremmﬁ}»
S‘cmposth of pyroxene from Qbodekraax acmrdmg 10 ;

Etu:thoff £1950 p.12}




“and 1ess calclum in velatlon T marne51um and 1ron. 'The ciinOpyrdxenés.
from both the Roodekraal Igneous Complex and the Losbsrg Intrusion
 -conta1n more calczum in relatlon to magnesium and 1ron than thoze from
. the Bushveld Igneous Complex. _ - ‘ .

é. Amphlbola
Amphlbole is present in great abunda,. ‘~éépecia11y within Zhevequi~
granular diorite and andesite. The varletles of amphibole which have
benn_observea at Roodekraal are listed in Table XX together with ‘the’ ,7 
rock types in which they occur. ' v o

TABLE XX

Varieties of amphibole present'at Ropdekraal and their hoét rocks

Amphibolei : ] Host Rocks

“Actinolite : 411 rock types except olivine gabbro.
Arfvedsonite Equigranuiar diorite and syenite,
Barkevikite Syenite~porphyxy .

Common Hornblende Equigranulay diorite, andesite, coarse
) and fine pyroxene diorite, pyroxene
andesitc. dioritic-pegmatite, diorivic-
aplite and sysnite-porphyry.

Keersutite Equigranular diorite, andesite, olivine
gabbro “nd, in accessory’amounts, in ‘the
syenite~porrhyTy.

Urélite X1l rock itypes except syenite.

Since actinolikte and uralite are considered to be secondary rqck forming‘“
minerals fhey will be dealt with in a later section.
(i) Arfvedsonite
Arfvedsonite occurs as coronas around kaersutite within the egquigranular
diorite, and as subhedral rectangular crystals up to 0,4 millimetres in-
lencth in the syenite dikes. ‘ a LT o
‘The optical properties of arfvedsonite were determined'to be as follows i~
XAc 30 . 120
Z=b - 0.A.2.L (010)
‘ Pleochroisp
X greenlshwblue

Y = laverder-blue to brown—yellow
= 1ight greenish-yellow. o




:'Aeredsnnlfe is d 1ngu1shed from all the other amphlbbies except
‘rmebecklte, some or.. sites and kataphorltes Ty the o;1entatlon of fhe

optic axial plana perpendlcu ar to the symmetry plane.’ CDeer; at al.

1967, g, v 3 72)-( Furthermore arfvedsonite is dlstlnguished from rlebeckmte
by’the fact that it has a brownish colour in its pleochrolc scheme and

does nok show compléte extmnctmon in‘whlte 11ght“' X~ray analysas were RN
; carrled out on'a composlte *rain of kaersutite - arfvedsonite. (Tabla XXI),.,
, two d-velues are close %0 the Yalnes quoted for arfvedaonxte by the ‘
3 Amer:can Society for Testlng and Materials.

(11) BarkeV1vite

Barkevikite occurs solely within the syenite-porphyry as subhedral to
euhedral torroded phenocrysts petween 0,6 millimetres and 2,4 mlllimetreé
long, which may be siiply twinned.

‘ The thlcal properties wére determined to be:~

Colour dark brown

Pleochroism
X = light brownish—yellow
Y = red-browm '
‘% = dark reddish-brown

.Zl\c = 140 - 170

Biaschoff (1950, p. 14) determined 2Vy = approximately 350,

(iii) Common hornblende

Under this headlng only primary hoxnblende is con51dered. A1l hornblande S
which is interpreted as having been formed by the. alteration of pre- o
existing pyroxene ig dealt with under the heading of 'uralite’ in the.
sectlon on secondary rock forming minerals. The primary hornblende
aceurs within the andesite, equlgranular diorite, dlor1t1c~pegmat1te,
daorltmc—aplite, syenite-porphyry - and in lesser amounts in the coarse,
and fine pyroxene diorite and the pyroxene andesite.
The hornblende most commonly ocours as narrow lath shaped or rect—

angular erystals generally. about 0,5 mllllmetres long, but being up to

2,7 millimetres long within the d10v1t1c—pegmaﬁite. Simple twinning ¥
parallel to (100) and & good cleavage parallel to (110) is prasent.
The optical propertiss wers determlned to be as followss-

ke 16% - 3°
75%




Plsochroism
X>Yy>z ‘
Pleochr01c in various shades of green, yellow-green and brownmsh~green.

 (Lv) Kaersutlte

This mineral occurs within tbe andesite, equigranular diorite and
olivine gabbro. Khersutite‘most commonly occurs as subhedral graihs,”
roughlyvrectangular»in.shape with & length of less than 0,5 millimetres.
The optical properties were determined to be :-
ZAe = 119 - 18°
a, = TN°
Colour yellow-brown to reddish-trown.
Pleochroism
X = pale brownish-yellow
T = reddish-brown
7 = dark reddish-brovn
Tn an effort to distinguish between kaersutite and basaltic hornbleﬁde
a small quantity of brown amphibole was drilled from two composite grains
of kmersubite-arfvedscnite in a thin section and X-rayed. The
 interplanar spacings (d-values) obtained are listed in Table XXI.
TABLE XXI '

Comparison between the d-values obtained for the composite
knersutite-arfvedsonite grains and the d-values quoted by
the American Society for Testing and Materials for
kaersutite and arfvedsonite

American 5001etv for Testlng and .
Materials values

Valués obtained from composite grains

Sample K 1 Sample X 2 Kaersatlte » Arfvedsonlte

Intensity d-value Intensity d-value Intenqlty d~va1ue Intensity d-valug
40 53,7416 8 ; 18 3,883

20 3,70477
20 3,3681 20 3,3606 65 45 3,42
100  3,1617 50 100 3,161
30 3,1335 ’ 80 : :
30 2,9857 45 16 2,99
60 2,7281 12 . 80 2,732
£,7040 <00 , _
70 2,5293 65 25 ' 2,550
20 2,5224 : :

15 22,3212 15 2,3563 40 339" 2 2,3%9
15 2,4791 ‘ , 45 , 35 2,185
10 1,4750 6 ‘ o
20 1,4%9% . 55
10 1,%436 Plus 18
Lines to

0,778

The d-values which are corvelated in each row, are underlined.




_"From the data presented 1u'Tab1eXXI:rbcan be noted that most of the ‘
',;interplanar spacings of the brown.amphlbcle samples X l-apd X .2 awe cioSe‘*
to the vglues for kaersutlte. Anothex 1nd1cat10n of the fact that this s
_ amphibole is kaersutite and not basaltic hornblende, ig that it 1sepresenf in
" a wide variety of rock types and according to Deer #% &) {1087, 2,
.p. 315) the ocaurrence of basaltic hornblende is: .onf;ned “wanly é:rlavas.~
- Ina pollshed sectlon cut from the same sample of equ1granular dlorlte,
ﬁhlch a thin bection showed to contain kaersutxte, the most abundapt
ore mineral present was almost pure 3lmenite (Plate IV, 2) Wthh forms-|
3 per cent of the volume of the cock. It seems likely that a melt cone -
:tainlng an abundanca of titmnium. as evldenced in the amount of 11men1te
B present woul& crystallise a tit nnlum-rlch amphlbole such as kaersutite.
. Bisschoif, (1950, p. '14) describes a brown amphibole with good (110)‘
‘cleavage and strong pleochroism (from vellow-brown to red~brown) as
occurring within the andesite and diorite.  This mlneral is probably

kaersutite.

d. 011V1ne

Klthough pseudomorphs after olivine have been found within the eqnlgranular :
diorite (Plates XIII, 2 & %), the only fresh unaltered grains of 011v1ne

are found within the olivine gabbro. The olivine oc¢curs in wel1 roundL&
grains poikilitically enclosed within other minerals. These grains are - .
between 0,1 millimetres and 0,6 millimetres long. One direction of -
cleavage may be weakly developed. o _

Tn thin section the olivine is ¢olouriess and has 2V, = 93°, The
composition of the olivine, fetermined by4X—ray analyses and reference
to the Giagrams of Yoder and Samaha (1957) and Jambor and Smith (1904),
is Foal. ‘ , ‘

e. Biotite

pwe varieties of biotite are present within the rocks of the Roodekraal‘

Igneous Complex, & red-brown variety which mey be either primery or
secondary in origin, and an olive-green to pale brown variety which only
forms as an alteration product. The primary red—brown variety is dealt:
with here, and the other varieties are deslt with under the heading
tSecondary Rock Forming Minerals'. The red~brown variety of biotite is
present in the equlgranular dxormte, ¢parse and fine pyroxene dlor;te,
and syeulte, ‘ay a secondary mineral. 'In the olivine gabhro, hLuwever,
vlt ogcurs as large grains which show no sagns of being an aiter&ﬁinn
product; and-it is these primary grains whlch.are dealt with here., The




blotlte gralne are anhedral ranging from 0,1 - 2 0 mllxlmetres in length
‘small gralns are often present around the - edges of early formed magnetlte cr&s-”‘
"tals, whlle 1arge‘gra1ns are interstitial to the other rock forming mlnerals
1nc1udlng the feldspar. 'he biotite has a very promlnent (001) cleavage. '
The optlcal properties of the prlmary blotlte are as fwllows'
2V = 00
ZAs 9@
Pleochroism
% = pale yeilow
Y = 2 = dark brownish-red
£, -Quar%z
Quartz is only rarely present as a primary mineral, and then only withiﬁ
three rock types, namely the syenite, a small portion of the equigranﬁler
‘diorite lying to the west of the majin road from Potchefstruom to Pérys an&"
the dioritic-pegmatite. The gralns are small, anhedral and generally less
than 0,5 millimetres in diameter. The guartz is colourless, buf is chargedg
with many inclysions, notable acicular and columnar crystals of apatite an&
actinolite.
In ihe rock types in which it occurs the quartz is obvnously the last
primary mineral to form, since it is interstitial and only present in. szall

grains.
g. Apatite

Apatite is present in all the rock types except the syenite and attains
its besi development in the coarse pyroxene diorite and the dlorltlc—
aplite. The apatite occurs as small enhedral, columnar crystals, gene“ally
only visible under the microscope, which have pyrimidal oermlnatlons,
These systals are sonormaily large in the dlorltic~apiite and coarse
pyroxene diorite, reaching a maximum length of 5 millimetres in the
‘pyroxene diorite.
"In thin sectior the apatlte is colourless +6 blue-grey. Bisschoff

(1550,9. 17) determined the iargest refractive index i.e.0) to be 1,632
‘and therefore concluded that the minersl was: -fluorapatite, Two varietiss
ef jnclusions are present within the apatite crystals. One variety ls
present in swall elongated grains which are reddlshebrown to yellow in’
cclour, tranglucent, have straight extlnctlon and & hlgher “efraotwve

_index than the apatlte. hege grains are considered to be zlrccn. The
other typoe of inelusion is dark red-brown in colour: and sppears fo be

a secondary mineral since i1 is always pressmb izt cracks near the edges




 '0£ theAgrazﬂs.

Eagnetite and 11men1te

.

