
extremely low solubilities of sulphides in water. Sullivan (1957) 
gave partial support for Brown's idea, but felt that the heat of 
formation and B.M.P. series decided which metals occurred as silicates, 
oxides, sulphides and native metals respectively. Krauskopf (19&?) 
thought that the transport of heavy sulphides is unlikely, hut that 
the transport of heavy metals may take place in the volatile state.
Jacobsen (l967) in discussing the ora deposits at Artonvilla states  ̂
that 'mineralogical evidence suggests that the hydrothermal alteration 
was caused by watery solutions containing Na20, CaO, Al^, K20, C02 
and Si02*. 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 transported in the volatilized state.

o. Composition and pH of mineralizing fluids
The composition of hydrothermal solutions as established by several 
authors from a study of volcanic emanations is predominantly HgO, S,
Cl, F, B, P and C02. The pH of hydrothermal solutions is probably 
seven or more, since if the solutions were acid they would cause more 
intense wall rock alteration in carbonate than silicate host rockŝ as 
calcite should be destroyed. Garrels (1944) concluded that while acid 

. solutions are incapable of metal transport alkaline solutions may
transport metals in a complexed state. ■

a. 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 such an extent that much of the 
water present was driven out of the rocks. The hot aqueous solutions 
thus formed acted as the vanguard of the ore solutions and probably 
contained C0?, K20 and Na20. The secondary gangue minerals we*re fwine 
largely at the same time as the sulphide minerals, but over a far greater 
area of rock because of the higher mobility of the aqueous solutions. . 
As crystallisation proceeded the lower temperature components were con­
centrated in the areas of lower pressure.
5. Source of Mineralizing Fluids
The author has concluded that the Roodekraal Igneous Complex is post- 
■Transvaal and pre-̂ iiandsberg in age, and since the mineralisation 
probably followed shortly after the consolidation of the roc ype, 1



must fce pre-Filandsberg in age. ->
Of the rook types present in the Boodekraal Igneous (lo*plex itself

t h e r e  is only oni „hich could possibly tare acted as * "»<■ <* ■ ' 

-in.mliring solutions, this being the coarse pyroxene diorlts. Srdro- 
ther.al Iteration ... mch lass intense in the coarse pyroxene diorxtc 
than in the other rook types, the coarse pyroxene olorite ws the 1...1 
aajor rook type to be 'e.placed and is thought to be the patent body of
the dioritio-pegmatite ,ni dioritie-aplite veins.
coarse pyroxene diorit. had an excess of YClntiles, it -onld he expected 
that amphibole, and not pyroxene, vould be the st.bl. ..tic .inoral
present (Bowen, 1928). .

The most likely source for the ore foraing solutions ho.ever,
not logically to be found at Socdekr.al, since ocppor sulphides an 
malachite stainings have been found at several other pom s aroun 
Vredefort Ring Structure e.g. Bieschoff t1972b) states tb.« »opp« . 
sulphides are present in the Idnde^esdrift intrusion ond the alkali 
granite aplite of the Vredefort King Structure. »uoh e v i d e n c e  has been 
presented for the occurrence of a large basic body at depth 
Vredefort King Structure by such authors as Hall and Holengr.aff (19 5 , 
»el (1927), Truter (I94l), Bisschoff (1950) and (1970) and du Tol ( 9

v M  +»,«+ csulohides were differentiated from this ir.agma body It seems probable that sulphides . place
■ shortly after the .idespread injection of pseudotachyl.t. had taken pi
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VI. CONCLUSIONS

1, The Roodekraal Igneous Complex was formed after the deposition of 
the redimentary rocks making up the Magaliesberg Stage of the 
Pretoria Series, and before the introduction of pseudotachylite 
approximately 1 970 million years ago, Thus this Complex was „ 
formed at a similar time to the emplacement of the Bushveld Igneous 
Complex. A large hidden, magma body beneath the Vredefort Ring 
Structure is probably the parent of the Roodekraal Igneous Complex 
and all the other igneous bodies within the Ring Structure. The 
presence of a hidden magma body has been postulated by authors such 
as Hall and Molengraaff (1925), Nel (1927), Truter (l94l), Bisschoff 
(1950) and (1970) and du Toit (1966).

2. 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 
Igneous Complex', the author concludes that the Roodekraal Igneous 
Complex was emplaced after the deformation of the sedimentary 
rocks of the Vredefort Ring Structure, within, a tectonic basin 
formed by the intersection of two synclinal axes. Since no pillow 
structures or other evidence of extrusion under water are found at 
Roodekraal, the lavas are regarded as having been extruded onto a 
land surface.

5. As regards sub-division of the rock types present at Roodekraal
the author has concluded that the major rock types may be divided 
into two main groups, namely the andesite/diorite group and the 
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 proportion within 
the pyroxene andesite/diorite group. However there are many 
other differences between these groups, such as a distinctly 
different geochemiatry, well demonstrated by the presence of two 
differentiation tr .nds on the 'Pearce diagrams* (Fig, xv (a) and (b) 
in Appendix II) and a markedly different field appearance,, with ' V 
pyroxene andesite/diorite group being generally darker in colour 
and always strongly porphyritic, whereas rocks of the andesite/ 
diorite group are usually equigranular.



