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III. PETR0GRAPHY 

A. The xenolithic rocks 

A large number of different xenolithic rocks were 

described by Strauss and Truter (1950, p94) and by 

Verwoerd (1964, p219 and 1966, p302), but only four types 

were encountered during this investigation. These four 

types seem to include most of those described by the 

abovementioned authors, and are mottled anorthosite 

(Figure 3), which resembles the mottled anorthosite of 

the Bushveld Complex (Strauss and Truter, 1950, p95), 

magnetite diorite (Figure 4), olivine diorite (Figure 5) 

and a magnetite breccia, which was not previously 

included with the theralites. 

Except fot the magnetite breccia, these rocks are 

coarse-grained and have cumulate textures (Table I). 

The major constituent of these rocks, again with the 

exception of the magnetite breccia which may be described 

as a monomineralic rock, is plagioclase (Table II). 

Preferred orientation of the plagioclase grains is a charac­

teristic feature of the gabbroic rocks, but this varies 

from extreme in the mottled anorthosite to indistinct in 

the olivine diorite. 

Varying amounts of clinopyroxene, magnetite and oli­

vine are present as additional minerals in the gabbroic 

rocks. Nepheline, soda-amphibole and zeolites occur as 

alteration products. 

A characteristic feature of the gabbroic rocks is 

the presence of aureoles around some of the minerals con­

stituting them, e.g. magnetite, olivine and plagioclase. 

These aureoles have been interpreted as being alteration 

haloes caused by the fenitisation of the rocks (Verwoerd, 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2025

18 

Figure 3. Mottled anorthosite: syrnplectitic texture 

Figure 4. 

and plagioclase; crossed nicols, x40. 

Magnetite diorite, syrnplectitic texture 

around magnetite in plagioclase, crossed 

nicols, x40. 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2025

19 

Figure 5. Olivine diorite, olivine (centre and 

apatite) surrounded by clinopyroxene 

and plagioclase crossed nicols, x40. 

Figure 6. Pyroxenite consisting of clinopyroxene and 

magnetite grains; biotite surrounds magnetite, 

note layering (less magnetite to the right) 

crossed nicols, x40. 
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Table I. - Petrographic characteristics of the gabbroic rocks. 

Rock variety:_: 

Texture: 

Plagioclase: 

Clino-,exroxene: 

Ivlagneti t e: 

Olivine: 

AmEhibole: 

Mottled anorthosite: 

hypidiomorphic, sym­

plectite at grain 

boundaries 

cumulus 

2,5x0,5 mm 

An60 

intercumulus 

variable grain size 

augite 

Magnetite diorite: 

hypidiomorphic, sym­

plectite between 

magnetite and plagio­

clase 

cumulus 

1,5-4,0x0,5-1,0 mm 

An40-55 

intercumulus 

1,0 mm 

ferro-augite 

intercumulus 

1,0 mm 

Olivine diorite: 

allotriomorphic 

embayed 

variable grain size 

An50 
I\) 

0 

variable grain size 

ferrohedenbergite 

fayalite 

present 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2025

Table II. - The volumetric composition of the gabbroic rocks from the Spitskop Alkaline Complex. 

Rock type: Plagioclase: Magnetite: Clino- Alteration Amphibole: Olivine: Orthoclase: Other: 

Sample No.: 

Mottled anorthosite: 

DA99 

DA100 

30,92 

1, 41 

Magnetite diorite: 

DA101 75,61 

DA 121 80,26 

Olivine diorite: 

DA87 1, 70 

12,29 

4,91 

5,95 

Nroxene: nroducts: 

2,17 

2,97 

7,07 

66,91 

95,62 

12, 10 

7,76 

40,00 14,07 5,95 31,06 

Note: Under alteration products all the mineral phases of the simplectitic haloes as well as the 

usual hydrothermal alteration products are included. In the case of DA87 the groundmass 

orthoclase, even though considered to be a metasomatic alteration product of plagioclase, 

is indicated separately. 

1, 27 

l'\J 
-lo 
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1966, p304). However, exactly the same textures, even 

though the mineralogy may be slightly different, have 

been described in rocks of the Upper Zone of the layered 

sequence of the Bushveld Complex by Von Gruenewaldt 

( 1971, p145), wh.o called them "complex simplecti tic 

textures". 

Unfortunately the mineralogy of the simplectites 

could not be determined with the microprobe for the reason 

that .the optical part of the instrument consisted only 

of reflected optics at the time of analyses. This made· 

it nearly impossible to identify the various mineral 

phases in such a simplectite. 

B. Bushveld country rocks 

The acid country rocks into which the Spitskop Complex 

is intrusive are typical of the eastern part of the Bushveld 

Complex. 

The granite consists of perthitic feldspar, quartz 

and mafic minerals and has a normal granitic texture, 

whereas the granophyre consists of the same minerals but 

displays typical graphic intergrowths of feldspar and quartz. 

C. Intrusive rocks 

1. Pyroxenite 

The pyroxenite (Figure~) is a melanocratic holo­

crystalline rock with a hypidiomorphic texture and consists 

of varying amounts of diopside, magnetite, apatite and 

biotite (Table III). 

Table III. - The volumetric composition of the pyroxenite 

from the Spitskop Alkaline Complex. 

Sample No.: Clinopyroxene: Biotite: Apatite: Magnetite: 

DA98 
DA113 

81 , 1 

67,7 
5,7 

11, 7 
0,3 
tr. 

12,9 
20,6 
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The mineral grains constituting the pyroxenite can 

be subdivided into two groups on the basis of their grain 

sizes. The average diameter of one group of grains is 

about 3,5mm and that of the other is about 0,2mm. These 

two groups of minerals are present in separate, poorly 

defined layers which give a banded appearance to the rock. 

The bands are up to 5 mm thick and wedge out irregularly 

against each other. The banded structure of the pyroxe­

nite is further enhanced by the fact that the fine-grained 

bands tend to contain more interstitial magnetite than the 

coarse-grained ones. 

Alteration of the clinopyroxenes results in a schiller 

texture parallel to {010} or to [100} in the less altered 

grains, and to bleb-like intergrowths of chlorite and 

magnetite with no apparent orientation in the more altered 

grains. 

Lamellar twinning along {100}, the lamellae of which 

are kinked in some grains, is common in the clinopyroxene. 

Magnetite, apatite, biotite, ilmenite and pyrite are 

present in varying amounts and they all occur intersti­

tially with respect to the clinopyroxene. 

When both magnetite and biotite are present in an 

interstice, the biotite separates the magnetite from the 

clinopyroxene, which indicates that the biotite is later 

than the magnetite. Ilmenite and pyrite are also situated 

at the boundaries between, the magnetite and the clino­

pyroxene. These minor minerals may, however, occasionally 

be the sole occupants of an interstice. 

2. Foyai te 
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Three textural varieties of foyaite were recognised 

at Spitskop during the investigation, viz. trachytoidal 

(Figure 7), porphyritic (Figure 8) and hypidiomorphic 

(Figure 9). 

Preferred orientation of feldspar laths is generally 

characteristic of the foyaite. Macroscopically it is 

pronounced in the porphyritic foyaite, less well developed 

in the trachytoidal, and nearly absent in the hypidiomor­

phic foyai t e. 

The foyaite is greenish in colour and varies from 

medium- to fine-grained for the trachytoidal variety, 

whereas the porphyritic and hypidiomorphic varieties are 

coarse grained. The petrography and volumetric composi­

tions of the three varieties are compared in Tables IV and 

v. 
The texture of the porphyritic and trachytoidal 

var·ieties is distinctly porphyritic, the only pronounced 

difference being in the grain size. In the former 

variety euhedral phenocrysts of alkali-feldspar are set 

in an equigranular groundmass of alkali-feldspar and 

nepheline, whereas in the latter variety alkali-feldspar 

laths form flow textures around nepheline phenocrysts. 

