extremely low solubilities of sulphides in water. Sullivan (1957)
gave partial support for Brown's idea, but felt that the heat of
formation and E.M.F., series decided which metgls occurred as silicatés,
oxides, sulphides and natire metals respectively. Krauskopf (1967)
-thought that the transport of heavy sulphides is unlikely, bub that

the transport of heavy metals ray take place in the volatile state.
Jacobsen (1967) in discussing the ore deposits at Artonvilla states
that 'mineralogical evidence suggests that the hydrothermal alteratioﬁ
wasreéused by wétery solutions containing NaZO, Ca0, Aly03, K50, COp

and Si0Oy'. Whether these constituents were part of the primary solution
or represent absorbed matter from the deeper portions of the conduit

is not known. Jacobsen does not rule out the possibility that the

sulphides at Artonvilla were transporfed in the volatilized state.
o. Composition and pH of mineralizing fluids

The composition of hydrothermal solutions as established by several
anthors from & study of volcanic emanations is predominantly HZO’ 8,
€L, P, B, P and COp. The pHd of hydrothermal solutions iz probably
seven or more, since if the solutions were acid they would cause more
intense wall rock alieration in carbonate than silicate host rocks &s
caleite should be destroyed. Garrels (1944) concluded that while acid
solutions are incupable of metal transport alkaline solutions may

transport metals in a complexed state.
d. Mineralizing solutions at Roodekraal

The writer considers that initially, at great depths, the ore solutions
were sulphides in the vapourized state and that as they rose they heated

the surrounding and overlying rocks to guch an extent that much of the

water present was driven out of the rocks. The hot agueous solutions
thus formed zcted as the vanguard of the ore solutions and probably
contained 002, K,0 and Nazo. The secondary gangue minerals were formed

largely at the same time as the sulphide minerals, tut over a far gréater

area of rock because of the higher mobility of the aqueous solutions.
As crystallisation proceeded the lower temperafure components weve con~

centrated in the areas of lower pressure.

5. Source of Mineralizing Fluids

The author has concluded that the Roodekraal Igneous Complex is post-
Pransvaal and pre~Pilandsberg in age, and since the minerslization
probably followed shortly after the consolidation of the rock type, it

{
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must be pre-Filandsberg in age. . , ,
S Of the rock types present in the Roodekraal Igneéus Géﬁplex itself
- there“ié only ong which'could pogsibly have‘actéd as & source of e
” 'minera1izing solutions, this being the coarse pyroxene'didrite. ‘Hydro—
therxﬁal alteration was much less intense in the coarse pyroxene diorite
than in the other rock types. The coarse pyroxene diorite was the last
ﬁajor:rock‘typé to be émplaCed andkis'thought to ﬁe'the pavent body of -
the dioritic~pegmatite and dioritic-aplite veins. However, if the
coarse pyroxene diorite had an excess of volatiles, it would be expé&ted,'-
that amphibole, and not pyroxene, would be theystable mafic mineral o
present (Boven, 1928).

The most 1ikely source for the ore forming solutions>however, is
not 16gically to be found at Roodekraal, since copper sulphides and
ﬁaladhite'stainings have been found at seversl other points around thes
Vredefort Ring Structure e.g. Figachoff (1972b) states that copper ‘
‘sulpkides are present in the Lindequesdrif {ntrusion nnd the alkald
granite aplite of thne Vredefort Ring Structure. Much evidence has been
presented for the occurrence of a large basic body at depth beneath the
Vredefort Ring Structure by such authors‘asfHall and Molengraaff,(lQZS),
Nel (1927), Truter (1941), Bisschoff (1950) and (1970) end du Tois (1966).
It‘seams probable that sulphides were differentiated from this magma bady
shortly after the widespread injection of pseudotachylite had taken place.
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© The Rqodekraal Igneous Complex was formed after the deposition of
approximately 1 970 million years ago, Thus this Complex was

>Structure is probabiy the parent of the Roodekraal Igneous Complex -

VI. CONCLUSIONS

the redimentary rocks making up the Magaliesberg Stage of the

B
'

Pretoria Series, and before the inircduction of pseudotachylite

*

formed at a similar time to the emplacement of the Bushveld Igneousv

 Complex. A large hidden magma body beneath the Vredefort Ring

and all the other igneous bodies within the Ring Structure. The - ' bij;
presence of a hidden magma body has been postulated by asuthors such ‘ ’
as Hall and Molemgraaff (1925), Nel (1927), Truter (1941), Blsschoff
(1950) and (1970) and du Toit (1966).

The rock types at Roodekraal were found to have undergone virtually - .
no folding or tilting since they were extruded and for the reasons - :
detailed under the section entitled 'Formation of the Roodekraal - - 1 B
Ignenus Complex', the author concludes that the Roodekrasl Igneous “f R =
Complex was emplaced after the deformation of the sedimentary ' o
rocks of the Vredefort Ring Structure, within a tectonic basin o ;'}
formed by the intersection of two synclinal axes. Since no pillow B
etructures or other evidence of extrusion under water are found at

Roodekraal, the lavas are regarded as having been extruded onto a

T e g oy

land surface.

As regards sub-divisicn of the rock iypes present at Roodekraai : v N
the author has concluded that the major rock types may be divided i ’
into two main groups, namely the andesite/diorite group and fhe
pyroxene andesite/diorite group. The division between these two
groups was made principally on a basis of a distinctly different
mineralogy, with augite present in far greater proportiqn within
the pyroxene andesite/diorite group. However there are many .
other differences between these groups, such as a distincily
different geochemiotry, well demonstrated by the presence of two
differentiation tr nds on the 'Pearce diagrams’ (Fig. xv (a) avd (b) T
in Appendix II) and a markedly different field appearance, with.™ . R

pyroxene andesite/diorite group being generally darker in cnlour ' f'{f
and slways strongly porphyritic, whereas rocks of the andesmte/v : -ﬁé

diorite group are usually equigranular.