The sequence of emplacp ent for the rock types of the Roodekraal 
Igneous Complex began with the massive andesite followed by the 
amygdaloidal andesite, equigranu?ar diorite, pyroxene andesite,- 
fine pyroxene diorite, coarse pyroxene diorite, olivine gabbro, 
dioritic-aplite, dioritic-pegmatite, dolerite, syenite, pseudo­
tachylite and syeni te-porphyry. This sequence is in agreement with 
that suggested by Bissehoff (1950) except that it has been extended 
by the author to include five more rock types. Pour of these rock 
types, namely massive andesite, pyroxene andesite, olivine gabbro 
and dioritic-pegmatite, have not been described before while the 
fifth rock 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 formed 
as a cumulate rock immediately after the emplacement of the coarse 
pyroxene diorite, and the dioritic-pegmatite, which forms as dila­
tion vein fillings associated with dioritic-aplite, probably 
crystallised from aqueous 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. it has very pronounrsd 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 (l97l), Chayes (1965 
and 1966) and Yoder and Tilley (1962) it was decided that the parent 
magma from which the rock types of the Roodekraal Igneous Complex 
were derived was probably tholeiitic. An earlier suite of tholeiitic 
rocks is present within the Vredefort King Structure and was most 
likely derived from, the same parent magma as the Roodekraal Igneous 
Couples. The presence of this earlier suite of tholeiitic rocks is 
in agreement with the conclusion, that the Roodekraal Igneous Complex 
had a tholeiitic parent magma,.
The sulphide bodies are restricted in. their occurrence 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 above 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 of hydrothermal 
alteration involved 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 (l962), and was completely unconnected with 
widespread 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 to 
uraliie and andesine to albite.
The prominent zoning of the ore and gangue minerals present within 
the sulphide replacement bodies themselves is the reverse cf the L 
normal sequence as established by authors such as Emmons (l924)» 
Blanchard (1927), Graton and Bowditch (lS36), Parks (1955)t Sales 
and Meyer (1950), Schwartz (1956) and Parks and McDiarmid (1964), 
but agrees very closely with the mineral zoning present at  ̂
Artonvilla mine in the Messina district as described by Jacoosen 
(196?). The author concluded that there are two distinctly dif­
ferent zonal sequences, firstly, the normal zonal sequence which . 
occurs in open space filling deposits formed at low pressure and 
secondly, the reversed zonal sequence which occurs at higher 
pressures in replacement deposits such as Artonvilla and Roodekraal,
Although the sulphide minerals present at Hocdekraal were deposited 
over a wide range of temperatures, from climatic temperatures for 
azuxite, malachite and cuprite to temperatures in excess of 400°C 
for pyrite and pyrrhotite, the sulphide bodies are considered to 
be epithermal because they were emplaced very close to the surface.
Copper sulphides and malachite stainings have been found at several 
places within the Vredefort Ring Structure, thus it seess that the 
sulphides were differentiated from the hidden magma body. Since 
sulphides replace the pseudotachylite they must have differentiated 
after the injection of pseudotachylite had taken place. The writer 
concluded that the ore solutions were sulphides in vapourized state, 
and that as they rose they heated the overlying rocks to such an ex­
tent that much of the water present was driven out of f;he rocks.



The hot aqueous solutions thus formed acted as the vanguard 
of the ore solutions and brought about the hjdrothermal al­
teration associated 'vrith ore deposition* '
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Chemical Analyses quoted in weight per cent arid C.I.P.W. Norms

Mark of Sample ' EC 1 EC 2 RC 3 RC 4
ROOK TIPE Massive Amygdaloidal Amygdaloidal Amygdaloidal

Andesite Andesite Andesite Andesite
% Oxide

Silicon Si02 51,49 50,55 52,34 50,87
Aluminium AI2O3 12,91 11,66 12,33 11,23
Iron (ferric) I^Oj 

(ferrous) FeO
1,27 5,16 3,32 4,45
8,64 10,49 10,38

2,19
10,36

Magnesium MgO 3,48 2,89 3,26
Calcium CaO 10,43 4,22 4,18 5,06
Sodium HagO 6,25 4,42 5,87 4,30
Potassium KoO 0,44 2,69 1,48 2,19 *
Water (hygro-

scopic) HgO- 0,25 0,12 0,08 0,14
(combined) ^0+ 0,83 1,20 1,18 1,55

Carbon dioxide CO2 0,71 3,33 3,98 3,57
Titanium TiOg 1,97 1,87

0,46
1,63 1,94

Phosphorus 0,78 0,47 0,45
Manganese MnO 0,19 0,19 0,24 O', 21
Strontium S”0 ppm 890 470 337 431
Rubidium RbgO ppm 36 67 53 65

TOTALS 99,73 99,30 99,71 99,63

NORMATIVE MINERAL %
Quartz
Orthoclase 2,65

0,08
17,20 9,35

1,25
14,05

Albito 39,35 42,95 56,40 41,85
Anorthite 5,98 4,38 3,13 5,30
Nepheline
Wollastonite
Enstatite

10,62
6,00
8,64 2,39

7,52
9,76

Ferrosilite 10,90 4,55 11,10
Diopi3ide • 
Forsterite

33,12
1,15 V 12,64

1,43
Fayalite 1,19 2,71

5,04Magnetite 1,35 5,83 3,72
Ilmenite 2,78 2,82 ' 2,44 2,94
Apatite 1,66 1,04 1,04 1,01
Manganese ore 0,15 0,16 0,20 0,18

TOTALS 100,00 100,00 :: 100,00 100,00

ppm 33 parts per million



Hark of Sample

ROCK OTE

RG 5

Andesite

RG 6

Andesite

RC 7 RG 8

Andesite
Amygdaloidal 
Andes'! be

Silicon 
Aluminium 
Iron (ferric) 

(ferrous) 
Magnesium 
Calcium 
Sodium 
Potassium 
Water (hygro­

scopic) 
(combined) 

Carbon diezide 
Titanium 
Phosphorus 
Manganese 
Strontium 
Rubidium

FegÔ
FeO
MgO
CaO
Na20
k2o
HoO-
h2o+
C02
TiOg
P205
MnO
SrO
RbnO

ppm
ppm

51,55
11,46
5,55
11,64
2,98
4,36
4,63
2,28
0,14
1,43
2.94
1.94 
0 , 4-8 
0,19
332

88

50,96
11,48
2,62

12,1.8
2,97
4,44
4,35
2,08
0,15
1,49
4,34
1,92
0,45
0,15
335
79

50,98
11,59

3,88
10,80
2,24
4,93
4,96
1,63
0,32
0,73
4,62
1,80
0,53
0,16
295
89

52,25
11,43
3,09
8,94
2,77
5,55
4,11
2,84

. 0,16 
1,3? 
4,83 
1,76 
0,41 
a, 19 
467 
89

TOTALS 99,59 99,62 99,21 99,71

NORMATIVE MINERAL <fo
0,19 2,06

Quartz 13,40 10,50 18,30Orthoclase JJ.50 ^
’ * ac f\ on 4,98 4,73Anorttete *-°5 6,20 4,J« ; ^