In both cases acicular clinopyroxene occupies the inter­

stices between the feldspar and nepheline grains. The 

hypidiomorphic foyaite has a texture similar to that 
I 

of the porphyritic variety except that the clinopyroxenes 

are usually present as squat laths rather than as needles, 

and tbat the phenocrysts, although larger than the ground­

mass feldspar grains, are sparsely developed. 

Sphene, zircon, apatite, biotite, magnetite, plagioclase 
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25 

Trachytoidal foyaite, feldspar laths 

showing flow texture around a nepheline 

phenocryst, crossed nicols, x40. 

Figure 8. Porphyritic foyaite, perthitic feldspar 
I 

laths with albite rims, intergranular 

nepheline, orthoclase and acicular 

clinopyroxene, crossed nicols, x40. 
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Figure 9. 

Figure 10 
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Hypidiomorphic foyaite, subhedral feld­

spar (perthitic), intergranular nepheline, 

orthoclase and clinopyroxene (squat), 

crossed nicols, x40. 

Clinopyroxene nodule (centre) in 

porphyritic foyaite, crossed nicols, x40. 
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Table IV. - Petrographic characteristics of the foyaite. 

Textural variety: 

A. FeldsEar: 

1. Shape: 

2. Size (mm) : 

3. Composition: 

4. Inclusions: 

5 . Alteration products: 

6. Structure: 

B. NeEheline: 

1. Shape: 

2 . Size (mm) : 

3 . Composition: 

4 . Inclusions: 

5. Alteration products: 

C. Clinopyroxene: 

1. Shape 

2. Size (mm) : 

2. Composition: 

Porphyritic: 

eu- to anhedral 

matrix: 0, 5 

phenocrysts: 4,0 x 1,0 

Or80 to Or96 

nepheline, 

clinopyroxene 

albite, sericite 

albite rims 

sub- to anhedral 

0,5 

Ne79 - 83 
clinopyroxene 

cancrinite, analcite 

euhedral, acicular 

0,3 X 0,03 

aegirine 

Hy_eidiomorphic: 

sub- to anhedral 

0,5 X 2,5 

Or 90 and Ab
99 

clinopyroxene 

sericite 

twinned 

sub- to anhedral 

0,5 

clinopyroxene 

analcite 

euhedral acicular 
to lath-shaped 

0,5 X 0,03 to 

0,1 X 0,01 

aegirine 

Trachytoidal: 

euhedral 

l,Q X 0,15 

twinned 

eu- to subhedral 

0,3 to 0,8 

[\..) 

-...J 

clinopyroxene,feldspax 

analcite 

anhedral 

0,25 

aegirine 
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Table V.- The volumetric composition of the foyaite from the Spitskop alkaline complex. 

Textural tyEe: Alkali-felds:ear: Clino12yroxene: NeEheline: Accessory Nomenclature: 

SamEle No. minerals: (Streckeisen, 1974) 

Trachytoidal: 

DA26 45,6 11,9 40,9 1,6 Nepheline syenite 

DA36 36,4 54,6 8,0 1, 0 Malignite 

DA37 33,2 29,0 37,8 tr. Nepheline syenite 

DA43 33,1 42,1 24,8 tr. Malignite 

DASO 48,4 31,0 14, 1 6,5 ·Maligni te 

DA66 43,9 39,0 8,3 8,8 Malignite 

CA82 33,7 49,5 13,7 3,1 Malignite 

[\._ 

PorEhyritic: a: 

DA3 56,8 35,2 7,4 0,6 Malignite 

DA24 39,4 17,3 38,3 5,0 Nepheline syenite 

DA45 48,9 20,3 25,8 5,0 Nepheline syenite 

DA46 60,7 10,3 23,1 5,9 Nepheline syenite 

DA51 49,4 36,1 10,5 3,9 Malignite 

DA59 19,8 49,2 24,9 6,1 Mal ignite 

HyEidiomorEhic: 

DA49A 60,3 16,8 17,2 5,7 Nepheline syenite 

DA49B 64,4 22,9 11,7 1,0 Nepheline syenite 

DA52 47,8 19,5 28,4 4,3 Nepheline syenite 
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and a blueish soda-amphibole, probably arfvedsonite, are 

the accessory minerals of the foyaites. 

Strauss and Truter (1950, p105) distinguished a 

fourth variety of foyaite for which they used the term 

"nodular foyaite". These nodules (Figure 10) consist of 

rosettes of euhedral clinopyroxene needles about 1,0 mm 

long which are arranged radially around a core of squat, 

anhedral grains of clinopyroxene. These nodules are 

here regarded as the result of accidental crystallisation 

around phenocrysts, and as they are present in all the 

varieties of foyaite, this distinction does not seem to 

be justified. 

3. Nepheline Foidolite 

The nepheline foidolites are subdivided into the 

porphyritic (Figure II) and the hypidiomorphic (Figure 12) 

varietiese These two textural varieties of nepheline 

foidolite may further be subdivided into urtite, ijolite 

and melteigite an the basis of their volumetric composi­

tions (Table VI). The nepheline foidolite at Spitskop 

varies from reddish, medium-grained urtites to melano­

cratic fine-grained melteigites. The petrographical 

characteristics are summarised in Table VII. 

The nepheline foidolites consist essentially of nephe­

line and clinopyroxene, the latter occupying the intersti­

ces between the nepheline grains along with the common 

minor minerals such as apatite, sphene, zircon and in some 

cases magnetite. 

In the porphyritic nepheline foidolite inclusions of 

clinopyroxene are common in the euhedral grains of nephe­

line and are present as needle- or lath-shaped grains, 

apparently arranged parallel to a specific crystallographic 
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Figure 11. Porphyritic ijolite consisting of nepheline 

phenocrysts with inclusions of clinopyroxene 

and also intergranular clinopyroxene, crossed 

nicols, x40. 

Figure 12 Hypidiomorphic ijolite consisting of 

anhedral nepheline and intergranular 

clinopyroxene, crossed nicols, x40. 
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Table VI. - The volumetric composition of the nepheline foido-

lites from the Spitskop alkaline complex. 

Textural type: Ne12heline: Pyroxene: Accessory: Nomenclature 

(Streckeisen,1974) 

Por12hyritic 

DP~S 50,0 36,8 13,2 ijolite 

DA28 60,2 34,3 5,5 ijoli te 

DA30 62,3 35,9 1,6 ijolite 

Dl\31 68,6 2 8, 9 2,5 urtite 

DA83 47,6 50,8 1 , 6 ijolite 

DA88 52,9 43,5 3,6 ijolite 

DA107 32,7 63,3 4,0 ijolite 

DAl 10 71,5 17,3 11, 2 urtite 

DA123 31,0 59,0 10,0 ijolite 

Hy12idiomoq~hic 

DA25 66,6 28,0 5,4 urtite 

DA39 66,6 30,5 2,9 ijolite 

DA40 78,9 19,6 1,5 urtite 

DA41 45,8 51,0 3,2 ijolite 

DA42 66,3 30,5 3,2 ijolite 

DA47A 63,4 32,5 4, 1 ijolite 

DA47C 51,4 41,0 7,6 ijolite 

DA49C 66,7 30,8 1,9 ijolite 

DA54 84,9 14,5 0,6 urtite 

DA60 64,3 34,9 0,8 ijolite 

DA97 90,2 9,2 0,6 urtite 

DAI 16 76,1 17,3 6,6 urtite 
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Table VII. - Petrographic characteristics of the nepheline foidolite. 

Textural variety: 

A. Ne.12heline: 

1. Shape: 

2. 

3 . 

4. 

5 . 

6 . 