”.‘Both of these m:nerals are yresent in proportlonately large amounts in

“the ruch types of the Gomplex.A They are considered by the author~to bevfw
VHyrlmary and thus their origin is not velated to that of ‘the Sulphlde
:bﬁdmes._ The - eomp081tlon and relatlonshlp wlth other minerals wlll e
- dealt with 1n detail under the gection on.ore.mlnerals. These two '
mlnerals generally seeur 1n subhedral 6 euhedral gralns, enciosed g
iwlﬁhin\the silicate mlnerals. The average grain slze is O, 15 mllllmetres‘
‘wlth a maximum grain size of 0,60 mllllmeures. An exceptlonal oﬂuurrence
18 where the magnetlte forms an interstitial groundmass enc1031ng the
’T early formed gralns of 011v1ne in the olivine gabbro (Pla%e XIII,’I)

i. Sphene

Sphene is present as a primary mineral in all the rocks of the Complex

except the smygdaloidal andesite, dolerite, syenite, syenmte—porphyry
and olivine gabbro. It is present in abnormally‘large guantities in
_places,formlng 5 per ceut of the ‘total wolume of the rwek in the maqslve
andesite at the southern extremity of the Complex. Sphene Eorms as &

secondary rineral by the replavement of- amphlbale. The sphene gralns
ave subhedral and rounded, with the typical rhomblc cTross saotmon mnly
rarely chbgerved.

v mha‘optical properties are as followsi-~

e = 510

. Colour: ~ Qplourlesc to pale brown
‘Pleochroism '
X colourlesa
yellow
pale bhrown

BlSQchaff {1950, - 18) determmned 2v, to be 20° - 259,

The rlmary sphene is ggen to enclose leenite and magnetlte and- %hus o
must have been formed alter the crystallmsailon of these mlnerals.

2. Zecondary Rock ?ormlng'M1nerals

Un&er this heading all mlnerals formed by alteratlon,of the mlnerals

‘already dealt with will be discussed, The secondary minerals: may have
| heen formeﬁ either hy'the progess of deuterlc alteration or by hydra~“
theymal alieration aszociated with the formatlon of sulp41de dep031ts.

\




Ca. Albite

:Alb“te is present in zones Pround %he‘margins of primary ﬁlagioclase
cryatdls or as 1n&1v1dual grains. Albitlzatlon of the feldspar has’
tak@n place in all the rocks of Yhe Complex except the olivine gabbio
andlls aot confined %o the areas around sulphide bodies. The anorthite
content of the aivite varies between Ang and An9 This variation does
not: appe&r to be related to distance from the sulphide bodies,

Samples.ware X-rayed to‘&eL=rm1ne whether the plagioclase (both
prlmary and secondary) is of the high or low temperature form., The
results of the X-ray analysés are plotted in Figure 4. From the -
mesgstrements of 26 presented in Figure 4 it appears that at least one
of - the samples analyszed is of the high temperafnre form. - Optical
nmibods used to check this result indicated, however, that all the
plagioclase is of the low temperature variety. The anomalous result
obtained from K-ray analysis is probably due %o interfering peaks of .

another mineral prever’ in the sample analyred.
b. Ura~ite

Pais mine:tl oceurs in all the rock types of the Complex except the
olivine gatbro and syenite. In discussing urallte Deer et -al. (1967,

p. 260) statys ‘This wsphibole is usually considered to be actinolitic ™ -
in composition an' to be derived by the pneumatolytic action of the ' ;
later water—enrichod regastice fluids on the sarlier crystallised pyroxenes'.

The uraelite has opti properties which are intermediate betneen
common hornblende and az*inolite.  Bisschoffl (1990, P 12) called the,
uralite ‘actirolitiese hcringhlende'. The writer, however, préfers 1o
use the term 'uralite' since it has a genetic significancevwhich;ﬁill
distinguish this mineral from priwsry hornblende which is partially
replaceﬁ by secondery actinolite. Optical propert:es as determlned by
Bisschofi (1950), with which the author is in agreement are:=—

ov, = 68°
18° ~ 19°
73 1'54} on (110)
¥ 1,66 )
Colour Green in hand specimgn
Pleochroism ’
X = pale brown to yellow
Y = pale green
apple-gregn




, E’_lg__lr ‘Diagram ‘showing 26 060 versus 20 704 for the alkali feldspar preseht '
- at Roodekraal and the various alkali feldspar series, {Modified after Wright 1968,08LFig.2) |
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o This,amphibolé‘may contain small inclusions of apatite and g mineral
‘regarded by Bisschoff (1950, v, 13) as being xenotime. The uralite:

o alters to secondary actinolite and sphene along its “edges and cleavage -

‘:planes, and in the vieinity of sulphide zones %o biotite of the ol:.ma-~
green to pale brown variety. ’ ’ : !

011v1ne pseudomorph (bowllnglte)

Bowlingite is very variable in composition. Caillére (1935) and
Caillére and Hénin (1951) regard bowlingite to be a saponite, vhereas
Wilshire (1958) considers that it consists of smectite-chlorite together
with antigorite and/or chryscgtile. The pseudomorphs after olivine are
found within the eguigranular diorite and pyroxene diorite (Plates
XITII, 2 & 3).

Microscopic features

The mineral aggregates which are thought to be bowlingite are observed
to occur either partially or completely -enclosed within augite grains
(Plate XIII, 3). The pseudomorphs are cnmposed of & pale yellow~green
. t0 greenish~brown mineral which often occurs 1n‘rad1at1ng’structures with -
a fibrous appearance and a moderate birefringence. The pseudomorphs '
have. a similar elliptical or circular shape to the olivine grains of the
grivine gabbro and are often rimmed with ore minerals. The rim of ore
minerals was probably formed by the iron, which is liberated in the
conversion of olivine to bowlingite, and is ejected to thé edge of the
psevdomorph. It was decided that the pseudomorphs are compbsedfof‘
bowlingite from the facts that more than one component is present, the
birefringence is too high for chlorite or serpentine, it is green and

has a refractive index which may be less than 1,54, whereas the other:

common pseudomorph of olivine, iddingsite, is generally reddish-brown -

with a refractive index which is always greater than 1,54.
d. Actinolite

Occurs in all the rock types of the Complex except olivine gabbro,
syenite-~porphyry; syenite and dolerite. It is especially abundant inm

the lavas and is concentrated within the amygdales. The actinolite is
not concentrated in zones of late-stage hydrothermal alteration.
Secondary aclinolite oceurs as fice acicular crystals replaclng the maflc
minerals along their edges and cleavages, and formlng outgrowths from =
them. Actinolite crystals may be up to 1,8 millipetres long and are
enclosed by albite and seconuarx quartz crystals.

»




o 0§tical5pfopertieé of actinolife are:-

Zhe = 11° - 19°

Blaxlal ~. Ve

Coloar : Pale green

Pleoehromsm
X straw~coloured to colourless
Y = pale yellow—green
4 = pale green

.IndiViﬂual crystals are too small to allow the accurate determlnatzun
of 2V. :

The actlnollte was X—rayed using the powder method. The results axgll'

given in Table XXII,
R ' ' QABLE XXII

Comparison between the d-values obtained for a fibrous"
green amphibole and the d-values vhich are nearest in -
magnitude, as quoted by the American Soclety'xor '

Testing and Materials

American Society for Teating
Fibrous green amphibole , and Materials wvalues for
actinolite )

Approximate , o
Intensity d-valug Intensity : d~value

80 53,1335 80 3,11
50 2,9702 60 2,94

2,7152 ) | 2,71
80 a,5432 &0 2,53
40 2,1761 40 2,16
40 1,654 40 1,65
30 : 1,5163 40 1,58
50 o 1,444% 0 1,43

o

From the data prﬂseLted in Tuble XXII it can be observed that the
d-values are close to thu vasnss given for sctinolite by the Amerxcan

Bociety for Testing amd Mrveriels,

e. Quartz ‘ ‘ .
This mineral is present as g secondary mineral in the andeszte, the
equigranular diorite, pyroxene grdegite, d10r1+1c~pegmau1+e and enlltﬁ‘
dolerite and syenite-porphyry.  The secondary quartz is nresen* as
anhedral grains up to 0,25 mllllmetres in diazeter within the grdurd—i
mass, generally interstitial to the other m;nerqls. It is ‘also present .

-




Vkas euvhedral grains within open spaces and as irregular masses of
;chalcedony. The quartz is golourless bui COnﬁains numefous inclusioﬁs,
mainly ac1cuLar 3rystals of ar*tife and abtinolite,; The quartz may fil1’ 
','boxworks” of hematite so that the composite structure has the anpearance
“of Jasper in a hand gpecimen. , '
i X-ray analyses were carried out on a grain of secondary quar%z from
thé pyroxene andesite. The grain chosen was 0,15 millimetres in vidth _
and ‘contained actinolite crystals. Of the fifteen refléctioﬁs measured" 
. nine matched.u:—Quartz when their d-values were compared with the card
;ndex file of the American Society for Testing and Materials.

f. Calcite

Calcite is present in all the rocks of the Complex except the dike rocké
and the olivine gabbro. It occurs mainly as amygdale and fissure fllllngs,»
but may als@‘occur as single isolated grains within the groundmass of
the amygdalwidal'andesite or the eguigranular diorite. - The calcite is’
concentrated within the amygdzloidal andesite , but does not appear to
be more abundant in the vieinity of the mineralized zones.

The caleite is often present as a mosaic of interlocking: grains whlch

are generally less tnan 0,4 millimetres in width, The graips are aphedral:

and vary greatly in sige in a single amygdale or fissure, Orzcasionally,
within the larger fissures, rhombohedral crystals of Calcite'are found
with a length of up to 30 millimetres. The calcite has perfect (1011)

cleavage snd commonly exhibits polysynthetic twimning.

g~ Hica
Mica has beén formed in fair abundance as a hydrothermal slferation
product. . '
(i) Biotite
As detailed under the section entitled ‘Primary Rock Forming Hinerals',
two varieties of biotite are present. There is a red-brown variety‘ ’

which may be of primary or secondary origin and an olive-green to

pale brown variety which is exclusively a secondary mineral.
Red-brown biotite

This mineral has been discussed as a primary mineral and‘only
secondary ogcurrences are discussed here. As a secondery mineral
it oceurs in the equigranular dicrife, the coarse and fine pyroxene
“diorite and the syenmte. The'optical properties are the saze as

for fthe prlmary variety and for this reason it must have a similex




The dryétals'af the secbndéry *ariety &8, hbwever; ﬁuah‘,,

‘aaipoéitiona

smaller.; Thls mlneral is observed to replace the augite and amphlbole,

» and is not restrlctea 1n its occurrence to zones of hydrothermal
i alteratlon. FRIE ‘“[v IR TR R

i

' fs Oﬂive-green to pale brown blotlte

S

'vﬁ? made hp ‘of flne~gra1ned flaky aggregayes. Individual flakes belng

Mhis ms present 1n.f£ne vermlcular 1ntergrowths rep%aclng pre—ex1st1ng
‘mafic mlnerals, espec1ally ampnlbole, and is avsoclated with other
: alteratlon produets such as. actinolite. The ‘vermicular masses are -