Nepheline 8,96
Hollastonite . 3j28  ̂ S»34
Enstatxte 5, _ _ 8,12 10,06i-errosilite 9.18 1„68 ^
Diopside 12. • lf05
Forstente ■ 2,61
hyalite g 2|37 3,53Magnetite 3,99 2)68
Ilmenite 2,90 ^  1>20 0,93
Apatite q> 0,14 0,16
Manganese ore 0,1 V __ _ ____— — —— 1— —— -

TOTALS 100 >°0 l0Q*00 10°,0°

ppm ** parts per million



Mark of Sample RC 10 HO 11 RC 12

ROCK T¥PE Amygdaloidal Amygdaloida] Amygdaloidal Amygdaloidal
Andesite Andesite Andesite Andesite

jo Oxide
Silicon SiOo 51,75 50,20 52,06 50,52
Alumniffl Al205 U.5° 11’JJ
Iron (ferric) Fe20j 5,89 . in’fiq 13* 51 (ferrous) FeO J 11,?\ 10,67 *0.69
Magnesium MgO 7 2, 4 4*99 4̂ 57Calcium CaO 4,65 7,81 4,yy
Sodium Na20 4,38 4,82 4,86 4,45
Potassium K20 2,04 0,88 1,74 l.W
WSter f e )  H20- 0.26 0,45 0,12 0,23

(combined) B20+ l.l* 1>05 1 5‘ a6
Carbon dioxide C02 2,66 ,9 1>64 !,74
Titanium Ti02 “r»JLq nf Qf- a 49 0,40
Phosphorus ^0 5 0,58 , 0,i4 0yl8
Manganese MnO u,̂ 4 , 403
Strontium SrO ppm 455 4 7 ' ■ 67 75
Rtibidium Rb2Q ppm 98 _______57 ____  . _,______ — -

qo «a 100 13 9 9 ,4 8 99,75TOTALS 99,84 lou.ij ---- __--_____

NORMATIVE MINERAL #
Quarta
Ort'aoclase
Albite
Anorthite
Nepheline
Wollastonite
Enstatite
Ferrosilite
Diopside
Forsterite
Fayalite
Magnetite
Ilmenite
Apatite
Manganese ore

12,85
47,55
5,18

5,50
5,10

14,88

2,07
5,00
4,52
2,58
0,85
0,12

5,70
47,60

7,68

5,07 
6,61 
22,56 
0,15 
0,29 
1,65 
2,46 
2,22 
0,23

0,49
11,15
47,40

6,88

6,60
8,24
15,24

2,28
2,48
1,12
0,12

■9,95
44,25
6,58;

6,70
14,14
11,76
0,41
0,88
1,76
2,68
0,95

■0,16

100,00 100,00 100,00 100,00

ppm ;= parts . per million



Mark cf Sample EC 13 RC 14 RC 15 RC 16

ROCK TYPE Amygdaloi&al
Andesite

Arnygdaloidal
Andesite

Coarse
Crystalline
Andesite

Equigranular 
Biorite

Oxide
Silicon Si02
Aluminium _ AlgOj 
Iron (ferric) Pê Ô  

(ferrous) FeO 
Magnesium MgO
Calcium CaO
Sodium HsgO
Potassium K2O
Water (hygro­

scopic) H20- 
(combined) H2O+ 

Carbon dioxide CO2 
Titanium Ti02
phosphorus P2O5 
Manganese MnO ,
Strontium SrO ppm
Rubidium Rb20 ppm

TOTALS

NORMATIVE MINERAL
Quartz
Orthoclase
Albite
Anorthite
Nepheline
Wollastonite
Enstatite
Ferrosilite
Diopside
Forsterite
Fayalite
Magnetite
Ilmenite
Apatite
Manganese ore

50,01 54,2S 51*53
10,77 12,94 11,80
6,30 0,94 1,66
12,00 12,43 10,81
3,32 2,04 2,44
5,13 , 3,56 4,73
4,48 3,95 4.99
1,94 1,59 1,84
0,16 0,16 0,21
0,88 1,78 1,04
2,12 4,45 6,31
1,89 1,46 1,67
0,39 0,39 0,49
0,17 0,08 0,12
320 515 344
73 48 83

99,60

2,10
12,25
4-3,05
3,80
8,04
9,82
7,70

9,40
2,82
0,88
0,14

100,09 99*68

49,63
3,34
4,18
12,62
5,69
7,15
4,40
1,42

. 0,17 
1,17 
0,53 
2,11 
0,40 
Cl, 23 
395

■

99,68

totals 100,00

7,25 8,7510,30 11,95
38,80 49,25 40,40
14,10 4,50 3,30

1,00
0,45

6,16 4,17
18,14 8,17 24,7214,00

0,66 7,31
1,29 6,38 •

1,08 1,91 4,5ft 
3,<*>2,22' 2,58

0,88 1,12 Oj.88
0,07 0,10 0,19 a

100,00 ’• 100,00 100,00

ppm = parts per million



Mark of Sample RC 17 RC 18 EC 19 • RC 20 RC 21

EOCK TYPE Equi- 
-granular Pyroxene- 
Diorite Andesite

Fine 
Pyroxene 
- diorite

Fine 
Pyroxene 
- diorite

Coarse 
ryroxene 
- diorite

jo Oxide
Silicon 
Aluminium 
Iron (ferric) 

(ferrous) 
Magnesium 
Calcium,
Sodium 
Potassium 
Water (hygro­

scopic) 
(combined) 