B. 

1. 

2 . 

3 . 

4 . 

S i z e ( mm ) : 

Composition: 

Inclusions: 

Alteration products: 

Structure: 

ClinoE_Yroxene: 

Shape: 

Size (mm) : 

Composition: 

Alteration: 

Porphyritic: 

eu- to subhedral 

0,2 to 2,0 

Ne81 - 85 

clinopyroxene 

cancrinite 

secondary overgrowths 

eu- to anhedral 

0,2-0,5 X 0,5-2,0 

aegirine-augite 

none 

Hypidiornorphic: 

anhedral 

5,0 

apatite, clinopyroxene 

cancrinite 

eu- to subhedral 

length: 0,25 - 7,00 

aegirine-augite 

schillerisation 

L,..; 

I\J 
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direction, probably {10101. 

Nepheline is altered to cancrinite along cracks and 

grain boundaries in the hypidiomorptic variety, and clino­

pyroxene is irregularly altered to magnetite and chlorite 

(schillerisation). 

4. Carbonatite 

Verwoerd ·( 1967, p33) subdivided the carbonati t e 

into two main varieties, viz. s6vite and beforsite, but 

he also recognised intermediate varieties such as "dolo­

mitic s6vite''. S6vite has calcite as its major constituent, 

whereas beforsite contains mainly dolomite. According to 

Verwoerd (1967, p33), the calcite is replaced by magne­

siodolomite in the dolomite s6vite, in which case relics 

of calcite partially replaced by dolomite along grain 

boundaries and cleavage directions are present. 

The beforsite consists of crystals with cores of 

iron-bearing magnesiodolomite surrounded by rims of par- -

anker.i t e (Verwo erd, 1967, p3 5) . 

D. Hypabyssal rocks 

1. Latitic and trachytic rocks 

The latitic and trachytic rocks from outside the 

Alkaline Complex are reddish-brown and contain macro­

scopically distinguishable phenocrysts of analcite 

pseudomorphous after nepheline. Microscopically pheno­

crysts of various minerals can be distinguished in these 

rocks, viz. analcite, feldspar, clinopyroxene, apatite 

and nepheline. The analcite phenocrysts have an average 

diameter of about 0,25 mm whereas the diameter of the 

others is about 0,15 mm. 

Some of the dykes contain only analcite as pheno-
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crystal phase, but X-ray diffractograms of the whole rocks 

indicate that the other minerals mentioned above are also 

present. It therefore .seems as if the mineralogy of all 

the dykes and cone sheets is similar, the only major 

differences being their respective grain sizes and degrees 

of crystallinity. 

The latite from inside the Spitskop Alkaline Complex 

is a greenish, fine-grained rock with numerous amygdales. 

Under the microscope the amygdales are seen to consist 

of analcite and chlorite grains set in an aphanitic ground­

mass. Analcite is usually present as acicular grains 

pointing towards the centre of the amygdale, the core of 

which consists of a mossaic of analcite grains, thus forming 

a druse. 

Small phenocrysts of feldspar were distinguished 

in the groundmass, although the identification is based 

only on the lath-shape of the phenocrysts and on poly­

synthetic twinning. 

2. Agglomerate 

The agglomerate occurring within the alkaline complex 

(H6 and G4) is a greyish coloured rock in which fragments 

of perthitic feldspar may be recognised. On the other 

hand, the material from the calcareous diatreme (D10) 

looks quite different. It consists of a calcareous ground­

mass in which numerous rock fragments such as carbonatite, 

granite and the various alkaline rocks can be distinguished. 

E. Fenitised country rocks 

Strauss and Truter (1950, p86) distinguished two 

varieties of fenitised acid rocks, viz. "red fenites" and 

"white fenites", for which they also used the term "ump-
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tekites". Both these varieties are derived from the 

Bushveld granite and the Bushveld granophyre surrounding 

the complex. 

This subdivision of the fenitised granites is based 

entirely on the colour of the varieties in the field. 

The colour, however, is dependent on the degree of recrys­

tallisation of the reddish perthitic orthoclase of the 

Bushveld rocks. Thus, in the red fenitised granite, where 

no recrystallisation of the feldspar is evident the rock 

has a reddish colour, whereas in the white fenitised granite 

the feldspar is recrystallised to white perthite and the 

red colour is destroyed. 

The red fenitised granite is characteristically 

pock marked by vugs on weathered surfaces but on freshly 

broken surfaces these vugs are seen to be filled with 

ochre. Apparently the vugs originally contained cli­

nopyroxene which had replaced quartz during fenitisation 

and which in turn was altered to ochre. The general tex­

ture of the red fenites is the same as that of the Bushveld 

country rocks from which they were derived, viz. granitic 

and porphyritic. 

In the white fenitised granite the original texture 

of the rocks was destroyed by the recrystallisation of the 

feldspar. The white fenitised granite, representing the 

final stage of fenitisation, is a hypidiomorphic rock 

with a slightly larger grain size than the rock from which 

it was derived. 
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IV. ~.CINERALOGY AND MINERAL CHEMIS'l'RY 

A. Introduc·tion 

As clinopyroxene is the only mineral which occurs in 

all the alkaline and xenolithic rocks at Spitskop, its 

chemical composition is an obvious parameter for deter­

mining differentiation trends in the possible rock suites. 

Fifteen analyses of clinopyroxenes are presented here and 

form the basis of the chemical variation diagrams and the 

subsequent discussion. 

Because of the fact that iron is analysed as Fe with 

the microprobe and then calculated as FeO, and also because 

the values of both FeO and Fe2o
3 

must be known to calculate 

the structural formulae of the clinopyroxenes, a way of 

recalculating the total iron (as FeO) to give FeO and 

Fe2o
3 

values, had to be devised. 

There is a correlation between the Na2o values of 

the clinopyroxenes and the Fe2o
3

:Fe0 ratio and a curve 

was therefore drawn by using values published by Deer, 

Howie and Zussman (1963, p82-84 and p114-123) for the 

aegirine-augite series and for augite (Figure 13). 

The assumption that Na2o varies linearly with Fe2o
3

:Fe0 

is based on the crystal chemistry of the augite-aegirine 

solid solution series because there is a coupled substitution 

of NaFe3+ for Ca(Fe2+Mg2+) ignoring the minor r~les of 

K, Al, Mn, Ti, Cr. 

The object of the curve (Figure 13) is to deduce 

a rapid ratio in which the total Fe (as FeO) can be sub­

divided so as to facilitate the calculation of an 

approximate formulae. The structural formulae is not 

intended to be an end in itself, but rather a means 
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Figure 13. - Diagram used to subdivide total Fe into FeO and 

Fe2o3 before the calculation of the struc-

tural formulae of the aegirine-augite clino­

pyroxenes from microprobe analyses. 

. . 
a 
a 

a 
m 

a 
~ 

a 
~ 

a 
~ 

a 
II) 

0 
~ 

~ 

a ◄ 
M 

I . 
0 

I 
N 

I 
a 

Zl Ol 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2025

38 

to evaluate the "usuabili ty" of a microprobe analysis 

when studying differentiation trends. For such a purpose 

it is felt that the approximation that Na
2
o can be used to 

proportion the total iron, is valid. 

Because of the scatter of points below 2 per cent Na
2
o 

(Figure 13), it was decided not to proportion the total 

iron for clinopyroxenes with Na 2o below this value and 

all the iron was left as FeO for the calculation of the 

structural formulae. 

When calculating the Fe 2o3:Fe0 ratio, the Na
2
o value 

of the analysed grain is plotted on the vertical axis and 

the amount of FeO to be recalculated to Fe2o3 (by multiply­

ing with 1,1114) is read off on the horizontal axis. 

Note that this curve van only be applied to augite and 

aegirine-augite. 