The sequence of emplace ent for the rock types of the Roodekraal
Igneous Complex began with the massive andezsite followed by the
amygdaloidal zndesite,; equigranu’?ar diorite, pyroxene andesite,-
Fine pyroxene diorite, coarse pyroxene dioritq, olivine gabbro,
dioritic¥aplite, dioritic-pegmatite, dolerite, syenite, pseudo-
tachylite and syenite-porphyry. This sequence is in agreement with
that suggested by Bisschoff (1950) except that it has been extended
by ithke autbor to include five more rock types., Four of these rock
types, namely massive andesite, pyroxene andesite, olivine gabbro
and dioritic—pegmatite, have not been described before while the
fifth roek type is pseudotachylite. The massive andesite underlies'
the amygdaloidal andesite and is believed to be the first rock type'
to have been emplaced, while the pyroxene andesite is the extrusive
equivalent of the fine pyroxene diorite. The olivine gabbro fdrm§d>
as a cumulate rock immediately after the emplacement of the ccarée
pyroxene diorite, and the dioritic-pegmatite, which forms as dild-
tion vein fillings associated with dioritic-aplite, probably
crystallised from aque~us fluids shortly after the formation of the

olivine gabbro.

The syenite~porphyry was the last rock type to be emplaced since;

it is not cut by pseudotachylite v. “ws, it has very pronouncasd chill
zones and no hydrothermal alteration. This rock type has a similar
macroscopic appearance and chemical composition to rocks of the
Pilandsberg dike swarm and is therefore regarded as being of Pilands~

berg age.

From a‘study of the geochemistry of the various rock types, relying
mainly on the procedures of Irvine and Baragar (1971), Chayes (1965
and 1966) and Yoder and Tilley (1962) it was decided that the parent
magms from which the rock types of the Roodekraal Igneous Complex
were derived was probably tholeiitic. 4n earlier suite of tholeiitic
rocks is present within the Vredefort Ring Structure and was most
likely derived from the same parent magma as the Roodekraal Igneous
bomple:. The presence of this ezrlier suite of tholeiitic rocks is
in agreement with the conclusior. that the Roodekraal Igneous Complex
had a tholeiitic parent magma.

The suiphide bodies are restricted in their occuryence to a
structural trap within the amygdaloidal andesite. The elements
comprising this structural trap are a suitable host rock, namely

the amygdaloidal andesite, a pyroxene andesite cap rock with an




impervious chill zone abtve the deposits, and an equigranular diorite

sill and coarsely crystalline andesite below.  Within these structural
traps the sulphide bodies are mainly concentrated along normal faults.

The sulphide bodies have apparently concentric zones of hydrother-
mal alteration around them, the chief process ¢f hidrothermal
alteration involyéd was the conversion of the mafic minerals to
biotite. The hydrothermal alteration around the sulphide bodies
was thus restricted to the 'phyllic facies® of alteration as
described by Burnham (1962), and was completely unconnected with
widesprzad deuteric alteration which occurred through almost the
entire volume of the rocks present at Roodekraal. The deuteric
alteration involved such effects as the conversion of augite {o

uralite and andesine to albite.

The prominent zoning of the ore and gangue minerals present wi?hiﬁ'
the sulphide replacement bodies themselves is the reverse cf the'®
normal sequence zt& established by authors such as Emmons (1924),
Blanchard (1927), Graton and Bowditch (1936), Parks (1955), Sales
and Meyer {1950), Schwartz (1956) and Parks and McDiarmid (1964),
but agrees very closely with the mineral zoning present at
Artonvilla miane in the Yessina district as described By Jacoosen
{1967). The author concluded that there are two distincfly dif-
ferent zonal sequences, firstly, the normal zonal sequence which
vccurs in open space filling deposits formed at low pressure and
secondly, the reversed zonal sequence which oceurs at higher

pressures in replacement deposits such as Artonvilla and Roodekrasal.

Although the sulphide minerals present at Rocdekraal were deposited
over a wide range of temperatures, from climatic temperatures for
azurite, malachite and cuprite to temperatures in excess of 400°C
for pyrite and pyrrhotite, the sulphide bodies are considered to

be epithérmal because they were emplaced very close tn the surface{

Copper sulphides and malachite stainings have been found at several
places within the Vredefort Ring Struc@ure, thus it seexs that the
sulphides were different:ated from the hidden magma body. Since
sulphides replace the pseudotachylite they must have differentiated
after the injection of pseudotachylite héd taken place. The writer
céncluded that the ore solutions were sulphides in vépourized stafe;'
and that as they rose they heated the overlying rocks to such an ex-

tent that much of the water present was driven out or fhe rocks.

«
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The hot agneous solubions thus formed acted as the vénguar&
of the ore solutions and brought about the hydrothermal al-

 tevation associated with ore deposition. - -
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APPENTIX I

Chenical Analyses quoted in weight per cent and C.I.P.V. Norms

Mark of Sample © RC 1 RC 2 RC 3 RC 4

ROCK TYPE ' Massive Amygdaloidal Amygdalaidal Amygdgloidai
- o Andesite  Andesite Andesite Andesite -

- % Oxide
Silicon 8i0y 51,49 50,55 52,34 50,87
Alnminium 41503 12,91 11,66 12,33 11,23
Iron (ferricg Fe,05 1,27 5,16 3,32 4,45
ferrous) Fel 8,64 10,49 10,38 10,36
Magnesium ¥go 3,48 2,89 2,19 3,26
Calcium Ca0 10,43 4,22 4,18 5,06
Sodium Nan0 6,25 4,42 4,30
Potassium X0 0,44 2,69 \ 2,19
Wwater (hygro-
scopic) Hy0- 0,25 0,12 ‘ 0,14
(combined) Hy0+ 0,83 1,20 ; 1,55
Carbon dioxide CO, 0,71 3,33 : 3,57
T4 tenium Ti0, 1,97 1,87 1,94
Phosphorus P505 0,78 0,46 0,45
Manganese MnO 0,19 - 0,19 2 0,21
Strontium g0 ppm 890 470 : 431
Rubidium Rb20 ppm 36 67 65

TOTALS 99,73 99,30 99,63

NORMATIVE MINERAL

Quartz 0,08 1,25
Orthoclase 2,65 17,20 14,05
Albite 39,35 42,95 41,85
Apnorthite 5,98 - 4,38 5430
Nepheline 10,62

Wollastonite 6,00 - 1,52
Enstatite 8,64 9,76
Ferrosilite 10,90 11,10
Diopgide - 33,12 : :
Forsterite - 1,15

