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ABSTRACT 

The petrology, mineralogy and geochemistry of the Karroo-age 

basaltic and rhyodacitic volcanics present in the Lebombo Belt 

near Komatipoort, Eastern Transvaal, Republic of South Africa 

are described. 

The volcanics compr~se a success~on of extrusives within 

the Komatipoort area, consisting of: 

(3) Rhyodacitic lavas and tuffs 

(2) Basalts 

(1) Olivine Basalts. 

These volcanics dip eastwards at angles between 10° and 40°, 

with dips increasing as the Eastern boundary of the area, the 

Mozambique border, is approached. Further Karroo-age volcanics, 

constituting the upper part of this succession, lie across the 

border in neighbouring Mozambique. 

Various intrusives, similar in composition to the extrusives, 

are also present in the area, commonly as north-south trending 

dykes forming part of a large dyke-swarm. These, as else\Olhere 

in the Lebombo, are considered to be feeders to the extrusives. 

Three relatively major intrusions occur in the area, the largest 

being the Komatipoort Intrusion, here interpreted as a 700m thick, 

sub-concordant, composite sheet-like body, ~onsisting of five 

major lithological units. From the base upwards these are:- . 

unit 1 - olivine gabbro, unit 2 - igneously laminated gabbro, 

unit 3- granophyric gabbro, unit 4 - granophyre, unit 5 - felds

pathic gabbro. The olivine gabbro, the granophyre and the felds

pathic gabbro appear to form separate intrusive bodies, but the 

igneously laminated ~rtbbro and the granophyric gabbro, could rep

resent the products of in situ differentiation. If so, the 

granophyric gabbro has suffered subsequent disturbance as shown 

by evidence includ ~~g a homogeneous composition, reaction and 

corrosion textures and the presence of deformed pyroxene grains, 

which are described in detail. 

Another major intrusive of probable Karroo age is the 

Crocodile Riv~r Intrusion, which occurs to the _north-east of the 

main mapped, and represents the socthern- most end of a north-



south trending line o~ mafic intrusives, which parallel the 

Lebombo for approximately 200 km. The intrusion here has a dyke

like form, and shows evidence of fractionation by crystal settling. 

A smaller, obviously composite intrusion occurs near the 

base of the basaltic sequence in the Komatipoort area, (the Basal 

Intrusion). 

Representative samples of a variety of extrusive and intrusive 

rock types have been analysed. These analyses include major 

and trace element determinations of a series of samples of the 

major units of the Komatipoort Intrusion. In 'addition, analyses of 

a number of minerals from several different rock types occurrlng 

in the Komatipoort Intrusion, are presented. The analytical data 

available for the Komatipoort volcanics confirms the previously 

known southward variation in the geochemistry of the basalts 

and the presence of bath a high and a low-Ng basalt series in the 

Komatipoort area. 

The majority of the basic rocks in the Komatipoort area 

belong to the low-Mg series. Compositional variation in this 

series may be explained largely by low-pressure fractionation of 

olivine and pyroxene only, despite the p'resence of abundant plagioclase 

phenocrysts. Some of the variation ln the high-Mg series , basalts 

can be explained by the fractionation of olivine, and what appear 

to be relatively highly fractionated rocks formed in this manner 

occur ln the area. 

The Lebombo volcanics ln general display a bimodal silica 

distribution and rocks with an intermediate silica content are rare. 

In the Komatipoort area intermediate rocks do occur in the, form of 

two classes of granophyre, (high and low silica varieties), present 

in the granophyre unit of the Komatipoort Intrusion. Liquid immiscib

ility is a possible mechanism for the formation of the two types 

of granophyre, and a widespread development of this process in 

intermediate magmatic '. iquids could provide an explanation for the 

,scarcity of rocks of this composition in .the Lebombo belt. 

Relatively few analyses of the rhyolitic volcanics are presented 

in this study, but it appear s possible that those available could 

be representative of two processes, firstly, par tial melting of the 



lower crust or upper mantle, and secondly, fractionation by 

crystallisation of the commonly observed phenocryst phases,(feldspar, 

pyroxene, quartz, magnetite), or addition of these phases to the 

magma. 
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- I -

ASPECTS OF KARFOO VULCANICITY IN TIm KOHATIPOORT AREA, . LEBOMBO 

INTRODUCTION 

The Komatipoort area lies approximately midway along the Lebombo tcc

tonic·-volcanic belt, a major geological feature in Southern Africa, 

consisting of easterly dipping, monoclinally flexured volcanic rocks 

and subordinate sediments of the I~rroo Supergroup. This belt, approxi

mately 50 kn wide and 700 km in length extends along the eastern bor

ders of the Republic of South Africa and Swaziland, in a roughly north

south direction, (fig I), from a point just north of the tOvm of 

Empangeni, in the south, to the Limpopo River in the north. In the north 

these rocks join the outcrops of the Nuanetsi area of Rhodesia and con

tinue in a north-easterly direction to the Buzi Valley in Mozambique. 

According to du Toit (1954), the volcanics terminate against a major 

oblique fault in the south. 

The lavas and intrusives present ~n the belt have been assignp.d to the 

Lebombo Stage of the Stonuberg Series, (Stratten 1965), forming a part 

of the extensive Karroo volcanic province Hhich is widely distributed 

1n Southern Africa. 

2 THE lZARROO VOLCANIC ROCKS 

The Karroo ··age volcanics of the Stormberg Series, as described by 

Halker and Poldevaart, (1949), are the climax to a prolonged period of 

sed~nentation in a large, gradually subsiding basin, centered approxi

mately around Lesotho. During this period depositional conditions changed. 

gradually from glacial through lacustrine and swampy until, t01i7ards the 

close of Karroo times, a period of general aridity occurred. Large thick

nesses of Dwyka, Ecca and Beaufort sediments accumulated near the cent:re 

of the basin during the Karroo period and these are capped by the aeolian 

Cave Sandstones. Onto the Cave Sandstones in turn, the Stormberg volcanics 

were erupted. The thickness of all of the sediments however, decreases 

markedly to the north-(' ~. st, where the margin of th8 basin is downfoJ.ded by 

. the east(~rly-dipphlg mO ::lOclinal flexure Hhich forms the Leboi.~bo belt. 
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A general stratigraphic table is ~hown in Table 1 and the present 

distribution of Karroo volcanics in Southern Africa is shOvffi in fig. 1. 

As may be expected from volcanics showing such a widespread distribution, 

variations in geochemistry have been noted~ The volcanics present in the 

centre of the sub-continent are essentially tholeiitic flood basalts and 

show relatively minor variations in geochemistry, however, the Karroo 

volcanics occurring at both the western and eastern continental margins 

are more diverse ~n composition. In the monoclil.lally warped eastern part 

of the province, (the Lupata and Nuanetsi areas in Rhodesia and the 

Lebombo belt in Southern Africa), rock types ranging from nephelinites 

through olivine tholeiites to dacites and rhyolites, are developed ~n 

some abundance. General accounts of these rocks have been given by du 

Toit (1954), Walker and Poldervaart (1949), Haughton (1963) and latterly 

by Cox (1970), who summarised the sedimentary, tectonic and volcanic 

evolution of Southern Africa during the Karroo period. 

. ~ 

These descriptions indicate that, within the Lebombo belt, the volcanics 

tend to form a triple series consisting of a lower tholeiitic succeSSJ_on, 

overlain by rhyolitic and dacitic lavas, which are themselves followed 

by a further basaltic sequence in places, In the northern part of th~ 

Lebombo belt an initial lower alkaline succession has been noted. 

For example, Cox et al. (1965),have described the volcanic rocks ~n the 

Nuanetsi area, and south of this point near the Letaba river the succes

sion has been described by du Toit (1929) and by Lombaard (1952). 

Additional investigation has been carried out by Saggerson and Logan 

(1970), on the volcanics of the adjacent Olifants river area. In each of 

these localities, early nepheline bearing rocks are followed by olivinc

rich extrusive and hypabyssal rocks, ~lich in turn are succeeded by 

olivine-free basalts and their intrusive equivalents. These are overlain 

by rhyolitic extrusives interbedded with subordinate tholeiitic flows 

and finally by a sequence of late tholeiitic basalts and associatediu

trusives. In the Nuanetsi area and agaiIl in the little Lebombo to the 

east in Hozambique, a late alkaline phase is also kno\VIl (de Assuncao 

et a1. 1961). 



TABLE I 

The Karroo Stratigraphic Succession* 

! 
I 

Supergroup 
i Series Sub-division Rock type European 
I Equivalent I I 
I i 

----

I Drakensberg Volcanics Basalts,limburgites, i 

I 
rhyodac ites, pyro- I Rhaetic 
clasts, granite 

I 
Stormberg Cave Sandstone forma- Sandstone, shale, I Late Triassic 

tion I 
Red Bed Formation mudstone, marl i 

I 
I 

I 
I 
! 

Karroo Beaufort 

I 

I 
Late Permian Shale, sandstone , I 

mudstone, limestone I to mid Triassic 
! I 

Ecca Shale, sandstone, 
I Early !"" J mid 

grit , coal I Permian 

I 

f-- ! J 
I Dwyka 

I Tillite, sandi. tone, Late Carboni-

I 
shale ferous 

I -
After Trus\vell, . (1967) and King (1962) 

*As no definite sub-division of the Karroo Supergroup has, as yet, been produced by the Soe~h African Committee 

for Stratigraphy, the traditional terminology is employed here. 

"'" 
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In contrast, south of the Komati:>oort area ~n Sw'azi1.and, members of the 

Swaziland Geological Survey (Urie and Hunter, 1963) have described the 

simpler tholeiitic basalt-rhyolite- tholeiitic basalt succession and a 

similar sequence was recorded by Stratten (1965) in the Natal Lebombo. 

In all these areas the upper part of the Karroo volcanic succession lies 

across the border in the neighbouring .territory of Mozambique and usual

ly includes a lc.rge portion of the rhyolitic sequence and the late 

tholeiitic extrusives. 

At Komatipoort, du Toit (192 9) has described the occurrence (If tholeiidc 

and rhyolitic lavas only, which form a succession resembling that found 

in the southern Lebombo (Swaziland and Natal). Near the contact bet~veen 

the Stormberg basalts and sandstones~ he does, however, mention finding 

a boulder of limburgite. In addition Lombaard (1952) has described dole

ritic and microgranitic dyke rocks from the Komatipoort area. The strati

graphic succeSSL0~ ~n the Komatipoort area, as determined during the 

present investigation is sho~m in Table 2. 

The thickness of the Stormberg volcanic succeSSlon has been found to vary; 

in Lesotho for exrunple, the lavas are only 500 ill thick; but much greateL 

thicknesses have been recorded in the Lebombo and Nuanetsi areas. Cox et 

ale ( 1965) indicate a minimum thickness of 8 500 ill for the Karroo lavas 

in the Nuanetsi area and Cox (1970) has suggested that about 9 000 m of 

volcanics may be present in the Southern Lebombo. 

Wachendorf (I 971) has estimated a thickness of 12 600 m for the total 

volcanic succession in a cross-section from Northern Swaziland to Maputo . 

Estimates of thickness of the lower basalts only> vary with position a

long the length of the Lebombo, ranging from 1 500 to almost 3 000 m. 

For the overlying acid lavas du Toit (1929) has suggested a thickness of 

5 000 m. No estimates of thickness could be located for the discontinuous 

upper basalts, although an estimate made from the map presented by 

de Assuncao et~. (1961) suggests a thickness of 2 000 to 3000 m. 



\ 

Age 

Karroo Stormberg 

Sup8r- I Series 
group 

TABLE 2 

Stratigraphic Succession in the Komatipoort area 

Drakensberg 

Volcanics 

Cave Sandstone 
formation 

Upper 
suite 

}liddle 
suite 

1 
I 

I 

Rock type 

Rhyolites,dacites 
and tuffs \>lith 
i.nterbedded 
basalts . 

Approximate 
thickness 
meters 

500 

Conformable junction 

Basalts .nt:h inter
' cnl ated rhyolitic 
lava flows at the 
top 

Ol ivine basalts 

1 600 

15 

Conformable junction 

,-
Yellow or buff fine- 30 
grained sandstones 

Intrusive rocks 

Felsite and 
breccia 
dykes 

Felsite dyke 
Granophyre, 
basic intrusive 

masses 

Dolerite 

, Dykes 

I 
I 

0\ 
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An examination of several traverses across the Lebombo by a joint 

expedition from the Swaziland, Hozambique and South African Geological 

Surveys (Haughton, 1963) indica ted that the 5 000 m quoted above for 

the acid volcanics may be misleading due to the presence of basaltic 

flows interbedded with the acid volcanics. These interbedded basalts 

were considered to reduce significantly the volume of truly rhyolitic 

material. 

3 PREVIOUS woruc IN THE KOHATIPOORT .\REA 

Several geolosists have worked in the area previously, but no detailed 

account of the geology has been given. Earliest mentions of the Lebombo 

volcanics are made by Coh en (1875) who crossed the Lebombo some 20 km 

south of Komatipoort, and Holengraaff (1897) Hho briefly described the 

Komatipoort area, regarding the Karroo sediments as a dm·mfaul ted strip 

of the t coal fon.lation of the highveld j. Later Kynaston (1907), who was 

mainly concerned with the potential of the a.rea as a coalfield, com~leted 

the first, small--scale geological map of - the area between Komatipoort 

and the Swaziland border and provided a general description 

of the volcanics. A.L. du Toit (I9;:9) summarised the salient features 

of the geology of the area, whilst describing the whole of the Lebomoo 

belt. In his account of the structure of the area he discussed the 

petrography and origin of the basalts, rhyolites and dyke rocks, in

cluding ,rith the latter a mention of the large gabbro intrusion at 

Konatipoort. In his description of the gabbro body, he notes an east

west variation from gabbro to dior~te, and comments on vesicular varieties 

of the latter rock type. He suggested, both in the text and in the cross

section drawn east-west through Komatipoort, that the body was a multiple 

dyke, however, the present work offers a different interpretation . 

Lombaard (1952) '.Jorking on the Karroo lavas and intrusives in the 

Republic of South Africa, collected samples from the area a.nd gave a 

broad summary of the mineralogy of the major local ro~k types, but did 

not concemhimself with tl.e gabbro body. Venter (1951f) of thE~ Geological 

Survey mapped the area between Koma tipoort and Swaziland on a reconnaissance 
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basis and gave a brief description of the rock types in the area in an 

unpublished Geological Survey Report. Like du Toit, he concluded the 

gabbro body was more likely to be a multiple dyke than a differentiated 

sill. However, both he and du Toit, were engaged in work on a broad scale 

and neither attempted to map the body nor to give a detailed description 

of the rock types comprising it. 

4 PRESENT INVESTIGATION 

4.1 Field Study 

One of the mal.n objectives of this investigation was a detailed petro

graphical study of the intrusive gabbroic body noted by du Toit (1929) 

at Komatipoort. In addition the Komatipoort area was of interest be

cause of the transitional nature of the basic lavas which occur there. 

The area lies vi :~tually midway between the tholeiitic southern portion 

of the Lebombo belt and the northern extension of the range, where, 

l.n addition to tholeiitic basalts, alkali-rich rock types, are present. 

Geological mappl.ng of the area was carried out on a scale of 1:18 000 

during a total period of five months spent in the field. Observations 

were recorded directly on aerial photographs of this scale and details 

of geology were subsequently transferred to a tapa-cadastral map of the 

area which was then photographically reduced to a scale of 1:36 000. 

While mapping the area a representative suite of specimens was collected 

for laboratory study. 

The gabbroic intrusion was systematically samp12d, where possible at 

close intervals along continuous traverses designed to provide cross

sections of the intrusion, and these samples were examined in detail 

in the laboratory. 

4.2 Laboratory Study 

A total of approximately SD;: hundred thin sections \Vere prepared from 
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samples of volcanic rocks anJ these were eXClmined by the usual m~cro

scope techniques. Thirty-seven new analyses for major elements were 

made of rocks from the area; of these thirty-tHo were analysed by the 

National Institute of Metallurgy in Johannesburg and the other five 

were performed by the author using a Tectron AA3 atomic absorption 

spectrometer. In addition, ten of the samples submitted to the National 

Institute for Hetallurgy were analysed for Cu and Cr. A number of 

mineral grains were analysed by the National Institute for Metallurgy 

using an electron microprobe analyser, and at a late stage in the in

vestigation U, Th, Rb, Sr, and K values for a representative series of 

rocks from the Komatipoort Intrusion were made available by Professor 

Erlank of the University of Cape Town. 

Details of the various Laboratory techniques used 1n this study are 

given in Appendix 1. 