The abnormally high values of Fe, Tu:g, Mn, Cr and Ni 

for some of the minerals may be attributed to erroneous 

background extraction techniques, which may result in too 

high nett peaks. The absolute values of the mineral analyses 

are, however, not important in this study as the analyses 

are only used to determine differentiati.on trends, in 

which case a relative error of up to 10% for· Ca, Mg, Na and 

Fe is acceptable. 

B. Clinopyroxene 

The clinopyroxenes in the alkaline rocks investigated 

all exhibit pleochroism in shades of green. No zoning was 

noticed and twinning was observed in the aegirine-augite 

of the hypidiomorphic ijolite. The twin plane is{1001 

and twinning is usually simple, but lamellar twinning is 
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Table VIII Cont.: - Grouping of constituents. 

Sam:ele No. z X+Y X 

Clino:e;y:roxene: 

DA 113 2,00 1, 98 

DA119 2,00 1, 95 
DA52 2,00 2,08 

DA102 2,00 2,06 

DA24 2,00 2,11 
DA84 2,00 2,04 

DA36 2,00 2, 10 

DA51 2,00 2,04 
DA42 2,00 2,05 
DA60 2,00 2,05 
DA30 2,00 2,01 
DA108 2,00 2,02 

DA99 2,00 1, 98 
DA 121 2,00 2,05 
DA87 2,00 ,2 ,05 
Theoretical 2100 2100 

FeldsEar: 

DA52 15,86 3,47 
DA102 15,97 3,78 
DA84 16,23 3,26 

DA36 15,70 4,72 

DA51 15,75 4,77 
DA121 16,36 3,52 
DA87 16,54 2,61 
Theoretical: 16100 4100 

Nepheline: 

DA30 15,77 7,91 

DA108 15,90 7,51 

DA5 2 15, 75 7, 88 

DA102 15,79 7,82 
Theoretical: 16 100 8100 

Z=Si+Al (For clinopyroxene=Si(fAl+Ti+Fe3+)Deer, Howie and 

Zussman, 1966, p106) 

X =Mg+ Ca+ Na+ K X + Y = All elements except Z 
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Table VIII Cont. - Sample localities 

DA4 
DA24 
DAJO 
DA36 
DA42 
DA51 
DA52 
DA56 
DA59 
DA60 
DA69A 
DA72 
DA76 
DA77 
DASO 
DA84 
DA85 
DA86 
DA87 
DA89 
DA90 
DA90A 
DA94 
DA96 
DA99 
DA102 
DA103 
DA105 
DA108 
DA113 
DA115 
DA116 
DA119 
DA121 
DA124 

lati t e 
hypidiomorphic foyaite 
porphyritic ijolite 
trachytoidal foyaite 
hypidiomorphic ijolite 
trachytoidal foyaite 
porphyritic foyaite 
granite 
hypidiomorphic foyaite 
hypidiomorphic ijolite 
porphyritic ijolite 
trachytoidal foyaite 
granite 
agglomerate 
fenitised granite 
hypidiomorphic foyaite 
fenitised granite 
latite 
olivine diorite 
lati te 
agglomerate 
granite 
lati te 
trachyte 
mottled anorthosite 
porphyritic foyaite 
magnetite diorite 
latite 
porphyritic ijolite 
pyroxenite 
pyroxenite 
hypidiomorphic ijolite 
pyroxenite 
magnetite diorite 
hypidiomorphic ijolite 

latite plug 
Spitskop Spruit west of junction 
Rietfontein Spruit 
Eenzaam Spruit 
west of latite plug 
at corner post 
near white fenite 
west of borehole 
near stream junction 
at junction of spruits 
in spruit west of pyroxenite outcrop 
south~west corner of H7 
east of white fenite 
in west draining stream 
in south-west draining stream 
east of latite sheet in stream 
in south-west draining stream 
cone sheet east of latite sheet 
in stream east of latite sheet 
latite sheet 
calcareous diatreme 
near calcareous diatreme 
radial dyke in granite 
just west of DA94 
stream east of borehole 7 
stream east of borehole 7 
stream east of borehole 7 
stream east of borehole 7 
Spitskop Spruit near fenite 
borehole 4, 43,4m -)The only fresh 
borehole 4, 39,7m -)pyroxenite found 
borehole 4, 39,0m )during this in-
borehole 4, 34,1m - vestigation. 
borehole 5, 33,6m 
borehole 6, 25,0m 

(H6) 
(H6) 
(D5) 
(H6) 
(H6) 
( C6) 
(C5) 
(B6) 
(C4) 
(F6) 
(E7) 
(H7) 
(I6) 
( I6) 
(I6) 
(H6) 
(I6) 
(H6) 
(H6) 
(H6) 
(D10) 
(D10) 
(B5) 
(B5) 
(G5) 
(G4) 
(G6) 
(G4) 
(H7) 
(E6) 

}~~l 
(E6) 
(ES) 
(E7) 

~ 
~ 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2025

42 
Figure 14.- Ca-Mg-Fe diagram with trends of clinopyroxenes 

for the Spitskop alkaline and gabbroic rocks 
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Figure 15.- Na-Mg-Fe diagram with trends of clinopyroxenes 

for the Spitskop alkaline and gabbroic rocks 
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also sporadically encountered. 

The chemical composition of the clinopyroxenes 

(Table VIII) expressed in terms of Ca+Mg+Fe (atomic per 

cent) and Na+Mg+Fe (atomic per cent) are shown in Figs. 

14 and 15 respectively. The alkaline clinopyroxenes from 

the Spitskop Complex follow the same trends as those from 

other alkaline complexes, according to the data given by 

Aoki (1964, p1208 and 1210). 

}n the Ca+Mg+Fe diagram (Fig. 14) the trend is to-

wards enrichment in Fe at the expense of Ca and :Mg. If 

this trend is considered to be continuous, it goes through 

the following rock-types in the sequence indicated: 

pyroxenite, hypidiomorphic ijolite, porphyritic ijolite, 

porphyritic foyaite, hypidiomorphic foyaite and, as the 

last differentiate, trachytoidal foyaite. 

The Na+Mg+Fe diagram (Fig. 15) shows the same sequence 

of differentiation as that indicated by Figure 14, except 

that in-this case the enrichment is towards the Na+Fe tie­

line showing that the final pyroxene to crystallise was 

aegirine (Fig. 15). 

Also indicated in the above-mentioned ternary diagrams 

(Figs. 14 and 15)are three analyses of clinopyroxenes 

from the gabbroic rocks. It is evident that these clino­

pyroxenes follow a trend which differs from that of the 

clinopyroxenes in the alkaline rocks. For the gabbroic 

rocks the trend on the Ca+Mg+Fe diagram (Fig. 14) is 

towards the Ca+Fe·•tie-line at the expense of Mg, whereas 

the trend for the alkaline rocks is towards iron enrichment 

at the expense of the other two components. In the case 

of the Na+Mg+Fe diagram (Fig. 15) the trend for the gabbroic 
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rocks again differs from that of the alkaline rocks in that 

the trend is towards iron enrichment, whereas the trend in 

the alkaline rocks is towards enrichment in both iron and 

sodium. The clinopyroxenes of the gabbroic rocks are 

therefore members of the diopside hedenbergite solid 

solution series, whereas those of the alkaline rocks belong 

to the augite aegirine-augite series. 

C. Nepheline 

Nepheline is a major constituent of both the ijolite 

and the foyaite of the Spitskop Complex. Four analyses 

of nepheline are presented here. Two of these are of 

nepheline in the porphyritic ijolite and two of nepheline 

in the porphyritic foyaite (Table VIII). It is evident that 

the composition of the nepheline is approximately constant, 

at least for the two rock. types concerned. When the ato~ic · 

ratios of Na and Kin the nepheline analyses are calculated 

to 100 per cent, the sodium on the Na+K tie-line of a 

Na+K+Si diagram varies between 78,5 and 85,1 per cent. 