Fayalite 1,19 ,

Magnetite ' 1,35 5,835 5,04
Ilmenite 2,78 2;82 2,94
Apatite 1,66 1,04 ’ 1,01
Kanganese ore 0,15 0,16 0,18

Tom,s 100,00 100,00 : 100,00

ppm = parts per million




i

' Wark of Sample

RC 5

"RCG 6

RC 7

Re¢ '8

ROCK TYPE

"AmygdaloidalbAmygdaloiﬁal

Amygdaloidal Amyg&a‘.loid‘»al :

Andesite Andesite Andegite Andesite
Oxide
Silicon 5i0s 51,53 50,96 50,98 52,25
Auminium - Al,03 11,46 11,48 11,59 ~11,4%
Iron {(ferric) Fes0y 3,55 2,62 5,88 5,09
(ferrous) Fe0 11,64 12,18 " 10,80 - 8,94
Magnesium Mg0 2,98 2,97 2,24 A
Caleiwm Cal 4,36 4,44 4,93 5355 °
Sodium © Nag0 4,63 4,35 4,96 4,11
" Potassium K50 2,28 2,08 1,63 2,84
Vater (hygro—~
scopic) Hy0- 0,14 0,15 0,32 . 0,56
(combined) Hs0+ 1,43 1,49 0,73 1,%%
Carbon diczide COp 2,94 4,34 4,62 4283‘
Titanium Ti0p 1,94 1,92 1,80 L7
Phosphorus P,05 0,48 0,45 0,53 - 0,41
Manganese Mno 0,19 0,15 0,16 0 Q,19
Strontium Sr0 ppm 332 335 295 < 46T
Rubidium Rby0 ppm a8 9 89 89
POTALS 99,59 99,62 99,21 99,71
NORMATIVE MINERAL %
Quartz 0,19 2,06
-Orthoclase 14,50 13,40 10,50 18,30
Alvi%e . 44,65 42,65 48,65 40,25 -
Anorthite 4,05 6,20 4,98 4,73
Nepheline ' 0,45
Wollastonite : 5,84 » . B,y96 .
Enstatite 5,86 8,96 3,28 . 8,34
Ferrosilite 9,18 15,68 8,12 10,06
Diopaide 12,68 14,36
Forsterite 0,38 1,05
Fayalite 0,58 » 2,61 .
M&_gHEtite 3, 99 21 99 2 ’ 37 3’ 5%
Ilmenite 2,90 2,92 2,74 2,68
Apatite 1,07 1,04 1,20 0,93
Manganese ore 0,16 0,13 0,14 0,16
TOTALS 100,00 100,00 100,00 100,00

ppm = parts per million

*

v

»

';N‘”‘qyﬁi‘mnt

LS i




RPs

Mark of Sample

TOTALS

RC 9 RC 10 RC 11 RC 12
ROCK TYIPE Amygdaloida) Amygdaloidal Amygdaloidal Amygdaloidal
» . Andesite Andesite Andesite Andesite
% _Oxide
Silicon 8i0s - 51,7% 50,2C 52,08 50,52
Aluminium 51,05 11,50 11,44 12,19 11,08
Iron (ferric) Pey0s 5,80 1,44 1,50 1,51
- (ferrous) Fel 11,5% 10,67 10,69 13,51
Magnesium Mg0 Y | 2,24 2,75 2,99
Caleium Cal 4463 7,81 4,99 4,37
Sodium Nap0 4,98 4,82 4,86 4,45
Potassium K50 2,04 0,88 1,74 1,52
Water (hygro- _
scopic) Hy0- 0,26 0,43 0,12 0,23
(combined) HgO+ 1,16 1,05 1,59 1,34
garpon dioxide COp 2,66 6,19 4,66 5,86
T4 tanium 750, 1,74 1,60 1,64 1,74
Phosphorus P405 0,38 0,96 0,49 0,40
Manganese ¥nO 0,14 0,27 0,14 ~n18
Strontium Sr0 ppm 455 487 383 403
Rubidium Rbo0 ppm 98 57 &7 13
- POTALS 99,84 100,13 99,48 . 99,75
NORMATIVE MINERAL %
Quartz 0,49
Orthoclase 12,85 5,70 11,15 ‘9,95
Albite 47,55 47,60 47,40 44,29
" Anorthite 3,18 7,58 6,88 6,58
Nepheline , , : :
Wollastonite : 6,60 L
Ens‘be.ti‘te 3', 50 3, 07 8’ 24 ; 6170';42
Ferrosilite 5,10 6,61 13,24 4,14
Diopside . 14,88 22,36 11,76
Forsterite 2,07 0,13 0,41
Fayalite 3,00 0,29 0,88
Magnetite 4,32 1,65 2,28 1,76
Tlmenite 2,58 2,46 2,48 2,68
Apatite 0,85 2,22 1,12 0,93
Manganese ore 0,12 0,23 0,12 0,16
100,00 100,00 100,00 100,00

ppm = parts per million

S
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Mark of Sample RC 13 RC 14 ~~  RC15 RC 16
ROCK T¥PE = Amygpdaloidsl Amygdsioidal Coarse  Equigranmuler
‘ Andesite Andesite - Crystalline Dioxite . ' - j -
SR , Andesite o 4
: - _% _Ozide :
Silicon 5105 50,01 54,25 51,53 49,53
Aluminiuvm  Al.03 10,77 12,94 11,80 5,9
lron {ferric) Fey03 6,30 0,94 1,66 4,18 - §
(ferrous) TFel 12,00 12,43 10,81 12,62 SR
Magriesium Mg0 3,32 2,04 2,44 B89 o 8
Calcium Ca0 5,13 . 3,56 4,73 . 1,5 ]
Sodium Na,0 4,48 3,95 4.99 4,40
Potassium K?_% 1,94 1,59 1,84 1,42
Water (hygro- :
scopic) Hn0- 0,16 0,16 0,21 L G1T
(combined) Ho0+ 0,88 1,78 1,04 1,17
Garbon dioxide COp 2,12 4,45 6,31 0,53
Pitanium Ti0, 1,89 1,46 1,67 2,11
PhOSphOI'us P205 0, 39 0 ’ 39 0 y 4’9 '05 4‘0
Hanganesse MnO 0,27 0,08 - 0,12 L Q23 a
Strontium Srd ppm 320 515 344 LSUB98 i
Rubidium Rby0 ppm (] 48 83 CUAR
TOTALS 99,60 . 100,09 99,68 99,68 3