Barium
Carbon dioxide
Titanium
Phosphorus
Manganese
Strontium
Rubidium

SiOg
Alp.Oj
T?&2®3FeO
MgO
CaO
ITapO
K„0
h2o- 
h2o+
BaO 
C02 
TiOp
?2°5 MnO
SrO
RbgO ppm

ppm

52,91
12,45

3,88
10,37

3,02
4,61
5,91
1,76

0,23
1,27

0,56 
1,84 
0,46 
0,19 
423 
55

49,65
11,64

6,30
8,46

4,53
6,28
4,31
1.79

0,14
1,24

2,69
1.80 

0,47 
0,19
516
52

52,21 52,14 51,09

12,99 12,84 15,79

4 .,45 0,47 2,98

8,96 13,22 9,23

3,38 4,55 2,72

5,09 6,02 5,84

5,64 4,84 5,69

1,49 1.72 1,19

0,20 0,18 0,2*S

1,48 0,24 1>56
0,09

0,57 0,39

1.87 1,78 1,76

0,56 0,63 0,74

0,19 0,13 0,17

490 700 * 016
55 47 37

TOTALS 99,51 99,55 99,13 98,92 99,55

normative mineral fo

EE?" ■ S:| gf»__7.33 5,98 8,5:5
0,87Anorthite 

Nepheline 
Wollastonite 
Enstatite

Manganese ore

10,75 11,80 9,15

54,85 41,20 52,70

2,35 7,33 5,98

0,06

6,87 2,82

3,41 2,44

14,60 18,04 13,24

4,10 0,32 2,53

5,29 0,16 2,21

4,20 7,01 4,85

2,66 2,66 2,72

0,99 1,04 1,21

0,15 0,16 0,15

0,07
0,09

S S S i r  u , s  1U  ^
Forsterite 4,10 0,32 ^  ^  5,86
Fayaixte 5,29 ■ 3>21
Magnetite 4,20 / ^
Ilmenxte 2,6b . 1>6Q
Apatite .. 0,99 1 4  ^  q M

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

ppm — parts per million



Mark of Sample RC 22 RG 23 EC 24 ' RC 25 RC 26

ROCK TYPE

Oxide
Silicon Si02
Aluminium A12°3Iron (ferric) Fe20~

(ferrous) FeO
Magnesium MgO
Calcium CaO
Sodium NagO
Potassium 
Water (hygro­

x2o
scopic) HP°-

(combined) HpOf
Barium BaO
Titanium Ti02
Phosphorus p2o5
Manganese MnO
Strontium SrO ppm
Rubidium Rb20 ppm

totals

Coarse
3yroxene
iiorite

Dioritic-
Pegmatite

Wall Rock Uioritic- 
tn RC 23 Pegmatite

Wall Rock 
to RC 25

48,11 58,80 50,58 51,77 40,01
10,35 16,09 11,25 17,24 6,02
16,36. Nil 0,07 Nil 11,37
1,70 5,36 12,81 9,22 9,67
7,70 1,60 12,90 3,15 12,50
9,23 6,16 6,58 6,37 15,95
3,12 8,59 3,10 5.80 0,79
0,60 0,13 0,72 0,55 0,10

0,12 0,14 0,35 0,16 0,14
Nil 2,03 0,21 0,97 0,22
0,17 0,02 0,06 0,03 . .0,01
2,08 1,00 0,51 2,50 3,03
0,55 0,20 0,33 0,17 0,19
0,21 0,05 0,13 0,08 0,18

i 900 700 300 800 200
i 13 5 27 5 * 5

100,39 100,24 99,63 98,09 100,20

NORMATIVE MINERAL %
Quartz 4,20
Orthoclase 3,65
Albite 28,95
Anorthite 12,93 
Nepheline
Wollartonite 12,30
Bnstatite 21,98
ferrt)3ilite 
Diopside 
Forsterite 
Fay&lite 
Magnetite
Ilirenite 2,72
Apatite
Manganese ore °,J-7 
Hematite 11»79 
Rn-hile --------- 2j14_

19,20
0,48
0,74
1,38
0,43
0,04

8.59 
4,61
12,56
17,60
8.59 
0,08 
0,70 
0,69

• 0,10

0,75 4,25 3,25 0,60
65,60 27,65 52,15 3,40
4,90 14,58 19,43 13,10
6,48 2,40

1,92
2,36
8,88
3,61
4.49
3.50 
0,35 
0,06

54,44
8,07
0,66

12,38
4,40
0,40
0,15

TOTALS 100,00 100,00 IQQ.OO 100,00 100,00

ppm = parts per million



Mark of Sample EC 27 RC 28 RC 29 HO 30 RC 31
ROOK TYPE Bioritic-

Aiolite
% Oxide ’

Silicon SlOp 5? '7 
Aluminium. AI2O3 14,05 
Iron (ferric) Fe2°3 2,04 

(ferrous) FeO 11,75 
Magnesium MgO 3,20 
Calcium CaO 5,81 
Sodium Na20 5,32 
Potassium Kg® 1,18 
Water (hygro­

scopic) HgO- 0,30 
(combined) H2O+ 0,16 

Carbon dioxide CO2 
Barium BaO 0,14 
Titanium Ti02 2,15 
Phosphorus ?2®5 
Manganese MnO 0,10 
Strontium SrO ppm 900 
Rubi3 RbgO ppm 31
TOTALS 99,76

Dolerito Syenite Syenite Syenite­
_ ",____  porohywr

47,01 62,69 60,94 62,69
14,56 16,01 14,50 16,73
3,52
9,76

0,90 1,03 1,34
4,-17 8,27 4,29 ;

5,05 0,20 0,35 0,50
9,79 2,17 2,24 1,75
2,70 6,67' 5,00 6,48
1,88 3,42 2,71 4,22

0,44 0,19 0,16
3,60

0,38
2,43 0,61

1,82
0,12

0,08 0,03 0,02
2,13 0,3? 0,26

0,06
. .0,40

0,*̂ 0,11 0,14
0,10 0,07 0,52 0,10

500 820 200 300
47 68 109 198

99,88 99,79 99,70 *99,21

NORMATIVE MINERAL $ .
Quartz
Orthoelase
Albite
Anorthite
Nepheline '
Wollastonite
Enstatite
Ferrosilite
Dicpside
Forsterite
Fayalite
Magnetite
Ilmenite
Apatite
Manganese ore