It was not possible to achieve good ~nalyses of 

nepheline in the other rock types because it is usually 

altered to some degree to either cancrinite or analcite. 

D. Alkali feldspar 

Two analyses each of alkali feldspar in the porphyritic 

and the trachytoidal foyaite and one of that in the hypidio­

morphic foyaite are presented in Table VIII. 

The alkali feldspar in the porphyritic foyaite is 

orthoclase with an albite content which varies between 3,8 

and 19,7 mol per cent, whereas the alkali feldspar in the 

hypidiomorphic foyaite has a cryptoperthitic composition 

and contains 39,6 mol per cent albite. 
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Two different alkali feldspars were found in the 

trachytoidal foyaite, the one being orthoclase with 9,7 

mol per cent albite and the other almost pure albite 

containing only 0,7 mol per cent orthoclase. This feature 

may be interpreted in two ways. There could be two dif­

ferent alkali feldspars present in the rock, or the feld­

spar could be a perthite of which the two phases were 

analysed separately. Under the optical microscope, however, 

it was not possible to identify any perthite, mainly because 

of the small size of the grains, even under high magnifi­

cation. 

The calcium content of the alkali feldspar in the 

Spitskop foyaite is consistently low when compared with 

other alkali feldspars (Deer, Howie and Zussman 1966, 

ppJ00-301). The anorthite content is only about 0,3 

mol per cent. 

E. Plagioclase 

Plagioclase is present as a major constituent only 

in the gabbroic xenoliths at Spitskop. Two analyses of 

plagioclase are given in Table VIII, one of plagioclase 

in the olivine diorite and the other of that in the mag­

netite diorite. That the analyses are not of a good 

quality, is evident from the structural formulae, in that 

Ca+Na+K+~g which should total 4-, is not close enough to that 

figure. This can be explained by the fact that all the 

plagioclase grains encountered in this investigation showed 

signs of alteration and that the analyses are therefore 

not of pure plagioclase. 

From these analyses one can, however, estimate the 

compositions of the two grains as far as anorthite contents 
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Table IX. Chemical analyses and C. I. P.W. norms of the Trace elements (ppm) 
s itsko rocks. 

Sample Si02 Ti02 A1 2o 3 Fe
2

o
3 FeO MnO MgO cao Na

2
o K20 H20 

No. 
"20• CO2 P2°s Total Nb Zr Sr !lb Ba Ce Nd La 

Pyroxenite 

DA113 40, 23 2 ,64 3, 58 12, 12 7, so 0, 17 12, 38 17, 59 0, 57 1, 04 0, 15 0, 69 0, 40 0, 18 qq, 24 13 129 22 433 29 137 43 26 14 
DAI 15 40, 32 2, so 5, 32 10, 88 7, 12 0, 18 10, 78 16 ,95 2, 57 0 ,90 0, 11 I, 22 0 ,68 o, 19 99, 72 14 137 16 340 IS 121 23 17 
DA119 38, 68 2, 63 5, SJ 12, 41 7, 05 0 ,2 I 9, 31 17, 74 2, 22 0, 57 0, 22 I, 39 0,63 1,14 99, 7 3 9 103 20 532 18 253 38 25 13 

Latite 

DA4 49, 26 o, 91 14 ,86 2, 16 7, 84 0. 13 7, 24 8, 57 3, 3~ 0, ,~ 0 ,68 3, 19 0, 19 0, 16 gq, 3,-; 79 22 697 22 175 22 13 8 
DA86 47 ,94 1,03 IS, 31 3, 61 7, 28 0, 15 6, 84 9 ,4 7 l,e2 1,09 2, 33 2, 38 0, I 3 0, 18 qg, 56 85 26 306 25 2617 17 15 9 
DA89 49, 32 0, 93 14, 98 3, 35 6, 94 o, 15 6, 7 3 11, 23 2, 18 0, 52 I, 10 l, 6~ 0, I 7 0, 19 99, 48 74 27 210 8 171 20 II 9 
DA94 43,92 I, 27 17, 70 7 ,09 3,68 0, 23 2 ,97 8, 35 4, 39 2, 98 0, 18 3, 79 1,93 0, 6 I 9n, 00 26 154 31 1399 98 784 4 3 22 24 
DAl05 48, 87 0,94 14, 86 3, 25 6,61 o, 14 7, 67 8, 44 2, P7 I, 16 0 ,99 J, •s 0 ,OS 0, 17 99, 4 7 73 25 1089 38 1438 I 5 13 8 

Trachyte 

DAH 50,68 o ,!is 18,81 5, 22 I, ,9 o, 18 I, 2 I 4, 18 6 ,80 a,,~ ~, ~, o, 38 i'j, 'i 0, 29 q9, 17 37 235 25 877 103 2 362 34 19 20 

Porphyritic foyaite 

DA52 Si ,18 0,60 19, I 7 4,08 2 ,01 0, 09 1, 37 4, 93 9, 42 4, 42 0, 22 1,08 0, 25 O ,55 99, 37 29 386 9 355 91 1014 13 II 7 
DAl02 4 7, 57 1,08 18, 34 6,00 2, 60 0, 18 I, 07 5, 7 3 9,64 3, 47 0, 28 1, ea 0, 99 0, 35 99, I e 37 192 I 5 835 7e 1380 49 23 21 

Hypidiomorphic foyai te 

DA59 SI, 36 0 ,51 18, 32 6, 92 1,09 o, 14 0, 20 I ,SO 11,14 4, 90 0,20 2,61 0 ,28 o ,03 ~ij, 20 3 221 10 581 Ill 1033 13 6 
DA84 49, 12 0, 83 18 ,41 4, 11 2, 44 0, 14 0, 51 3,IJS 11,91 4, 66 o, 19 1,69 7, 36 0,06 99,•8 12 159 12 1224 118 1811 17 13 

Trachytoidal foyaite 

DA36 53 ,60 o, 72 17,91 7, 4 7 1,02 0, 12 0,07 o, 67 9,66 5, 10 o,t!! 2, sP o, 14 ii ,03 <59, 27 7 222 9 Jes 121 425 13 /; 1 
DASI so ,37 o, 70 18,25 5, 37 I, 58 0, 16 o, 59 3, 52 11, 73 d ,03 0 ,24 1, 67 I, 24 0, 21 ~9,66 19 167 10 810 94 1199 19 13 11 
DA72 54 I 95 0,69 16 I 62 8,98 0 ,94 0 12 0,11 0 ,90 10, 11 2, 29 0 ,28 2, 86 0, 16 0,04 99 ,OS 8 533 9 452 58 234 13 6 7 

Porphyritic i jol i te 

DA30 44, 18 0, 95 2 3, 46 4 ,02 2 ,63 0, 13 I, 12 4, 97 I 3, 57 2, 98 0, 18 0,81 0, 12 0, 19 ~9, 31 29 107 8 287 46 31 15 12 8 
DA69A 44, 18 1, 14 18, 44 4, 21 2 ,65 0, 15 3, 07 9, 35 10, 89 3 ,02 0, 18 0, 72 0 ,67 I, 30 99, 97 34 159 35 707 39 67 93 46 40 
DA!08 42, 18 1 I 32 21,04 3, 95 3, 81 0, 14 2, 99 8, 25 11,46 3, 16 0,08 0, 32 I", 34 0, 84 99,Bf 13 91 13 4 35 so 22 32 19 13 