NORMATIVE MINERAL % S 1

Quartz 2,10 7,25 ‘

Orthoclase 12,25 10,30 11,95 8,72

Albite 43,05 38,80 49,25 40,40

Anorthite 3,80 14,10 4,730 5,30

Nepheline o G,45 F
Wollastonite 8,04 1,00 o .
Enstatite 9,82 6,16 4,17 : =

TFerrosilite Ty, 70 18,14 8,17 - ) ‘-
Diopside ’ 14 '} oo 247, 72 . : ) =
Forsterite ' - 0,66 7,31 L
Fayalite _ , 1,29 6,38 - -
Magnetite 7 9,40 1:08 1:91 4." 5}6 : -
Iimenite 2482 L 2,22 2,58 3,06 s
Apatite 0,88 0,88 1,12 0,88° G
Manganese ore . 0,14 0,07 0,10 - 0,19 C
TQTALS 100,00 100,00 - 100,20 100,00 *

ppm = parts per million



Mark of Sample =~ RC 17 RC 18 BRC 1S - RC 20  RC 71
ROCK TYPE Bqui- ; Fine Fine Coarse
: - granmular Pyroxene- Pyroxene  Pyroxene rIyroxene
Diorite Andesite _ ~ diorite - diorite - diorite

» % Oxide
Silicon 510 52,91 49,65
Aluminium A17%3 12,45 11,64
Iron (ferricg Fe§O3 3,88 6,30

(ferrous) FeO 10,37 8,46
Magnesium Mg0 %,02 4,53
Caleium Cal 4,61 6,28
Sodium Ya,0 5,91 4,31
Potagsium K 1,7 1,79
Wwater (hygro- ‘

scopic) Hy0- 0,23 0,14

(combined) H,0+ 1,27 1,24
Barium Bal
Carbon dioxide COp 0,56 2,69
Titanium Ti0, 1,84 1,80 -
Phosphorus Po0g5 0,4€ 0,47
Kanganese ¥nO 0,19 0,19
Strontium S5r0 ppm 423 516
Rubidium Rb20 ppm 55 52

52,14 51,09
15,79 .
2,498

- - - -t - -
OO WO SO N

RO RV OSDND
ES
™o

O
& 0

OO
P agag iy
O (GRS )]
o GV ~3 =3
-
A 0 \U5]

TOTALS 99,51 99,55

NCRMATIVE MINERAL 7

Quartz

Orthoclase 10,75 11,80 9,15 10,40
Albite 54,85 41,20 52,70 44,50
Anorthite - 2535 7433 5,98 8,33
Fepheline - 0,06

Vollastonite

Enstatite 6,87 2,82 0,07
Ferrosilite 3,41 2,44 0,09
Diopside - 14,60 18,04 13,24 14,40
Porsterite : 4,10 0,32 2453 7,34
Fayalite 5,29 0,16 2,21 10,36
Magnetite 4,20 7,05 4,85 - 0,51
Ilmenite 2,66 2,66 - 2,72 2,54
Apatite 0,99 1,04 1,21 1,36
Manganese ore 0,15 0,16 0,15 0,10

TOTALS 100,00 100,00 100,00 - 100,00

vpm = parts per million




N

~ Mark of‘Sampie'

RC 22 RC 23

RC 24" RC 25 ~ RC 26"

ROCK, TYPE

Qoarse
Pyroxene Dioritic.

" diorife - Pegmatite

Wall Rock Dioritic- Wall Rock

- Bilican
Aluminium A1203
Iron (ferric) FPe30z
(ferrous) FeO
Hagnesium Mg0
“Caleium Cal
Sodium Nas0
Potassium K0
Water (hygro-
scopicg
(combined
Baxium
Ti tanium
Thosphorus
Marnganese
Strontium
‘Rubidium

5i0y

H,0-
H§O+
Bad
Ti0g
P205
¥nO

E.Oxide

Sr0  ppm
Rbo0 ppn

48,11
10,35
16,36.
1,70
7,70
9,23
3,12
0,60

58,80
16,09
Nil
5,%6
1,60
6,16
8,59
0,13

0,17
Nil

0,17
2,08
0,55

0,14
2,03
0,02
1,00
0,20
0,21 0,05
900 700
13 5

to RC 23 Pegmatite 1o RC 25

40,01
6,02
11,37
9,67
12,50
15,95
0,79
0,10

50,58
11,25
0,07
12,81
12,90
6,58
3,10
0,72

51,77

17,24
Nil
9,22
3,15
6,37

0,55
0,21
0,06
0,51
0,33
0,1%
300
27

0,14
0,22
. 0,01
%403
0,12 -
0,18
200

TOTALS

100,39 100,24

99,63

NORMATIVE MINERAL %

Quartsz
Orthoclase
Albite
Anorthite
Nepheline
Wollamtonite
Engtatite
Ferrosilite
Diopside
Forsberite
Fayalite
Magnetite
Tlmenite
Apatite
Manganese ore
Hematite
Rutile

0,75
65,60
4,90
6,48

19,20
0,48
0,74

2,72
1,17
0,17
11,79
0,14

1,38
0,43
0,04

4,25
27,65
14,58

3425
52,15
19,43

8,59
4,61
12,56
17,60
8,59
0,08
0,70
0,69
* 0,10

1,92
2,36
8,88
3,61
4,49

3,50
0,35
0,06

. TOTALS

100,00 100,00

100,00 100,00

ppm = parts per million




Wark of Sample W2/  RG28 RG2)  RG30 RO

ROCK TYPE Dioritic- Dolerite Syenite Syenite  Syenite-
— . Aplite , , , porphyry
% Oxide
Silicon 810 50 °7 47,01 62,69 60,94 62,69
Aluminium Alg%g 14,05 14,56 16,01 14,50 16,73
Iron (ferricg Fes03 2,04 3,52 0,90 1,03 1,34
ferrous) FeO 11,75 9,76 4,47 8,27 4429 ¢
- Magnesium Mg0 3420 5,05 0,20 0,35 © 0,50
Calcium a0 5,81 9,79 2,17 2,24 . 1,75
Sodium Nay0 5,32 2,70 6,67 5,00 6,48
Potasgium Kzo 1,18 1588 3,42 2,71 4’22
Water (hygro- ' o
~ peopie) Ha0- ¢,30 0,44 0,19 0,16 0.38
(compined) HsO0+ 0,16 2,43 0,61 3,60 0,12
Carbon dioxide COp 1,82 S
Barium Bal 0,14 0,08 , 0,03 0,02 -
T4 tanium Ti0y 2,15 2,13 0,37 0,26 . . 0,40
Phosphorus Po0g 1,00 0,73 ° 0,11 0,06 0,14
Mangansse MnO 0,10 0,10 0,07 0,52 - 0,10
Strontiur Sr0 ppm 900 500 B820 200 %00
Rubid” Rby0 ppn 31 47 68 109 198
. TOTALS 99,76 99,88 99,79 99,70 99,21