- 10 -

5 THE KARROO VOLCANIC ROCKS IN THE KOHA'l'IPOORT AREA 

During the present investigation the sequence of lavas ~n the Komati

poart area was found to consist of: 

Thickness 

I' ) \~ Rhyo-dacites and interbedded 

tholeiites 500 m 

(ii) Andesine basalts and dacites 5 to 10 m 

(iii) Tholeiitic basalts 1000 to 1600 m 

(iv) Olivine basalts 5 to 20 m 

Across the border in Mozambique a further thickness of rhyo-dacites 

occur together with a succession of overlying late tholeiitic extru

s~ves which are associated with subordinate acid volcanics and alkaline 

lavas. These rocks were originally described by de Assuncao et a1.(1961) 

who do not give allY estimate of the thickness of the successi.on hOvlever, 

more recently Hachendorf (I 97 I) suggested a thickness of some 12 600 m. 

The B~nor quantities of olivine-rich rocks present at the base of the 

volcanic succession at Komatipoort suggest that the area is transitional 

between the alkaline and olivine basalt-tholeiite-rhyolite-tholeiite 

sequence of the Northern Lebombo and the tholeiite-rhyolite--tholeiite 

succession that has been described from the Southern Lebombo. 

5.1 The Olivine Basalts 

The olivine basalts and their intrusive equivalents are confined to a 

narrow ill-defined band, extending north-south through the area directly 

above the contact betv}een the Kal:roo volcanics and the unuerlying sedi

mentary series. 

They are dense, black, fine-graiaed rocks) that weather freely, yielding 

poor e~posures usually confined to man-made excavations. A thickness 

of the order of 5 to 20 m is suggested for the olivine basalts, although 

the accuracy of the estimate is probably low, due both to their poor 
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exposure and to the ill-defined nature of the sedimentary-volcanic 

contact. 

5.1.1 Petrography 

Variations in graln size and texture characterise the olivine basalts 

which range from glassy types bordering on limburgites, through 

variolites, to more coarsely crystalline varieties, indistinguishable 

in thin section from rocks composing the equivalent feeder dykes. 

The olivine basalts usually consist of a subtranslucent to opaque,dark 

glassy groundmass in which abundant acicular plagioclase crystals 

(0,1-0,6 mm in length) are set. These crystals are frequently arranged 

in sub-radiating groups and thus many of the finer grained rocks may be 

described as varialitic. In the coarser-grained types, occasional large 

plagioclase or clinor.yroxene phenocrysts may be present. 

Scattered through the glassy groundmass are very small (up to 0,1 mm), 

euhedral crystals of clinopyroxene which sometimes occur ln glomero

porphyritic clusters. Occasional large, (5 mm) , partly to completely 

altered olivine phenocrysts with a former subhedral to euhedral habit 

are also present ( Plate 1, p 12 ). 

Ore minerals of four types were observed in the olivine basalt~ V1Z., 

magnetite, ilmenite, pyrite, and ch~lcopyrite. Ilnlenite is the most 

conspicuous of these minerals, usually forming comb-like structures or, 

less commonly, needle-like crystals, varying from 0,1 to 0,2 mm in length. 

Exsolution products are not present. Hagnetite occurs as interstitial 

grains, set in the glassy groundmass cOfOTilonly present l.n these rocks. 

Although the grains range from 0,05 tv 0,15 ronl in diameter the larger 

grains are not connnon. Pyrite and chalcopyrite occur as similar tiny, 

irregular, interstitial patches Approximately 0,05 mm in diam.eter, \>]ith 

pyrite always present in excess of chalc.opyrite. Amygdales are not common 

in the olivine basalts but a few snwll amygdales up to 0,5 mm in diameter 
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PLATE ] 

Olivine Basalt. Large, partially altered olivine phenocryst set in a 

ground mass of euhedral to subhedral clinopyroxene grains, and 

acicular plagioclase crystals. Ore minerals (black) cccur both as 

irregular patches and tiny needle-like crystals. (Transmitted light, 

X96. ) 

2 ~asal~ Plagioclase phenocryst set in fine grained ground mass of 

plagioclase, clinopyroxene and ore minerals. (Transmitted light, 

X60. ) 
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Vlere noted in one olivine basalt specimen. These amygdales contained a 

fine grained chlorite', and o.ccasi.:..nally subordinate quartz. Hodal 

analyses of four sanples of olivine basalt are shown in Table 3, p Iff. 

5.1.2 Mineralogy 

Optically determined compositions and some of the properties of the major 

rock forming minerals present in the olivine basalt are listed in Table ~)p 15. 

5.1.3 Geochemistry 

Two specimens of olivine basalt were submitted to the National Institute 

for Metallurgy, for analysis, both of them fine grained, variolitic 

types. The results shown. in Table S, p 16 indicate they are olivine 

normative basalts, essentially tholeiitic in character. Further dis

cussion of their geochemistry is given 1.n the section on the geochemistry 

of the basic volcaliics (see later). 

5.2 Basalts 

A thick sequence of tholeiitic, essentially olivine-free basalts lies 

directly and conformably upon the olivine basalts at the base of the 

volcanic succession. These are overlain in turn by a few lavas of inter

mediate composition, which form the transitional zone between the 

tholeiitic basalts and the acid volcanics. The basalts are present over 

a roughly rectangular area, which, 1.n Rn east-west direction stretches 

from the base of the Lebombo Range to within a fe,., tens of meters of the 

olivine basalt-Karroo sandstone contact, a distance of some 8 km. In a 

north-south (lirection they may be traced continuously through the entire 

area (13 km). A further small lens of basalts is exposed interbedded with 

the acid volcanics in the southern third of the LeboQbo Range. 

Strikes are generally '\lithin 8
0 

east or west of north and dips are va-
. bl' . f 50 00 

r1a e, 1.ncreaSl.ng rom to 1 east near the · eastern contact of the 

basalts to 250 
to 30

0 
east at the foot of the. Lebombo Range. Estimates 
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TABLE 3 

Modal analyses of Olivine Basalts from the Komatipoort Area 

(vol/%) 

Sample no . I Olivine Clinopyroxene , Plagioclase Glass Ore 
I 

I 
C145 22.0 26.3 I - Lf4.4 4.7 

CL46 20.6 28.7 24.3 14.2 5.8 I 
1 

CL47 14.9 34.4 I 36.8 4.7 3.5 

CL48 11.3 36.2 34.9 8.5 1 6. 1 

Alteration 
:::'~oducts 

2.6 

6.4 

5.7 
~ 

3.0 



TABLE 4 

Properties of Rock-forming minerals present in the Olivine Basalts 

, 
Rock Type I 

I 
Mineral Twinning Zoning 

I 
Composition 

x RefrCictive Indices 2V Alteration 

I -
Olivine Groundmass Present Slight normal Core - AnS8 - - Not observed 

Basalt Plagioclase Margin- An32 

Phenocryst ' Present Core-oscillatory Core - An75 - - not observed 

Plagioclase zoned mantle-rim Rim - An50 I J , , 

Clinopyroxene I Not observed I 

I (+)2Yk Occasional oscillatory I x y z I 

(Diopsidic zoning. Rare oscil- Core:Mg40Ca38Fe22 1,720 1,698 1,695 49

1 Augite) latory zoned mantle -
rim - structure Rim :Hg26ca32Fe3211. 728 1,705 1,700 42

0 not observed 

I I I , ---1 

I Olivine Not observed Not observed 
x y z 2Vx I Partly altereci. 

Range: Fa20 to 1,716 1,705 1,680 880 I to chlorite, 
. 0 magnetite and 

__ l 
Fa

35 _ . ~~5 1,722 1,695

1

82 I antigorite 

I ' . 
l 

V1 

x Compositions given represent an average for at least 5 grains, deterQined by optical methods, (see Appendix 1 ). 



TABLE 5 

Chemical analysis, CIPW Norm and Niggl i Value s of two specimens of olivine 
basalt from the Koma tipoort area. (analyst NIM). 

I I Sample CL20 Sample CL25 
Diffe r entiation Index 53,2 Differentiation Index 41,9 

Cherr.ical i CIPW Norm I Niggli Chemical 
I 

CIPW Norm Niggli 

~ 
analysis 

I 
values analysis . . values 

SiOZ 48.7'9 or 2.24 I Si 103.438 . Si0
2 lf8.68 or 6.38 Si 101.058 

A1 203 9.99 ab 12.68 I Al 12. 485 Al 20
3 8 .06 ab 10.314 Ai 9.861 

Fe20
3 

2.64 an 19.39 Fm 65.809 Fe20
3 1. 36 an 13.32 Fm 68.68l 

FeO 11.83 di 15.32 I C 18.109 FeO 10.02 di 19.35 C 17.573 
HgO 12.75 hy 39.41 Alk 3.598 HgO 15.77 hy 32.63 Alk 3.886 
CaO 7.97 01 1.03 mg 0.612 CaO 7.90 01 7.353 mg 0.710 
Na20 1.50 mt 3.84 clfm 0 .275 Na20 1.22 mt 1. 98 c/fm 0.256 

K20 0.30 il 4 .1 2 k 0.143 K20 1.08 il 5.74 k 0.368 
-H2O 0.14 0.46 ti 0.47 0.63 ti 4.418 ap 3.237 H2O ap 

+ 2.24 + 1.67 0.255 H2O H
2

O 2.38 P 0. 189 H2O 1.20 H2O P 

CO 2 0.39 CO 2 0.09 

Ti02 2.03 Ti02 2.83 

P:(\5 0.21 

I 
P20

5 0.2~ 

HnO v .1 8 

I 
MnO 0.21 

I 
I Cr 203 0.16 

I I CuO 0.01 

Total :- 100.95 I 100.88 I ! 
99.34 99 .36 

I ! ----_._- ---

0"\ 

", 
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of the thickness of the b.2 sal t s l ~cce S S:LOn are complicated both by the 

variation in dips from west to cas t and by the possi.ble presence of strike 

faults (mentioned in the section ori dolerites) of indeterminate throw. 

Downthrow to the west on these strike faults as suggested by du Toit (1929)~ 

would tend to exaggerate the thicknes s of the basalts. Urie and Hunter 

(1963) suggested a thickness of 2 300 m for the Stormberg age basalts of 

the Lebombo in Swaziland, sotlle 50 l~m south of Komatipoort, but du Toit 

(1929) has proposed a fi gure of 1 600 m for the Karroo basalts ln the 

Komatipoort area. On the basis of the. present work, the latter figure 

appears acceptable as a maximum, and I 000 P1 as an estimated rdnimum. 

Individual basalt flows as defined by auto - brecciated upper surfaces 

range from ten to twenty meters in thickness, but their lateral extent 

is impossible to gauge as outcrops are usually present in stream beds 

only. In the field, the basalts show little variation, n0rmally con

sisting of a dark "Glue microcrystalline rock, vihid) f requently contains 

phenocrysts of feldspar, or less commonly, ferromagnesians. The basalts 

are greenish colo:.1.red in places and ta1-lards the top of individual flm.1S 

may assume a reddish colour) due to oxidation. Vesicles are abundant, 

particularly in the upper parts of Ilows, where they commonly vary 

between 1 and 3 em in diameter, although exceptionallY1 larger vesicles 

10 to 15 cr;1 in diameter may occur. Often these are infilled with agate, 

quartz, calcite, epidote, chlorite or zeolites. Pipe amygdalcs, usually 

infilled with agate, occur at the base of some flows, particularly in the 

upper part of the basalt succession. Basalt sub-types recognised ln 

handspecimen by Hunter in Sv]aziland (Urie and Hunter, 1963) ,,'ere named 

according to the locality in which they occurred., hOvlever ~ these sub

types have ne·t.: been recognised in the Komatipoort area. 

Classification of the Komatipoort basalts for the purpose of petrographic 

description has been based on the relative abundance of major constituent 

minerals, including both those in the groundillass and those occurring ln the 

form of phenocrysts. Thi s classifica tion is similar in some respects to 

that used by Cox et al. (1965) f or t he description of the basalts of Nuanetsi 
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area. The same system is used in describing the petrography of the do

lerites (see later), which are considered the intrusive equivalents of, 

and feeders to, the basalts. Thus the basalts may be subdivided into: 

(i) Non-porphyritic basalts 

(ii) Quartz basalts 

(iii) Feldsparphyric basalts 

(iv) Pyroxenephyric basalts 

(v) Olivine-bearing basalts 

Four of the five basalt types recognised, namely the non-porphyritic 

basalts, the feldsparphyric basalts, the pyroxenephyric basalts and 

the olivine-bearing basalts differ essentially in the amounts of the 

three phenocryst phases (olivine, pyroxene and plagioclase) they contain . 

The quartz basalts hOlvever, show evidence of contamination by the under -

lying sedimentary rocks. 

5.2.1 Petrography 

Non-porphyritic Basalts 

Microcrystalline to cryptocrystalline phenocryst-poor basalts are fairly 

connnon, usually displaying an intergranular texture. They consist essen

tially of tiny granules of clinopyroxene and plagioclase with variable 

amounts of opaque ore minerals) (Plate 1, p J2 ), and the dark crypto

crystalline glassy intctstitial matpr.ial in which minute needlelike 

crystals of apatite may be set. The clinopyroxene is comruonly altered in 

part to chlorite, and plagioclase is clouded by abundant cryptocrystal

line alteration products. Amygdales containing a variety of minerals are 

common in the upper parts of flows. Modal analysis of typical non-por

phyritic basalts are shOlm in Table 6, p 19. 

Quartz ·Basalts 

Near the base of the basalt sequence, close to the basalt-olivine basalt 

contact, a few flows occur Vlhich have a distinctive greyish colour. 



TABLE 6 

Hodal analyses of b::tsalts from the Komatipoort area 

I 
, I 

I 
Sam~le number CL38 CL39 

I 
CL40 I CL41 CL42 CL43 CL44 

I 
I 

Basalt type Feldsparphyric FeldSparPhyriCI Non-porphyritic Non-porphyritic Non-porphyritic Pyroxenephyric Quartz 
Basalt . Basalt Basalt Basalt Basalt Basalt Basalt 

I I 

Plagioclase 59 . 1 64.7 49 .5 44 .5 45.6 36.1 I 60 . 0 
I I 

Clinopyroxene 33.0 18 . 9 44.3 43.8 41.3 43.7 
I 

26 . 8 

1 f 
I I I Al tered 0 li vine 1.1 3.5 - - - 3.9 

I 
- I 

! I j 
\D 

1 I 
6 . 3 ~ I Ore 3.9 8 . 9 5.9 11.7 9.6 9.3 

.--

Fine- grained 
i nterstitial I 

I 
material 1.5 1.3 0.3 - 3.5 2.9 3 . 3 I 

I 
I i 

Quartz - - I - -
I 

- - 2 . 3 

Alteration I 

I 
products 

I 
1. 4 - - - I - 1.7 1.3 j 

I Amygdaloidal - 2.7 - - I - 2.4 -

I I material I --- --------
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These basal ts are distinguished f':o:n the non-·porphyritic basalts by the 

presence of free quartz, which forms discrete patches surrounded by a 

dark cryptocrystalline mantle as in the quartz dole rites (see later). 

Quartz may also be present as small, irregular grains occurring inter

stitially to the pyroxene and plagioclase. Rarely, recognisable xeno

lithic fragments of sedimentary rocks were noted. As may be seen from 

the modal analysis of a quartz basalt shown in Table 6, p 19 the rock 

contains a somewhat higher proportion of plagioclase than is usual for 

the basalts of this area and it is this abundance of plagioclase rather 

than the quartz content that gives the rock its distinctiv~ greyish 

colour. 

Feldsparphyric and Pyroxenephyric Basalts 

Abundant subhedral phenocrysts of plagioclase vary~ng between 2 rom 

and 50 rom in length charac;:erise the relatively uncommon feldspar

phyric basalts. Th2 phenocrysts occur singly, but more usually they 

comprise glomeroj)orphyritic . aggregates, to 'Vlhich solitary highly 

altered (former) olivine crystals may be attached. The modes of several 

feldsparphyric basalts are ShOWll in Table 6, from which it may be seen 

that these rocks differ from the qu~rtz basalts in quartz content rather 

than in feldspar content, although they are distinctly richer in 

plagioclase than the other basalt types. 

The pyroxene- rich basalts are similar to the feldsparphyric basalts 

but for the fact that the phenocrysts present are composed predominantly 

of clinopyroxene. The relatively few examples of these rocks encountered 

1.n the Kornatipoort area contain subhedral clinopyroxene phenocrysts up 

to 10 mm in l2ngth, set in finer grained groundmass similar in all re

spects to that of the previously described basalts. Occasional plagio

clase phenocrysts may be present in addition to those of clinopyroxene, 

corrrrnonly occurring as glomeroporphyritic aggregates together with the 

pyroxenes, and infrequently 'Vnth altered olivine crystals. The mode 

of a pyroxenephyric basalt is shown in Table 6, p 19. 
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Olivine-bearing Basalts 

Minor amounts (up to 5 % by 'volume) of higbly altered olivine occur in 

certain examples of all of the four preceding sub-types. The former 

olivine crystals display rounded and embayed outlines for the most part, 

although in places euhedral faces may be preserved along contacts with 

phenocrysts of plagioclase or pyroxene . The olivine may occur as isolated 

phenocrysts or, in porphyritic rocks, it may be associated with glomero

porphyritic aggregates of plagioclase and pyroxene . 