'less,than 0,2 mllllmetres in 1ength.v

fOpﬁlcal prapertles are -
2Vy  is approximately o¢
‘Pleochroism
X = olive-grern
Y = 7 = pale brown .
‘The hiotite was X-rayed using the powder method. When the d<values
‘weére compared with the card index of the American Society for Testing
and‘ﬁaéérials, seven of the ten reflections measured were close to .
- those of biotite. ' ‘
y (’“) Green phyllosilicate

This mifieral is developed in a llmltea number of localltles, ”‘Mutly

o &

within hhe equi.granular diorite wall rock adjacent to “the @fnc
‘,pegmatltq secondly in the innermost zone of hydrothermal a;‘enatlon
around the sulphide bodies and flnally in calcite Velﬁu. The green

phylWOSlllcate gccurs in 1rregu1arly shaped anhedrol’ gralns about 7

0,3 mllllmetres in length or as myrmekitic masses of‘smalle" grains’

whlch.often contzin finely disseminated ore minerals. The green phyl—
Vk losilicate is interstitial to the primary rock formlng mlnerals and

~oalcite, bui may be replaced by the olive-green to pale br0wn bxotmte.
| The cptlcal properties are as follows:~"

2v, = 43°
Yha = 1,5%
Ko = 4°

flolour apple-green




When the d-values of this mineral, obtalned from X-ray. pho*Ographs,

aze compared w1th the card index of the American Society for Testlng
and Materaals in Table XXIIIa gooﬁ mateh is obtained for EUSCOVlbﬁA

Tmm: XX111

Comparlson of d—values’ mbtalned for the green phyllosilicate
: and the d-values of muscovite

.

e s Values quoted by ithe Ameriecan
Green phyllos111cate , Soc‘ety for Testing and Materials
of nvacovite

 pproximete -
Intensity ) ‘ d~value . . Intensity d-value

Broad air diffraction peak 100 3,320
20 2,728 21 2,789
60 2,5686 , 54 2,566
40 2,3575 21 2,384
0 2,1994 2,189

2 1,8900 1,894
10 1,8124 1,822
10 1,6908 ‘1,699

.10 1,5813 1,573

5 11,3668 1,375

10 : 1,2858 1,292

A\

(8
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. - Jhe mlneral bas the composition of muscovite, and is always green
in volowr, it seems probable that it is fuchsite. Whitmore et al, (1945.~
notes that 'the paragenesis of chromium bearing muscoviie huss shown that
they oceur most commonly in hydrothermal carbonate replacement zones',
~which is in agreement with the environment of the green ph;llosnllcafe
at Roodekraal.

(iii) Sericite
This mineral is present in minor amounts within ihe zones of hydro—»
‘ therwal alteration md mey have been formed by two processes. It may




have formed as a hydrothermal alteration product of the feldspars.
';The fact that thzs reactlon may take plame was demonstrated by Norton .
f,‘(19J9) who syntthlsed serlcfte by heatirg foldspars and other alumzno-
 $1linates 4in €0, charged water ab 300°C. (quoted in Deer et &l. 1967,
'53 e 19). Sarlclte vy also have been formed at a lower temperaturu
‘frow the potash liberated when biotite was transformed to chlorite by
>ﬁhe hyérothermal solutions  (Chayes, 1955).

b, Epldota

.

Thekepidote ig present in all the rock types of the Complex except the

w 011v1ne gabbro. It is especially abundant in the south of the Complex

‘ Wlthin the fine. pyroxe;e diorite, pyroxene sndocite and amygdaloidal
andesxte. The epidote occurs cilher as a fine-grained aggregate. coatlng
the primary minerals, especially the 2luming . . ferromagnesian mlnerals,
or in smygdales as eslongated puhedral crystzl. p to 5,0 mllllmetres
long. The larger grains have & good cleavage which i§ probably parallél
46 (001) (Bisechoff, 1950, p. 16). ‘ N o

Other optical properties a3 detsrmined by Bisaschoff (1950, r. 16)

and with which the author is in agr.oirsnf arei-

Preochroism
£ = colourless
Y = greenishsyellow
pale yellow

v, = 68° - 69°
o _ . 50 .

3 1,765
¥ 1,780

From these values Bisschoff derived a composition of 3-

38 per cent Hﬁaz F93 814 013

62 per cent PCa A13 .'31.s 013
However, this is ot in agreement with the value obtained by the author,
of %2 Moi. pev cent Caz(Mn* 3, pet 3y - 513 12 (0H) from Deer et al.
(1967, 1, Fag. 47).

i,  Chlorils : .
fhorite ogcurs iy all the rocks of the Complex except the olivine
grbbro. At least two varlet*es of chlorite are present.

»

[N

e



Variety (i)

A bright gréen chibrite with abnormal blue to red interference colburs’
is found concentrated in the viciniiy of the mineralized zones. It is
presgntyas small irregular flakes generally less thad 0,2 millimetres
in length. Otherwise it may occur in a radiat:ng spherulitiq structure.

The optival properties are as followsi-

Biazidl - ve with small 2V, <Chlzrite flakes are too

. small to allow an éccurate determination of 2V.

Pleuchreism
X = pale gresnish-yellow
Y = dark green
Z = olive-green

These proverties indicate thut the chlorite is an oxidised vdariety.
This chlorite was X-rayed and the d-values obtained are listed in
Table XXIV '

TABLE XXIV

Comparison between d-values obiained for a bright green

chlorite variety (i) end the corresponding d-values of

Bavalite (a variety of daphnite) quoted by the American
Society for Testing and Materials

American Sceiety for Testing
Chlorite variety (i) and Materials yalues for Bavalite

Approximate
Intensity d-value Intensity d-value

40 14,0170 60 14,0
100 ' 7,0527 100 , 7,08

30 ~ 4,7061 30 4,681
50 3,5292 50 3,523

From the data presented in Table XXIV it ¢an be observed that a
good matck is obtained for Bavalite {a variety of daphnite), which is

an oxidised chlorite.

Variety (ii)

This mineral hes a wider diziribution being present as & coating on
mafie minerals in all the rock iypes except the dike rocks and the

olivine gabhro. It hus a pale green to dark green colour, & low bive-

'fringence, green interference colours and straight extinciion. This
yariety of chlorite is not restricted to zones of hydrothermal alteration.:




j. Titeniumerich minerals
(1) Sphene ‘
7
The sphene is present as a,replacement of ‘urallte' aﬂﬂ occurs as sub~
heﬁral crystals aligned parallel to the cleavages of the amphlbole,
This type,of alteration has been mentioned under the section 'Primary
Rock Porming Minerals®, and was nuted by Bisschoff (1950, p. 18).
The sphene thzo ogours within the amygdales of the andesite.

(1i) Rutile ; : s | SR

Thzs mlneral is present as & supergene alteration prodnet of pre- . |

‘ existing ilmenite and will be dealt with in detail under the section
;v ' on ore minerals, It occurs in all rock types containing ilmenite, but '_ }
is especially abundant in the pyroxene andesite, and tihe equlgranular : )

diorite. : . S e T

(iii) Leucoxene

The leucoxene is formed as an alteraiion product of the ilmenite, and

appears to be composed of finely crystalline rutile. The leucoxene is
particularly sbundant within the dioritic-aplite. '

k. Hematite

The hematite is present within the amygdaloidal andesite, fine pyroxene
diorite and dioritic-pegmatite. Within the amygdaloidal andesite and
pyroxene diorite it occurs as the earthy variety, but within the diori-
tic-pegmatite it is present as irregularly shaped plates with a widih

of 0,2 mllllmetres. The hematite appears to form as an alteration pro-
dvat of the primary hormblende within the dioritic-pegmatite (Prate XV, 4),‘
'aud as rims around pre-existing mineral grains within the andesite. '

The optical propertics of the hematite are detailed below,

) S , Colour blood-red
Pleochroiam  orange to blood-~red.
‘Uniaxial negative interference figure.

A sample of the mineral was X-rayed andkgave a fair mateh with hematite
when compared with the card index file of the American Society for

Pesting and Materials.

1. Zeolite
Zeolite has only been found within the amygdeloidal andesite in the Zones
of late-stagebhydrothermal alteration. - The zeolite is present as a

SRR R AR A R A -
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‘replacement of the feldspar in the ‘hbleached' zones of amygdaloidal

‘andesite, which will be discussed under the section entitled ‘Hydro-

theﬁmal Kteration'. Elsewhere it occurs in amygiales and calcite

“yeing as an open space filling.

The zeolite occurs as Tibrous maases

_with a radiating structure, or as roughly circular grains about 0,3

- millimetres in diameter with a radiating extinction.

The optical properties of the zeolite are as follows:-

2v,

Zhe

= 76°

13° - 17°

Colour Pink in hand specimen but colourless in thin section.

The zeoliie has a negative relief in thin section.

The mineral was X-rayed and the results obtained are presented in

Table XXV,

TABLE XXV

Comparison between d-values obtained for a zeolite and the

corresponding d-values of Sodium Alluminium Hydrate

(Zeolite,

Series P) as quoted by the American Society for Testing and

Materials

Zeolite

American Society for Testing and

Materials values for Sodium Al=»

luminium Hydrate (Zeolite, Sevies P)

Approximate
Intensity

d-value

Intensity

d-value

40
50

50
40
40
20

3,73
3,36
3,19
2,9
2,67
2,54
2,42

40
60

80
60
60

5

3,88
3,35
3,19
2,93
2,68
2,51
2,42

From the data presented in Table XXV i% can be noted that the
d-values of the zeolite and the quoted values for seolite, Series P,

correspond reasonably closely.

indicate that this mineral is phillipsite.

Referring to the map (Plate XXIV) it ¢an be observed that the Roodekraall

The optical properties determined also

D. Distribution and Structure of the Rock Tyres

Igneous Complex as a whole is roughly elliptical, with the long axis

"
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aligngd in a northeast to southwest direction, parallel to the strike

of the surrounding sedimentary rocks.

The Teransvaal System rocks surrounding the Roodekraal Igneous Complex
are Magaliesberg Quartzite along the northern and western sides, Daspoort
.Qnartzite and Daspoort Shale in the northeast in squares F 2 and ¥-3 of Plate
AXIV, and Ongeluk volcanic rocks in the sontheast in squares 3 F4, 6% '
and G 4 of Plate XXIV. Diabase flanks the Complex for a short distance aloﬁg 
its northern boundary invsquare D 1 of Plate XXIV. The Magaliesberg Quari-
zite along the northern and western margins of the Complex generally dips
fairly steeply towards its centre, suggesting that these sedimentary rocks
form a basin in vhich the rocks of the Roodekraal Igneous Complex lie,
The Daspoort Quirtzite and Daspoort Shale dip steeply towards the north-
west, while the diabase ceccurs as a concordant inirusion between the

Magaliesberg Quartzite and Daspourt Quartzite, as shown in Plate XX111, -

Within the Complex itself it can be observed that the lavaé eomyletely
encircle the intrusive rock types. Massive andesite is found in the =
southern and southeastern portions of the Complex while amygdalaid;l ande~
site occurs over most ci the remaining predominantly soil covered areas,
and the pyroxene andesite occurs in many scattered outcrops which, taken.
individually, are swaller than the outcrops of massive and amygdaloidal
andesite. The lava flows are roughly parallel to the present day surface,
as shown by the attitude of the pyroxene andesite and the coarse-grained
andesite in Plates XVIII, XIX and XX. Since the lava flows are more
or less horizontal and the amygdaloidal andesite occupies the highest
point of the Complex while the massive andesite occupies the lowest
portions, it can be concluded that the amygdeloidal andesite probably
overlies the massive andesite. Where the amygdaloidal and massive ande-
site are in contact in the field, as for example in square E 4, it does’
appear that the rassive andesite is overlain by the amygdaloidal andesite.
The lavas lie directly on top of and in contact with the sedimentary rocks
of the Transvaal System. The massive andesite is in contact with the Das-
poort Guartzite in the southeast while the amygdaloidal andesite lies

against the Kagaliesberg Quartzite along the morthern and western edges
of the Complex (Plate XXIII).