Hypidiomorphic ijolite 

DA42 42, 51 o, 31 20, 71 2, 46 1,90 0,08 4, 18 10 ,07 10, 31 3, 81 0, 39 0, 97 O, 37 I, 38 q9, 45 40 10 540 56 289 25 14 16 
DA60 45, 17 0,39 15, 72 3,92 3,67 o, 16 4 ,63 12, 3 I a, e1 2, 80 0, 13 o,n 0, 35 1,11 99, 95 3 62 17 487 40 I 768 52 29 23 
DAl16 41,22 1,39 I 7, 95 4 ,oo 3, 03 o, 19 2, 18 12, 14 ~, 93 2,31 0 ,25 3, 84 1, 58 2, 41 99, 42 55 186 82 1753 16 216 238 122 112 
DA124 46, so 0 ,23 14 ,27 3,99 3 78 0 18 5 76 11 83 9 ,20 2,24 0, II O,~l 1,00 0 ,09 99, 59 13 9 466 14 367 I 3 8 8 

Magnetite diorite 

DA99 46 ,23 0, 11 26,48 o, 49 1, 30 0,06 1,44 13, 32 6 ,€4 0 ,90 0,09 0, 79 1,25 0 ,19 99, 29 16 375 16 176 12 
DA103 50,11 0,05 28,00 o, 37 0,67 0,04 0, 17 12, 22 4 ,88 I, 10 o, 12 I, 13 0, 37 o, 12 99. 35 3 454 11 281 11 

Granite 

DAS6 74, 53 0,29 11, 79 1,87 I ,01 0,08 o, 06 0 ,65 3, 70 4, 68 0,28 0, 34 0,31 0 ,02 99, 61 16 369 266 79 162 71 234 197 203 
DA76 72,00 0,41 11, 89 2, 07 2, 30 0,08 0, I 3 I, 18 3 ,59 4 ,9 I 0, 37 0 ,4B 0,20 0 ,03 99, 64 14 602 32 140 146 2109 101 43 60 
DA90A 75 18 0 39 12 30 1 02 0 14 0 05 0 27 0 10 2, 7 3 6, 19 0, 31 0,57 0, 17 0, 10 99, 52 38 315 30 34 187 619 133 54 71 

Feni tised granite 

DASO 62, 12 0 ,33 16, 53 3, 67 0,86 0,11 0 ,40 I, 79 n,28 5, 68 o, 31 o, 41 0 ,44 0, 16 99, 09 25 151 18 613 81 4273 26 15 15 
DABS 60 94 0 63 14 80 4 61 2 16 0 14 0 29 2 64 6, 4 3 5 ,6f o. 1e 0, 19 O ,25 0, 12 q9,04 21 252 15 546 98 2525 21 15 14 

A lomerate 
DA77 56 ,88 0, 47 13, 35 4 ,94 0, 30 0,13 o, 54 5, 38 0, 31 11,45 0,4e o, et 4, 31 n ,04 ~9, 3~ 31 765 29 55 112 188 134 54 72 
DA90 37 ,60 0, 73 8, 61 2, 30 5, 34 o, 18 4 ,49 13, 76 0, 20 6, 92 0, 23 I, 35 16, 51 0 ,98 99, 2n 53 14 3 102 409 182 768 51 27 24 

c.I.P.W. Norms. 

Sample Q ab an le nc di hy al mt il hm ap 
No. 

DAiJJ 6,6E 4, 81 60,83 0 ,03 0,9€ !,84 0 ,39 17,C? 5, (lj o, 34 0,42 
DAllS 4 ,62 4, 17 7, 38 1,63 58, 45 o, 58 0,56 15, 77 ~, 7• 0,44 
DA119 3 36 2 25 7 42 4, 88 I 51 50,01 3, 71 15, 78 4,99 1, 52 2 68 

DA4 26, 33 24,2' 4,66 0,45 14, 04 IS, OE 5, 42 3, 13 1, 72 0, J7 
DA86 3 ,33 6 ,44 13,S4 31,21 o, 31 11,83 20,25 5 ,25 1, 95 o, •2 
DA89 3,65 3, 07 16, 41 30, 63 0, 40 19, 32 16, 10 4, 85 I, 76 o, 44 
DA94 3, 36 17, 61 14, 14 31 ,9S 4, 64 4, 2 3 5, 4 3 8,92 2,41 O ,93 1, 43 
DAIOS 6 85 2 3 68 24 55 0 12 13,06 16 ,96 2, 88 4, 71 1,n 0, 40 

DA96 25, 06 32 37 12, PJ I, 73 ~, g' o, 59 3, 89 1,61 2, 53 0, ~8 

DA52 26, 12 20, 56 28,94 0,60 2, 39 7, 69 4, 60 4, 71 1,13 1, 29 
DA102 20, 50 22, 81 2, 79 25, 43 2, Je 5, 74 6,66 5, 83 2, OS I, 97 o, 82 

DA59 28,96 9, 14 31, 31 0, 67 20, 02 0, 2P 3, 74 1, 19 0,96 0,07 
DA84 27 54 20 44 26, I 7 5 Ge 3 •2 4, 52 3, 84 4, 24 I, 57 o, 14 

DA36 30, 14 24, 46 21, 27 0, 33 I 4, ~e 0, 37 1, 10 1,59 1, 36 1,40 0,07 
DI'S! 23 ,81 17, 12 29, 42 2 ,98 11,'7 4, e2 4, 24 2 ,rJ 1, 32 o, 49 
DA72 13, 53 51, 17 II €8 0 38 9 58 0 ,59 1,43 I, 42 I, 30 4,68 0 09 

DA30 2, 73 11,66 56, 3P 0,28 e, 18 10, 75 4, 33 !, 72 1,80 0,44 
DA69A 11, 24 5, 17 42, 27 I ,61 5, 38 18 ,97 5, e I 3, 40 2, 16 3, 06 
DAI08 14, 64 49, 10 o. e1 I, 99 20, 54 o, 63 2, 55 4, 72 2, so I, 98 

DA42 I, 32 17, 65 44 ,86 0, 89 20, 37 I, 37 4,24 3, 56 o ,5~ 3, 25 
DA60 0, 86 12, 29 35, 36 0,84 4,48 33, 21 5 ,22 3, 43 o, 74 2 ,61 
DAll6 I 3, 65 12, 45 21, 04 Id ,81 3, 80 12, 30 3, 22 5, 79 2 ,63 5, 68 
DA124 S, SI 6,05 33 ,0 I 2, 40 4, 39 40, 06 3, 39 3, SP O, ,3 0, 21 

DA99 5, 31 I 3,09 4 7, 7~ 15, 27 3,01 11, 33 I, 32 o, 71 0, 20 0,44 
DA!03 6, 50 26, 78 53, 59 5, 46 0, 89 2, 63 1, 31 0, 53 0,09 O 28 

DA56 36,20 o, 22 27,66 27, 6 I 3 ,o~ 0, 74 2, 23 
2,U 0 ,55 0,04 

DA76 30, 97 29 ,02 27, 99 3,09 0,48 3,00 o, 77 0,07 
DA90A 36 66 I 56 36 SR 21 07 0 40 o, 40 1,01 0, 17 r, 23 

DA80 4, 53 33, 57 4 7 ,89 2, 92 I, 05 2, 14 O,P9 2, I 7 0 ,62 2, 17 0, 37 
DF-85 I 89 33, 45 44, 61 0,60 5,9~ 

3, 6r 3, 34 3, 67 J, 19 0, 28 

Dl'77 11,99 o, 74 67 ,67 0, 57 o, 53 I, 34 0, 02 0,89 4 ,~l r,09 DA90 28, 17 16, 36 40,90 0 34 1,99 3, 33 I, 38 2, 31 
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are concerned, and they were found to be about 52 and 38mol 

per cent An for the plagioclase from the olivine diorite 

and the magnetite diorite respectively. 