NORMATIVE MINERAL %

Quartsz ' 4,20 10,10 2,587
Orthoclase 7,10 11,70 20,50 16,86 24,490
Albite 48,75 25,50 60,80 47,30 58,10
Anorthite 11,23 2%,15 3470 9,63 4,10
Nepheline ° S

Wollastonite 2,60 0,66 1,48
. Enstatite 3,75 6,84 0,56 1,02 1,38
Perrosilite 5,85 4,74 5,86 12,36 5,14
Dicpside 9,20 13,64

Forsterite 2,60 2,87

Payalite 4,00 1,99 .

Magnetite 2,18 3,87 0,96 1,14 1,40
Ilmenite 3,06 312 0,52 0,38 - 0,56
Apatite 2,14 2,50 0,24 . 0,153 0,29
Manganese ore 0,08 0,06 0,43 0,08
TOTALS ' 100,00 100,00 - 100,00 100,00 100,00

ppm = parts per million

NOTE: Analyses of RC 1 - RC 19, RC 21 and RC 29 were done by

the National Institute for Metallurgy as Project K. 26/70,

the remsining analyses were done by Gold Pields Lahoratories -
 (Pty) Ltd.The Sr and Bb analyses were determined to parts per
! ten thousand by Gold Fields Laboratories (Pty) Ltd. and rarts .

e

"« per million by the National Institute for Metallurgy.




R ST AFPENDIX II

Diagraws showing the Chomical Variations present in
the Rook Types of the Kcodekraal Igreous Gomplex

Lepend of Syzbols used in Figures (i) to {av)

X Andecite
Bquipgranular diorite

. Fyroxens andasité/'dinrite

0

Gther rogk types

‘ NOTE: The numbers printed next to individusl
rock tyres correspond to the HC numbers
in Appendix I.




z;g S;) A7 diepgram for rocks of the Roudekraal Igneous Complex, with
: - "7 the dotied line dividing tholeiitic rooks fres calc-alkaline
e , rooka {modified sftes Irvice ard Baragar 1371, B 528},
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Fig, (i1) Disgraz showing welight per cent Aln03 plottel azainst noxmative
rlaglocliure conpusition for rockn of the Rociekranl Irnecus
Cozrlex, with line dividing tboleiitioc rocks fror cu,a-alkaln'
rncks (xodified after Irvine sn? Barsgar 1971, p. 536).
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Rige Ui31)  Alkalis -~ Silica singran for rocks of he Noodekrasl Igneous
ol Gomplex, with molid line dividing the alkaline rocks from the

sub;;lkalim rocks {wodified after Irv.ne and Saveger 1971,
#e 532). ,
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Fig, {iv) Ternury Aiagran of rorzative Cpx~01~0px for rocks of the Roode-
kraal Igreous Complex, with straight and curved lines of (hayes
{1965, 19%6) dividine thLe alkaline rocks from the sub-ulisline
rucks (modified after Irvine ani Parager 1971, p. 534).

DPividing lineg of
Chayes (1965, 1966)
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Big. {wi1) (Fe0 + 0,592 0, - + ’I‘ioz) - Fg0 - AL, 0 ternary 41.!;31'&5! Tor rooks .
: B the Rccr‘emasl Igreous Cocrlex, S

Fe O+U,8998‘Fe203+ﬁ0’2

MgO T Aly0,

¥ig, (viil) Diagram of parcentape Fa0 ploited sswinet Te 20 for rocks of the
Roodekraal Igreow. Conples. .
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Z;g {ix) Bi&gra.u showing prercentage (Foo + 0 89981?&20?
. percenlago Licz for rocks of the Roodekrasl
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i’ig. {zi} Diagrex shoving the relationship between the gquantifies of Rb.
s nrd Sz present in the rocks of the Ropdexrasl Igneous Cozplex.
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‘Pesroe disgrizs® of ihe wolsr rariss of ¥g0/il 03 ylotted wgainst
sm,/n O, ani CaO/Al—O3 plotted agnlust s;oz)glzo, in {2} and (o)
respectnel_.. The t?eomtlc&l curved for olivine atd ~rihorhoabic ond monoolinie
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APPENDIX III

Methods Used

' A. Determinative Mineralogy

In general the optical properties of the mir ,.ls were measured using
the Federov Multiaxial Universal Stage and the results thus obtained
were compared to the values quoted in Deer et al. {(1967). The re- '
fractive indices of the minersls were determined by the liquia inmersion
method. A small quantlty of the mineral being examined was crushed, o
immersed in various liquids of known refractive indices and the ’Barie
line' test used to decide whether the refractive indices exhibited by

a variety of mineral fragments were above or below the refractive
indicez of the liquids. In this way each of the refractive indices

of the minerals were bracketed betweer two liquids, one with a higher
and the other with a lower refractive index,

For X-ray analysis a small guantity of the mineral to be identified
was drilled from the thin section using & dismond point. The yowder '
5 ,ms obtained was mounted on a hair in a 57,9 millimetre dlameter
caniers equipped with small ports and then ¥-rayed using cogger radia-
tion and a nickel filter. Unless otherwise stated copper radi=ation
and a nickle filter have bezen used in all A-ray 4nalyses discussed in
this section. The d-values obtained from the phutograph were compared
with the 'Index to X-ray Powder Data File' of the American Scciety
for Testing and Materials, Philadelphia (1965), to determine which
listed mineral had d-values closest to those of the unknown mineral.