Tn the norikern portion of the Complex where the amygdaloidal andesite
attaing its greatest thickness, the drilling program has shown the
existence of certain lava Ilows which are coarser grained than the average,
and may in certain cases be quite as coarse as the equigranular diorite.
In general these zones are discontinuous and vary in width, although the
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_two best developed zones are of a fairly vniform thickness and can be

traced over several hundred meitres. These fwu zounse have been used as

. marker horizons to determine the structure within the andesite. The most

important structure within the andesite is the development of a fairly

large normal fault which has a curved fault plane dipping steeply to the

sduth, A smaller antithetic Tault dipping steepiy to the north is de-

veloped 80 thatpthe block between the two faults is downthrown. These

faults are of prime importance since the major sulphide bodies are

iocalised along them. In general only the two faults mentioned above areh
developed, with the larger sulphide body lying along the larger fault, =
This structure can be seen on Plates XVIII and XIX. On Plate X% npwever,

a slightly more complex structure exists where a synthetic fault I Zjm
veloped between the main fault and the antithetic fault. 4As é result of

the edges of the block between the main fault and the synthetic fault
tending to be moved in opposite directions the block has been rotated k 'l»
(see Piate X¥X). This rotation imparted on a block lying between two ) E
similar faults has been described by De Sitter (1964). . . i

A parrow zonu of lava which is present in boreholes drilled in the
northern portion of the Complex contains many irregularly shaped calcite
fiiled amygdales, and wb~~1 like structures of cryptocrystaliine quartz
and hematite (Plate II, %). This structure probably represents a pumiceous
gone which had secondary minerals deposited within ift.

The voleanic agglomerate is found in the northern portinn of the Com-
plex within the amygdaloidal andesite in square D 2 of Plate XXIV. The
voleanjc breccia outcrops are in the extreme north (in square D 1 of Plate
XXIV) and in the extreme south (in square D 5 of Plate XXIV) of the Complex.
There are two main occufrencea of the volcanic breccia in ‘the northertd por-

4ion of the Complex, Pirstly it outcrops as a narrow lenticular bouwy

IStriking approximately northeast to southwest in square D 1 of Plate XXIV

and secondly it occurs below the surface in borsholes drilled on section 3
(P1ate Xx) where it is up to fifteen metres in width. The underground in—
tersection of the breccia body is 775 metres to the southwest of its ou?—
erop. The breccias body in the extreme south of the Complex occurs within
amygdaloidal andesite and has a syenite dike intruded along its southern
contact. These two occurrences of wulcanic breccia are composed of rook
fragments present within a matrix of fine-grained andesite. The other
variety of volecanic breccia which is cemented by secondary minerals is
pregent &8s nNArrow zones mainly within the breccia ‘bodies discussed previously.
tuterops of intrusive rock types are mainly confined fto two roughly
parallel exes which trend northeast to southwest and which are marked on

»
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tha nap (Plate XKIV) The northern axis is well developed and has the
greater prop&rtlvu of the intrusive rocks of the Complex present along iv,
whllu fhe seumhern axis is less well defined (sae Plates XXIII and XXIV).

The intrusive rock type which ortcrops over the greatest area is the
equlgwanular diorite, which has sharp contacts w1th both massxve and amyg—*'
drloidal andesite and is presént as narrow zills 1ntruded into the amyp-
daloidal andesite on either side of the northern axis of intrusive

rocks {see Plates XVIIT, XIX, XXII and XXIII).

- Anvnusual feature is. the presence of rheomorphic veins, as recor&ed
. by Bisschoff (1950, p. 33), within the equigranular diorite fo the north
of the most southerly ocutcrop of coarse pyroxene diorite in squafe E 4
of Plate XXIV. ’

The fine pyroxene diorite is present as a contlnuous outcrop 1n the
northern zone of intrusive rocks, stretching aiong its southern margln,,
and alsoc oceurs as isolated outcrops within the southern zone of intrusi#e
rocks. The fine pyroxene diorite has sharp contacts with the_equigran&iér'
diorite and is chilled along theze contacts. A good example ¢f such &
chilled ccntact is present on the eastern portion of the quarry face
in square C % of Plate XXIV.

Pyroxene andesite is present as 1rregular1y shaped sutcrops scattered
over almost the entire Complex, It forms a flat lying 'cap rock' over the
dioritic rocks s-~4 grades imperceptibly into the fine pyroxene diorite whizh
is the intrusive phate of this rock fype. Boreholes drilled in squares D 1.
& 2 of Plate XXIV demonstrated that these two rock types are interconnected
and have gradaiional contacts.

The coarse pyroxene diorite intrudes all the rock types descrlbe& above,

the main outecrops being in the northern axis of intrusive rocks. Of the 1n~ru

trusive rock types the coarse pyroxene diorite haé the smallest outcrop area. -

Klthough the coaryse pyroxene diorite has sharp contacts with the roecks it
ntrudes it invariably contains large feldspar phenocrysts up to 24 mllll-
metres in length which are often aligned parallel to the contacts of the
bodies, even where it forms narrow iikes as for example in square D ¥ of
Plate XXIV. Iﬁ the northeast of the Complex in sguare F 2 a sill of  coarse

pyroxens diorite, wliich has a zone of olivine gabbro alonmg its lower contagt;V

is presen! below the surface (see Flate XXI). There is no sharp contact
between the coarse pyroxzene diorite and the olivine gabbro. v
Several types of diks rock are present which cut across the other rock
types of the Complex. Two narrow dolerite dikes, both less than one metre -
in widih, occux within the fine pyroxene diorite and exhibit strongly
chilled margins. These dikes strake northeast tb southwest and lie & shcrt

§
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distance to the north of the most southerly outcrop of coarse pyroxene
dicrite in square E 4 of Plate XXIV.
An interesting pair of rock types are the dioritic-pegmatite and

dioritic-aiplite. The pegmatite is resiricted in its occurrence to the ' f:.%“

equigrénular diorite and the coafse pyroxene diorite. The largest peg- : , ’_._;«,

matite veins have been shown by drilling operations to he present a shori T

distance above the contact of the eguigranular diorite with the underlying o

coarse pyroxene diorite, in the northeastern portion of the Complexj' ; .‘n

‘Small irregular pegmatite and ‘aplite veins occur within ‘the equigranular :
iorite on the northeastern side of the road from Poichefstroom to Parys

in square D 5. Narrow aplitez veins aiso occur in the most southerly out—

crop of the coarse pyroxene diorite in square E 4. The pegmatites and

tytites are not present &s pipe-like bodies and appear to be fissure

fillings. Since the pegmatite veins do not contain xenoliths of the wall ' '
rock, and since they have maiching irregularities in the w#wall rocks on B
either side, they probably represent dilation vein fillings.

Svenite dikes are concentrated along the northern zone of intrusive
rocks. They generally have a northeast %o southwest strike, and may dip
steuply to the northwest or southeast. The dikes are vsually less than
ene metre in width, but the largest dike which oufcrops in square.D 2 of
Plate XXIV has a width of five metres. The syenite dikes cut across all
the abovementioned rock types but were emplaced before the period of
sulphide minenalization. ‘ ’

Pseudotachylite is present throughout the Complex and 1ntrudes the
surrounding sedimentary rocks. Most commonly it oceurs as a mnetwork of

seips which constantly vary in both Cirection and width, with a maxipum.

width of 150 millimetres, bul it also occurs, as shown by drilling opera-
tions (in square D 2, Plate XXIV), as a solid band, or series of bands, in o 8 fJ::
places up to 450 millimetres in thickness, intruded along fhe top contact ‘ '
of the diorite sill within the amygdaloldal andesite. The pseudoﬁachylité

bands do not always occur exactly on contact of the two rock types, have a

1imiiled lateral extent, since the diorite to andesite contact elseﬁhete isg

free of pseudotachylite, and have a network of fine pseudotachylite vein-

lets extending for up to & metre into the wall rock on either side of them. . -

Bisschoff (1972b) noted the presence of fragments of pueudotaphylite within - [ESES
‘an agglomeratic rock in wh ch’ the fragmenis are cemented by lava.  The ' . ——
author, however, has only observed fragments of pseudotachylite in'vol- s

eanic breccias where the fragmenis are cemented by secondary mimerals.

[P - e, - - e
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presens. in the extveme aouth of the Complex, on the west of the wa ﬂ

The syenite-porphyry dike is about 1,5 metres in width and is | .

road from Potchefstroom to Parys, in square B 6 ol Piaf ‘XIV. It s Y }_,

' emplaced within massive andesite, has an east to west strike amd dlﬁ$ S

stesply to the south. It ‘has a chill zone of up to 50 millimetres 1ﬂ

" width and is the orly rock type which has not been intruded by pseudd@a»-

chylite: : | L

4

| , , I
B. Hydrothermal Alteration :%\ T
|

9

A distinction must be made between deuvteric alteration which was produced

by residual post-magmatic solutions as a direct consequence of ihe
consolidaiion of the parent magma, and strictly secondary changes caysed
by a later period of alteration asvociated with ore -deposition. - The
varieties of alteration which are regarded as deuteric are not limited .

in their distribution to zones around sulphide bodies, but occur in all
the rock types except the olivine gabbro and syenite-porphyry, and are-
sspecially ebundant within the lavas. The hydrothermél altération,‘
which is thougit to be stricily related to the phase of sulphide minerali-
zation, incluies all alteration effects which occur solely in the vieinity
of the sulphide bodies, usually forming an envelope around the zon?féf

sulphide enrichment.
1. Deutexlc Alteration

This form of alteration takes place at high temperatures and is 1n e_f=
an integral part of the formation of the rock, caused by the r0GK ‘steﬁlng
in its own juice' (Hess, 1933). Deuterig-stage fluids have been very !
active at Roodekraal, especially in the lavas. Most of the rock forming
minerals have been altered and open spaces guch as vesicles, fissures

and fanlt zones have been filled with secondary minerals. Alterations

undergone by the rock forming minerals include:-

(i) Extensive albitization of the pre-existing feldspar, with fhe
farmatlon of the low temperature- (ordered) variety of albite.
Aiteration has in many cgses gone further, with the formatlon

of sericite and epidote. .

{ii) The augite has to a great extent been altered to uralite probably
by pneumatolytic action associated wlth the later fluids. ¥ralite
replaces the augite in every gradatlon between replacement along
the edges and cracks {Plate XIV, %) and complete pseudoxerphous

" replacement. .