TOTALS

4,20 10,10 2,57
7,10 11,70 20,50 16,85 24,90
48,75 25,50 60,80 47,30 58,10
11,23 23,15 3,70 9,63 4,10

2*60 0,66 1,48
3,75 6,84 0,56 1,02 1,30
5,85 4,74 5,86 12,36 5,14
9,20 13,64
2,60 2,87
4,06 1,99 1,402,18 3,87 0,9& 1,14
3,06 3,12 0,52 0,38 0,56
2,14 2,50 0,24 0,13 0,29
0,08 0,06 0,43 0,08

100.00 100,00 100,00 100,00 100,00
ppm - parts per million

NOTE: Analyses of RC 1 - EC 19, RC 21 and RC 29 were done by
the National Institute for Metallurgy as Project t, 26/70, 
the remaining analyses were done by G o l d  Fields Laboratories 
(Pty) Ltd. The Sr and Hb analyses were determined to parts per 

s ten thousand by Gold Fields Laboratories (Pty) Ltd. 1uid arts 
per million by the National Institute for Metallurgy.



APPENDIX IX

Diagrams showing Iks Chenieal Variations present in 
the ilook Types 01' the Koodefcraal Igr-souo Ooaplax

logaiid of Syabolss use! In Figures (i) to (xv) 

Andeiit®
Enuigtsr.ular dlorite 

Pyroxens aniaoite/diorite 

Other rock typea

NOTE: The numbers printed next to individtwl 
rook tyres correspond to the RC numbers 
in Appendix I.



Fig.: fi') AFH aiagrw for rocks of the Roodekraal Igneous Coaplex, with 
the dotted line dividing tholeiitio roojes fcer. calc-alkaline 
rook* {modified after Irvir.o ar.i Baragar 1971, £. 528).

Fie, (li) Biagras shoving Keigbt per cent AljOj plottel a.tainat r»oroatJv« 
rlagioolBCB eonjesition for rooks of the Hoeiekraal Ignaou* 
Complex, with line divicUrig tholeiitio rock3 frot: calts-alkslS ne 
ffvsko (xoiified after Irvir.e ani Baragsr 1S?1, p- 336).
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 ̂  ̂ Alkalis Silica diaffraa for rooks of ’She Hoodekraal Igneous 
ffaaflM, with solid lins dividing the alkaline rooks froo the 

, -Sub-alkaline rocks (aoriifisd after Irv.ne «wi "aragar 1971*

TiK-A i*) Ternary Siagraa of norcative Opi-Ol-Ofx for rocia of the floode- 
kraal Igr.aous Coiplex, with atrsight and oxcvaii lines of Cfcayes 
(1965, 19-i) dividing tie slkaliKH rocte from the sufc-til'salins 
uoks (aodifiei after Irrtna ar,i fiaragar 1971, p. 534).





i k s J x & I  <»»0.+'^f39S?*2pJ +- fl02) - SgO - AI,CL t««auy dUigi** tot. rooto
. of the Pociekraal'Igceous Coerlax. * .

jm



Sfcvfo*) Sisgraa stowiEg percentage (PaO +  0,899SFe,fe) Blotted against 
percenUgo ?i02 for rocks oZ the Soodekraal Igneous Complex.
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Tifr. (7.i) D ia g u a  showing the relationship t>etwe*n the quantities of 3 V  

art Sr present lit the rpeks of th.e Soodekraal Igneous Coaplex.
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■i.) Sijiftrss showing percentage E  plottei against pere&'tsse Rb for 

roet'.s of t'r.e Eopie'cr^al IfteCJK Comflex. Solii lia* represents 

K/flb -s 250, xtiefc ia the average value for the ora.stsl rooks of 

the earth. Siagrac lo iifio i  tifter Aitrer.?. ei al . (1952 , p. 240).



?ig. Cxiit) Diagram showing psrcentege X plotted £ gainst Kb/Sr for rooks of 
the Saad«*r»al Igneous Coeplw. . .
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Fig. (yiv) Magraic showing jercertag* Ca plottei sgaicst percentage Sr for roe&s 
of the floodekr&al Igneous Complex.
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,?ig. (t v ) 'Pearse dicert-s' of the tolar raiios or Kg0/i.l,03 plotted against 
SiO^/iljO,, ar.i Ca0/&1203 slotted against SiO^'fl^Oj in (a) and (b) 
respectively. The theoretical curre*. for olivine a£d ''rtharhoabic ontf monooBnfc 
pyroxene are given nait to (a) and the theoretical curve3 fcr apatite, 
s-agite arid ylagioelfiae next to (b). Both sets of theoretical curves 
are plotted on rectangular co-ora .r.stes sriih equal dtTl3iotis alone 
both axeu„ .



Methods Used

A. Determinative Mineralogy
In general the optical properties of the mir, /_ils 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 minerals were determined by the liquid immersion 
method. A small quantity of the mineral being examined was crushed* 
immersed in various liquids of known refractive indices and the ’Bar.te 
line* test used to decide whether the refractive indices exhibited by 
a variety of mineral fragments were above or below the refractive 
indices of the liquids. In this way each of the refractive indices „ 
of the minerals were bracketed between, two liquids, one with a higher 
and the other with a lower refractive index.