Special procedures which were uqed to identify speclflc mlnerals

are as follows:-
1. Ferspar

To distinguish the different types of feldspar present using Xsway
techniques, the method as outlined above was used and the 201, 002.
113, 060, 204, 131 and 131 reflecilons obtained for the unknown feldspar
were compared with the diagrams of Smith (1956, p. 65, Fig. 3) and
Wright {1968, p. 91, Fig. 2). This method was used to distingulsh
vbetween E-feldspar and albite, and to determlne whether the plagioclase
is of the high or low temnerature form.
" To determine the compusition of the plagloclase present the extinc~

tion angle perpendlcula“ to the a-crystallographic direction was




‘measured using the Federov N  iaxial Universal Stage and thé value
obtained compared with Figure 55 of Deer et al. (1967, 4, p. 138) to
derive the composition of the plagioclase in percentage anorthite, To
theck whether the_plagioclaﬂe is of the high or low -temperature form '
the 9V. and anorthite content of the plagioclase was measured and these
values referred to Figure 51 of Deer et al. (1967, 4, p. 134).

2. Pyroxene ' ‘ .

The composition of the augite was determined by referring the values
obtained for (3 and 2V to Figure 41 of Deer et al. (1967, 2, p. 132).

%. Olivine

The composition of the olivine was determined by X-reying powder dril-
led from seven different olivin» crystals, using iron, cobalk ani
copper radiation in conjunction with manganese, iron and nickel fillers
respectively. The values obtained for the dj 30 line were referred to ..
the diagram of Yoder and Samaha (1957) and the values obteined for the
d374 line to the diagram of Jambor and Smith (1964).

4. Biotite and chlorite

Po determine whether smectites or other phyllosilicates with expamiing
lattices are associ ted with the biotite, a mixed sample of chlorite

and biotite was prepared as a thin filw oa two glass slides. One gléss
slide was allowed to stand in the heated vapour of ethylene glycol for
sixteen hours and then both of the samples were X-rayed. The reflections
showed no difference in position of the peaks for the two saaples, k
indicating that neither of the two mineralg present has an expanding
1attice and +herefore no phyllosilicate with an expanding lattice is

present.

5. Pyrrhotite

To establish the metal content of the hexagonal pyrrhotite, four grains
were selected which were replacing pyrite crystals, so that sufficient.
sulphur would be present for the formation of a pyrrhotite with an
aqnilibrium composition at the temperature of formation. The four
grains were X-rayed and the d-values obtained were referred to the
diagrams of Arnold and Reichen (1962).

6. Sphalerite

The sphalerite wns X-rayed and the length of the unit cell wes calculated.

using the d-values of thirteen reflections. Théiarithmetic mean was

.




‘gaken of the values obtained for the thirteen reflections and gavé a
‘figure of 5,414) A°. The value obtained was referved to the graphs
of Ctleman {1957) f£rom which fhe content of Fe3 within the sphalerite

¥

. was derived,

B. Geoschemisiry

Whenever possible the éamples selected for analysis were taken from"
drill cores 0 +that the rotk was not weathered, channel samples were~
taken bf_hé?row bodies such as pegmatite veius, dikes and sills by

. 5imply guariering the drill core. If a body was too large to channel
sample, the chill zores were sampled. Well rocks of negmatite veins ,
were sarpled for one half of the width of the pegmatite on either side,
by quartering the drill core. Samples taken from,outcrop‘such as the
‘samples of the syenite—porphyry,'dolerite and coarse pyroxen: diprite
were either channel samples or samples ¢f chill zones, depending on thg
width of the body sampled. A

¢.I.P.W. norms and the number of cations in the standard cell were

caleulated according to the procedures Jaid out in Barth (19%2), the :
standard cell calculation being based on the number of ,cations agsaciated. : )

with 160 oxygen atoma.
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,?-'P,hqtogra;ahs of Structures and ‘.Eextixres within Dxill.carés- '

Explanation of Plate I ‘
' Fig;' 1, _ v
',Phéftograph of amygdélevs which have been elo:xggte:d ‘parallel to the ERE » o i
direction of f30W. e |
'(Hagnifiéation ;t 1,8) } :
Pholograph of euhedral grains of quartz {dark gre;,? - q) surrounded by S
calcibe fhite ~ Ca) within an amygdale in the andesite. o ’ - .' L g
(Magnification X 4,0) *
1 , : , i
Fig. 3 ' s B =
Photogreph of chalcedony (grey ~ @) surrounding later formed caleite’ BT
{white - Ca) within an amygdale. : o
1 i
J 3 r
(Magnification ¥ 3, 4)- ;
- Pig.. 4 ‘
Galoite {white - Ca) surrcunding later formed chlarité (doxk grey - Ca) ‘

within an mmygdale.

*

(Megnification X 9,0)
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 Explanation of Plate 1T

Photograph of feldspar crystals arranged parallel to the edge of &n
~ amygdale composed of calcite {white ~ Ca) and chlorite (vlack - LH).

(Magnification x 5,8)_"’l

Pig. 2
Photogréph showing whorl like structures of hematite and chalcedony
(1ight grey) in andesite (black) with calcite (white).

{Magnification x 2,5)

Fig. 3 o i L
Volcanic agglomerate showing £ rennded pebblekof guartzite (1ight grey

— Q) within s matrix of andzsite.

(Magnification x 1,8)

Pig.
" Voleanic breccia which has veen cemented by calcite (white - Ca)'and
chlorite (black - Ch). ' ‘ : ‘

f(uagniéicétion x 2,4)
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Explanation of Flate III

O Fige 1
Voleanic breccia cpnﬁaining’fragménts of coarse-grained lava (L)
‘and oaleite (white - Ca) within & matrix of fine-grained andesite.

(Maguification z 2,2)  ;»

Fig. 2 . e B I Py s
Bleached z&né within the andesite wnich has a calcite filied vein.

{(white - %=} ocoupying its cenmtral portiom.

(Magnification x 2,2)°

Fig. 3
Sharp contact between dicritic-pegmatite (coarse-grained - P} and
equigranular diorite wall rock (fine-grained).

(Magnification x 2,4)
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APPENDIX ¥

FhotOchrOgraphﬁ and Photographs of’Strucﬁures ahd Textures
‘ within Polished Sectlons

Explanation of Plate v

(Magnification x 26

Fig. 2

Exsolution lamellae of magnetite (dark grey - ¥) within ilmenite

(pale grey - I1). The ilmenite has been pertially altered o xwtile

(white - B) and the magnetite to hemetite (white - He).