»




i) 0livine has been converted to a green pseudororph (Plates XIII,

(111)
' 2 & 3} which is probably ‘howlingite' (see section entitled

YMineralogy of Rock Forming Kinerals'),

: (iv) The amphiboles may alter to actinolite, reddish-brown biotite,

sphéné snd ohlorite. An unusual feature is present where ihe !
’kaersutite nas coronas of arfvedsonite around it (Platé W, .
This however need not be an alteration but could have been caused - .
by the amphibole crystallising during the denteric—stage and ité‘i~ e 7

 composition being nodified by the presence of soda-rich fivide.

The open spaces which may be filled by secondary minerals,ccmprisé
vesieles within the lavas, miarclitic cavaties within the infruﬁive '
rocks, fissures and rvacks. MNinerals which have been deposited in-open
spaces within tne rocks by denteric-stage fluids include albite, calcite,
quartz and zeolite. 7 ,

The calcite present in the lavar and the 00p content of the 1ava§ >
show no systematic variation with distance from the sulphide bodies.' »
This leads to the conclusion that the rajority of the calcite'ﬁas B
placed by deuteric-stgge fluids and not by late-stage hydrotherm&lk
solutions. The quariz is present in gseveral forms ranging from perfect
eunedral crystals formed slong the walls of fissures and amygdaleé to
cryptocrystallire ageregates formed along fine cracks. The zeolile (var*@
phillipsite) has only been found within the lavas excepd for one locaiit7,~

namely on the contuct of the Daspoort Shale and the equigranular diorites

1-rge amounts of Na,0 and smailer amounts of 510, sust have been present
1o account for the widespread albitization. During the process of : o
albitization a0 and A1203 would be released. For the cgn?ersion of_
sgugite to hornblende Nas0, A1203 and Hy0 must be added and G20 removed. »
Ca0 is required to alter hornblende to actinolite and K50 rust be added X
to eonvert the hornblende to biofite. Because many of the alterstion pro—
ducts of hornblende, €.g. piotite and chlorite, contain more hydroxyl groups..
than the hornblende, H20 is necessary for their formation.

The Cal required could be provided by that released wher augite is
converted to yornblande or when a wore basic plagioclase is aliered to

albite. Some of the Ko0 might have been provided by tne progess o alii~

tization, since plagioclase frequently contains gnell amounts of K50 which

P s ; . . : i
As far as the composition of the deuteric-stage fluids is concerned, “L
=
s
=
N
NE
would be released if the piagioclase were converted to low temperature -
-

albite, which would have a more ordered state than the originsl feldspar.
Any Alzﬁ; and CaQ excess derived from the alteration of the primsry rogk

-



forming minerals, would combine with the remaining solutions to form the
secondary miperals which fill open spaces. The A1203 may have combirmsd
wlth NadO, S¢02 and qu to form zeolites, while Cz0 probably corbined
with other compounds to form minerals such as cpidote and caleite,
and the excess Si0Op could have been deposited as quarts.

" Prom the above it can be corcluded that the deuleric-stage flulds
were probably water rich and contained large i swis of Na,0 and smaller
amounts or 8i0, and X30.

2. Late-stage Hydrothermal Alteration

Phis includes all alteration of gangue minerals by the solutiouns attending
the sulphide mineralization. The andesites in the vicinity of the '
mineralized zones have two varieties of alteration, narrow bleached

zones which are secattered within the mineralized area, and the zones of

concentric alteration arourd the sulphide bodies.
a. Narrow bleached zones

The bleached zones vary from 25 millimetres to three mefres i w idth
and occur inm or near the sulphide body, generally being below it. The
most important process involved in the blesching of the andeaite is

the introduction of secondary quartz and calcite and ihe breakdown.

and almost complete removal of the mafic minerals such as uralite.
Otner minerals Tormed withir the blesched zoues are sericite and plumose
aggregates of zeolite. Chlorite and actinolite are preseat in fair
proportion with the chlorite being concentrated within the amygdales;
Tne bleacked zones are often concentric about a vein which is filled
wi<h chlorite or calcite (see Plate 11T, 2). This leads to the
impression that these zones were formed as a result of wall rock altsra-

tion around fissures which acted as chamnelways for hydrothernal solutions.
b. Concentric zones of mineral alteration around sulphide bodies

The zones of hydrothermal alieration are concentric about the sulphide

body and will be dealt with in sequence from the centre putwards.

(i) Mineraliged zone :i- The most important differences betwcen the rodk
within the mineralized zone itself and that surrounding it, are
that within the miﬁeralized zone it .is a darker grey and has a
smaller grain size. The darkening is rainly caused by the presence
of Finely disseminated sulphides and secondary minerczls such as
vlive—green to pale brown hiotite, actinolite and chlorite. The

feldspar has been recrystillised to small laths of altite,

.




generally betweea 0,15 and 0,25 millimetres long. Virtually

no primary min?rals have been preserved in this zone.

Bioti%é-chlorite zone i~ This zone has & width of about
sixteen metres and forms an envelope around the mineralized
zona. Both the originel malie —inerals and the feldspar
have been converied to secondary minerals. Biotite is abun-
dant within this zone, which contains swall amounts of s
green-phyllosilicate up to zvout twelve metres away from
the sulphide body. ©OChlorite is present in fair proporiion
and hav abrormal Blue to red polarization colours. It
eccurs within amygdaies replacing caicite ard hiotite and
way replace mafic minerals arnd biotite present in the
groundmass of the rock. Actinelite, secondary quariz, caleite,
sericite, epidote and zeolite are also present within this

zone.

Bio’'*te zore :~ Biotite of the olive-green 1o pale brown varietly
is ty far the most azbundant product of hydrothermal alteration
in the vicinity of lhe sulphide hodies. Rcoodekroal thus has

a similar type of hydrothermzl zlteration to the porphyry copper
deposits of Bingham, Ely, Bagdad and Ajo {Burnham, 1362), where
muscovite is absent lacaily and biotite abundant.

The bintite zone exisi, from about sixteen metrss from the
sulphide bedy to more than 150 metres away. Actinolite is
abundapt in this zone in acicular crystals up to 0,30 millimetres
lony. Amphibole is preserved at distances of greaier than sixty ‘
metres from the sulphide body where the amount of biotite present
has diminiched considerably. Fyrite occura ip fair abundance
and probably owes its origin to the action of sulphur bearing
fiuids on iron originally present in the rock. Secondary gquartz,

cpleite and zeclite wmay be present within veins and amygdales.

Outer zmonme i~ Burnham (1962) divides hydrothermal alteration
into two main facies, namely the phyIlic opd argillic facies.
The phyllic facies of slieration is a high temperature facies,
with muscovite and/or biotite being developad within if, while
the apgillic facies has a lower temperéﬁura of forxation and
sbundsnt presence of clay minerais. &% Roodekraal sinee the

phyilic facies is well developed around the sulphide bodiss we

aould expect the alteration to change graduslly into the argillic
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facies with increasing diztance from the sulphide bodies.
Unfortunately due to the fact thaf no systematic grid of bore-
holes has been drilled outside the phyllic facies of alteration
it is not certain whether bydroihermal alteration of the
argillic faecies isvpresent.

“ericite occurs in the ouver Irlnges of the biotite zome
and forms as an alieraticn product of the feldspar. A tempera-
ture of 340°¢ to %60°C is considered by Grumer (1944) %o
represent the boundary :of stability between kaolinite and
sericite, As kaolinite has not been identified 4t Roodekraai,
since the mineral taken to be sericite is insolubie in HCL,
it must be assumed that the sericite formed above 360°C. This
ig in agreement with the fact that the pyrrhotite in the
impediate vicinity of seriecite has an iron content which
indicates & temperature of formation of approximately 430°C
(see under section entitled 'Mineralogy of the Ore Minerals').f

Fpidote is present in the outer zone as a minor congtiltuent,
except whare it ir iccalized along fissures. The epiéote is
considered to Lave been formed by late-stage hydrothermal fluids
associated with ove deposition. In ceriain localities (mnrked
on ihe map i.e, Plate ZLIV) the epidote has replacéd the sndesite
ani fine pyroxene diorite &long narrow Tissures. Epidote
minerals protably crystallise between 300°C - (400°C - 500°¢)
(lower limit - Stringham (1952), upper limits - Ramberg (1949)
gives 400°C and Rosenqvist (1952) gives 500°C, quoted in Dee®
ot al. 1967, 1, P- 202).

n,  fepcentric chemical alteration

Clear aviatne® of the existence of concentric alteration effects ar&uad
the sulphile ovodies is presented in Figure 5 where the percentage of
¥nG and KQC and the ratio FeQOE/FeO are plotted against distance from
the cenire line of ithe sulphide body. All these functions show an
increase with disvance from the centre line of ¢k sulphide body. The
inerease in the 'sxidstion ratie’ i.e. Fe203fF90 with distance from
whe sulphide zone may he explained by the fact that over the distance
“photied on the graphé, the biotite which centains ferric iron becomes
iers abundant with increasing distance from the sulphide hody, while
the snlphides coniain iron in 2 1o oxidation state, The increase in

K.0 with increasing Sistance from the sulphide boly iz due to 8
A
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: corrcspunﬁlag increase in ihe amount of blotzie present.v Elnally tha
1ncraase of the Fuo content with distance from the sulphlue body can “be

"’;'aﬁtr¢bvted to the fact that the mafic minerals which contain the wost
Hn have undérgone 1n£ense alteration in the vmclnlty of the~mmneralizedb'

ZONE.. -

Ca. Chemlcal alteratlon paused by late-siage hyd*othermal flﬁiés

A comparison between the geochemistry of a sample of unaltered andesmta

and one in which zxtensive bydrothermal alterstion has taken place

»‘shoul& give an indication of the composition of the minéralizing fluids.'

In Table XXVI %he analysis of RC 14, the sample furthest from the
mznera;;zed zone, and thus the least altered one, iz compared with RC &

»whlch is the most highly altersd sample and is in the mineralized zoné.,'

TABLE XXVI

Comparison between standard cells of unaltered andesite
and andesite which has undergone hydrothermal alteratlon : .

Cation RC 14 (unaltered) PC 5 (altered) Dlggerince
83 49,46 47,61 - 1,85
AL 13 #9 12,62 - 1,27,
Pedt vy 64 1,83 4+ 1,19
Fe?+ 9,44 9,49 + 0,05
Mg 2,19 4,16 + 1,97
Ca 3,48 4,44 + 0,96
Ha 6,9% ‘ 7,86 4+ 0,90

4 ‘ 1,84 2,48 + 0,64
1 (nygroscopic) 0,96 0,92 - 0,04

1 {combined) 10,82 9,28 - 1,54
c ' 5,53 5,52 - 0,01
T - 1,00 1,%4 o+ 0,54
P 0,30 0,36 + 0,06
Mn 0,06 - 0,12 +_0,06
Algebraic o
‘Tobals 106,57 , 108,05 + 1,46 i
. Proportion of minor elements present :

R 0,02 0,  + 0,23
srppm 436 SR A - 153
Rb  ppm ‘ 44 , L + 2B

ppm', = parts par million

Gopper snalyses quoted were daterm1npd by Rio Tinto Exploration
Labcratorles in paris per 4en thousand. :

T e .