For X-ray analysis a small quantity of the mineral to be identified 
was drilled from the thin sec+ion using a diamond point. The powder 

s obtained was mounted on a hair in a 57*5 millimetre diameter 
camera equipped with small ports and then X-rayed using co^er radia­
tion and a nickel filter. Unless otherwise stated copper radiation 
and a nickle filter have been used in all A->ray .analyses discussed in 
this section. The d-values obtained from tie phutograph were compared 
with the 'Index to X-ray Powder Data File' of the American Society 
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 used to identify specific minerals 
are as follows:-

1, Feldspar
To distinguish the different types of feldspar present using X-ray _ 
techniques, the method as outlined above was used and the 2?01, 002,
112, 060, 204, 131 and 131 reflections obtained for the unknown feldspar 
were compared with the diagrams of Smith (1956, p. 65, fij?. 3) and 
Wright (1968, p. 91, Fig- 2). This method was used to distinguish 
between K-feldspar and alftite, and to determine whether the plagioclase 
is of the high or low temperature form..

To determine the composition of the plagioclase present the extinc­
tion angle perpendicular to the a-crystallographic direction was



measured using the Fedorov K iaxial Universal Stage and the value 
obtained compared with Figure 55 of Peer et al, (1967, 4» P* 138) to 
derive the composition of the plagioclaae in percentage anorthite. To 
cheek whether the plagioclaae is of the high or low -temperature form 
the 2V and anorthite content of the plagioclase was measured and these 
values referred to Figure 51 cf Deer et al. (1967* iL> P* 154)•

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

3. Olivine
The composition of the olivine was determined by X-raying powder dril- . 
led from seven different olivim crystals, using iron, cobalt ani 
copper radiation in conjunction with manganese, iron and nickel fillers 
respectively. The values obtained for the d^Q iine were referred to • < 
the diagram of Yorler and Samaha (1957) and the values obtained for the 
d ^  line to the diagram of Jambor and Smith (1964).

4. Biotite. and chlorite
To determine whether smectites or other phyllosilicates with expanding 
lattices are associ ted with the biotite, a mixed sample of chlorite 
and biotite was prepared as a thin film on two glass slidesOne glass 
slide was allowed to stand in the heated vapour of ethyleue 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 samples, 
indicating that neither of the two minerals present has an expanding 
lattice and therefore no phyllosilicate with an expanding lattice is
present.

5. Pyrrhotite
To establish the metal content of the hexagonal pyrihotite, four grains 
were selected whica were replacing pyrite crystals, 30 that sufficient 
sulphur would be present for the formation of a pyrrhotite with an 
equilibrium 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 w'*,s X-rayed and the length of the unit cell was calculated 
using the d-valuea of thirteen reflections. The arithmetic mean was



taken of the values obtained for the thirteen reflections and gave a 
figure of 5,4141 A°. The value obtained vias referred to the graphs 
of Ctieman (1957) from which the content of PeS within the sphalerite 
was derived, ' ' ■
B. Geochemistry
Whenever possible the samples selected for analysis were taken from  ̂
drill cores ao that the rode was not weathered, channel samples were 
taken of narrow bodies such as pegmatite veias, dikes and sills by 
simply quartering the drill core. If & body was too large to channel 
sample, the chill zones were sampled. Wall rocks of pegmatite veins 
were sampled 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 pyroxene diorite 
were either channel samples or samples of chill zones, depending on the
width of the body sampled. .

C.I.P.¥. norms and the number of cations in the standard cell were
calculated according to the procedures 3aid out in Barth (1952), the 
standard cell calculation being based on the number of .cations associated
with 160 oxygen atoms. *



)' A P P E N D  I X IV

Photographs of Structures and Textures ̂ ithiit Drill Cores

Explanation of Plate I

Fig. 1_. ' ; ' • . ' . , .
r h o t o e r , ; *  » f  » » i d > t o *  p a r * l l s l  1 0

direction of f?.ow.

(Magnification, x 1,6)

Fie, ft. ■ _ ' ■ .
Photograph of euhedral grains of quartz (dark grey - Q) surrounded by 
calciie (white - Ca) within an amygdale in the andesrfce.

(Magnification x 4,0) *

gig. 3- .

of « h u * » r  ( w r  - Q> « « * - * ■ «  f” ”*s
(white - Ca) within an amygdale.

(Magnification 3; 3 A )

Me. 4 -
O W - A *  («>*« - «*) - r o w d l - g  ^  ,!hl',rlte ^  ‘W -'
witUin an amygdale. ^

(Magnification x 9.0)





Explanation, of Plate 11

pig, i ■■■■■■.' ; "■ ■ '■ ■ . . /  . - • ■ . - ■ 
Photograph of feldspar crystals arranged parallel to the edge of as 
amygdala composed of calcite (white - Ca) and chlorite (black - .Oh).

(Magnification x 5i8)

gig-. 2 .■■■■. ' ' . ... ‘ ■ ........
Photograph showing whorl like structures of hematite and chalcedony 
(light grey) in andesite (black) with calcite (white).

(Magnification x 2,5)

Fig. 5
Volcanic agglomerate showing f.'rrunded pebble of quartzite (light grey 
- q) within, b. matrix of andesite-

(Magnification x 1,8)

Pig. 4.
Volcanic breccia which has been cemented by calcite (white - Ca) and 
chlorite (black - Ch).

(Magnification x 2,4)
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Explanation of Flate III

Fig* 1 - ' ■ . ■ .
Volcanic 'breccia containing fragments of coarse-grained lava (l) 
and oalcite (white - Ca) within a matrix of fine-grained andesite.

■ (Magnification x

I U j~2 . . .

Blfeached <507*0 within the andesite which has a calcite filled vein, 
(white - "h) occupying its central portion.

(Magnification x

Sharp contact between dicritic-pegmatite (coarse-grained - p) and 
equigranular diorite wall x’ock (fine-grained)*

2,2)

2 , 2 ) '

(Magnification x 2,4)
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Photoin.icTogra.phs and Photographs of Structures and Textures 
within Polished Sections

Explanation of Plate IV 

F i g .  I ■ .
Skeletal grains of ilmenite (white) in gangue (dark grey).

(Magnification x 267)

£i&_2 '
Exsolution lamellae of magnetite (dark grey - H) within ilmenite 
(pale grey - II). The ilmenite has been partially altered to rutile 
(white - B) and the magnetite to hematite (white - He).