These values correspond to values for plagioclase 

from the Upper Zone of the layered sequence of the Bush­

veld Complex (Molyneux, 1974, p335-336). 

F. Other· minerals 

One analysis of olivine in the olivine diorite is 

presented in Table VIII. The fayalite content of this 

olivine is 98,91 mol per cent, which falls within the 

range defined by Molyneux (1974, p336). 

Magnetite, apatite, zircon, biotite and soda­

amphibole are present in varying amounts as accessory 

minerals in the Spitskop rocks. Only in the magnetite 

breccia is magnetite a major constituent. 

Two different soda amphiboles were found during the 

investigation. One is present in foyaite and is pleochroic 

in shades of blue. It has an estimated 2V~ of 20 

degrees and is probably arfvedsonite. The other soda 

amphibole is present in the mottled anorthosite. It is 

pleochroic in shades of brown and has a 2V~ of more than 

100 degrees. A microprobe analysis indicated that the 

mineral is pargasite, which agrees with the optical data. 

Traces of minerals containing rare earth elements were 

encountered during the microprobe analyses but were not 

investigated owing to their small grain size, which made 

identification of the minerals impossible when working with 

reflected light, which was the only optics available at the 

time on the rnicroprobe. 

G. Conclusions 

The chemical composition indicates that the clino-
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pyroxenes of the alkaline rocks follow the normal diffe­

rentiation trend observed in alkaline rocks (Aoki, 1964, 

p1208 and 1210). It is also evident that the clino­

pyroxenes of the gabbroic rocks follow a trend similar 

to that of clinopyroxenes in layered intrusions such as 

Skaergaard (Aoki, 1964, p1208 and 1210) and the Bushveld 

Complex (Atkins, 1969, p239). 

This fact, and also the compositions of the plagioclase 

and olivine, suggest that the gabbroic rocks are closely 

related to the layered sequence of the Bushveld Complex. 

They must therefore be regarded as xenoliths originating 

from the underlying layered sequence of the Bushveld Com­

plex, and not as theralites. 
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V. PEl'ROCHEr.TISTRY 

A. Introduction 

The purpose of the petrochemical investigation was to 

construct chemical variation trends which could be used 

as a basis for unravelling the origin of the various 

alkaline rocks of the Spitskop Complex. 

Thirty two chemical analyses of the different rock types 

and their C. I. P. W. norms are presented in Table IX. The 

sample localities are listed in Table VIII. 

B. The major elements 

The Spitskop alkaline rocks van be classified as mias­

kitic alkaline rocks on the basis of their Al 2o
3 

contents 

which exceed their values of Na20+K2o. (S~rensen 1974, 

p23) . 

The felsic index of the alkaline rocks is plotted versus 

the mafic index (Simpson, 1954, p238) in Ficure 16. AccordinG 

to l;hiE; diagran it appears that the various foyai t es 

represent the most differentiated silicate rocks of the 

complex, and of these the trachytoidal foyaite appears to 

be more differentiated than the porphyritic foyaite, 

whereas the hypidiomorphic foyaite occupies an intermediate 

position. 

The ijolite appears to contain less iron than the 

foyaite for a specific felsic index. The hypidiomorphic 

ijolite appears to follow a trend in which the felsic 

index decreases for an increasing mafic index while the 

trend of the porphyritic ijolite has an increase in the 

felsic index for increasing mafic indices, as is the case 

with the foyaite. 

According to Figure 16 the direction of maximum variatior 
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Figure 17. - Diagram of K2o versus Na2
o for the Spitskop 

alkaline rocks. 
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and consequently the trend according to which the frac-

tionating magma may have fractionated, is similar to that 

of the porphyritic ijolites and the foyaite and may 

represent the differentiation of the primary magma during 

the fractionation of the alkaline rocks. 

According to Simpson (1954, p241) the composition of 

the early cumulates of a fractionating magma will lie on 

the negative continuation of the fractionation trend of 

the magma. Since the hypabyssal rocks are the closest 

approximation of the composition of the fractionating 

silicate magma, the pyroxenite, which lies along the 

negative continuation of the trend of the hypabyssal 

rocks could then be interpreted as the earliest 

cumulates. 

According to Rock _( 1976, p97), the concentration 

of CO 2 in an alkali basalt magma can influence th.e 

fractionation trend of the magma considerably. A high 

COri concentration in the magma could lead to the cr;ys-
c:.. 

tallisation of carbonatite, nephelinite, pyroxenite 

and ijolite, whereas a lovv CO
2 

concentration in the magma 

could result in the fractionation of nepheline syenite 

(foyaite). 

According to the K20/Na2o diagram (Figure 17), a definite 

differentiation trend can be constructed for the hypabys-

sal rocks, which would closely approximate the fractiona-

tion trend of the crystallising alkaline magma. On this 

diagram the trachytitic and phonolitic lineages of King and 

Sutherland (1966) and Frick (1975,p212), are compared 

with the trend obtained for the hypabyssal rocks from 

Spitskop. 
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Both the analyses obtained in the present inves­

tigation and those published by Strauss and Truter 

(1950, pllO, 112 and 113) are shown in Figure 17. From 

this diagram it is clear that the primary ma,gma for the 

hypabyssal rocks was basaltic in composition and frac­

tionated along the phonolitic lineage, i.e. enrichment 

in Na 2o with respect to K2o. 
this diagram also shows that the pyroxenite, which 

is the most undifferentiated of the Spitskop rocks, is 

likely to represent the first crystallate to have frac­

tionated from this primary magma. According to the 

dia~ram both the ijolite and the foyaite could have frac­

tionated from the magma during its differentiation along 

the phonolitic lineage. 

The data thus indicate that an alkaline mngma ini­

tially fractionated clino~yroxene and this was followed 

either by 01·thoclase, plagioclase and nep.heline ( foyai te) 

and then nepheline (ijolite) or by ne~heline (ijolite) 

only. According to Rock (1976, p97), the latter sequence 

would be the sequence associated with high CO 2 pressure, 

whereas the former sequence would represent the fractio­

m~tion of an alkali basalt magma under conditions of 

low co 2 ~ressure. As no field evidence is available to 

indicate which dykes are related with Which plutonic rock-typE 

it is not possible to tell which crystallisation se-

quence was followed. 

There is, however, still the carbonaiite which has 

to fit into the fractionation sequence and as the phase re­

lations published by Wyllie (1966) exclude the possibili-

ty of considering calcite and dolomite as the last frac­

tionation phases, the carbonatite had to form during the 
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Diagram of DI versus some of the major 

elements for the Spitskop alkaline rocks. 
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phonolitic line of liquid differentiation. According to 

Koster van Groos and Wyllie (1973) the carbonatite can form 

as a consequence of a high CO 2 pressure in a phonolitic magma 

The mechanism which they proposed requires that all the 

C 2+ 
a ' which would form the anorthite molecules in plagio-

clase, would combine with the CO 2 to form a carbonat.ite 

magma which would be immiscible with a silicate magma. 

Should this reaction be the cause of the formation of the 

carbonatite magma, it is clear that the crystallisation 

of the foyaite would be suppressed and the fractionation 

sequence would be pyroxenite, ijolite and carbonatite, as 

was proposed by Rock (1976, p97). 

On the other hand, a magmatic lineage from which 

no carbonatite exsolves, would yield the sequence pyroxe­

nite, foyaite and ijolite (Rock, 1976, p97). According 

to the evidence in Figure 17 it is therefore clear that 

both mechanism must have been operating at the Spitskop 

Alkaline Complex. 

In Figure 18 the differentiation index (DI), as 

proposed by Thornton and Tuttle (1960, p664) is plotted 

versus some of the major element concentrations of the 

alkaline rocks. The DI is based on the residua system 

in petrology, viz., the system SiO - KA1Si0
4 

- NaA1Si0
4

, 

and the DI is defined in terms of the normative minerals 

(C.I.P.W.) a c• 
0. 