‘ 1% ¢an be observed ‘that Fa3* Mg, Ca, X, Nz, Ti and ko a lessar
exteﬂﬁ ?ea* P, Mn, Cu and Rh are praesent to & greater proportlon in
the altere& rook than ‘the unaltered rock. The higher content af Fe

fPe3+ and T4 dis ‘thought by the author to be due to the presence of greater
'ampunta of magnetite and ilmenite in sample RC 5 beforas altermiion
'tookfplace. The Mg, Mn, Ca, Na, K, P and Rb could all be derived by

high temparature 1each1ng of the wall rocks around the ore conduit by
water»rach golutions. The fact that there has been no increamse in watar
and & relatlve;y larges loss in Si is attributed to the hlgh,temperature

 mineralizing fluids causing the existing water in the rock to dissolve &

certain amount of Si and migrate to cooler regions. The fact that there, f

is novincreaSe in the amount of 002 present could be due to gases such -

ag st and S0, being the dominani gus phases within the wineralizing

fluids.

This leaves unexplained 1ncreases in Cuw content, and of course
sulphur since the copper is present as copper sulpbldes. Trese con-
stituents can be regarded as having been emplaced by the mineralizing
flvids.




IV. KINERALIZED ZONES

A. Structure of the Sulwhide Bodies

‘The location of the sulphide bodies appears to have been conirolled by

structural feaiures. The main occurrences of sulphides are found within

the amygdaloidal andesite and generally lie between the pyroxene anﬁésitEj;

“above and the main coarsely crystalline andesite layer below. An
kéquigranular diorite sill has been intruded along the contact of the
Jower coarsely crysialline andesite and the amypdaloidal andesite, It
is intruded along bolh ihe lower confact, as in the case in Plates ZVIII
and XIK, and the upper conizet as iz the case in Plate RAII. Since this
gill is net displaﬂed it wes inlrudel afier the faulting took place and
since it acts as & lower liriit to the sulphide bodies, it was emplaced
before the pericd of mimeralization. ;

There are two distinet types of sulphide bodies. The more massive -
variety consists of & narrow ceniral zone of lornmite-chalcociie present
along high angle normal faults (see Fiates XVIIT and XIXy, in thig'zone
actual repiacepent of the wall rock by the sulphides may have taken place.
Surrounding the bornite~chalcoceite zore is a more diffuse bornite-"
chalcopyrite sone and finally a chalcopyrite-pyrite~pyrrhotite gzone, in
these zones the sulpbides have sinply replaced calcite and filled
available oper spaces within the andesite. This variety of sulphide body
exnibits 'reversed zoping' and is discussed in detail in the section on
hydrothermal zoning. The zecond variety of sulphide body is less massivey
the hodies being irregalarly shaped and elongated parallel %o the contscts
between the zmygdaloidal endesite, the overlying pyroxene andesite and
the underlying egquigramular diorite (see Plates XX and XXII).

In Plste XX the sulphide body is not localised along the faulis but
pcours in twn distinct zones. The northern zone is concentrated along a
voleanic breceim which protably provided an area of low pressure,_while _
the southern rzone is confined to the amygdaloidal andesite lying between
the lower coarsely crystalline andesi%e and the pyroxene andesite. In
shis section it can be otservel that the besi copper sulphide minerali-~
zation is present in a 'Lalo' around the pyrriotite body.

»

B. Mineralogy of the Ore Kinerals

1. Ilmenite FeQ, Ti0g




This mineral is recognised by its moderate anisotropianm, pale brown’k

aolour, reflectivity and V&cker s Hardnesg, Reflectivity at 59be
using ‘4. 8ika (Henry) standard is 19 per cent (}ollnsbee 1949 gives
19,2 ~ 19,6 per cent) Vickerts Hardness i.e. ViMg is 699 (613 - ?32)
‘(Burke 1966 gives 585 - 739) '

Ilmenite is present gs an early formed, primery mineral, énﬁ scours -
as skeletal grains within the gangue (Plate IV, 1) or as diséreet grains
which may contain exsolﬁtion lamellae of magnetite~(Plate 1v, 2)., The
discree} crystals of ilmenite are gemerally quite large (up to 0, 60
millimetres) and are rounded. The many skeletal grains of ilmenite
(Prate IV, 1) provably represent exsclution lamellae which formed in
magnetite and whieh were more resistant to replacement by hydrothermsl
‘solutions than the magnetite portion of t{he prystal. The average grain
size of the discreet grains of ilmenite is 0,15 mjllimetres which is k
much larger than the average grain size of tﬁebmagnetite, and éuggests}
that ilmenite might have been the first mineral to form.

Textural relationships with other minerals
Ore minerals

‘Ilmenite occurs in an ‘exsolution texture' with magnetite. Narrow
exsolution lamellae of magnetite may be present in ilmenite (Plate IV,

2), or lamellae of ilmenite may be precent within a grain of magnetife.
Buhedral grains of ilmenite are enclosed poikilitically by & later

Tormed magnetite cry°tal which has since altered to goethite (Plate ¥,

1). TIlmeniie hes not been observed to have replaced magnetlte., The
ilmenite has commonly undergone alteration to rutile as in Plate IV, 3,}
where remnants of ilmenite occur in rutile in an ‘island and sea'

texture. The ilmenite may also have been aliered to leucoxens as in
Plate IV, 4, where a skeletal grain of goethite is surrounded by
leucoxene and has been partiaslly replaced by bornite and white chalco~
ecite. Originally the crystal was probably composed of ilmenite‘cehiaining
exisolution lamellae of magnetite, the ilmenite having subsequently alte;e&
$0 leucoyxene and the magnetlﬁe to goethite.

As far as the temperature of formaticn of the ilmenite is concerned,
the 'exsoiution texture! beiween ilmenite aud megnetite is taken by
Ramdohr (1955) to indicate a temperature of formation of betveen 400°C
and 7009¢, generally at about 600°C, Buddington and Lindszy {1964)




vthexr origin to oxidation of a pre-existing 1ntergrowths of magnet1te :

possibly as low as 400vﬁ}5§000, the exact temperature deﬁenaing m&iniy
‘on the oxygen fugacity. ' ‘ '

came o the ¢onclusion that the magnetlte—llmen te 1ntergrowths ave

and’ ulvBspinel. ‘The magnetmte«ulvvalnel intergroyths were thoaght by 2
Buddington and Lindsay to form at 600 - 700°C in dioritic rocks but - &8

2. Magnetite FeO. Fe203

Hagnetiteyi‘ present in fairly large quanbities in all the rock typev,

of the Complex, It occurs in subhedral and anhedral grains up to .
€,25 millinetres in width, altiough the crystals are generally exiremely : f- .

small being Less than 0,02 millivetres in width, ’ e B
Magnetite is recogiised by its isolropic character, iron-grey colour, k .
raflectivity and Vicker's Hardness. Reflectivity at 590 using 2
Sika (Henry) standard is 18,9 per cent (Folinsbee 1949 gives 20,7 -
21,4 per cent), Vicker's Hardness i.e. VEM, is 718 (Burke 1966 ~ 1967
gives 459 - T34). S
Textural relationships with other minerals

Ore minerals R -

As mentioned under the ilmenite secction magnetite Torms an intergrowth

jexture with ilmenite {Plate IV, 2). Pyrite bas replaced magnetite L B

(which is partially aliered to goethite) in an ‘island acd sea’ texture
(Pratn V,2). Chalcopyrite has replaced a euhedral magnetite grain.’
{which has subsequently been altered to goethite pseudomorphously),
and is in turn replaced along itz edges by bornite (Plate V, 3). The
magnetite has been extencively altered especially in the region of
the sulphide bodies. The process of alteration of the magnetite was

*Jrobably initially oxidation with the formation of hematite, which wasg

then alterel to goéthite by hydrothermal solutions containing coé.
Thus meny of the textural relationships displayed by goethite relate

o pre-exisiing magnehite ox hematite.

From the above relatiomships it is evidont that 1lmenlus and magnetlta
were the first 'ore minerals' to crya tall"' gnd ppobably erystallised
before the arrival of ihe hydrothermal soi tiono. Bisachoff (1950, Pe 17)
in discussing the magneiite present ithroughout the Complex siates; ;a:

'\ 'n Paar gevalle is in die intrusiewe gesiecntes gangetref waax die

magnetiel groot gerdenie - kristalle vorm met oarhlyisels van axf1b001

of veldnpant dasrin (Fig. 11.), Soms vorm die magnetiet gedeeltelike DR .
peaudonorfe an omfibosl. Dit ie ous tmamlik seker dat meeste van die n




73

magneplet sekondér-is, en dat daar min primére magnetiet teenwuordig
isf, vThe writer considers, however, that it is unlikely that magneulte
‘formed as a secopdary mineral and concludes that the magnetife was .
'polk111t1ca11y enclosed within the amphibole. Hematite bas been ob-
served to form as an alteration product of the amphlbole. ingnetite,

Bowevvr, is not observed as @ replacement of amphibole, also the ex--

solubion texture of magnetite with ilmenite (Plate IV, 2 ) points to a

primary origin. .
. ks discussed under the ilmenite section, the exsolutlon texture
between ilmenite and magnetite indicazies a temperature of formation
for the two minerals of bhetween 400°C and 700°C. It can be concluded
from the fact that later grains of magnetite {now altered to goethite)
enclose euhedral grains of ilmenite which contain exsolution lamellae
of magnetite (Flate V, 1), that the deposition of magnetite rust have

continued after the deposition of ilmenite ceased.
3. Hematite Fe,0y

Hematite is formed as an alteration product of amphitbole. Ii-is alsa
possible that hematite is formed as an intermediate phase in the
slteration of mapnetite to goethite. Fowever, the hematite is only
oboerved as an alteration product of me wgmetite where the Eagnetlte
forms exsolution lamellae within the ilmenite. The reaction which
took place could have been that of oxidation of magnetite to heratite
and finally the alteration of hematite to goethite by hyérothermal

solutions in which CO, has bsen concerntrated.

4. Pyrite TFelS

Two genarations of pyrite having sirpilar properties under refleate&
light are present at Roodekrszal. Differences in paragenesis are
however indicated by a disparity in grain size and interrelationships
with other minerals as debailed in the following secilon. These two

varieties will be termed pyrite I and pyrite II.
Pyrite 1
The most abundant variety is pyrite T which occupies the normel place

in the paragenetic seguence, and cccurs in cubic crystals with sides

up to 3 millimetres in length whkich have characterlstlc sirietiors on

them,.
Textural relafiionships with other winerals

Ore mwinerals




Hagnetite is seen to be almont completely reylace& by pyrite I in an
‘i5land and sea' texture {Flate ¥, 2). Fyrrhotite has replaced §;r1tc I

'v‘leaving corroded remnants of pyrite I ¢ ralns in a groundmaas of pyr«

rhotite {Flate VI, 2 and Plate VI, 3). Sphalerite has replaced pyrite I

‘in a ‘caries texture ' {Plate VII, 1) and chalcopyrite hzs replaced
-pyrite I, leaving remnanis of pyrite I completely encircled by chaloo~

pyrite in an 'island and sea' texture (Plate VI, 4).
Gangue minerals

Pyrite I has repluced the andcs~te host rock in large euhedral crysials
{P1ate ¥, A). Quartz formation seems o0 have taken place prior to the
formation of pyrite I as gquurtz does not cui across crystals of pyfite‘i,
also pyrite T is observed surrounding guariz in smygdales, forming '
Tatoll like siructures' (Flate VI, 1).