(Magnification x 360)

; Bl«y '
Eutile (light grey - H) with 'islands' of ilmenite (dark grey - II)

,. within it. '
A ' . i ' . ■ .
.c ‘ " (Magnification % 1 200)

gig. 4 . . . •
Skeletal grain U  goethite (pale gr.«y  ̂to), formerly magnetite, which 
is being replaced by bornite (dark grey - Jnl white clialcccxt® 
(white - Cc).

(Magnification x 750)





Explanation of Plate V

photomicrograph of an ilmenite grain (white - which contains ex­
solution lamellae of magnetite (pale grey - Mg), enclosed completely 
.in goethite (grey - Go) which was formerly magnetite.

(Magnification X  750)

Fig. 2
Photomicrograph showing a composite grain of. magnetite and pyrite 
surroi.nled by pyrite I (pale grey - Py t) and gangue (black), i. e 
composite* ,;rain is composed of small 'islands* of magnetite wxthm
a 'sea' of pyrite I.

(Magnification x 20Q)

Fig. .5
*<— * * * " * « * •  I (.hit. - Op D  

(ere, - Go) «a foraerljr m.gnstit., tt. chalcopyrite X i. *>«*>- 
uorphous after W .tite » d  is raplaoed b, bomita (grejr - Bn).

(Magnification x 25 &)

pyrite I (.hit. - »  D  Ratals ^aioidal

' (Magnification x 3.4)
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■ . . ■. .. ' " 
’Atoll’—like structure formed by pyrite I (white - Py l).

’ ! '-v- fis&tiou x  S iO ) '

■ '

Irregular remnants of pyrite 1 (pale grey wi+h high relief - Py l) pre­
sent within pyrrhotite (gfey - Pyrr). Che.] copyte 1 (pal? grey with 
low relief - (Jp l) is present as a replacement o* *he pyrrhotite along 
its contacts with pyrite I grains.

(Magnification x 800) \

'Mb±Jl .

Chalcopyrite I (pale grey with low relief - Cp i) has replaced pyrrho- 
tite (medium grey - Pyr.r) in a modified ‘caries texture’. The pyrite 1 
inclusions (pale grey with high relief - Py l) within the pyrrhotite, 
acted as harriers to replacement by chalcopyrite I, and replacement 
proceeded at a gveater rate where the pyrite was absent, so that tongues 
of chalcopyrite I extended through gaps in the pyrite I barrier and 
replaced the pyrrhotite beyond.

(Magnification x 730)

lit. 4 ' ' . : ' . ' .
Photomicrograph of pyrite I (pale grey with high relief - Py l) which 
has been replaced in m  'island and sea' texture by chalcopyrite 1 
(pale grey with low relief - Cp i). _

(Magnification, x 800)

Explanation of Plate VI .





?ig-1 ; ; ■  • : 'V;
Sphalerite (dark ^ey - Sph) which has replaced pyrite I (white - Py l) 
in a 'caries texture* and along cracks. The sphalerite has Mobs of 
cbalcopyrite I (white - Cp I) present as exsolution lamellae within it. .

(Magnifi cation x 200)

Fig. 2 . : ■
Photomicrograph o" small crystals of pyrite II (white - Py II) lying 
along irregular lines within sphalerite (dark grey - Sph).

(Magnification x 24-8)

; Explanation of Plate Vi'I

Fie. 3 .
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 • ■ . . . .  •
Pyrite II (white - Py II) crystals which have formed as a recrystal­
lisation of large earlier formed pyrite I crystals (white ~ Py l).

(Magnification x 200)





Explanation of Plate "VIII

m k z - i  : ;

Photomicrograph showing s grain of pyrrhotite which has been etched with 
dilute chromic said. The hexagonal pyrrhotite (pale grey - Kex.pyrr) is 
weakly etched and stands out as rounded grains within the strongly etched 
monoclinic pyrrhotite Oark grey - Mono.pyrr). Grains of pyrite I 
(white ~ Py l) have been replaced along their contacts with pyrrhotite 
by ehalcopyrite X (white - Op l),

(Magnification x 200)

Fig. 2 . . ....
Exsolution texture of chalcopyrite I (white - Cp i) within sphalerite 
(grey - Sph). '

(Hagnification x 800)

Gfa} cutting across 

(Magnification x 7,6)

Fig-...! . ......
Photomicrograph showing chalcopyrite I (pale grey - Cp i) which has been 
partially replaced by pyrrhotite (grey - Pyrr) in a 'caries texture'. 
However the pyrrhotite itself has been replaced by epidote 'black - Bp) 
which is intruded by chalcopyrite I- S i n c e  the pyrrhotite appears to 
be hoth older and younger than the chalcopyrite I,' this is a mutual
texture* . ■ . , . . .

(Magnification x 500)

> ■ 1
Photograph ahowing a vein of galena (white - 
sphalerite (pale grey - Sph).





Explanation of Plate IX

W U l  - f:' ■ ■ V  ■■■ ’ ' V  ■
- ' ■ - v: 1 . . .' . • . - . ■ - .
usnHiants of calcite (blp.ck) within chaleopyrite I {pale ga?ey - Gp l)
-which is in turn surrounded and replaced by galsna {grey - Ga) . ■

(Magnification x 595)

Fle,: 2 , . ■ ' . ■ '

Hioioaicrograpii showing exsolution lamellae of chalcopyrite II (white - 
Cp II) within bornite (pale grey - Bn). . ..

(Magnification x 375}

llSi-l ; ; . . _

Photoa’icrcigraph of cornita (grey - Bn) surrounded and replaced by super­
gene blue ehalcocite (pale grey - Cc). Both the bomite and supergese 
blue ehalcocite contain exsolution lamellae of chalcopyrite II (white - 
Op li,l). Covellite (dark grey - Cov) is present as narrow blades replac­
ing the other sulphides. The black material is gangue. .

(Magnification x 875)

«■t t * * ".- . ; . :
Needles of actinolite (black) enclosed within, and replaced by chalco- 
pyrite I (white - Gp l). Both minerals being present within an asygdale.