5.2.2 Mineralogy 

Compositions and some properties of the major rock forming lninetals 

are listed in Table 7 • Ore minerals and minerals present in amygdales 

are briefly described below. 

Ore Minerals 

Magneti te, pyrite, chalcopyri te and less commonly Hmeni te are the mal,n 

ore minerals present in the basalts. The magnetite normally occurs as 

irregular granules, partially martitised to hematite, and rarely ilmenite 

is found in crystals of similar form. Pyrite is by far the most abundant 

of the two sulphide minerals, usually occurr1ng as irregular interstitial 

grains. Chalcopyrite is occasionally noted as minute, irregular gra1ns, 

frequently associated with the altered olivine crystals. 

Native copper was noted in one basalt flow near the middle of the basa.lt 

succession. The copper usually occurs as small discl'e te grains ( 0.01 to 

0.05 rom in diameter), included 1n altered olivine crystals, 1n plagioclase 

and pyroxene phenocrysts, in the groundmass silicates, and 1n amygdales. 

In some plagioclase crystals the na.tive copper 18 present as a cloud of 

minute disseminated specks, ill others however, it occurs as discrete 

grains, often located along cracks, twin planes or cleavage planes. The 

larger gra1ns of native copper frequently shmv the development of a 

narrow border of digenite and in ad~ition digenite may occur as discrete 

grains, usually in the vicinity of larger grains of native copper. Hhere 



Rock Type 

Basalt 

I 

\ 

TABLE 7 

Compositions and Properties of Rock-Formi~g minerals present in the Basalts 

Hineral l1vinning Zoning 

Groundmass Presen t Normal 

Plagioclase 

Phenocryst Present I Some Normalzo-

Plagioclase ning.Also core-

oscillatory zo-

ned mantle-rim 

Clinopyroxene I Not observeiliiot observed 

Olivine 
Pseudomorph 

Composition 

Core :- An
S6 

Marg in :- An32 

Core :- An65 
Mantle :- An55-

An60 
I Rim :- An55-

An35 

Range .-
Ca Fe Ha 
34 20 46 

to 36 24 40 

Alteration IGrain Size 
----"1 

Not observed lO,1 mm - 0,5 nun 

Not observedi 2 nun - IS nun 

Not observed I 0, I nun - 1,0 mo 

Altered to 
Chlorite. 
magnetite. 
antigorite 
and calcite 

0,5 nun 

I 

N 
N 
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the copper is included in plagioclase or pyroxene grains, a narrow rim 

composed of a fine grained vlhite alteration product may be present along 

the copper-silicate boundary. This proved too narrow for adequate identi

fication. 

Other ore minerals identified in this rock include hematite (altered 

magnetite) containing exso1ution lamellae of ilmenite, and traces of 

chalcopyrite. 

Amygdale Hinerals 

Aside from quartz, chlorite, and calcite, several zeolites may be present 

in amygda1es found in the basalts, including natrolite, thomsonite, 

sti1bite, and chabazite. These minerals are cOlmnonly zonally arranged 

within the amygdales, with calcite and quartz usually occupying a central 

position. No attenlpt was made to establish the presence of a zonal distri

bution of the z201ites within the lava sequence. In the samples collected, 

however, a tendency for the quantity of zeo1itic minerals to increase in 

the upper part of the basalt sequence was noted. Calcite, chlorite, and 

silica minerals only, \l7ere observed in the overlying rhyolites. 

5.2.3 Geochemistry 

The results of the chemical analysis of two non-porphyritic basalts 

are listed in Table 8, p 24 • CIPW norms and Nigg1i values are also 

shown. The analyses will l~e discussed in the section on geochemistry, 

(see later). 

"5.3 Metamorphism of the Basalts 

As maybe seen from the geological map, a large number of dolerite dykes 

have intruded the basalts, producing widespread low-grade thermal meta

morphism. The resulting metamorphic effects are usually restricted to the 

development of turbid feldspars and tile a1teratjon of pyroxene to chlorite. 



TABLE 8 

Chemical analyses, CIPW Norms, and Niggli Values for tHO specimens of basalt and one specimen of 

andcsiteCicelandite) from the Komatipoort Area. 

Analyst: National Instit~te for Metallurgy 

CLIO i -- -- -- ---- ----------C:z3-'------- CL33 ~ 

Ch""ical analy,i, CIP" Na= I Nig," Value, I Ch~ical analy,i, Cmllla= IHiggli Value' Ch=ical analy,i, CIP" Narm Niggli ~ 

Si0 2 61.11 q 20.46 Si 229.43 Si0
2 

50.83 q 1.67 Si 122.72 Si0
2 

53.62 q 11.24 Si 150.39 

i 1\1 2°3 13.14 or 18.24 A1. 29.07 A1
2

0
3 

i3.06 or 3.54 Al 18.58 A1 20
3 

12.91 or 8.03 Al 

ab 22.23 Fm 

an 19.39 C 

Fe203 3.70 ab 25.53 Fm 39.70 Fe20
3 

2.30 ab 23.59 Fm 47.39 Fe 20
3 

4.31 

FeO 6.12 an 13.16 C 12.83 FeO 10.96 an 21.33 C 26.57 FeO 8.94 

HgO 1.73 di 0.65 Alk 18.39 MgO 5.74 Idi 23.36 !Alk 

Ca O 3. I 9 hy 10. 11 Mg 0.24 CaO 10.27 hy 17.56 IMg 

Na
2

0 

K
2

0 

H
2

0 
+ I H20 

. CO
2 

Tie2 
P205 
MnO 

Total 

3.02 mt 5.38 c/Fm 0.32 

3.09 il 2.78 k 0.40 

0.33 ap 0.70 ti 3.87 

1.92 H20 2.25 p 0.51 

0.28 H
2
0 24.04 

I. 37 

0.32 

0.11 

99.43 99.26 

Na
2

0 

K
2
0 

H
2

0 
+ 

H
2

0 

CO 2 
Ti02 

P
2

0
S 

MnO 

Cr
2

0
3 

CuO 

2.79 

0.60 

0.27 

0.44 

0.15 

2.26 

0.24 

C.21 

0.034 

0.02 

100.174 

mt 3.34 Ic/Fro. 

il 4.58 k 

ap 0.52 Iti 

H20 0.71 IP 
H

2
0 

100.20 

7.46 IMgo 

0.44 CaO 

0.56 

0.12 

4.10 

0.25 

3.54 

Na
2

0 

K
2

0 

H
2

0 
+ 

H
2

0 

CO 2 
Ti02 

P20
5 

MnO 

Cr
2

0
3 

CuO 

3.83 I di 13.54 I Alk 

7.51 hy 12.13 I Mg 

2.63 mt 6.26 c/Fm 

1.36 il 4.77 k 

0.22 ap 0.55 . ti 

I .90 H20 2. 121 P 

0.10 H20 

2.35 

0.25 

0.18 

0.017 

0.01 

100.14 100.26 

21.34 

46.5 1 

22.57 

9.59 

0.34 

0.49 

0.25 

4.96 

0.30 

17.77 

N 
.po 
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Occasionally, however, the pyroXF.le is altered to actinolite, and the 

plagioclases are saussuritiscd. Close to the larger dykes, the hornblende

hornfels or higher grades of contact metamorphi.sm may be reached. The 

metamorphic rocks here are usually fine-grained hornfelses,consisting 

of plagioclase,diopside, and sometimes hornblende and biotite in small, 

roughly equidimensional crystals (Plate 2, p 26 ).Further metamorphic 

products include small patches of epidosi.te that are developed locally 

and are not associated with intrusives; in these the basalt is reduced 

to a mass of clinozoisite and epidote. 

The best examples of metamorphosed basalts in the Ko.mati.poort area, 

however, are found in the metamorphic aureole of the Ko.matipoort Intrusion, 

described later ( see section on Komatipoort Intrusion). 

5.4 The Transitl. .. nal Zone 

Although lenses of acid lavas occur inter bedded in t he upper part of the 

basaltic sequence, the transition from predominantly basaltic lavas to 

acid extrusives proper, takes place over a vertical distance of some 

60 m. In this zone. here termed the transitional zone, are extrusive 

rocks m part appare.ntly of intermediate composition. 

The poorly exposed upper c.ontact of the basalts with this transitional 

zone lies close to the base of the Lebombo range. The few ,,,eathe-ced 

specimens available from this zone suggest the rocks may be classified 

as andesine basalts. In places these were fourid to display a variolitic 

texture. 

An analysis of a sample of one of these rocl<: types is presented in 

Table 8 , p · 24 . This sample consists of a groundmass of andesine, 

clinopyroxene, opaque iron oxides and interstitial glass enclosing 

sparsely distributed labradorite phenocrysts. In view of the relatively 

low Al2 03 content and the high total Fe content, this rock type is 
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PLATE 2 

Hornblende Hornfels. Idioblastic crystal of horoblende(showing 

amphibole cleavage) in matrix of plagioclase (white) ore minerals 

(black) and diopside. A large biotite crystal is observable at the 

far right (dark grey). (Transmitted light X96~) 

2 Pyroxene Hornfels. Relict clinopyrcxene gral.n, crmvded with granules 

of iron ore (centre) set in a crystalloblastic groundmass of plagioclase 

clinopyroxene and iron ore. (Transmitted light., X60.) 





- 27 -

probably better described as an icelandite, (cf Carmichael,1964, p 442 ). 

In contrast to the transitional zone found in the Komatlpoort area, 

Lombaard (1952), has described rocks with limburgitic rather than andesitic 

affinities from a borehole which intersected the transitional rocks 

near the Makonkolweni River in the Kruger . National Parle This rock he 

describes as being greyish-pink in colour, composed of plagioclase, 

augite, chlorite and much ore; the chemical analysis he quotes indi

cates the basic nature of the rock. Stratten (1965 ) has described a 

transitional zone from the Natal Lebombo which resembles that found at 

Komatipoort, consisting of what he has termed, andesites, interbedded 

with a tuff horizon and dacites. 

5.5 The Acid Volcanics 

J.J. Frankel (1 960) estimated the thickness of the Lebombo acid volca

nic rocks as approximately 5 000 m but the full succession is not seen 

in the Komatipoori: area. Most of the lavas lie ac.ross the border in the 

neighbouring territory of Mozambique, with only an estimated 500 Tn of 

these acid rocks, comprising the lower-most part of the acic1. volcanic 

succession, occurring \vithin the Komatipoort area. Even if the volcanics 

in Mozambique are included in the es timate, it seems unlikely hm-lever, 

that a thickness of 5 000 m is present in this part of the Lebombo . 

The rhyo-dacitic effusives are confined almost entirely to the Lebombo 

Range proper, forming a narrow strip along the eastern margin of the 

area. Basalts occur interbedded with the acid extrusives and conversely 

minor amounts of acid lavas also occur in the upper-most part of the 

underlying basalt succession. Interbedded acid lavas are best developed 

just north of the Crocodile-KC'mati River junction, from where a 30 I!l 

thick lens 0 f rhyo li tic lava s, ill terbedded wi th the upper bas al t s , ex·

tends northwards for about 5 lon, reaching its maximum development a fe1{ 

hundred meters north- ~ast cf KOD~tipoort itself. 
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. ' 2S o d 3~0 . . Dips on the acid l avas usually l 1e bct~veen an J east, 1ncreas1ng 

eastwards, and strikes 10cCI.lly vary vrith i n 15
0

' east or west of north. 

5.5. 1 Petrography 

( A ) Acid lavas 

Acid lava s occur interbedded with the upper part of the basalt sequence, 

and also form sev~ra1 of the lower units and pa.r t of the highest portions 

of the main acid volcani c succession. 

The flows are usually of the order of 10 to is In thick (although occas-

ionally 100 m thick sequences were noted) and extend for a distance of 

a few hundred meters along strike, grading from a compact fine-grained 

to glassy base into a h i ghly vesicular, auto-brecciated upper surface, 

and varying in colour from deep maroon to pale pink and buff on weathered 

surfaces. Where fresh, they may have a greyish-green colour, but fresh 

specinens are obtainable only from recent exca.vations. In outerops these 

rocks, as with the other acid volcanics, invariably show a prominently 

developed colour bandiri.g consisting of an alternation of buf f, pink and 

brownish red streaks, which range from a few mm to a f ew cm 1.n w"idth. 

In thin section the texture of these volcani cs varies from cryptocrystal

line to felsitic, or less commonly intergr anu1ar , and the rocks a r e al

most always porphyritic, cOIllilHmly consisting of var ious phenocrys ts set 

in a groundmass composed of an aggregate of quartz, fe ldspar, and minor 

amounts of 1.ron ore. The groundmass feldspar is usual ly a sodic plagio-· 

clase, but clouded potassium f e ldspar crystals are a lso present in places, 



- 29 -

and iron ore usually occurs as ir~'e gular grains rang~ng in size from 

0.1 nnn to 0.5 nnn. Phenocrysts ar e usually composed of similar minerals, 

namely quartz, (occasionally euhedral), feldsp ar and ore minerals, 

although less connnonly a pale green clinopyroxene may be present. 

The feldspar phenocrysts again consist of Bodic plagioclase or alkali 

feldspar, both forming subhedral to euhedral crystals which may show 

s~gns of cracking and corrosion. Occasional phenocrysts of vlhat appears 

to be anorthoclase were observed, but all minerals ~n the acid lavas are 

much clouded and altered, and identification rests on dubious de t er

minations of the optic signs and optic axial angles. 

Glassy rocks both in the form of true glasses and pitchstones are not 

common, but in places, form small lense s three to five meters thick ex·

tending along strike for a distance of approxima tely 100 m. The volcanic 

glasses are green to grey rocks where fresh~ cons isting of a dark, glassy, 

partially devitriiied groundmass, containing a fevl phenocrysts of feld

spar, and occasionally clinopyroxene and iron ore. In some samples, 

~veathering has produced colour banding, and flOlv structures, including 

widespread flow-folding, are conspicuous. These glassy rocks show a 

sharp contact with both overlying and underlying flows. Much thinner, 

but very similar glassy layers form the base of some of the flows. The 

pitchstones form outcrops of similar dimensions to the volcanic glasses, 

but are co:mnonly a deep reddish brovffi in colour. Under the microscope 

they show a dark coloured devitrified groundmass, crowded with micro

lites and displaying a well developed flow structure. 

Phenocrysts, usually consist of single crystals of sodic plagioclase, 

and pale green clinopyroxene, and glomeroporphyritic aggregates of 

plagioclase and pyroxene. Quartz may also form phenocrysts, as well as 

ore minerals, which build somewhat smalle r irregular grains (see Plate 3 

, p 30 ). 

The acid lavas are frequently runygdaloidal, particularly in the upper 

parts of flows and these amygdal e s may show s i gns of elongation by flow. 

The amygdales usually conta in calcite, agate, quartz crystals, and less 
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PLATE 3 

1 Tuffaceous 
Sandstone. Quartz grains set in a semi-opaque matrix. (Transmitted 

light, X60.) 

2 Pitchstone . Phenocryst of clinopyroxene (grey) ore minerals (black) 

plagioclase ane quartz (white ) set in a partially devitrified ground

mass. (Transmitted light, X60.) 
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commonly, chlorit:e. These lavas are predominantly dacitic in compo

sition, although subordinate rhyolites do occur. This assessment is, 

however, based on modal compositions and this may produce misleading 

results, particularly as in many of the rock types the groundmass mi

nerals are too fine-grained to be readily identified, and classifica

tion must then be based on phenocryst composition alone. 

Autobrecciated zones, consisting of angular fragments and blocks of 

acid lava set in a fine-grained matrix of similar material, mark the 

upper surface of the lavas. The autobreccias vary between t\\'0 and six 

meters in thickness, and may frequently be traced along strike for 

several kms. Mineralogically and texturally they are indistinguishable 

from the more abundant breccia dykes described in a later section. The 

matrix material is composed of a fine-grained felsitic textured aggre

gate of quartz ~nd feldspar in which are set the usual phenocrysts, 

(quartz, feldspar) and lesser amounts of pyroxene). In a few of these 

rocks ore minerals may be relatively abundant as small irregular 

grains present in the groundmass. The material composing the lithic 

fragments in the autobreccia consists of normal acid lava. Glassy 

zones are sometimes present along the edges of the lithic fragments s 

suggesting partial melting of these fragments may have taken place. 