(Magnification x 360)

Rutile (1ight grey -

R) with 'islends' of ilmenite (dark grey -~ I1)
withln it ' ' '

(Magnification x 1 200)

Fig, 4

Skeletal grain if goethite (pale gray -
is being ‘replaced by borni
{white - Ce).

Go), {'ormerly magnetite; which
te (dark grey - #n]} and white chalc031te

(Magnification X 750)
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Explanation of Plate V

Photomlcrograph of an 11men1te graln<(wh1te - Iay, which contains ex—
_Solutlon lamellae of magnetlte (pale grey - Mg), enclosed completely
n gosthite (grey = Go) which was formerly magnetite.

(Magnification x 750)

Photcmxcrograph showing a composite grain of megnetite anl pyrite
surpounied by pyrite I (pale grey - Py 1) and gangue (black). The N
comp051te grain is composed of small 'islands' of magnetlte within o '

a 'sea' of pyrite I.

(Magnification X% ZOO}

Photomicrograph showing chalcopyrite I (white - Cp 1) replacing goethite ' v”;_f '! S
- (grey - Go) which was formerly magnetite. The chalcopyrite I is pseémdo- o  :11“
morphous after pagnetite and is replaced by bornite (grey - Ba). L B ‘ V<'[;H

(Magnification % 250)

Fil )
Evhedral pyrite I (white - By I) crystals within emyglaloidal andesite.. B ,1M;

P

(Magniflcatinn x 3, 4)







‘Bxplanation of Plate VI

.
‘

. Atpll'-like structure farmed by pyrite I [white -~ Py T).

J
e e :
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Irregnlar remnants of pyfite I (pale grey wi*h high reiief - Py 1) pre-
‘sent within pyrrhotite (grey ~ Pyrr). Chelcopy~ite I (pale grey with
low relief - {p I} is present as a replacement ¢ *he pyrrhotite along
its confacis with pyrite I grains,

(Magnification x 800)

Pig, 3

- Chalgopyrite I (pale grey with low relief - Cp I) has replacea pyrrho-
4ite (medium grey - Pyrr) in a modified ‘caries texture'. The pyrite I
inclusions (pale grey with high relief - Py I) within the pyrrhotite,
acted as barriers to replacement by chalcopyrite I, and replacement

of chalcopyrite I extended through gaps in the pyrite I barrier and
replaced the pyrrhotite beyond.

(Magnificstion x 750)

B d o o
Photomicrograph of pyrite I (pale grey with high relief - Py I) which
has been replaced in an 'island and sea' texture by chalcopyrite I

»

.
»

* (Magnification x 800). :

(pale‘grey with low relief - Cp I).
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Explangtion of Plate Vil

®

in a"éaries texture! and‘along cracks. The sphalerlte has blobs‘cf

(“Magnificgtion x '200’)_ '~

Photomicrcgraph 07 small crystals of pyrite II (white - Py II) 1ying
along irregular lines within sphalerite (dark grey - Sph).

(Megnification x 248)

Fig.

_Pyrite II (pale grey with high relief - Py II) crystals present in ir-

regular lines cutting across pyrrhotite (grey - Pyrr) and chalcopyrite I
(pale grey with low relief — Cp I).

(Magnification x 200)

Fig. 4

Eyrxte 11 (whlte - Py II) erystals which have formed as a recnystal#
ligation of large earlier formed pyrite I crystals (white ~ Py I).

(Hagnificatiﬁn x 200) -

.
Y

Lamer v LRy Y s Y

-
J ot

{Sphaleri%e‘(&aﬁkﬁgﬁgy;—‘Sph} which has replacadby&rife'I (white 4‘?y.i)'v

chalcopyrite I (ahlte - Cp. I) present as’ exsolu*lon Jamellae withinm it. ;
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Explanation of Plate VIII

,iPhotomcrograph showing a gr;.ln of pyrrhotite whlc"h has been e'fched "alth
‘§3lute chromic azid. The hexagonal pyrrhotite (pale grey - hex:pyrr) is

_weakly e*bohed and ‘stands out ‘as rounded grains within the strongly etcned
monoelinic pyrrhotn.te ('tark grey — Mono. pyrr) Grains of pyrite I
(white - Py 1) have been replaced along their contacts with pyrrbotite

by chatcopyrite I {white - Cp I). ’ ‘

(Megnification x 200}

Pig. 2

Exsolution texture of chalcopyrite I (white - Cp I) within sphalerite =~

(grey - Sph). ’
(Magnification x 800) .

Fig.

Photograph showing a vein of galema {white — Ga) cutting auross

sphalerite {pale grey - Sph).

(Magnification '7xk 7,46) T e

Pig. 4
Photbmicrograph showing chalcopyrite I (pale grey - Cp I) which has been ,
partially replaced by pyrrhotite {(grey - Pyrr) in a ‘caries texture's i S
However the pyrrhotite ifself has been replaced by epidote {vlack = _Ep) o

: . , which is n.ntrudad by chalcopyrite T. Since the pyrrhotite appears to
' . : be both older and younger than %he chalcop;nte I, thn.s is a mutusl
e texture. ‘

(Magnification x 300)







’ EXpiazaation of Plate IX

, mmﬁauﬁ;s a}‘ aalcxt:a f black) w:.tnlu chalr:opyr,zte T {pale grey ~ Gp L}
b 'vih:m}a is in. tnrn &ur:mmded and x-eglaced by galsna \grey - Ga)

(Magnification x  395)

- ?hoﬁmxicmgmﬁ;‘ srowing exsolution lamellae of chalcopyfite IT (white -
COp II) within bornie {pale grey — Bn).

(Magnification x 375)

Pig. 3

Phato@icrcxgraph of bornite (grvey - Bn) surrounded and replaced by sup'er-,-”
‘gene blue chalcocite {pale grey - Cec). Both the bornite and supergene
blue chaleocite contain exsolution lamellae of chalcopyrite II {white - 3
op I). Coveliite {dark grey — Cov) is preseri as narrow blades replac—
ing the other sulphides. The black material is gangue.