(Magnification x 200)





'Explanation of Plate X

Fig. I ■■ ■ ■ / ' ■ . ■ . _ ’ ’
Epidote (black - Ep) which has been replaced by chalcopyrite I (pale 
grey - Cp X) in a 'caries textures and has white chalcocite (grey - Gc) 
replacing the chalcopyrite t along its contact with the epidote.

(inagnif ica felon x 1 000)

Pig. 2
Photomicrograph of 'myrmekitic intex. rowth' between white chalcocite 
(pale grey - Cc) and bornite (dark grey - Bn). A narrow zone of blue 
chalcocite (grey - bCc) is present between the bornite and the white 
chalcocite.

(Magnification x 200)

n

Vein of white chalcocite (white - Cc) cutting through the g:-̂ gue (vlack) 
and having remnants of bornite (grey - Bn) included within it.

(Magnification % 200)

Fig. 4 .
Photomicrograph of bornite and white dialcocite which have been etched 
using a 20 per cent by weight solution of KCN. The white chalcocite 
(strongly etched—  Cc) shows a prominent etch cleavage, it appears to 
be later formed than the bornite (weakly etched - Bn) since it has 
'islands’ of bornite within it, and has intruded the bornite along
narrow veins.

(Magnification x 800)





Explanation of Plate XI

m U L  V  : ' ■■ ; . ■■ /
Mutual texture between bornite (dark grey - Bn) and white chalcocite 
(white * Co) showing ’island-?' of white chalcocite within bornite, which 
is in turn replaced by white chalcocite. A narrow zone of blue chalco­
cite (pale grey - fcCc) is present "between '?) .a chalcocite and the _ 
bornits. . . " : ■ , ■ . ■" . '' '■ -

(aagnificatioa % 2Q&)

Fig. 2
Fho tomicrograph showing bornite (dark grey - Bn) with a rim of Tfhite 
chalcocite (whit-? - Cc) along its contact with the gangue (black). 
There are also two veins of chalcocite cutting through the boruite.

(Magnification x BOO)

gig- 3 .

Bornite (grey - Bn) is completely rimmed by supergene blue chalcocite 
(pale grey - Cc).

(Magnification x 750)

A
Photomicrograph of an amygdale showing actinolite needles.(black) within 
bornite (grey - Bn) and white chalcocite (white - Cc). The actinolite 
needles must have been in place before the white chalcocite was formed 
since they act as divisions between the bornite and white chalcocite.

(Magnification X 267)





Explanation of Plate XIX

gife-l , ... .. ■ _ . ; , 
Irregularly sh&ped grains of covellite (de.x grey - Cov) which have 
replaced white chalcociie (palra grey - Ce}-.

(Magnification x 750)

Fia. 2 ' '
Photomicrograph showing native copper (white - Nat Cu) rimmed by 
supergene blue chalcocite (grey - Go). Both copper minerals are 
surrounded by gangue (black).

(Magnification x 1690)*





Photomicrographs of Structures and Textures withm 
Shin Sections

Explanation of Plate XIII

FAfe-l ' ■ ' ■ v. . '■ ■ . ' • ■ ' .. ■' ■ ' ' ' ' ■■ .
Rounded grains of olivine (pale grey - Ol) within an interstitial 
groundmss magnetite (black) and biotite (pale grey - Biot).

(Magnification x 200)

Fig. 2 '
Olivine pseudomorph (dark grey - Bow) with rift of iron oxide (Uack).

(Magnification x 350)

ffis- 5 . .
Olivine pseudomorph (grey - Bow) partially enclosed within a crystal 
of pyroxene (pale grey - Px),

(Magnification x 120)

Fig. 4 ■ '
Phenocrysta of augit* (pal, grey - Px) partially enclosed within 
plagioclase phenocrysts (light grey - Pi).

(Magnification x 64)
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Plate XIII



ite (dark g*x «*. ^Crystal of augite 
-bir inning.

(Magnification % 120)

H a l i t e  « U *  «  - K) Paxti^ » * « “  <*** ^  ^

(Magnification x 240)

(.ale srtj - Pi) »“  ” Pla0>a ^  ’■‘rSllt8 ’ Dl)Pyroxene Vpale Srey y
along its edges and cleavages.

‘ (Magnification x 200)

<*«* - k) s” imna‘'4 ij tlotl“ tisle ^ '

(Magnification * 240)





Explanation of Plate XV

■ . ' .

Grain of kaerstvfcite (dark grey - K) with outgrowths of arfvedsonite 
(grey - Ar) along its edges.

(Magnification, x 400)

Fig. 2
Intergrowth of hornblende (dark grey to black - H) and plagioclase 
(pale grey - Pi).

(Magnification x 28)

3.
Veins of hornblende (dark grey - H) cutting a crystal of plagioclase 
(pale grey - Pi).

(Magnification x 240)

Pig.-. 4 :
Hematite (black) which is surrounded by plagioclase (pale grey - Pi) 
within a pegmatite vein.

(Magnification x 120)
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Explanation of Plate XVI

Fig. 1 ' ‘
Hematite (black) enclosing rook fragments and secondary quartz
(white -  Q) • ..

(ilagnificatxofi. x 240}

gig- ..g— ■ .
, .. r v,iia pp’i which is surrcrundfcd byAroygdale containing calcite Uh..te - ) 

biotite (black), V

(Magnification x 300)

gig* 2. r. »v\
d o i t ,  (grey -  to) grounded *y !•*«  i t * '  '  V

(Magnification x 128)

l?ig> 4 ,’ , / , And filled with chlorite
imjrgdale surround** hj (I»ar * »■ ^  formed calcite (white - Oo) 
(mottled grey - Ch) closes earner to
and biotite (black).

(Magnification x





Explanation Cf P1 at s XVII

'li&u-l ' ■ : - ; ■ ' '

Zeolites (white - Z) which.-have replaced the feldspar within, the 
grouisdmass of amygdaloidal andesite (light grey — surrounded by 
stippled line).

(Magnification %
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