( B ) Sandstones and Tuffs 

Interbedded with the acid volcanics are occasional lenses of sandstone 

which vary in colour from brown to deep red. They are invariably fine

grained, compact rocks, consisting of minute (0.1 tmn to 0.2 mm) angu-

lar grains of quartz, and less common.ly plagiocla:3e set ~n a sparse 

groundma~s, (see Plate 3, p 29 ). The tuffs also form thin lenses and some 

types are deep red to brown in colour. These rocks may consist of · 

glass.shards·or of lapilli, ~in places showing concentric zor.ing), set 

in a fine-grained felsitic groundmass.Possible soil horizons separating 

successive . dacitic units have been noted. in the gorge of the Komati River 

by R. W. Cleverly, (personal cOllUlluni cation). 



- 32 -

5.5.2 Hineralogy 

Data concerning the minerals occurr1ng 1n the acid lavas are listed in 

Table 9 p 33. 

5.5.3 Geochemistry 

Samples of the two freshest available specimens of acid volcanics were 

submitted for analysis, and the results of these analyses are shown in 

Table 10, p 34, together with SIPW norms, niggli values and magma type. 

Lombaard (1952) has also presented an analysis of a rhyolite from the 

Komatipoort area and this is shown 1n the same table with two rhyolites 

from the adjacent area in 110zambique (de Assuncao, et al. 1961). 

5.5.4 Hode of Eruption 

Previous workers in the Lebombo have found it difficult to reconcile the 

apparent constant thickness and extensive areas covered by what appear 

to be individual extrusive rhyolitic and dacitic units, with the commonly 

assumed extreme viscosity of acid lava flows, particularly since vents 

in the Lebombo Range may be widely spaced, (Urie and Hunter, 1963).In 

more recent years, several authors have suggested that the majority of 

the acid effusives consist of tuffs and welded. tuffs emitted from fis

sures (Stratten, 1965 , Cox, et al., 1965, Urie and Hunter 1963). 

The most convincing evidence for the presence of welded tuffs 1n the 

Leboinbo has been provided by Cox, et al. (1965) who described rocks 

of this type from the Hateke area, 1n Rhodesia. They claim, however, 

that the type of evidence produced by P .Marshall, (1935), to confirm the na

ture of the Ne\v Zealand ignimbrites would not be e~..:pected to be a-

vai l able in the much older Lebombo volcanics, due to the natural de

vitrification of glass, but advance several indirect lines of eV1-

dence . Within each welded tuff sheet in the Mateke area, they have 

recognised a def inite structure, beginning vlith a non-welded basal zone 



Mineral 

A Plagioclase 
i) Phenocrysts 

ii) Groundmass 

B Clinopyroxene 

C Quartz 
i) Phenocrysts 

D Ore Hinerals 
i) Hagne tite 

ii; :lema ti te 
iii) Pyrite 

E I Accessory Minerals I I i) Zircon I 
ii) Rutile I I iii) Sphene 

, iv2 A}2atite , 

TABLE 9 

Mineralogical Data for Minerals present in the Acid Lavas 

Zoning Composition Refractive 2V Alteration 
Indices 

Slight normal An8 - An34 - - 1.!::;ually turbid, 
zoning, oscil- cracked and 
latory znning corroded 
rare. 
Slight normal An7 - An16 turbid 
zoning 

Not observed Ca Fe 
2V 

Hg z 
?8 42 30 ~ 1,708 54

0 cracked, corroded, 
Range (26 41 33 B 1,714 520 altered to chlorite 

or hornblende in 
places 

cracked, rounded 
and eI!lbayed 

altering to hema-
tite with ilmenite 

I 
I exsolution lamellae 

I 
I 

I 
j 

I 
Grain Size 

1 - 5 mm 

0,01 - 0,15 = 

1 - 3 mm 

2 - 3 mm 

0,2 - 4 = 

0,3 - 3,5 = 
0,05 = 

( 
(0,2 = 
( 

I 

I 
I 
I 
I 
I 

w 
w 
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TABLE 10 
Chemical analyses, CIP\<] Norms, and Niggli Values for three samples of acid volcanics from the 
Komatipoort Area. (Analyst: NIM) Analyses from adjacant Mozambique (from de Assunacao et al. ) are also shmvn. 

Chemical analysis 

Sample no. "29-cl · 44AI ~>746 CL21 CL22 CL21 

I Si0
2 68.99 65.62 63.90 67.37 68.93 Q 30.04 

Al 20
3 12.14 11 .81 10.74 11.5112.56 or 29.93 

Fc20
3 4.44 1.80 5.45 4~76 ab 27.05 

5.
92

1 
FeO 2.45 3.60 2.49 1.61 1.51 an I 0.97 
HgO O. j 9 0.3 1 1.15 0.48 I 0.22 di -
CaO 0.29 4.64 2.40 1.71 1.70 I hy I Na20 3.20 2.40 4.94 5.29 3.39 mt 

K20 5.07 1.10 6.86 4.49 4.52 il 
- I H2O 0.28 1.02 1.50 0.22 0.98 ap 

I I + 
H2C H"O 0.73 5.64 - 0 .83 0.J5 I I C~2 I 0.58 0. 171 n.d. n.d. 0.84 I hm 

I T~02 I 0.37 0.39 1.08 0.68 '0.42 I cc 
. I I P205 0.08 0.07 0. 24 1 0. 12 1 trace I c 

LHnO 0.10 0 . 10
1 

0.09 0.08 1 0.05 ac 

LTo t al _ u 193 . 91 , 98.671100.84 1100.31199.931 

* From de Assuncao et al., (1961) 
(Analyst: A. Lopes Vieira ) • 

.;,-):. From Lombaard, (I 952 ) • 
(Analyst: ~v.H. Herdsman) 

0.38 
6.45 

0.75 

0.18 

1.01 

-

1.03 

93.29 

ClP\<] Norms Niggli Values 

* * 44A **746 I CL21 CU2 CL22 29-C 
I 

35.99 11.40 19.46 30.25 si 352.71 330.21 

6.49 40.59 
, 26.57 26.71 al 36.58 35.02 

20.29 36.77 34.06 23.68 fm 29.44 2!1.72 

18.19 - - 3.12 c 1.59 25.02 
3.34 10'.44 4.70 - alk 32.40 ' 15.24 
3.44 - - 0.55 mg 0. 05

1 
0.09 

2.62 - 2.97 3.80 clfm 0.05 1.01 

0.79 2.13 1.29 0.80 k 0.51 I 0.23 

I I 0.15 0.34 0.26 trace ti 1.42 1.48 I 

I 
, 

6.66 - - 1.03 p 0.17 c. 15
1 

- - 0.67 2.14 H2O 12.45 94.64 

i - - - 1.91 

- - - 0.95 

I 
I 

! - - 9.24 -
98.46 1101.57 99.22 99.9L; I J , 

,H;746 

334.70 

35.90 

25.30 

8.80 
29.90 
0.06 

j 0.35 

0.47 I 
I 1.50 

trace 

-

~ 
J 

(,.., 
.r:-
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or vitric tuffs ·and breccias, which is immediately overlain by ·a welded, 

glassy, eutaxitic zone. These two basal units comprise less than 1/10th 

of the total thickness of the deposit, the upper 9/10ths being composed 

of massive, well~jointed, even, fine-grained rocks, with a felsitic 

texture. The latter texture may, in places~ ~e partially masked by the 

development of a fine granophyric texture throughout. The evidence they 

have for considering these rocks as welded tuffs consists mainly of ob

servations which offer some indication of a high temperature for the 

vitric tuff when it was deposited, a feature which distinguishes these 

tuffs from other non-welded tuffs. 

Urie and Hunter (I963) have not found similar structures in the Swazi

land Lebombo, but nevertheless describe the acid volcanics from this 

area as ignimbrites, largely on account of the extensive nature of these 

volcanic units. 

Again ln the Komatipoort area no structural units resembling those 

found by Cox et al. \Vere encountered, nor Here any of the criteria 

suggested by Cook (1955) recognisable, although it must be borne in 

mind that only a proportion of the volcanic succession falls within 

the Komatipoort area. 

In the Komatipoort area, the rhyolites show considerable persistance 

ln a north-south direction, parallel to the strike of the feeder dykes, 

but there is no evidence of great lateral extent in an east-west direc

tion. Thus appropriate spacing of the feeder dykes could possibly ac

count for the observed sequence of rhyolitic flows here. 

Hore recently, Wachendorf (1971), indicated the presence of dome 

structures in the Lebombo succession of the adjoining territory of 

Mozambique. These dome structures are elongated in a north-south direc

tion but are apparently of little lateral extent in an east-west direc

tion. However, close-spacing of these structures, might, Wachendorf 

considers, give the impression of laterally extensive sheets of rhyolitic 

volcanics. The dome structures are reported to shm.] a distinct variation 
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in texture from the base ,upwards viz. a rapidly chilled glassy-textured 

zone close to the contact between the base of the unit and the surface 

onto which it wa~ extruded, follm.;red upwards by microgranophyric and 

felsitic textured rocks in the interior of the dome, and a flow folded 

outer zone near the upper surface. 

Some of the flows in the Komatipoort area, do show this upward sequence 

of textural changes, although no domic3.1 structures could be recognised. 

Instead a lens-shaped cross-·section, rather, is displayed, for example 

by the rhyolitic lavas interbedded Hith the uppermost basalts in the 

Komatipoort area, (see geological map). 

The rhyolites of the Komatipoort area, may simply represent the effus

sian of less viscous ' lava unconnected to the dome structures described 

by Wachendorf (1971). They could, however, represent an earlier,vola

tile-rich (and therefore less viscous) fraction extruded from the same 

vent as the rhyolite domes, either as a separate event, preceding the 

extrusion of the dome, or as less viscous, ,.;rider spreading extremities 

of t~e dome structure. No field evidence is available in support of this 

possibility. 

The acid ext:rusives at Komatipoort appear to have been emplaced as extensive 

flows,presumably of lower viscosity than is usually assumed for acid lavas y 

Hydrous miner al$ are absent from t:hcse acid lavRs and this low vis cos i ty 

is therefore more likely to result from unusually high temperatures than 

a high volatile content. 

In -sUITmlary, evidence ~s available for the presence of viscous rhyolitic 

domes in Mozambique, CHachendorf " 1971) and of welded tuffs in the 

Nuanetsi area, (Cox et al~ 1965), although neither have been recognised 

in the Komatipoort area. Instead the bulk of the rhyblites show evidence of 

.1t least final e:mplar;ement ' as flows, (:!:100 m thick), as evidenced by seve

ral features incJuding a chilled, glassy basal zone, flow-folding oc

casionally present in their upper middle portions and autobrecciated 

upper surfaces. Where vesicles are present, and these may exceptionally 

reach 30 cms in diameter, they frequently shoy, signs of elongation by 

f10\-,. Tuffs and sedj,ments form a subol'dinate proport ion of the sequence. 
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5.0 Minor Intrusives 

5.6. 1 Minor Mafic and Ultramafic Intrusives 

Basic dykes in the Komatipoort area form a (iense meridionally trending 

swarm cutting across both acid and basic lavas. The swarm extends some 

5 km to the west of the area mapped (du Toit, 1929), traversing the 

underlying Karroo Sediments and metamorphic.:- Precambrian basement rocks 

with little regard for pre-existing structures. The dykes range from 

olivine-free <lolerites, to quartz dolerites, and in addition, near the 

olivine basalt-sandstone contact, two dykes occur which may have alka

li basalt affinities. Both, hmvever, are some~" hat weathered. 

( A ) Alkali Basalt Dykes 

In general, nephelinitic rocks of the type found at the base of the vol

canic succession in the northern Lebombo, do not occur at Komatipoort. 

Only two dykes with possible alkali basalt affinities were found during 

the present investigation, both occurring ,vithin the lmver part of the 

Karroo basalt succession, a few hundred feet from the basalt-sandstone 

contact. They are subvertical, north-south striking dykes, about 2 

meters in width, composed of a dark, greenish black, microcrystalline 

material. 

The fi'l:.'st of these may be a marginal type, intermediate between t1:e 

olivine basalts and true alkali basalts. It consists of large phenocrysts 

of biotite, now largely replaced by chlorite, which in turn, is altered 

to a brown mineraloid. Other mineral constituents are a few corroded 

crystals of altered plagioclase and, in the groundmass, altered olivine 

crystals, tiny plagioclase crystals, irregular patches of chlorite, 

and combs and needles of ore of the types common in the olivine basalts. 

The small euhedral to anhedral olivine crystals are a.lmost completely 

replaced by calcite, chlorite, antigorite and ore. 
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Th0 other dyke show's somevlhat less alteration aud contains altered possibly 

hexagonal phenocrYBts (1 nun diameter), now conposed of calcite and zeo

lites, that may once have consisted of a feldspathoid. The groundmass 

consists of a brown crypto-crys talline ma.terial, in vlhich a few small 

crystals of diopsidic augite and labradorit~ occur. 

( B ) Olivine-Rich Dyke Rocks 

Near the base of the volcanic success~on a few poorly exposed olivine

rich rocks occur. Where fresh, they are dense, black, medium-grained 

rocks, easily distinguishable in the field from the average dolerite, 

however, as a result of their free-weathering characteristics, exposures 

are conunonly limited to man-made excavations. 

(i) Petrography 

In thin section many of these rocks bear a strong resemblance to some 

of the coarser-grained olivine basalts, consisting of subhedral olivine 

and clinopyroxene crystals set ~n a dark brown to black crypto-crystal

line or glassy groundmass that ~s often crowded with minute specks of 

an opaque ore mineral. The olivine and clinopyroxene crystals are both 

of roughly the same size (average diameter 2.5 mm) although in some of 

these rocks, finer grained pyroxene crystals dre also present in some 

abundance, (Plate 4, p 39). In more completely crystallised examples, 

plagioclase makes its appearance in the groundmass in the form of elon

gated laths which may reach 1.5 nun in length. 

(ii) Mineralogy 

Mineral Data are listed ~n Table 11,and modal analyses of ~hree typical 

dyke rocks are shown in Table 12. Variations present consist principally 

of an increase in plagioclase content at the expense of the other three 

main constituents, pyroxene, olivine; and interstitial glass. 
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PLATE 4 

Olivine.:-rich Dyke Rock. Phenocrysts of olivine (lower centre, showing 

alteration cracks) and clinopyroxene (other l arge crystals) with 

smaller clinopyroxene crystals, set in semi-opaque glassy groundmass. 

(Transmitted l ight, X96.) 

2 Porp'ayritic Hyal ine Dolerite. Large phenocryst of plagioclase (vlh ite), 

fringed with iron ore needle, set in glassy matrix) rich in iron ore 

needles. (Transmitted light, X96:. ) 





TABLE 11 
Mineral Data for Hinerals present in the Olivine-Rich Dyke Rocks 

- ~ 

I I 
Mineral Zoning Composition Refractive Colour 2V Alteration I Grain Shape or Form 

Indices 
Size 

--L 
A IO livine Mg Fe 

2'1 
Partly alte- 0,5= Euhedral to not c!:Jserved x 

80 20 870 red to chlo- - subhedral-
Range(n 28 Ny 1,692 colourless rite and 3,Orrnn more r arely 

1,713 82
0 

antigorite con"oded and 
rounded --'LV 

1 B 
Pyroxene x H8 Fe Ca z 0,05 
(i) Clinopyroxene osci llatory ,38 38 24 Ny 1,698 colourless to 46 0 not observed - subhedral 

I zoning may Range'33 35 32 1,750 pale brownish 45 0 3,0= 

I I (ii) 
be present pink , Orthopyroxene not observed En88 Nz 1,675 colourless 2V not observed :1,0= corroded core ', 

I z , 
870 mantled by 

I a~gite 

C Plagioclase slight "normal Rim Core - - O,lmm Needles or 
zoning Range An

55
-\n

60 not determined colourless laths 
-, 

D Ore Hinerals 
(i) Ilmenite 0,3= Needles & Comb-

struct'..lres with 
exsolved 
magnetite 

(H) Hagnetite 0,5mm Irregular inter-
stitial patches 

I 0,05 

rarely euhedral 
octahedra 

(iii) Pyrite and Irregular inter-
Chalcopyrite 

I 0~5= 
stitial patches 

x 
This optically determined c(j ,;:~os1t1on is likely to be unreliable due to the probable high Ti - content of the pyroxene sug
gested both by the colour of the pyroxene and the high Ti-content of the analysed olivine-rich dyke-rock (see Table 13 ). 