DI= Q +ab+ or+ ns + le 

The differentiation trends indicated in Figure 18 

with full lines represent the differentiation trends 

of the hypabyssal rocks, and it is proposed here that 

the positions of the alkaline rocks are controlled by the 

mineral phases in them. Thus the low alumina values of 
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the pyroxenite relative to the other alkaline rocks are the 

result of tl'!e absence of alwnina-bearing minerals, su.ch as 

ne.,t-}heline and feldspar, in it. Furthermore the ijolites 

have a higher alumina value than the foyaites because 

of the higher Al:Si ratio of the nefheline (1:1), which 

is the major alumina-bearing mineral in the ijolite, than 

that of the alkali feldspar (1:3), which is a major con­

stituent of the foyaite. 

It is evident that both the foyaite and the ijolite 

could have fractionated from the magma represented by the 

hyp8byssal rocks, but it is not possible to establish 

whether both of the mechanisms, high or low CO 2 pressure, 

or only one are present on the basis of the diagrams 

presented in Figure 18. 

It must be pointed out, however, that the DI is 

only strictly applicable to the differentiation of a 

magma, and not to that of cumu.lates of minerals fractio­

nating from such a magma. The differentiation trends obser­

ved for the alkaline rocks in Figure 18 must therefore 

be viewed with caution and must be related to those ob­

served for the hypabyssal rocks. 

C. The trace elements 

In Figu.re 19 the trace element concentrations of 

the alkaline rocks (this study) along with the Bq and Sr 

concentrations of the carbonatite (Verwoerd, 1967, p39) 

are ylotted versus the DI. A value of zero for the DI 

is allotted to the carbonatite for the reason that CaO 

and hlgO, which make up most of the carbonatite as car­

bonates, are not part of the residua system on which the 

DI is based. 

It must be fOinted out at this stage that there 
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is a good correlation between the values df the trace 

elements achieved in this study and those obtained by opti­

cal sprectrographic methods by Liebenberg (1964) for some 

of the alkaline rocks. From the diagrams in Figure 19, how­

ever, it is evident that tha ijolite plotting at DI= 40,09 

does not correlate with the other ijolites and the trace 

element conc-entrations must be assumed to be erroneous. 

From the diagrams of Ba and Sr respectively ver-

sus DI, the following tentative conclusions may be drawn: 

1. A differentiation trend can be drawn for 

both Ba and Sr which will run through the fields of 

the pyroxenite, the hypabyssal rocks, the ijolites and 

the foyaites. Average values for the abovementioned 

rock types would also increase in the sequence listed. 

These trends could be evidence of the low CO 2 pressure 

mechanism. 

2. It is also evident that the concentration 

of Ba and Sr is relatively high in the carbonatite and 

low in the ijolite and that the hypabyssal rocks occupy 

an intermediate position between the two. This feature 

is what one would expect when a magma, represented by 

the hypabyssal rocks, exsolves into two magmas. The 

one exsolved magma may contain a high concentration of 

an element, which must then result in the other exsolved 

magma having a low concentration of the element, and 

with the primary magma having an intermediate concen­

tration between the two exsolved magmas. This feature 

could be interpreted as evidence of the high co 2 pressure 

model. 

In the cases of the other trace elements there is no 

evidence of the high CO 2 pressure model, but this 
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is the result of not having analyses of the carbonatite 

and also because it is not possible to establish which 

of the ijolites resulted from which of the two models. 

D. Conclusions 

It can be concluded that the primary magma, which 

had a basaltic or alkaline basaltic composition,diffe­

rentiated along a phonolitic lineage. 1he first mineral 

to fractionate from the magma was clinopyroxene. Two 

models have to be used to explain the further course 

of the crystallisation of the alkaline rocks and the 

carbonatite. 

In the first model the fractionation of the cli­

nopyroxene continued, but under conditions of low CO 2 

pressure, firstly alkali feldspar, plagioclase and 

nepheline fractionated from the magma to give the foyaite, 

qnd secondly only nepheline fractionated along with the 

clinopyroxene to ~ive ijolite. 

In the second model the fr~ctionation of the clino­

pyroxene also continued, but at a certqin stqge in the 

cou.rse of the clifferentiation,conditions of high CO 2 

pressur·e was established. At this stage the primary 

magma unmixed into a silicate magma, low in calcium, and 

a cnrbona ti te magma high in calcium. ·.rhe silicate magma 

cr,vstc1.llised as ijolite with.low calcium, strontium and 

barium values, whereas the carbonatite magma crystallised 

carbon at it e high in . ca 1 c i um , b 9. r i um and s t r on t i um . 
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Figure 19. - Diagram of DI versus some trace elements for the Spitskop alkaline rocks. 
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VI. Sill,:L,IARY AND CONCLUSIONS 

A. '.the c:ilkaline rocks 

the alkaline rocks of the Spitskop Alkaline Complex 

is subdivided into hypabyssal rocks (latite and trachyte) 

and plutonic rocks (pyroxenite, foyaite, ijolite and car­

bonatite) on the basis of texture and mode of occurrence. 

fhe foyaite is further subdivided into the porphyritic, 

hypidiomorphic and trachytoidal varieties and the ijolite 

into the hypidiomorphic and porphyritic varieties on the 

basis of texture. 

The ijolite is here interpreted as sills and dykes 

which are intrusive into a central pipe of pyroxenite, as 

opposed to the interpretation of a central mass of ijolite 

containing bodies of pyroxenite and theralite (Strauss and 

'.I: ru ter, 19 50). 

A basaltic magma which differentiated along a pho­

nolitic trend is postulated as the primary ma~na and the 

evolution of the alkaline rocks is explained with two 

models. In the first model pyroxenite,foyaite and ijolite 

crystallised under conditions of low CO 2 pressure, where-

as in the second model unmixing of the primary magma occur­

red at an unknown stage during the differentiation of the 

magma. 'fhe two ex solved magmas were a carbonat i te magma 

and a silicate magma which crystallised as carbonatite 

in the case of the former and ijolite in the case of the 

latter. 

B. The xenolithic rocks 

The theralites of Strauss and 1'ruter (1950), the 

olivine diorite and the magnetite breccia are interpreted 

here as xenoliths in the alkaline complex. Because of the 

secondary nature of the nepheline in the theralites, the 
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term "gabbroic rocks" is suggested, at least for those 

rocks with a gabbroic or dioritic composition, and it is 

sugges1;ed that the term "theralite" be discontinued. 

The chemical variation trend of the clinopyroxenes 

of the gabbroic rocks is similar to those of layered 

intrusions, whereas that of the alkaline rocks is typi­

cally alkalitie. The variation trends and the composi-

tion of the plagioclase and olivine in these gabbroic rocks 

indicate that they are xenoliths from the Upper Zone of 

the layered sequence of the Bushveld Complex, which un­

derlies the Spitskop Alkaline Complex . 

.rhe chemical vrrriation trends of the clinopyrox­

enes indicate a sequence of formation for the gabbroic 

rocks which is comparable with that of the Upper Zone of 

the layered sequence, viz. mottled anorthosite followed 

by magnetite diorite followed by olivine diorite. fhe 

alteration rims around certain minerals in the gabbroic 

rocks are interpreted as symplectitic textures inherent 

to the rocks of the Upper Zone, which may or may not have 

been altered by fenitisation in the alkaline rocks. 

The magnetite breccia in the alkaline complex is 

grouped under the xenolithic rocks because of its spa-

tial distribution in the complex, which is similar to that 

of the gabbroic rocks, and bec~use of the presence of magne­

tite se8ms in the Upper Zone of the layered sequence. 
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