{Magnification x 875)

Fig. 4 | | |
Heedles of actinolite {black) enclosed within and replaced by chalco~ ’ .
-pyrite'i {white — Cp I)}. Both minerals being presert within an amypdale.

(Magnification ¥ 200)
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%kplanaticn of Plate X

. i )3
Y -
‘Bpidote (black = Ep) whieh kas been replaced by chalcopyrite I (pale - NI
‘grey-- Cp I) in & 'caries texture® and has white shalcocite {(grey - Ce) S
replaclng the chalcopvrlte T.along its contact with the epidote.: s
(Magnification x 1 000}
Pig. 2 o
Photomicrograph of tmyrmekitic inte:. vowth' tetween whité chalcocite 1
(pale grey - Ce) and bornite (dark grey - Br). A narrow zone of blue .
_chalcocite (grey - blc) is present between the bornite and the white
chalcocite.
(Magnification x 200) I }
Pig,,
Veln of white chulcocite (white — Gc) cutting through the gingue’ \u;ack)
and having remnants of bornite (grey - Bn) included within it. : 5 3
(Magnification x 200)
Fig. 4 '
N . - N . & :
Photomicrobraph of bornite and white chalcocite which have been etohed o =1
using a 20 per cent by weight solution of KCN. The wnite chalcocite 'v L B

{strongly etched - Cc) shows a prominent etch cleavage, it appears to - .
be later formed than the bornite (wgakly etehed — Bn) since it has
1isiands' of bernite within it, and has intruded the bormite alung

Ml )|

narrow veins.,

(Magnification x 860)
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Bxplanation of Plate XI

.

___.&._l

Mutual texture between bornite (dark grey - Bn) and'whlte chalcocite -
‘(whlte - Cc) showing ’1sland"f of white. chalcoclte within tornite, whlch
ig in turn repl&csd by white vhélcocite. A narrow zone of blue chalco-
":_clte (uale grem,r—uoc is present between th W o chialcocite and vhe.
"Lborn%ﬁ. g | Sl

(Bogrificetion X 205)

Pig. 2

Phobomicrograph showing bornibe {dark grey - Bn) with a rim of white
chalcocite (white - Ce) along its contact with the gangue (black).
There aré also two veins of chalcocite cutting through the bornite.

(Magnlflcatlon x 800)

Fi .

Bornite (grey - Bn) is completely rimmea by supergene blue chalcocite

(pale grey — Ce). :
(Magnification x 750)

Pig., 4

Photomierograph of an amygdale showing actinolite needlesr(black) within
bornite (grey - Bn) and white chaleocite (white - Ce). The actinolite
needles mist have been in place vetore the white chalcocite was formed

. since they act as divisions petween the bornite and white chalcocite.

(Msgnification x 267)
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Explanation of Plate XII

Irregularly shaped gramns of covelllta (ﬁvrn grev - Cov) which have
re}¢aced whlte chalcoci%e (pala grey - ¢ ;a'

’(Magnificatioﬁ % T50)

Phofomicrograyh showing native copper (white - Nat Cu) rimmed by
supergene blue chalcocite (grey - Cc). Both copper minerals are

‘surrounded by gangue (black).

(Magnification X 1690) «
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. APPENDIX VI

' Phétoﬁicrograﬁhg of Structures and Textures within
v -~ Thin Sections. ) :

Explafation of Plate XITT

Rounded grsine of olivine (pale grey - O1) #ithin an interstitial
groundmass megnetite (black) and biotite (pale grey - Biot).

(Magnification x 200}

ig. 2 ' o , _ sl

with rim of iron oxide {klsek).

:

Olivine pseudomorph (dark grey - Bow)

(Magnification X 350)

-

Mig. ,
Olivine pseudomorphk (grey -~ Bow) partially enclosed within a orystal

of pyroxene (pale grey - Px).

(Magnification x 120)

Prnenocrysta of augit@'(pale grey - Px) partially enclosed within

plagioclase phenoerysts (1ight grey - P1).

(Magnification x 64)




Plate XIII
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Txplanation of Plate XIV -

r
: T

S
augite (dark gréy’ and pale grey - Px) showing pﬁcomiﬁénﬁ :

C - buin inn ix}g‘; A

-

(Magnification X 120)

Fig. 2
Keersulite (&aﬂc grey - ) pyroxene (palre'_gre‘y - FI); ‘ o

L

partially enclosing

(Megnification X 240) o

- : Pyvoxene (pale grey ~ Px) which has been replaced by uralvi_té (g:réy - Or) .
‘ ‘along its edges and cleavages. B IR ;

(Magnification X 200)

od by biotite (pale grey - Biot).

. Kaersutite (dark grey - K) surround
(Megnification X '240)




Flate X1V




_Explanetion of Plate XV

Graln of kdersubite (dark grey - K) with outgrowths of arfvedsonite’
'(grey Ar) along its edges.

(Magnification x 400)

Fig. 2 |
Intergrowth of hornbiende (dark grey to black - H) and plagiociase
(pale grey - P1).

(Magnification x 28)

Pig, 3
Veins of hornblende (dark grey - H) cuttlng a crystal of plagioclase
(pale grey - P1).

(Magnification x  240)

Pig.
Hematite (bla"k) whieh is surrounded by plagloclase (pale grey - F1)
within & pe@matlta vein.

(Magnification x. 120)‘
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Plate XV
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Explaﬁa’cioﬁ.of Piate XVI

N

ﬁe‘w&ﬁ,te (blacﬂ;) enclosing rbck_ fragments and secondary quaﬂ:z
{white - Q). ' ' « '

. (Magnification x 240)

Fig. 2 , 7
Amygdale containing caleite (white - Ca) which is surrounded by
‘biotite (black). °

(Bagnitication ¥ 500)

Fi' ¥

galcite (grey - C&) surrounded by later quartz (pele grey = Q). B

(f{agnif iéation X 128)

Fig. 4 |

Amygdale surrounded b7 quariz {(white - Q) and filled with ¢hlorite
{mottled grey - Cn) which encloses carlier formed calcite (wnite ~ Ua)
and biotite (vlack). ~

(Msgnification X 40)
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ﬁa@lﬁ;&s ( hite - Z) wluch “have replaced rhe feldspar thhln the I
groﬁndmass of amygdaloidal emdesme (hght grey - su:croun&ed, by {
atlpplec’i line). : : L '
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