\ 

..,.. 
o 



/ 

- ~ 1 -

TABLE 12 

Modal proportions of three specimens of olivine-rich 

dyke rocks (v01. / %) 

I 

Sample no. Olivine Augite Plagioclasr_1 Ore minerals Interstitial 

% % % % glass 

CL49 22.5 35.0 0.0 0.5 42.0 

C128 18.5 33.0 12.0 ],0 35.5 

C150 10.0 34.5 29.0 0.5 26.0 

(iii) Geochemistry 

A single fresh specimen of an olivine rich dyke rock was analysed and 

the r~sults of this analysis is shown in Table 13, p 42, together with 

the norm and Ntggli values of the rock. As may be seen from the modal 

analysis (Tab l e 12) the r ock is an olivine gabbro. Discuss ion of this 

analysis and comparison with analyses of other rocks from the area \\' ·i.ll 

be dealt with in a later section. 

( C ) Dolerites 

KarrC0 dolerites are the most widely distributed of the basic intru

sives present, forming the major part of the r..orth-south trending ba-

% 

sic dyke swarm. Although vertical dolerite dykes do occur throughout the 

ar.ea, non--vertical dykes are mor~ common. Uigh dips (300 to 90 0 west) 

were recorded near the western boundary of the area, where t~e dip of the 

country basalts is low, and lower dips (70 0 to 80 0 west) were noted 

east,,,ards towards the base of the rhyolitic succession. In the rhyolites 

themselves, f ew dykes are present and those observed were all found to 

be vertical. Strike is usually consta~t within 100 east or west of north, 

but there is a tendency for younger dykes (i.e. those intruding the 
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TABLE 13 

Chemical analys i s , CI PW noras and Ni ggli Values for a specimen, of 

"an olivine- r i ch dyke t'ock , (olivine gabbro). 

Analys t : National Ins ti tute for Metallurgy 

Sample No. CL28 

Chemical analysis ~ CIPW Norm Niggli Val'Jes 

Differentiation Index 60,8 

Si02 51.62 Qz 7.93 si 130.965 

A1 203 
11. 42 Or 10.27 al 17.076 

Fe20
3 

2.62 Ab 12.26 fm 1.9.737 

FeO 8.33 A..TJ. 19.50 c 26.805 

MgO 7.06 Di 21.82 alk 6.383 

CaO 9.89 Hy 15.38 mg 0.537 

Na20 1,1.5 Ht 3.80 c/fm 0.539 

K20 I. 74 11 6.20 k 0.441 

-H2O 0.17 Ap 0.90 ti 5.839 

H2O + 
1.68 H2O l.a5 p 0.4".0 

CO2 0.46 

Ti02 3.06 

P
2
0

5 
0./11 

MnO 0.17 

Cr 20
3 0.045 

CuO 0.01 

Total 100.1 99.91 

. 

I 

j 
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rhyolites proper or the granophyre body at Komatipoort) to have a strike 

east of this general trend. Other small dykes within the Komatipoort 

granophyre follow a rectilinear pattern while still maintaining a gene

rally north-south trend, and adjacent to these the country rock for

ming the eastern margin of the dyke has suf~ered displacement southward, 

relative to the western marg~n. 

Field characteristics of the dykes have betn described by Kynaston (1907) 

and less fully by du Toit (1929). They vary in width from a few ern to 

about 50 m , corrnnon widths beir,g of the order of 5 to 10 m. Slickensided 

contacts and oeca sionally observable displacement of country rocks sug

gests strike faulting is associated with the dykes, with downthrow to the 

west, although conceivably the slickensiding may be the result of force

ful intrusion of viscous magma. Closely spaced jointing at right aI}gles 

to the contacts of the dykes, or platy joi~ting parallel to the contacts 

~s common. Composite and intersecting dykes were frequently observed 

with the composite types composed of up to three separate intrusions. 

Du 10it (1929) considered sills to be rare in this area, but contacts 

are seldom exposed and a fine-grained dolerite sill would be virtually 

indistinguishable from the coarser basal ts. HOvlever, no undoubted small 

sills were observed. 

In hand specimen the rocks are fine to medium grained dark blue occa

siqnally green varieties which ~re frequently pOl~hyritic. Walker and 

Pold~rvaart (1949) have provided a complex classification of South 

African Karroo dolerites, recognising some thirty-two varieties whic.h 

are distinguished by textural and compositional characteristics. The 

classification is descriptive ra.ther than ' genetic and for this reason 

the dolerites are here grouped, as were the basalts (see Section 5.2 ), 

according to their phenocryst composition. Like basalts, the dolerites 

may be divided into the following sub-types: 

(a) Non-porphyritic 

(b) Feldsparphyric 

(c) Pyroxenephyric 

(d) Quartz dolerites 
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(i) Petrography 

(a) Non-Porphyritic Dolerites 

Textures vary from intersertal through intel:s ti tial to sub-ophi tic, 

with the mineralogy qualitatively remaining essentially the same. The 

groundmass consists of small crystals of diopsidic augite and plagio

clase that usually have an interstitial or sub-ophitic relationship to 

each other, and variable amounts of fine-grained interstitial micro

pegmatite or a brownish colour~d glass. Pigeonite is apparently absent 

from many of the dolerites, but does occur both as mantles and as cores 

to augite crystals, as well as in the form of individual pigeonite grains 

in some dolerites. Opaque ore minerals are also present as irregular 

interstitial patches .and apatite may be a conspicuous accessory in 

micropegmatite-rich types. 

(b) Feldsparphyric Dolerites 

The essential feature of these rocks is the presence of relatively 

abundant feldspar in the form of phenocrysts of plagioclase up to 3 em 

in length, which may occur as single crystals of various sizes, but 

more often, form glomeroporphyritic aggregates. No difference was found 

between the groundmass of most of these rocks and that of the non

porphyritic dolerites and the description will therefore not be re

peatpd. Other textural variations of the feldsparphyric dolerites do 

, occur. Smaller dykes are characterised by a hyalophyric texture. Typical 

of these are small dykes crosscutting the Komatipoort granophyre, which 

are composed of elongated, somewhat corroded plagioclase phenocrysts 

reaching up to 5.0 rom in length, set in a glassy groundmass. The ground

mass shows signs of devitrification and is crowded with needleo-like 

reicrolites of iron ore. Similar crystals are arranged at right angles 

to the margin of the plagioclase crysLals ~n the fonn of a fringe (see 

Plate 4, p 39 ). 
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(c) Pyroxenephyric Do1erites 

Clinopyroxene phe?ocrysts occur aloneor less commonly as glomeropor

phyritic aggregates of smaller crystals. Occasionally the pyroxene 

may occur together with plagioclase i.n glom~roporphyritic aggregates, 

although these are not common. Augite is the most abundant pyroxene 

present, but pigeonite was occasionally noted- For the rest these 

rocks are identical with the non-porphyritic do1erites. 

(d) Olivine-bearing Do1erites 

The olivine occurs as euhedra1 to rounded phenocrysts which either 

form discrete crystals in the groun~lass~ or in places, occur asso

ciated with glomeroporphyritic aggregates ~n plagioclase. The latter 

mode of occurrence is, however, rare. Olivine may constitute up to 5 

per cent of the rock but it is seldom fresh, usually being completely 

replaced by an aggregate of secondary minerals. 

(e) Quartz-bearing Do1erites 

Quartz-bearing do1erites are relatively cowoon near the basalt-sandstone 

contact, both in the sediments themselves, and cross cutting the lower 

basalt flows. In these do1erites, remnants of sandstone and basement 

rock xenoliths are usuallY notieeable, frequerLt1y only on a microscopic 

scali:. Digestion of these xenoliths is commonly more or less complete, 

but residual cores up to 5 mm across consisting of aggregated quartz and 

muscovite grains are present in many of the dykes. These cores are 

surrounded by a finer grained rim of more basic material lolhich grades 

into the normal non-porphyritic type groundmass, previously described. 

With progressive assimilation of the xenoliths a quartz rich patch of 

otherwise normal dolerite results. Pyroxene is usually absent from the 

rim material surrounding the xenoliths, which consists of a glassy ground-

mass containing small clouded plagioclase laths of indeterminate compo

sition and granules of an opaque ore mineral. 



(ii) Mineralogy 

Data for the major minerals present in the dolerites are listed in 

Table 14. In addition, however, it was noted Lhat there is a slight tendency 

for the more basic plagioclase to occur in '_ne dolerites low in micro

pegma tite, with the most basic plagioclase composition,An60,being found 

in the dolerites with less than 10 per cent micropegmatite plus iron 

ore. Most micropegmatite-rich dolerites OD the other hand, contain 

plagioclase with an average composition of about An50 • This is illu-

strated in Figure 2 where the ruicropegmatite content of twenty dolerites 

is plotted against the anorthite content of their constituent plagio-

clase cores, (p 48). 

(iii) Modal Composi tion 

l'1odal analyses of seventeen dolerites collected along an east--west 

section across the entire Komatipoort area are shown in Table 15, p 49, 

and the variation in volume percentage of the three main mineral phases 

are shown in the triangular diagram in Figure 3, p 50 L This diagram 

suggests a steady increase in the micropegmatite content of the dolerites 

at the expense of pyroxene and olivine, with the plagioclase con tent 

remaining constant. A roughly similar trend was found by Gunn (1962) 1n 

the Ferrar dolerite of Antarctic (see fig 4, p 50 ) and the differcn-

tiation of the Red Hi11 dolerit~s in Tasmania, likewise produc.ed a si

milar trend (Mac Dougall, 1962). 

(iv) Geochemistry 

On the basis of their modal analyses (desc.ribed 1n the previous section) 

four dolerites ""ere selected covering the whole range of variation ShOvffi 

in the triangular diagram shown in Figure 3, p 50 ,and submitted for 

chemical annlys is, (Table 16, P 51 ). As may be seen from the analyses 

shown in Table 16, three of the rocks· are of very similar composition 

in spite of wide appar~nt variation in modal composition, (s amples CLI6, 



Hineral I 
A Plagioclase 

(i) Groundmass 

I 
(ii) Phenocrysts 

(i) Augite 
B I Pyroxene 

, 

(ii) Pigeonite 

~OliVine 
I 

D Ore Nine rals 
(j) Hagnetite 

I ( ii) Ilmenite 

I (iii) Pyrite 

~l ____ I 
I 

TABLE 14 

Hineral Data for Dolerites of the Komatipoort Area 

Zoning Composition Alteration 

Nor:nal Zoning Core An Not observed 
Range(R' A 60 

N'ormal zoning, 
u n n35 

Not observed 
occasional oscil- R c> (Core An,. 0-An70 litary zoning an"e R' A 0 

~m n35 

Hg Fe Ca 
Not observed 44 20 36 Hay alter to 

Range(38 27 35 chlorite 

Not observed 53 38 9 Not observed 
Range(48 43 9 

Complete ly altered 
to antigorite, 
magnetite and 
chlorite 

O'ften altered to 
hematite 
Not observed 

Not observed 

Grain Size 

0,1 - 1,0 = 
1,0 - 5,0 rrnn 

0,1 - 1,0 = 

1,0 - 3,0 = 

Up to 1,5 = 
Up to 1,5 = 
Up to 0,5 = 

Shape or Form 

laths 

Sub-hedral laths and 
plates 

Irregular c.ph itic to 
subhedr a l gr a ins or 
subhedral phenocryr.+; s 
As f or augite. May also 
fO~ill cores to augite 
crystals 

Euhedral to rounded 

Irregular interstitial 
gra ::'ns 
Irregular interstiti~l 
grains 
Irregular interstitial 
grains 

I .10-...., 
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Figure 2. Variation of An Content of Plagioclase with Interstiti'J.l Micropegmatite 

Content in seventeen Dolerite Sp4:Cimeri;;; f r om the 

Komatipoort Area. (for modes see Table 15, p. 49 l. 



TABLE 15 

Modal analyses of seventeen dolerite specimens from the Komatipcort Area 

I 

Sample no. I Cl I CL CL CL 
I 

CL CI CL CL CL CL CL CL CL 
55 56 57 58 59 60 61 62 63 64 65 66 67 

, 
Plagioclase 46.2 1+9 .8 45.8 44.7 47.1 48.7 51.6 44.3 47.5 44.7 43.0 43.4 46.8 

Clinopyroxene 38.3 35.3 36.7 35.3 32.8 46.7 41.3 36.9 39.9 33.6 36.8 34.2 38.3 

Ore Mineral s 6.4 7.7 6.9 8.7 7.4 . 3.1 3.0 6.6 4.3 7.4 6.3 7.6 7.3 

Interstitial 
Material 8.3 7.0 10.3 10.4 12.7. 0.7 3.2 12.2 8.3 14.3 13.9 14.6 7.2 

Altered 
Olivine 0.8 0.2 0.3 1 0.9 - 0.8 0.9 - - trace - 0.2 0.4 

I 

CL I CL 
15 1.16 

48.51 47 . 6 

36.2 38.7 
I 

4.9 9.4 

10.4 4.0 

- 0.3 

I 

CL 
17 

46.9 

24.1 

4.2 

26.8 

-

CL 
18 

50.1 

34.0 

6. j 

9.1 

0.7 

I 
I 

..,. 
\0 
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Plagioclas~ L-____________________ ~ Pyroxene 

of' Olivine 

Figure 3. Tri angular Variation Diagram showing the Variation 

Plagioclase 

in Major Modal Minerals of s~vent/Z'tn Dolerite Samples 

from t h~ Komatipoort Area, (see Table 15, p. 49 for modes). 

Pyroxene 
+ Olivine 

Figure 4. Tr!angular Variation Diagram showing the Variation 

)"rentf of lJ.ajor Minzra!s for the Ferrar OolQ'rlt~s of 

Antarct:cQ, (after Gunn, 1962). 



Sample no. 

I 

Si0
2 

Al 203 

Fe20
3 

FeO 
MgO 
CaO 
Na

2
0 

K20 
-H2O 

H 0+ 
2 

CO2 
Ti02 

P205 I 
MnQ 

Total 

, 

TABLE 16 

Chemical analyses, CIP~;r Norms, and Niegli Values for four - specimens. of dolerite 
from the K01.'la tipoort Area (Ana,lyst: NIH). 

Chemical analyses CIPH Norms 

CL CL CL CL CL CL CL CL 
15 16 17 18 15 16 17 18 

52.64 50.10 49.50 49. 98 Si 144.93 116.39 116.08 120 .05 q 

12.7I 13.59 12.76 12.75 Al 20.62 18.61 17.64 18.18 or 

5.06 3.14 3.23 3.37 Fm 47. 93 48.53 50. 84 50.56 ab 

9.00 10.9lf 11 .42 11.40 C 22.69 26.74 25.88 25.18 an 
3.95 6.16 6.37 5.7.9 Alt 8.76 6.13 I 5.65 6.08 di 
7.69 10.74 10. 30 9.71 Hg 0.34 0.44 0.44 0.41 hy 
2.17 2.48 2.09 2.09 c/Fm 0.47 0.55 1 0.51 0. 50 mt 

1.69 0.37 0.60 0.76 k 0.34 0.09 I 0.16 0.19 il 

0.51 0.25 0.33 0.38 Ti 4.62 2.88 4.01 4.28 ap 

1.53 1.09 1.26 1.28 p 0.84 0.20 0.31 0.34 H2O 

0.30 0.18 0.23 0 .26 H2O 14.05 8.44 9.85 10.33 / 
2.23 1.65 2.30 2.35 

0.72 0.20 0.31 0.33 

0.22 0.23 0.24 0.23 

100.42

1

101.12 IOO.9l;· 100.68 Total 

, 
----

Higgli Values 

CL 

I 
CL CL CL 

15 16 17 18 

11.88 1.53 2.99 4.60 

9.98 2.18 3.54 4.49 

18.35 20.97 17.67 17.67 

19.93 24. 84 23.65 23.15 
VI 

11.53 22.54 21.15 19. 10 
13 .22 19.38 20.36 19.65 
7.35 4.56 4.69 4.90 

4.52 3.35 4.66 4.77 

1.57 0.44 0.68 0.72 

2.04 1. 34 1.59 1.66 , 
: 

I 
100.37 101.13 100.98 1 100. 7I 

I 
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17 and 18). The explanation for this ~s probably to be sought in the 

composition of interstitial glass in the three relevant specimens. If 

this is the case l the glass must have a basic conposition, in no way 

comparable to the composition of interstitial micropegmatite so abun

dant in sample CLI5. Further discussion of the geochemistry of the 

dolerites, including a comparison with Karroo dolerites from elsewhere 

in South Africa~ will be given in the section of the geochemistry of 

the basic volcanics. 

(v) Rheomorphic Veins produced by the Action of Dolerites 

Metamorphism of basalts by dolerites has been described in the relevant 

section (see before), ho~vever, the dolerites do have another metamorphic 

effect, in that rheomorphic veins of siltstone have been produced near 

the base of the volcanic succession. 