From the above minersl associations it can be concluded that pyrlte I'b

]

was Fformed after magneiite but before pyrirhoiite.

Pyrite 11

Pyrite 11 occupies an &inomalous position in the paragenetic sequence.
T4 consists of exiremely smzll euhedral grains, penerally less than
0,01 millirefres in diazeler occw. ~ing within sphalev.te, pyrrhuulte and
chaolcopyrite. The small grafrs of pyrite II are arranged along curved
lines within hoot minerals which would all normally be younger than ’
pyrite (Plate VII, 2 and Plate ViI, 3).

Hineral ssscciations suggesting that pyrite II erystals were not
formed before the sphalerite, pyrrhotite and chalcopyrite are debsiled

below.

{i) The lines along which the pyrite II grains lie are curved,

not straight, making it appear that they occupy cracks not
crystallographic direciions. Thus i cannot be argued that
the pyrite II greine vere expelled by the crysial lattice of
the growing host minerals, because they should then lie along

erystallograpkic directions.

(ii) It is gifficult to imagine that small grains of pyrite II would
remain in position while a pre-existing host was completeiy

replacel by vyrrhotite, sphalerite or cbalcopyrate.

Kone of the pyrite II graing are corroded.
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Pyrite II repiaced gr“Lﬂs of pyrite 1 {Plate VII, 4)
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. The following facts indicate that pyrite II is not an exsolution
- product of ithe host winerals.

(1) ‘ The pyrite II erystals do not iie aleng the crystallographic
: directions of the host minerals. ’

(2} The lines of pyrite II crystals are observed to cut through

gangue winerals (Plate VII, 4).

(3) It would bhe sffagge if pyrite II crystals of the same =ize
were developed in sphalerite, pyrrhotite and chalcopyrite

at different stapes in the paragenet.c sequence.

From the above mineral associations it would appear that pyrite II was
formed later than the minerals in which it is mow situsted. It appears
from Plate VII, 4 that pyrite II is at least partially a re-crystallisa-
tion of pyrite I since half of 2 pyrite I crystal is missing and ihe
space is occupied by fins-grained pyrite IL crystals.

According to Smith (1948) there are iwo separate periods of pyrite
mineralization, the first extending over the temperature rangé 400°¢

to 630°C at high pressures, and a second %t 1500C at much lower pressure.
5. Pyrrhotite Fenq(n+1) .

Pyrrhotite is a fairly common oré mineral at Roodekraal, and is usually
associated with pyrite and chalcopyrite. Reflectivity at 590/» using
the U.S.S.R. pyrite standard is 42,0 per cent (Folinsbee 1949 gives
39,5 - 40,2 per cent). Vicker's Hardness i.e. VHH, is 255 (248 - 262)
{Burke 1966 — 1967 gives 247 - %90).

fyo varieties of pyrrhotite, hexagonal and monoclinie, are present.
This fact was established by etching pyrrhotite with dilute chromic
acid, %he monoclinic variety being strongly etched while the hexagonal
variety was left virtually unaltered., In Plate VII1, 1 the hexagonal
pyrrhotite can be seen as rounded grains present within a groundnass
of later formed monoclinic pyrrhotite in an t5sland and sea' texture,
Hexagonzl pyrrhotite also occurs as narrow lamellae within the

monoclinic variety.
Pextural relationships with other minerals
Ore minerals

Pyrrhotite is observed to have replaced pyrite I in an 'igland and seg'
texture (Plate VI, 2). Chaleopyrite hac clearly replaced pyrrhotite
in a wcdified ‘ceries texture' in Plate VI, 3 vhere pyrite I inclusions.




W1th1u the pyrrhot;te acted as barriers to replacement by chalcouyrlte, o
and reniacement proceeded at A greater rete vhere the pyrlte I vas npt
present 8O that “tongues of chalcopyrite extended through gaps in the
B pyrlte bhrrler and replaced the pyrrhotite beyond. '
In geothermometry the a102 spacing of hexagonal pyrrhotite has been

uged by Aruold and Reichen (1962) to establish the metal conten’ of
the pyrrhoﬁlte and thence the temperature of formation. Arnoid (1956)
“has. demonstrated however that the lower iron content runs were in fact
mixtures of monoclinic and hexagonal pyrrhotite. Xullerud et al. (1963)
have shown that monoclinic prrrhotite cannot be used for temperaturu
detsrmination unless it inverted from hexagonal pyrrhotite. In selectiﬁg
a grain of hoxugonal pyrrhotite for measurement of the 4192 spacing '
care was taken to use only pyrrhotite grains which had partlally ref
placed pyrite crystals, so that sufficient sulphur was present for

the formation of a pyrrhotite crystal with ap cﬂulllurlum composxtuon

at the temperature of formation. The dyg, spacing was measured on fuur
such grains and all gave the same result of 2,061 A%, from which it

was calculated that, the percentage of atomic iron present is 46,9 -

and the temperature of formation wus 430%C¢, These¢ results can, hoﬁaver,
only be used as an approximate guide since the pyrrhotite geothermbmeter

is not yet fully understood.

6. Sphalerite ZnS

Sphalerite occurs in calcite bearing veins associated with chalcopyriie, '

galena and early formed pyrite.

Identification of the sphalerite was conflrmea by reflect1v1fj,‘
Vicker's Hardness, its characteristic internal reflectlons‘ardvhy
X-ray analyses using the powder method. Refiectiviiy at 590/@‘p5ing

' the Sika (Henry) stendard is 17,9 per cent (Polinsbee 1949 gives 17,8 =
18,5 per cent). Vicker's Herdness i.e. VEN5 is 221 (Burke 1966 - 1967
gives 147 - 276). ” ‘

Textural relationships with other minerals

Ore minerals

Sphalerite is seen to htive replaced earlier pyrite I in a 'caries

fexturs' (Plate VII, 1), It has an exsolution texture with chalcopyrite
haVJng blebs and laths of chalcopyrite &1str1buted parallel to the (111)
and (100) crysiallographic directions of the sphalerite (Plate VIII, 2).
¥huis indicates that both minarais were deposited st the same time. Strings
of tiny euhedral pyrite 1I crystals cut across the sphalerite and gangue




(Platé'VII,/Q). This relationship has been taken to indicate that the
pyrite II formed after the sphalerite. Calena has replaced the inter-
growth of sphalerite and chalcopyrite in a ‘vein texture (Plate VIII, 3)

apd & 'earies texture’. ;

The,exsolution texture between chalcopyrite and sphalerite indicates

'  an unmixing in solid solution, and & temperature of formsticn of 3500C

5‘40006 (Buerger, 1934) for the two minerals. X-ray diffraction was

carried out on sphalerite which is in exsolution with chalcopyrite.
Prow thirteen readings the average value of the unit cell dimemsicn

was derived as 5,4141 A9, Using the graphs of Colsman (1957) the author

derivel the following valuss for the sphalerite o

Weight percentage of FeS present = 9,4

Temperature of formation = 3509¢C,

Due to inacocuracy in the fourth decimal place causedvby observition
errors in measuring the pnotographs, these values must be regarded as

agproximate.
7. Chalcopyrite CuFeS

Chalcopyrite has the most widespread occurrence of ail the cépper miheialsri
Tt is found associated with pyrite, borrite, spkalerite and move férely

chalcocite, galena, pyrrhotite and magneiite. it is present dn two

distinct varieties termed chalcopyrite I and chalecpvrite II. Chalco~f,;

pyrite I is by far the most abundant and is the early formed variely,
while chalcopyrite II is present in emall amounts, associated with

bornite and blue chalcocite.

Chalcopyrlte I

Thisg is the common variety of chaleopyrite and has the iypical brass-

yellow colour and weak anisotropism with blue to green polarlzatlon

-

coLours.

Pextural relationships with other minerals

Qre minerals

Hagnetite (whlch has subsequently been altered to goeﬁhlte) has been

. replaced by chalcopyrite & pseudomorphously, which kas in furn been
‘replaced by bornlte {P1ate V, 3}. Frrite I has been replaced by uhal-
gopyrite I in an 'island and sea’ texture (P1ate VI, 4). Pyrrhotite
.hés been replaced by chaleopyrite I ina modified ‘caries texture' in
Plate VI, 3%, but may also exhibit a ‘muiual texture! with the ¢halco—
pyrite I {Plate VIII, 4) where the chalcopyrite I is5 embayed by ‘caries’
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of pyrrhotite and ocecurs as an ‘island' within a sea' of nyrrhotive,

yet it appears to have:replabed the pyrrhotite in tcardien’ iiself.
Sphalerite contains ewsolution blebs and lamellae of chalcopyrite I
within it {Plate VI1Y, 2) indicating that theée two minerals were
deposited simultanecusly. Bornite is ceen to have repiaced chalcopyrite I
in a ‘earies' texture in Plate ¥, 5. Bornite is however not observed

t6 have any variety of mutual texiure with chalcopyrile I, and ii thus
appears that the‘deppsition»of chaigopyrite T was completed before

any borniie was deposited. Galéna replaces chalcopyrite I in'an vigland
and sea' texture and the chalcopyrite I surrounds a’cnrvoﬂeﬁ calct e
erystal (Plate IX, 1).

Gangue minarals

Actinolite needies are surrounded and have been replaced by staleopyrite T
and muat have formed before the chalcopyrite I (P1late IX, 4). Caleite is ‘
surrounded and has been corroded by chalzepyrite I in Plafe X, 1. Epidoté&
is commanly present as 'islands' within a 'sea' of chalcopyrite I, and has
been repiaced by chaleopyrite I in a ‘caries texture’ (Plate X, 1). ‘

Chaleopyrite II

Chalcopyrite II occurs as exsolution Janellae within bornite., It is"
presert only in very small amounts and although it has the typical
prass-yellow colour it has a more intense apirotropism than shalcopyrite I

and blue-green to yellow-green polarization colours.
Textural relationships with other minerals

Bornite contains exsolution lzmellae of chaleopyrite 1T (Plﬁ%e IX, E),
which is also observed to have & 'mutual bouw.dary’ texture with tha
bornite. Blue chalcocite is observed to repluace chalcopyrile I1 pnd
bornite (Plate IX, 3). ILamellame of chalcopyrite TII cross the grain
boundary of borniie and blue chalcocite and occur as coxrroded recnunts
within the blue chalcociic. demonstrating that blue chalcogite replaced
the borniie more resdily than the chalcopyrite II. Covelllite, in
irregularly shaped masses, has replaced the hlue chalcociis ari the
ineluded chalcopyrite II (riete IX, 3). It is clearly evideni %tret
chalcopyrite II did not form as & reaction product of the replacemeut
of bornite by covelliis, as wae the case in the copper ores of tre
Artonvilla Kine, Messina disirict {Jacobsen, 1967). Evidence agairnal
such a mode of origin is the fact that chalcopyrite I3 is present in
bornite which has not been replaced by covellite.
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Althmugh chalcopyrlte IT forms an 'exsolution itexture! with bornite,.