5.6.2 Minor Acid Intrusives 

The minor acid intrusives consist for the most part of sub-vertical, 

approximately north-south trending dykes, together with a few thin 

sheets, although the latter are not common. These intrusives show a 

tendency to occur in the upper part of the basalt sequence and within 

the rhyolitic lava succession (see geological map)) strikes of the acid dyke" 

rocks appear to follow two distinct trends, one close to north-south , 

as exemplified by the Causeway Dyke exposed in the Komati ~iver (see 

geological map), and the other some 10
0 

to 20 0 east of north, a strike 

followed by the majority of the acid dykes cross-cutting the basalts. The 

possibility that the latter strike is characteristic of a younger series 

of acid dykes ~s suggested by the fact that th2 north-south striking 

Causeway Dyke ~s cut by the granophyre of the Komatipoort intrusion, which 

in turn is intruded by a felsite dyke striking some 200 east of north 

within the Kruger National Park. A prominent dyke in the southern part 

of the Komatipoort area, however, m3Y be seen to swing from a north-south 

strike to one some 10
0 

east of north ( on the geological map), and the 
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probability exists that the relationship between the two strike direc

tions is more complex. 

Width of the dykes varLes from about 3 m to about 30 m, while along 

strike they may extend for considerable distances; for example, the 

Causeway dyke may be traced ever a distance of more than 16 km, (see 

geological map). The finer grained acid rocks are resistant to weathe

ring and where they crosscut the free-weathering basalt, they form low, 

continuous, north-south striking ridges. In the field the dykes are for 

the most part indistinguishable form the acid lavas. Most of t.hese acid 

dykes appear to be single intrusions; composite dykes were not observed. 

( A ) Petrography 

The rock types composing these dykes shm\1 textur al rather than mine

ralogical differenceti. They include rhyolite breccias, porphyritic 

microgranites, granophyric microgranites and also c~,arser grained 

granophyres, and aphyric lnicrogranites. Rock types intermediate between 

these varieties may also be found and a general impression is gained, Ln 

places, of a gradation from one rock type to another. In the field, 

some of these rocks TIay be difficult to distinguish from others. 

Rhyolite breccias s porphyritic nicrogranites and coarser grained grano

phyres may easily be identified, but the finer grained aphyric types all 

appear as pink to buff, or bro1tm ~leathering, microcrystalline, felsi tic 

rocks. vfuere fresh the minor acid iatrusives are usually grey or greyish

green in colour and in the porphyritic types, phenocrysts of plagioclase 

and sometimes ferro-nlagnesian minerals are conspicuous. All types may 

contain xenoliths or ~icroxenoliths, usually of a fine grained basalt or do-' 

lerite, but in the vicinity of the gabbro intrusions, this rock type may 

also be present. With a marked increase in the amount of included raaterial , 

these rocks grade into the hy~rid types described in another section. 

(i ) Aphyric and Porphyritic Nicrogranite Dykes 

Porphyritic dykes contain phenocrysts of feldspar and occasionally pyroxenes, 
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set in a groundmass similar to that of the aphyric microgranite dykes. The 

feldspar phenocrysts, where identifiable, consist of plagioclase crystals 

up to 5 rom in length often showing signs of corrosion. Slight normal 

zoning is usually developed. Another mineral forming phenocrysts is pyro

xene, partly altered to chlorite. Iron ore may also form large irregular 

grains, which are macroscopically conspicuous in some rocks. The groundmass 

of the non-aphyric rock types consist of clouded feldspar crystals and 

quartz, with occasional minute grains of hematite and shreds of altered 

ferromagnesian minerals, now consisting predominantly of chlorite. 

Determination o~ the composition of the groundmass minerals i t; difficult 

due both to the fine grained nature of the groundmass and to persistent 

clouding of the feldspar crystals occurring in the groundmass. Fairly 

low optic axial angles measured in some of the feldspars suggest that a

northoclase may be present. 

(ii) Granophyres 

Granophyres proper consist of a coarse intergrm-rth of orthoclase and quartz, 

often optically continuous ~n small patches centered around plagioclase 

crystals. Scattered corroded phenocrysts of pale green clinopyroxene and 

irregular gra~ns of ~ron ore constitute the rest of the rock. The pheno

crysts typically show reaction and resorbtion effects, the plagioclase 

connnonly being embayed and rirnned ",ith orthoclase, while the pyroxene 

crystals are usually irregular corroded remnants, marginally altered to 

hornblende and magnetite. 

(iii) Rhyolite Breccias 

Rhyolite breccia dykes are confined to the rhyolitic lava sequence and 

are particularly well exposed in the gorge the Komati River has cut 

through the Lebornbo range. Th(: larger dykes (1 to 10m in \vidth) have a 

roughly north-south strike, but the smaller intrusives tend to be highly 

irregular. These range fro~ a centimeter to a meter in width. 

The dykes consist of subangular blocks of rhyolite rang~ng from less than 



- 55 -

1 cm up to 1 m in diameter, set in a fine grained, pale pink to buff co

loured rhyolitic matrix. They are normally crowded with angular fragments 

of rhyolite, but in some cases relatively fe~., blocks are present, and the 

dykes become difficult to distinguish from the surrounding rhyolitic la

vas. In thin section the rhyolitic matrix material closely resembles the 

fine grained groundmass present in the microgranite dykes. Phenocrysts 

are common, consisting of feldspar and quartz typically, although the 

pale-green clinopyroxene phenocrysts noticed in the microgranite may also 

be present. Ore minerals occur in minor amounts as irregular grains. 

(B) Mineralogy 

Mineral data for the major rock forming minerals of the minor acid 1n

trusives are listed in Table 17 

(c) Hodal Compositions 

Host of the dyke rocks are too fine grained for satisfactory m1cro

metric determination of modal compositions. The relative proportions of 

phenocrysts and groundmass material in three samples of acid dyke rocks 

are shown in Table 13 together with the modal analysis of a coarser 

grained granophyre. 

(D) Geochemistry 

No new chemical analyses of the acid dyke rocks were made during the presenL 

investigatioTl. Lombaard (1952) has analysed a specimen of the Causeway 

dyke, a granophyric microgranite and the results of this analysis together 

,.,ith the CIPW Norm, Niggli Values and magma type as calculated by Lombaard 

are shown in Table 19. 



TABLE 17 

Hineral Data for the Minor Acid Intrusives frot!! the KOt!!atipoort Area 

Hineral Zoning Composition Refractive 2V 
Indices 

A Plagioclase 

(i) "Ehenocrys ts Slight nOrt!lal-cornmon An 10 - An35 Ho t: determined -
Oscillatory -rare 

(ii) Groundt!!ass Sligh t nort!lal-common Ana - An14 
! Note: Anorthoclase 

and orthoclase possibly 
also present in some I 

specimens 

B C Ii no pyroxene Hg Fe Ca 2V 
z ( i) Phenocrysts Not observed I 30 25 45 1,705 42 0 

Range(24 32 44 Ny Range(1,71S' 
44 0 

i I 
'c Quartz 

(i) Phenocrysts 
(ii) Groundmass 

D Ore Hinerals 
(i) Hagnetite 
(ii) Hematite 
(iii) Pyrite 

D Accessory Minerals 
Zircon 
Chlorite 

Alteration 

Often 
turbid 

Often 
turbid 

Altered to 
chlorite in 
places 

-
Grain 
Size 

1-5 rom 

0,01-
0,2 rom 

1-3 mm 

2: 0 l!lffi 

0,01 -
0,2 mm 

0,2 -2,Omm 
0,2 mm 
0,2 rom 

Colour 

Pale Green 

I 

L~ 

'" 
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TABLE 18 

Modal composition of acid dyke rocks (volume/percentage ) 

Mineral Sample CL51 

% 

Groundmass 0 

Plagioclase 

Porphyritic 5 

Plagioclase 

Interstitial 93 

Material 

Pyroxene I 

Ore I 

Quartz 0 

CL51 Causeway dyke, granophyric 

CL52 Porphyritic microgranite 

CL53 Granophyre 

CL54 Aphyric microgranite 

Sample CL52 Sample CL53 Sample 

% % % 

15 22 13 

7 0 0 

64 47 80 

9 15 I 

3 13 5 

2 3 I 

CL54 

I 
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TABLE 19 

Analysis of an acid dyke rock from the Komatipoort area 

(after Lombaard, 1952) 

CIPW Norm Niggli 

--
68.89 

A1 203 13.46 Q 27.57 si 

Fe20
3 3.10 Or 25.04 si 

FeO . 3.51 Ab 26.22 fm 

HgO 0.63 Wo 0.58 alk 

CaO 2.83 Di En 0.20 k 

Na20 3.08 Fs 0.40 mg 

K20 4.27 Hy En 1.41 c/fm 
+ 2.64 ti H2O 1.12 Fs 

H2O_ 0.45 Mt 4.40 p 

MnO 0.15 An 10.29 c 

Ti02 0.54 11 1.06 

P205 0.15 Ap 0.34 

CO2 0.24 CC 0.60 

H2O 1.57 

Values 

299.50 

34.50 

27.40 

24.80 

0.47 

0.15 

0.49 

1.80 

0.26 

13.30 

Causeway dyke Komatipoort, porphyritic granophyric microgranite. 

Hagma type: normal granitic. 

Analyst : W.H. Herdsman. 
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3.7 Major Intrusives 

Three relatively major intrusive ' masses occur in the Komatipoort area: 

(1) The Crocodile River Intrusion - a basic plutonic intrusion which has 

invaded the Precambrian basement rocks and is~n turn overlain by the Karroo 

sediments. 

(ii) The Basal Intrusion - a composite intrusive mass occurring at the base 

of the volcanic succession just above the Kar~oo sediments. 

(iii) The Komatipoort Intrusion - a large composite intrusive mass emplaced 

in the upper part of the basalt sl.ccession. 

5.7.1 The Crocodile River Intrusion 

The Crocodile River Intrusion forms the southern extension of a line of basic 

intrusive masses, frequently showing well developed layering, that stretch 

south\'lards from the Letaba and Olifants Rivers which lie some 140 km to the 

north of Koma tipoort. These may be traced along a roughly north-south trending 

line from the Letaba River as far south as Pretoriuskop in the Kruger Na

tional Park (see fig 5, p 60), from Hhere they swing eastwards and pass beneath 

the Karroo Sediments on the 110rth bank of the Crocodile River in the Komati

poort area, (Saggerson and Logan, 1970). 

A Form of the Intrusion 

Near KO':aatipoort the intrusion forms a discontinuous outcrop Hhich was examined 

over a distance of about 2! km. The dyke-like intrusion varies in width from 

a maximum of almost a kilometer to a minimum of 300 m, just before disappearing 

beneath the Karroo Sediments. The v.ertical, dyke-like nature of the intn:sion 

is suggested by the lack of variation in its strike with changes in relief, and 

its independence of structural control by the enclosing Precambrian rocks, until 

tIle Komatipoort area is reached. Contacts are not well exposed, however, and no 

further evidence of the form of the intrusion is available. 

B Age of the Intrusion 

The age of the intrusion could not be determined Hith any certainty. Clearly 

two possibilities ex ist: 
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Distribution of possible Karroo Age Basic Intrusive Masses with in the Prc.-cambrian 

Rocks betw .. n the L.taba River and Komotipoort, (oft .. Soggcrson and Logon, 1970 ). 
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(a) The intrusion may be of Karroo or post-Karroo age intruded into 

the Precambrian basement rocks beneath a pre-existing Karroo cover. 

(b) The intrusion may be pre-Karroo in age with a period of . erosion 

intervening prior to the deposition of the Karroo age rocks. 

The question could be resolved easily if the nature of the contact 

between the gabbro and the Karroo Sediments was known, but the contact 

was not found in the Komatipoort area. Sagg0rson and Logan (1970) 

encountered similar difficulties in the Olifants River area to the north, 

where the Karroo sediment-gabbro contact is again obscured. Between 

these tvlO points, the line of intrusives lies some distance to the ,vest of 

the position of the present Karroo sediment outcrop (see fig 5, p 8), 

and it was not found possible to determine relative ages by this means. 

The roughly north-sout;h strike of the line of intrusives betHeen the 

Letaba River and Pretoriu~~op suggests that the intrusion may be related 

to the Lebombo tectonic zone. For this reason Saggerson and Logan (1970) 

have suggested an early Stormberg Age, however, it may be significant 

that the Lebombo belt is located parellcl to the Hozambique mobile belt 

and volcanic activity may have been spread over a considerable per.iod of 

geological dme; tn this case the rough parallelism between the Lebombo 

' and line of basic intrusions may be of little importance as an 

indicator of age. 

Detailed mapping of that part of the line of mafic intrusions lying to 

the south of the Crocodile River shows the presence of north-south trending 

dolerite dykes of apparent Karroo age both cross-cutting and terminating 

against the approximately east-west trending mafic intrusive, (see fig 6). 

The mafic intrusive 1.8, therefore,not younger than Stormberg, a.nd the t "r

mination of some of the dykes against the majo~ intrusive suggests they 

may have been transected, supporting the possibility of an early Stormberg 

age. 

Exposures providing supporting evidence such as the metamorphism of the 

dolerite dykes by the Cl'ocodile River Intrusion are, however, lacking and 
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the age of this intrus ion cannot be r egar ded as proven. 

In sun:tr:lary available evidence indicates that the line of 

intrusives could possibly be of early to middle Stonnberg age and a 

description of this intr usive has therefore ~ ~en included in the present 

work. 

C Petrography 

At Komatipoort the bulk of t'ile intrusion consist s of a relatively homo

geneous medium gra ined gabbro, composed of clinopyroxene, plagioclase, 

ore minerals and minor amounts of interstitial micropegmatite. Occasional

ly small quantities of hypersthene or biotite may be present. Approaching 

the contact between the gabbr o and the granitic country rock, the amount 

of interstitial micropegmatite present increases in abundance and this LS 

accompanied by a marked decrease in the grain size of the constituent 

minerals. Plagioclase and pyroxene crystals decrease in leng th from 2 to 

3 mn near the centre of the intrusion to less than one millimeter 

within a meter of the contact. 

·Hore highly differentiated rock types are present along the southern con

tact of the dyke on the south side of the Crocodile River (see fig 6, p: 62) • 

Here rock types ranging from olivine norite (c.livine-orthopyroxene-clino

pyroxene cumulate) to normal gabbro (plagioclase-clinopyroxene cumulate) 

occur. 

(i) Petrography of the Differentiated Series 

The most basic rock occurring Ln the Crocodile River Intrusion, is an 

olivine-orthopyroxene-clinopyroxene cumulate, that consists of cumulus 

olivine, hypers thene and lesser amounts of augite set in large intercumulus 

poikilitic plates of plagioclase, or less commonly, augite. Occasionally, 

smaller olivine crystals are enclosed 'by the hypersthene or augite crys

tals ~vhich in turn are set in the plag ioclase plates, although this tex

tural relationship is not common. 
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The ,olivine crystals in general vary in size from 2 to 3 rom and the 

poikilitic plagioclase and pyroxene plates are of the order of 10 rom 

in dic:ueter. The cumulate subhedral augite crystals that are also found 

enclosed in the poikilitic plagioclascs are about 2 rom in diameter. Ac-

ceSSOrl.es include' opaque ore minerals and a 1,rown pleochroic biotite, and 

these two minerals frequently appear in close association, with the 

biotite forming patches occassionally reaching 2 rom in diameter, surroun

ding a core of the ore minerals. 

Examination of further specimens shows that within a vertical distance of 

15 m, plagioclase appears as a cumulus phase, initially together with and 

enclosed by the large intercumulus plagioclase crystals, however, 6 m 

above this point the intercumulus plagioclase and augite plates disappear 

and the rock becomes equigranular, consisting of euhedral to subhedral 

plagioclase,orthopyroxene ~nd to a lesser extent clinopyroxene crystals. 

The grain size of all of these minerals is between 2 and 3 rom. Accessory 

minerals are again, brmm pleochroic boitite, which is present in reduced 

amounts, and smaller quantities of opaque ore minerals. 

Over a vertical interval of a further twenty meters the orthopyroxene 

content decreases markedly, and the rock, although texturally unchanged 

is composed largely of augi t e, pigeonite and plagioclase crystals that 

are usually subhedral and 2 to 3 n~ in length. Green pleochroic biotite 

occurs in yet smaller quantities, and there is a slight increase in the 

iron o~e content. Interstitial micropegmatite content increases sharply 

and there is some evidence of reaction between the micropegmatite and 

the pyroxene in the form of embayments 1n the pyroxene crystals. 

To summarise, pass1ng upwards through the intrusion there is a gradual 

change in the relative abundance of the major mineral phases with an 

increase, initially, in the ortho and cli.nopyroxene content of the rock 

at the expense of oliv:ineand to a lesser extent., biotite (see fig7,p65.) . 

. SubsequentlY$ plagioclase and clinopyroxene content increases relative 

to the percentage of orthopyroxene, which in turn decreases to vanishing 

point. Textural evidence suggests that the cl'der of crystallisation of the 
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major rock forming minerals was olivine, hypersthene, augite, plagio

clase. 

(ii) Petrography of the Contact Zone 

As ShO~l on the map ~n fig 6, p 62 . , the most basic rocks in the in

trusion are exposed near the southern margin of this dyke-like body, a 

distribution that is probably the result of local relief (see section 

in -fig 7, p 65 ), i.e. produced by erosion of a series of differentiated 

rock types developed in approxiniately horizontal layers. The most basic 

rock in the intrusion, the olivine-orthopyroxene-clinopyroxene cumulate, 

(described above) first occurs at a distance of some 14 m from the south

ern contact and in this intervening 14 m ~.7ide contac t zone the rocks 

show a rapid variation in both the texture and abundance of the major 

mineral phases, even in saI,~ples collected in the same horizontal plane. 

In addition these contact zone rocks display unusual textural relation

ships, which suggest reversals in -the order of crystallisation deduced 

from textures present in other parts of the intrusion, (see page 64 ) 

For example orthopyroxene, encloses crystals of intermediate plagio

clase, a lower temperature phase. 

Samples collected between the olivine-orthopyroxene-clinopyroxene cumulate 

and the contact of the intrusion show the following series of changes. In 

a specimen located some 6 m from the contact, plagioclase appears in two 

forms:. firstly as the large plates noted in the olivine-orthopyroxene-

clinopyroxene cumulate and secondly as small (7 to 3 mm in length) sub

hedral crystals, which are frequently embayed and corroded. These smaller 

crystals are included in any of the other minerals present, except 

olivine, although in places they are associated with olivine in 810-

meroporphyritic aggregates. Hypersthene occurs as large irregular 

crystals 4 to 6 mm in diameter vlhich ~nclose not only the smaller ern

bayed plagioclase crystals, but similar clinopyroxene crystals and euhe-

. dra1 to subhedral olivine crystal s. Clinopyroxene in the form of augite 

is present in subordinate amounts as the small crystals mentioned above 

but for the most part forms extensive plate:. enclosing olivine or 
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occ~sionally the small embayed plagioclases. Olivine is present in 

subhedral and euhedral crystals of reduced size (I to 2 mm in diameter), 

and these crystals are included ~n all of the other mineral phases. 

Accessory minerals~ as before, are biotite and opaque ore minerals, 

although here the biotite in places grades frnm a core of the brown 

pleochroic variety into a rim of the green p.l.eoc.hroic type. 

At a distance of 9 m from the contact the large platy plagioclase 

crystals have disappeared, and plagioclase occurs only in the form of 

small subhedral to anhedral crystals, I to 3 rom in length. They are 

usually included in orthopyroxene crystals, which, in addition to for

Bing large irregular plates (3 to 6 rom in diameter), enclosing the 

plagioclase and augite, also occur both as smaller (I to 2 mm in 

length) subhedral grains and as cores to the augite crystals included 

in all the major m=-neral phases. From this point there is a sharp 

increase in olivine and hypersthene content and the rock grades rapid

ly into the olivine-orthopyroxene~clinopyroxene cumulate described at 

the beginning of this section (p 63 ). 

D Hineralogy 

Plagioclase 

Within the differentiated part of the intrusion the plagioclase occurs 

in two forms, firstly as the extensive intercumulus plates found in the 

more basic rocks and secondly as the smaller subhedral cumulus crystals 

present in the upper parts of this intrusion. 

The intercumulus plates average about 10 nw in diameter , and commonly 

ShOvl slight normal zoning, with the range in COT190sition of the zo:'1ing 

being dependent on the vertical position of the plagioclase in the in

trusion. In the lmvest and most basic rocks, the plagioclase composition 

ranges from An68 to AnSO whereas in the highest parts of the intrusion 

in which the platy crystals occur, the range is from An to An • 
62 45 
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Stronger zoning of the type: core - oscilla tory zoned mantle - r~m is 

usually sho,vn by smaller cumulus crystals, with typical plagioclase 

crystals from the base of the plagioclas e-hype r s t hene-augite cumulate 

having cores with a composition of An
60

, mantles oscillating between 

AnSS and An
SO

' and rims ,..,hich grade rapidly t r om An4S to An3S ' Higher 

in the intrusion the plagioclase ~s slightly more sodic with the fol

lowing average compos ition: core AnS2 ' oscillatory zoned mantle, between 

An
42 

and An
SO

' rim 1\n
32

• The variation in the anorthite content of these 

feldsp ars, together with a cross-section of the differentiated portion 

of the intrusion is shmvn in fig 7 , p 65. 

· In the contact zone there is a marKed difference in the composition of 

the two textural modifications of plagioclase that are present. The 

large platy crystals have a composition of about An
60

, that is similar 

to the composition of those occurring in the adjacent hypersthene

olivine-augite cumulate and the smaller corroded plagioclases have a 

composition in the range AnSO to An5S ' that is almost identical to those 

occurring in the plagioclase-hypersthene-augite cumulate. 

The medium grained gabbro that forms the undifferentiated portion of the 

intrusion contains subhedral, normally zoned crystals of plagioclase, 

zoned from AnSO in the cores of these crystals to An
32 

at the marg~ns. 

No oscillatory zoned plagioclases were noted in these rocks. 

Pyroxsne 

In the differentiated portion of the intrusion, both orthopyroxene and 

clinopyroxene are present in almo~t all rocks, the augite-plagioclase 

cumulate being the only exception. This rock forms the uppermost part 

of the intrusion and in places apparently contains clinopyroxene only. 

(i) Orthopyroxene 

The o~thopyroxene, hypersthene, initially shows a steady decrease in 

quantity upwards through thQ differentiated rocks. It normally appears 
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as a cumulus phase crystallising before the clinpyroxene in which it is 

frequently included. The composition of the hypersthene shows a steady 

change upwards through the intrusion as may be seen from the diagram in 

fig 8 , p 70 , with extreme variations ranging from En74 to En64 • Ex

solution of cli Llopyroxene was not observed in hypersthene from any level 

of the intrusion. 

(ii) Clinopyroxene 

Aur,ite is present in all rocks, rapidly increasing in quantity froln a 

minimum value in the olivine-orthopyroxene-clinopyroxene cumulate to 

become the dominant ferromagnesian mineral in the uppermost rocks of the 

differentiated series. Its crystal form is variable; in the differen

tiated rocks it occurs as subhedral cumulus chadocrysts, but in the mar

ginal rocks, the augite may form ophitic or eV0n poikilitic crystals. 

Exsolution of orthopyroxene is common, but the orthopyroxene usually 

takes the form of irregular, randomly arranged blebs rather than 

crystallographically orientated lamellae. Simple twinning on (100) H 

occasionally present. The composition of the augite shows a fairly 

regular variation upwards through the differentiated rocks with a gra

dual increase in iron content at the expense of magneslum. Extreme va

lues were found to range from Mg
45 

Ca
35 

Fe
20 

In the most basic roc~s, 

to Hg34 Ca34 Fe32 for augites from the upper parts of the intrusion. 

Variations in pyroxene composition are shown in the diagram in fig 8, 

p 70. 

(iii) Biotite 

Although biotite is present in variable amounts In all rocks of the 

intrusion, differences in the colour of the biotite present in various 

rock types suggest changes in composition may occur. MaximllID absorption 

colour of the biotite varies from a deep reddish-brown in the most basic 

rocks, through a dark greyish-brown In the intermediate rocks, to green 

in the most leucocratic rocks present. 
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Colour-zoned biotites were also no t ed in some of the more leucocratic 

rocks. Commonly the biotite shows partial alteration to iddingsite and 

chlorite, and although it is apparently a primary crystallisation 

product in the lowermost basic rocks of the intrusion, its occasional 

mode of occurrence as a corona around pyroxel1.e crystals and ore mineral 

grains suggests the biotite is probably a subsolidus reaction product 

in the uppermost rocks, as suggested by Nash (1976) for biotite in the 

Skaergaard Intrusion. 

(iv) ' Ore Minerals 

Minor quantities of ore minerals consisting of one or more of the fol

lowing, chalcopyrite, pyrite, ilmenite and magnetite, are always present. 

Chalcopyrite 

This mineral reaches its greatest abundance in the most basic rocks of 

the intrusion where it occurs as tiny irregular grains either inter

stitially, or concentrated along alteration cracks in olivine crystals. 

Chalcopyrite, however, is never present in more than accessory amounts. 

Pyrite 

Most rocks contain m~nor amounts of pyrite, although in general the 

miner~l appears to increase in abundance upwards through the rocks of the 

differentiated series. It is also present in small quantities in the un

differentiated medium-grained gabbro which forms the bulk of the intru

sion. Typically the pyrite forms interstitial irregular grains which may 

reach 2 mm in diameter and less commonly it occurs as cores to biotite 

crytstals. 

Ilmenite 

Variahle quantites of ilmenite are present in the differentiated rocks, 

particularly towards the base of the series. The mineral is less common 
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Ln ~he undifferentiated medium grained gabbro. Although ilmenite may 

occur as tiny needles (length 0.3 mm), irregular interstitial grains 

are more common and , in these, orientated exsolution lamellae of 

magnetite are occasionally present. 

Hagnetite 

Magnetite is the commonest of the ore minerels present Ln all the rocks 

of this intrusion, and is usually present as irregular interstitial 

grains up to 1.5 m in diameter. In the more basic rocks of the differen

tiated series, a few euhedral octahedra were noted, but these are not 

widespread. Partial martitisation of the magnetite to hematite is com

mon but exsolved ilmenite is not present. 

E Modal Analyses 

The variation in the proportions of the major constituent minerals 

along a cross-section of the intrusion is shown in fig 7, p 65. 

As may be seen from the diagram there is a regular variation in the 

mineral proportions related to elevation within the intrusion. From the 

. southern margin of the mass to a point about one-tenth of the 1,ray across 

there is a steady increase in the olivine and orthopyroxene content and 

a corresponding decrease in the plagioclase and augite content. This 

variation is considered to be the results of rapid cooling due to the 

proximity of the contact and is not related to relief. This portion of 

the intrusion has been designated the contact zone and has been described 

as such in the relevant section. From this point onward, however, the 

rocks gradually become more leucocratic and the changes in mineral 

proportions in outcrops may be related directly to changes in elevation 

within the intrusion, as a consequence of variation in relief. The 

plagioclase and clinopyroxene content increases rapidly, their 

proportions varying inversely with those of olivine and orthopyroxene 

which show a corresponding decr.ease. Biotite content decreases gradually, 

while towards the northern contact, that is in the uppermost part of the 
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intrusion sampled along the section at present under discussion, the 

interstitial micropegmatite content and opaque ore minerals show a 

marked increase. The var iations arc probably best explained as a result 

of the development of sub-hor i zontal lAyers of various rock types, as 

shown in the cross-section in fig 7, p 65 . 

F Country Rock 

The dyke ~s intruded into a medium grained granitic rock consisting for 

the most part of alkali feldspa17 (orthoclase) and quar tz in grains up to 

10 rom across, and minor amounts of mica and ore minerals. 

G Contact Metamophism 

Near the contact wi th the gabbro the granite shows both dynamic and 

thermal metamorphic effects, that at a distance of 3 m from the contact, 

consist of undulose extinction and partial recrystallisation developed 

in the quartz grains. Closer to the contact the quartz grains, in addition 

to showing these effects, are surrounded by mantles of graphically inter

grown orthoclase and quartz. Within 1 m of the contact, much of the 

'original granitic texture disappears, and the rock consists of a fe\oJ 

irregul ar, clouded, relict fragment of orthoclase set in a fine grained 

recrystallised groundmass of orthoclase and quartz, which are ~n places 

granophyrically intergrown. Garnet in small rounded granules, is common . 

H Rheomorphic Veins 

Cross-cutting the gabbro itself are numerous light coloured ve ~Lns of 

granitic material, varying from a fe\.,] millimeters to about 10 cm in 

thickness. The larger veins appear to have had a metasomatic effect on 

the adjacent gabbro which is often paler in colour over a distance of 

2 to 3 cm. 

Close to the gabbro-country rock contact, the rock fonning the ve1.ns 

consists of large turbid crystals of orthoclase and plagioclase and 
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smaller deformed quartz grains~ all set ~n a fine grained groundmass. 

Irregular remnants or pyro;cene crys ta1s may also be present but these are 

extensively a1tere~ to hornblende or 8:11 aggregate of chlorite crystals. 

Smaller corroded basic plagioclases (AnSa) are also present in m~nor 

amounts. The narrower veins tend to be finer grained, although they are 

composed of the same minerals. Minerals present in these narrower veins 

include radiating aggregates of prehnite and less commonly euhedral 

crystals of sphene, but the remnants of unaltered pyroxene found in the 

larger veins are rare. 

Adjacent to the veins the gabbro shows extensive alteration of pyroxene 

to hornblende and chlorite, the plagioclase is clouded and in part 

altered to prehnite. Quartz may also occur in small fine grained patches. 

I Comparison with Simil.;J.r Intrusions from Other Parts of the Lebombo. 

Saggerson and Logan (1970) have presented modal and chemical analyses of 

the northern-most representatives of the line of layered basic intrusives, 

of which the Crocodile River Intrusion forms part. Modal variations for 

the layered intrusion they sampled in the Olifants River area are shown 

~n fig 9, p 75 , ,,,hich indicates that the major difference between the 

two intrusions appears to lie in their ferromagnesian mineral contents. 

Although total ferromagnesian content in each intrusion is similar at 

approximately the same elevations in the two intrusions, there is a 

marke.l difference in the relative proportions of the main ferromagnesian 

minerals, olivine, clinopyroxene, orthopyroxene. The olivine content of 

rocks of the Crocodile River Intrusion reaches a maximum value of 28 per 

cent, whereas the Olifants River body has a maximum olivine content of 

48 per cent. For orthopyroxene the position ~s reversed with the Crocodile 

River Intrusion containing over 35 per cent ~n the most orthopyroxane-

rich rock-type, and Olifants River Intrusi,m rocks having a maximum content 

of some ]2 per cent. Maximum clinopyroxene content of the Crocodile 

River Intrusion rocks is also somewhat lower than that of the Olifants 

River mass. Whether this difference may be related to a change in 
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composition of the magma forming the intrusion or whether this represents 

a difference in the degree of differentiation of the two intrusions 

is not certain. Considering the relatively limited size of the dif

ferentiated portion of the Crocodile River Intrusion, the latter expla

nation should probably be regarded more favo 1.1rably. Visser and Verwoerd 

(1960) have briefly c.1escribed an intrusion from the same line of in

trusives in the Pretoriuskop area and a subsequent examination of the 

intrusion in the same area by Saggerson and Logan showed the presence 

of a compositionally and texturally similar series of rocks, forming a 

layered mass. 

J Petrogenesis 

The nature of the textural and mineralogical variations "occurring ~n the 

Crocodile River Intrusion ~;uggests that simple crystal settling would be 

adequate to produce the observed rock series. This conclusion is supported 

by the strong res6nblance between the Crocodile River Intrusion and the 

layered body occurring ~n the Olifants River area for which a similar 

origin \V'as proposed by Saggerson and Logan, (1970). In the thickest portion 

of the intrusion cooling \·TOuld appear to have be2n sufficiently slow for 

' the crystallisation and initial settling out of olivine, but later joined 

by orthopyroxene. Subsequently clinopyroxene and then plagioclase 

crystallised from the melt as cumulus phases. This order of crystallisation 

is confirmed by the f2.ct that plc.gioclase and augite tend to form inter

cumul\.'.s plates in the lower-most rocks of the intrusion, and are clearly 

lower temperature phases. The relative abundance of the hydrous mineral 

biotite, in several of the rock types present suggest that water may have 

been relatively freely available,. which could have facilitated crystal 

settling by lowering the viscosity of the magma to some extent. 

Although convection currents do not appear to have played a significant 

part in the development of the textures of any of the rock types, (since 

layered and oriented structures are not conspicuous), they may have been 

preiept, as the oscillatory zoning noted in plagioclases occurring in the 

upper part of the intrusion could have resulted from the circulation of 
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these crystals in convection currents ( as suggested by lvager and Brown, 

1939) ,which must then have operated at least subsequent to the middle 

ctages of crystallisation of this intrusion. 