;thls “texture cannot be regard 4 as indicating a high temperdture 0;

Formation since thereﬁl. less than 8 per cent chalcopyriie present.

“Brett (1964) has shown that this ‘exzolution could take place hetween‘

00 snd 228°C. The exsolution was merely due to an exce s of iron in
the bornite resultlng in the formation of chalcopyrite II, which

| diffused to the grain bowndaries of bornite.

8.. Bornire CuSFeS4

Bornlte is prement in approxlmate]y the game proportion s chalconyrite
but whereas chalcnpyrlte is widespread in its occurrence, the bormite

is concentrated together with chalcocite in the cenfral and upper
portions of the mineralized zomes. When freshly polished the Tornite

is pinchbeck-hrown in colour, but the bornite in contact with cralcocite

rapidly tarnishes to a pink or even a& purple colour.
Textural relationships with other minerals

Ore winerals

The relationship between the iwo varieties of chalcopyrite and bornite
has already been discussed, It was concludied that chalcopyriterl was
deposited pefore borrite, and thai chalcopyrite II was deposited together
with bornite at fairly low temperatures betwesn 090 and 2289C. Chaleocite
is the mineral which is most commonly agsociated with bornite. " Two
varietics of chalcozite are associated with bornite, a steely-white
Lypogene variely, and 2 pale blue variety which is probably supergene.
White chalcooite is present in a 'myrmekitic' infergruith texture with
bornite (Plate X, 2). The tornite and chalcocite intergrowin is ecom-
poged of lrregular bands which are alternately coarze and fire.
There has been much controversy over % interpretation of the

Ygraphic', 'sub-graphic', pseudo-eutectic' or ‘myrmekitic' texture as
it has been called by various writers. Schwartz (1939) states ' I¥
seems probable that graphie¢ textures may originate in more ihan one WaY .
Tt is now accepted that the entectic explanation is untenable. In- )

vestigations published in the last ten years seem equally divided between .

the theoxry of origin by replacement or
¥ore recently Brett {1964) has interpreted the 'myrmekitic' intergro whh
breakdown of exsolution thasket-weave' textures.

by contemporaneous deposition.’

as resulting from the
Bdwarde (1965) states 'Graphic textures resulting from replacerent can

frequently be recognlsed from their association with veins of ihe

netasome iraversing the host!, It fhus secems reasonable io assuze that



wevcan,distinguish replacement of bormite by chalcocite from exgolution

,textures by noting whether veins of chalcocite ceut the bornits or uet.
Veins of white chalcocite are seen to cut through the gangue and unite -
with the chalcocite of the intergrowth {Piate X, %), taus it wowld

- appear that'thc,takture resulted from the repiscement of bornite by

" chalcocite. However it is important that although narrow veins of
whlte chalcocite may cut bornlte grains, white chalcocite does not ocour
as replacementa following cracks and fissures within the bornite, The
coarspr-gralned portion of the bornite~chalcocite 1ntergrowth commonly
displays 2 'mutual boundaries' texture, with 'islands' of borniie
‘which are embayed by chalcocite, themselves conta4n1ng irregularly
shaped ‘isl- ' of white chalcocite (Plate X1, 1). ‘Veln—renlacemenf‘
and 'rim-replacement' give clear evidence that the white chalcocite
was in part later than the bornite (Plate XI, 2). From the above it‘
would appear that bormite was deposited at the same time as white chél-
cocite but that the deposition of white chalcocite continued aiter E
bornite fermation had ceased. .

Schwartz (1928) derived the temperature of homogenizatinn of hornite
and chalcocite as being 225°C. If we accept this as ‘being correct it
means that the white chalcocite must have forred at temperatures below
225°¢C.

Blue chulcocile is observed to have replaced bornite in & 'rim-
replacement' texture (Plate XI, 3), it is thus clearly later than the
bornite. Goethite has been obgerved to conisin small *islands' of
bornite and cralcocite within it, which probably aemonctrates thai tre
goethite formed later than the bornite and white ¢ - <ite. Ina '
skeletal grain of goechite (Plate IV, 4) the bornite and white ckalcociie
are obssrved to have replaced the goethite pseudomorphot sly, but the '
writer believes that this texture refers to the owiginal magnetite,gréin'

which has been subsequently altered to goethite. -

Garigue minerals

Actiﬁolita needles were formed hefore bcrnjte and white chalhocn»e,
since they act as partitions between adjacent areas of bornite and
white ohalcocite (Plate XI, 4). Actinolite has also bsen corraded by

the bornite and white chalcoeite.

9. Chalcocite Cu,3

malcocite is generally concenirated with bornite in the centrel and.
upper porticns of the mineralined zones where it is the prepondarant

v




copper mineral. As discussed under the hornite section, two distinet o

yarieties of'chalcoeite are present, an early”formed white variety

and a late formed blue variety.
White chaleocite

The white chalcocite is present in the greatest abundance. It is
slightly anisotropic and coarse-grained having grains helow 0,5 milli-k.
metres in diameter and a prominent etch cleavage when etched with a

20 per cent by weight solution of KCN (Plate X, 4).

Textural relationships with other minerals

*

Ore minerals

Chalcopyrite I has been replaced by white chalcocite along its boundary
with a grain of epidote (¥late X, 1). The 'myrmekitic' texture between
bornite and chalcocite has been discussed in detail under the bornite‘
section., It was noted that there has been much controversy as to ‘
whether the texture owes its origin to exsolution of the two minerals
or to replacement of the bornite by chalcocite. Irrespective'of its
mode of origin this texture poinis to a hypogene origin for the chal-
cocite, since Lindgren (19%3) holds that 'myrmekitic’ intergrowths, are
indicative of hypogene replacement, in that they only develop in com-
pact host rocks that were under considerable pressure at the time
of replacement. The host rock at Roodekraal is a compact andesite in-
which {here are very few channelways for solutions, yet the white
chalcocite is known to exist to deptks of 247 metres below the surface.
The writer feels that there can be little doubt that the great ’
majority of white dalcocite is of hypogene origin. Facts which point

to a hypogené origin for white chalcocite are summarized below.

(1) The fact that white chalcocite is found in a 'mutual boundaries'
intexrgrowth (Plate XI, 1) and a 'myrmekitic! intergrowth (Plate
X, 2) with bornite.
The large grain size and strong etch cleavage displayed when
white chalcocite is etched with a 20 per cent by veight
solution of KCN (Plate X, 4). ‘
The anisotropism displayed by the chalgocite. Aécording to
Snort (1040) fine-grained supergene chalcocite is apparently -

isotropic.,
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C(iv) The fact that white chalcoclte does 1ot oceur as replacements

orlglnatlng from cracks or fissgures w1tk1n the bornlte.

(=) The depths to which it is found in 2 compact host rock.

As mentiongd under the bornite section, goethite.encloses hornite -
and white chalcocite in an 'island and sea' texture. Covellite is
observed 1o have replaced white chalcocite along cleavage planes
(Plate XII, 1). |

‘ When discussing the bornite-chalcocite ‘myrmekitic! 1ntergrowth
‘it was concluded that the vhite chalgocite formed at temperatures
velow 225°C.

Blue chalcocite

Bilpe chalcocite is present in small amounis near the surface. The;
greatest depth at which 3t is found is 17,4 metres below the surfacze.
It is apparently isotropic. An anomalous occurrence of blue chalcoeite
is where it occurs at greater depths as a narrow rim along the edges of
bornite greins which are in contact with white chalcocite (Plate XI, 1).
This feature hez no conrection with the hlue chalcocite fomnd near the
surface and is artificially formed by the heat produced when mountlng
the specimen in molten plastic. The heat is sufficient to cause &’
1ittle of the bornite to dissolve in the surrounding chalcocite giving
it & blue colour. A similar effect has been noted by Edwards (1965)
who states 'Such "blue chalcocite" is formed rzadily by heating natural
chalcocite, contalnlng a fine intergrowth of bormite to 100°G'.

The blue colouration of the chalcocite may be caused by dlssolved
covellite or bornite. In an effort to establish if any of the blue
chalcocite is in fact digenite, a gquantity of powder was drilled from
two specimens of blue chalcocite, one situated between bornite and
covellite and the other within white chalcacite. The powders were
examined by X-ray diffraction methods and both specimens natched the
values quoted by the American Society for Testing and Materials for
alpha (1ow) chalcocite. Since digenite is mot present the blue coloura-
$ion rust either be due to dissolved btarnite, or dissolved covellite

in amoants of less than 8 atomic per cent.
Textural relationships with other minerals

. Ore minsrals

As mentioned under the tornito sectlﬁx the blue chalcocite has replaced
{he borniie as a ‘rim-replacement’ (Piate XI, 3), or it forms an




83

| intermediate zone between cdvellite and burnite (Plate X, 3). When S
whlte chalcocite was replaced by covelllte thﬁ blue chalcocite may '

- - have forme“ as an 1ntermed1ate zone, but nove commonly the white

chalcovite has been replaced directly by covellite. * The blue chal-
cogite pcours as a"rlmrreplaeement‘ around native copper (Prate XII
Zj.v It is ‘concluded by the writer that blue chalcocite is of supergene:
" origin,. BEvidence supportlﬁg the assumpiion of such an origin for the

" blue chalcocite is sumrarized below.

(i) th forms as a 'rim-replacement' around native ‘copper whlch
is a late~formed mineral.

(ii) It has at the time of writing, only been found to a depth
of 17,4 metres below the surface.

(ii1) 1t is commonly associated with covellite, a mineral which is

‘ usually supergene, : ‘

(iv) It is isotropic.

(v) Tt is fine-grained and hasg no etch clesvage, and turns black
almost jmmedistely when treated with a 20 per cent by weight
solution of KCH. v

(vi) X-ray examination gives a best fit for alpha {low) chalcocite,
10. Galena PhS

Calens is found sssociated with sphalerite and chalcopyrite I and is
recognised by its reflectivity, hardness and characteristic develop-
ment of triangular pits on & polished surface due to its perfect cubic
cleavage. Reflectivity at 590 s using the U.S.S.R. pyrite standard is
4%,9 per cent (Folinsbee 1949 gives 41,6 — 43,2 per cent), Vioker's |
Haxdness i.e. VHMj, is 80,5 (Burke 1966 - 1967 gives 60 - 116).

Textural relationships with othexr minerals

Ore minerals

Galena has clearly replaced an exsolution texture of chalcopyrite 1
and sphalerite in-a 'vein texture' (Plate VIII, 3) snd in a 'veries
,téxture‘b Chalcopyrite I was replaced by galena in an 'island and
sea! texture (Plate 1%, 1).

Gangue winerals

Calcite has been replaced by cﬁalcopyrite‘l and both these minerals
nave subsequently been replaced by galena in an tigland and sea’
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