The occurrence OI lower temperature minerals included Ln the higher tem

perature phases in the contact zone of the intrusion, that is, an inverse 

textural relationship, is probably the result of lower temperature phases 

crystallising in cooler regions adjacent to the wall-like contact of the 

intrusion or possibly the roof and subsequently, during settling, drifting 

or being carried by 'convection currents into hotter regions. Here these 

minerals would no longer be stable and resorbtion and the observed cor

rosion would result. Some crystals would be completely resorbed, but others, 

altho?gh corroded, could be included in the higher temperature mineral 

phases as these began to crystallise. Thus protected, they would survive 

as the rock solidified completely. 

5.7.2 The Basal Intrusion 

A Introduction 

An elongated intrusive mass composed of several rock types, which here 

has been termed the Basal Intrusion, occurs close to the base of the 

basaltic sequence near the southern end of the Komatipoort area, (see 

geological map). The intrusion LS emplaced wholly within the basalts at 

an estimated vertical distance of some 15 m above the sandstone-basalt 

contact. As a result of weathering, which has produced a fairly deep 

soil cover, its presence is for the most part indicated only by the 

occurrence of small boulders of surface float, although a few exposures 

are available in man-made excavations such as drai~ase ditches. The 

intrusion appears to have a maximum width of 200 m and extends along the 

strike of the basalt for a distance of about 2 km. It is composed of three 

major rock types which fonn narrmv north-south trending zones, the most 

\vestcrly of which lS composed of olivine gabbro. This zone, at its 

eastern margin is Ln contact with an olivine-bearing gabbro, Y7hic.h :m 

turn is succeeded to the east again by the third rock type occurring in the 
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intrusion, a feldspar-rich, olivine-free gabbro. Due to the relatively 

poor exposures, neither the mutual relat ionships of the rock types, 

nor the attitude of the intrusion could be determined in the field. The 

rock types show a slight difference in distribution with the olivine 

gabbro confined to a relatively narrow strip txtending 1 km north of 

Tributary 1, " (see geological map). 

The olivine-bearing and olivine-free gabbros, although present over a 

similar distance along strike both begin and end some distance further 

to the north. 

The width of the zones formed by the different rock types varies; the 

olivine gabbro reaches a max~mum width of 30 m whereas the olivine

bearing gabbro and the olivine-free gabbro have maximum widths of a

bout 120 m and 50 m respec'cively. Samples representative of two 

cross-sections of the intrusion were collected, and these were sup

plemented where possible by specimens taken from elsewhere ~n the in

trusion . The number of cross-sections available is limited by exposures, 

the two mentioned were collected along the only man-made excavations 

traversing the intrusion, namely a road in the southern part of the 

"intrusion and a drainage ditch in the northern part. 

B Petrography 

(i) " Olivine Gabbro 

The olivine gabbro, is a dark, aphanitic, freely weathering rock that 

seldom forms outcrops~ vfuere outcrops are available the weathered surfaces 

invariably present usually show the development of a reddish brovffi crust, 

as well as pitting due to the differential weathering of olivine. Both 

texture and modal proportions vary in successive samples collected along 

an east~!est traverse, across the olivine gabbro, as described below. 

At thp. western margin of the zone the rock is composed of euhedral to 

anhedral, altered olivine crystals (approximately 4 nnn l.n diameter) and 
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elongated normally zoned plagioclase laths (around 8 mm long) con

sisting of pyroxene and ore minerals, (see Plate 5 , p 80 ). The 

plagioclase shows irregular boundaries with other mineral phases with 

which it is in contact and occasionally encloses tiny (about 0.1 nun) 

subhedral crystals of clinopyroxene. The cli'l'opyroxene also occurs 

interstitially, in two forms, firstly as small subhedral grains si

milar to those enclosed in the plagioclase, and secondly as larger 

(2 to 3 nnn in diameter) subhedral crystals. The smaller grains are 

more abundant than the larger crystals. Ore minerals are conspicuous 

as needle-like crystals, occasionally showing signs of developing the 

comb-type structure common in the olivine basalts, and usually occur

I'ing interstitially, although they may be partially enclosed by pla

gioclase. Ore minerals are also present as larger, irregular, inter

stitial patches, although these are less common. 

In successive samples collected across the 30 m over which the olivine 

gabbro is exposed, the following changes in texture occur. Over the 

first 3 m the olivines increase in size, reaching 6 mill in diameter, and 

the t:i_ny pyroxene c:-ystals increase in abundance. Pyroxene phenocrysts 

. also become more common simultaneously showing a small increase in size 

and displaying slight zoning. The olivine crystals, the larger pyroxene 

crystals and the needle-like ore minerals are all commonly completely 

enclosed in the plagioclase, which fonns larger poik~litic plates, but 

smaller clinopyroxene crystals, although in places included in the 

plasioclase oikocrysts, sometimes tend to be concentrated interstitially, 

forming closely packed aggregates of tiny crystals between the boundaries 

of adjacent plagioclases. Irregular patches of iron ore are usually sub

ophitically enclosed by the plagioclase in contrast to the mode of oc

currence of the needle-like type. Small patches of crypto-crystalline 

interstitial material are also present and in these acicular crystals of 

apatite are usually present. 

Eastwards from this point, plagioclase crystals tend to show a gradual de

crease in size, although they retain their platey. habit, and olivine, 
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in places displaying rounded outlines, decreases in abundance. The large 

subhedral clinopyroxene become TI10re abundant, and the smaller pyroxenes 

increase in size to between 0.3 and 0.5 lmn in diameter. Ore minerals are 

similar to those found in the rocks described above, but for the fact that 

the needle-like crystals are here somewhat 8c0uter and the irregular 

grains larger. Cryptocrystalline interstitial material forms larger patches) 

in places becoming slightly coarser-grained and allowing a graphic inter

growth between feldspar and quartz to be recognisable. 

A horizontal gap of some 10m Ul \.;rhich no exposures are found, intervenes 

between these rocks and the first outcrops of olivine-bearing gabbro. 

(ii ) Olivine-bearing Gabbro 

The olivine-bearing gabbro 1S a greenish-grey, aphanitic and occasionally 

pophyritic rock, more resistant to weathering than the previously des

cribed olivine gabbro. 

In thin section it consists of a deep brownish, glassy to cryptocrystal

l ine groundmass 1n which are set abundant needle-like crystals of ore 

minerals, variable quantities of subhedral plagioclase and clinopyroxene 

crystals and a few rounded and completely altered former olivine pheno

crysts. Clinopyroxene in the form of augite is the most abundant crystal

l ine phase present, often occurring as discrete patches up to 6 rom across. 

These patches frequently consist of an aggregate of tiny (0.2 to 0 .4 mm) 

clinopyroxene grains, however, larger clinopyroxene crystals form glomero

porphyritic aggregates of similar diameter, (see Plate 5 , p 80). The 

individual crystals have an averc~.ge diameter of about 3 mm and may shO\7 

signs of deformation, such as with the development of fractures and bending. 

The clinopyroxene occasionally shows alteration to aggregates of small 

chlorite crystals. Plagioclase is relatively common as subhedral laths 

2 to 3 mm in length which occur evenly distributed throughout the fine 

grained groundmass. Clouding and alteration of the plagioclase is common, 

but w~1ere fresh, slight normal zoning may be de tected. Ore minerals 
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frequently form relatively large skeletal or neeule-like crystals ( 3 nun 

by 0.2 nun), although the comb structures noted in the olivine gabbro are 

not present in these rocks , The groundmass, although glassy in places, ~s 

more corrrmonly cryp t ocrystalline , and intimately associated with this 

groundmass material are elongated, and freque~tly cur ved, crystals of 

apatite. Texturally, the olivine-bearing gabbru is relatively uniform, 

although slight variations do occur in the relative proportions of 

the constituent minerals as described in th~ section on modes. 

(iii) Olivine-free Gabbro 

The olivine-bearing gabbro is abruptly succeeded by a medium to coarse 

grained !. leucocratic gabbroic rock. A complete cross-section of the zone 

was not exposed , but available specimens give some idea of the petro

graphical variations which occur in this zone.In hand specimen, glomero

porphyritic aggregates of plagioclase crystals are conspicuous and larger 

specimens show a distinct layering, apparently resulting not from the 

preferred orientation of the plagioclase crystals, but from the concentration 

larger individual phenocrysts and glomeroporphyritic aggregates of t he se 

phenocrysts, in discontinuous layers, usually only a few centimeters, 

· in horizontal extent. The dip on the layering, although somewhat variable, 

~s apparently close to the dip of the enclosing basalts, that is about 

100 east. The attitude suggested for the layering is difficult to verify, 

however, as outcrops are small and it is not certain whether many of them 

were ~ctually in situ. 

In thin section the rock is composed of subhedral crystals of clinopyroxene 

and plagioclase which display a subophitic to intergranular texture. The 

normally zoned plagioclase laths range in size form about 1.0 nun to 3.0 nun 

and the pyroxenes, although building somewhat less regular crystals, have 

a similar diameter. Irregular to subhedral patches of ore minerals and 

cryptocrystalline material, the latter invariably containing needles of 

apatite, occur interstitially to the pyroxene and plagioclase. Set in this 

grounJmass are large porphyritic plagioclases which, in places, occur 

clustered together in glomeroporphyritic aggregates. Clinopyroxene and more 
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ra~31y altered olivine crystals also form phcn0crysts and these may be 

attached to the glomeroporphyritic aggregates of plagioclase. Complex 

zoning is displayed by the porphyritic plagioclases, usually of the type 

core-oscillatory z'oned mantle-rim, but partial resorbtion and duplication 

of any of these zones, except the outennost, ~ay occur and many variations 

ln structure were noted. In the outermost ZOl~e, smaller crystals of 

plagioclase with the composition of the normal groundmass crystals are 

occasionally included. 

This rock again shows little systematic qualitative variation along, the 

cross-section, although small fluctuations do occur in the amounts of the 

various minerals present. 

( C) Hineralogy 

( i) Olivine Gabbro 

(a) Feldspar 

The cnange in habit of the plagioclase eastwards through the olivine 

- gabbro, noted in the section on petrography, is accompanied by a slight 

variation in plagioclase composition. Along the western margin of the 

olivine gabbro, the plagioclase has an averag~ composition of approxl

mately An
50 

' but the large platey crystals present in rocks 

a few meters from this contact have an average composition of apprOXl

mately An
58 

' showing zoning from An62 to An
50

• In rocks further from 

this contact the plagioclase becomes slightly more sodic, until near 

the estimated position of the eastern contact (with the olivine-bearing 

gabbro), the plagioclase has a.n average composition of An
56

• These 

crystals are zoned from approximately An
58 

in the cores to An
52 

at the 

margins. Thus the plagioclase in the olivine gabbro, from west to east, 

initially becomes more basic and subsequently shows a possible slight 

enrichment in the albite molecule. All plagioclase in this rock type 

appears from optical measurements, to be in an intermediate structural 

state . 



(b) Pyroxene 

Augite, the only ~yroxene occurring 1n the olivine gabbro forms colour

less, euhedra1 to subhedra1 crystals ranging in size from 0.1 I!lffi to 

nearly 3.0 rnm. The mineral shows a slight var:ation in composition from 

west to east across the zone ranging from Mg48 Ca
39 

Fe
13 

near the 

",estern margin of the olivine gabbro to 11g{ 5 Ca
40 

Fe l5 in .. the most 

easterly outcrops, as determined by refrac~ive index and optical axial 

angle measurements. There is apparently no corresponding compositional 

variation between crystals of different sizes. 

(c) Olivine 

Olivine occurs 1n vary1ng amounts 1n all speC1mens collected from the 

olivine gabbro zone. It is usually completely altered to aggregates of 

chlorite and talc and contains sinuous trains of antigorite and iron ore 

preserved from the original olivine crystals, Hany of these altered 

crystals have a perfect euhedra1 outline, although subhedra1 and even 

anhed~al fonns are present. A few unaltered olivine phenocrysts occur 1n 

rocks adjacent to the western contact of the olivine gabbro zone, and 

these have the following optical properties: 

Optically negative, 2V 820
, Beta refractive index 1.75. 

These properties indicate a composition of F0
72 

Fa
28

• 

(ii) Olivine-bearing Gabbro 

(a) Feldspar 

Although there is a marked difference 1n habit, there is little difference 

between the composition of the plagioclase of the olivine-bearing gabbro 

and that of the olivine-free and olivine gabbros. The plagioclase crystals 

are lath shaped and much smaller, showing no tendency to enclose other 

mineral phases. They have an average composition of about An
58

, display 

slight normal zoning, ranging from An
60 

in the cores to An
54 

at the margins 
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of the crystals, and are. aga~n in an intermediai:e structural state. No 

regular, measurable variation was found in the composition of the plagio

clase in successive samples collected along the east-west cross-section of 

the olivine-bearing gabbro zone. 

(b) Olivine 

Former olivine crystals '17ere too highly altered for the determination of 

original olivine composition. They now consist of antigorite, talc, and: 

iron ore, predominantly. 

(c) Pyroxene 

An average composition of Mg
44 

Ca
40 

Fe
16 

was recorded for augite, the only 

pyroxene present, from a series of optical determinations. No measurable 

variation in composition was found to exist between pyroxene crystals of 

different sizes, present in the same rock and sllnilarly, no compositional 

variation was detected between pyroxenes from different samples along the 

cross-section. Delicate oscillatory zoning is present in several of the 

large~ crystals, (Plate 6 ,p 86j, but differences in composition could not 

· be determined by optical methods. 

(d) Ore Minerals 

The majority of the ore minerals present consist of ilmenite which forms 

needle-like crystals 1n the contact rocks. These gradually become larger 

eastwards across the zone. Magnetite occurs both as minute exsolved blebs 

in the ilmenite crystals or less commonly as separate somev7hat. irregul(~r, 

elongated crystals. Chalcopyrite and pyrite are present as minute (0.1 rom) 

grains "nth slightly different modes of occurrence: the pyrite occurs 

interstitially but the chalcopyrite is confined for the most part to the 

interior of the large altered olivine crystals. 



_. 86-

PLATE 6 

Olivine-free Gabbro, (Basal Intrusion) - Pyroxene phenocryst composed 

of a core of orthopyroxene, (dark grey), surrounded by a mantle 

of clinopyroxene, (pale grey), set in a matrix of plagioclase and 

clinopyroxene. (Transmitted light, crossed nicols, X96). 

2 Olivine-bearing Gabbro, (Basal Intrusion) - 'Delicate oscillatory 

zoning present in a clinopyroxene phenocrys~. (Transmitted light, 

crossed nicols, X200). 





(i:i i) Olivine-free Gabbro 

(a) Feldspar 

The groundmass plagioclase of the olivine-fn'e gabbro zone occurs as a

bundant, small (I. 0 to 3.0 llun), lath shaped -:rystals showing strong nor

mal zoning ranging from An
64 

in the cores to Anss at the lnargins of the 

crystals, vlith an estimated average compos :.tion of Ans8 • No regular 

variation in the composition of the plagioclase across the zone was found, 

and the plagioclase is again in an intermediate structural state. 

The plagioclase phenocrysts which are common in this zone differ 

widely from the groundmass crystals Doth in composition and in the type 

of zoning present. Zoning is usually complex, as described previously, with 

the cores of the large phenocrysts having an average composition of near 

An
80 

' the oscillator y zoned mantles lying in the range An
74 

to An70 and 

the rims grading rapidly from about An
68 

to Anss • Smaller plagioclase 

crystals which are frequently included in the rims of the phenocrysts 

have the same composition as the groundmass crystals • 

. In places microscopic inclusions are present often forming rows marking 

former crystal outlines or also they are randomly scattered through the 

plagioclase near the core of the crystal. The inclusions are usually a

round 0.05 rom. They may be spherical although in some there is a sug

gestion of crystal outlines developins.They frequently have an vermicular 

internal structure and in this, as in their other features they re-

semble the inclusions found in anorthite megacrysts from the Isle of Skye 

by Donaldson (1975). X-Ray diffraction patterns of a few of the larger 

inclusions shmved that at least some of the inclusions in the plagio

clase of the olivine-free gabbro now consist in part of pigeonite. The 

lack of homogeneity of these inclusions suggest they may originally have 

consisted of a glass, presumably representative of the magma from which 

the plagioclase was crystallising. 



- 88 

Pyroxenes 

Augite is the most abundant pyroxene in the olivine-free gabbro, 

occurring both as ' small irregular groundmass crystals (~0.3 mm) 

and as large phenocrysts (! 4 nun), of tvlO tynes . The most distinctive 

feature of the first type of augite phenocryst is the presence of a 

corroded core consisting of augite of a slightly more magnesium-rich 

composition than the surrounding mantle. Tl}ese are tenned Type 1 

phenocrysts. 

Occasionally, smaller phenocrysts with subhedral to euhedral outlines 

are preserved within glQmeroporphyritic aggregates of plagioclase, 

and these euhedral phenocrysts have l1g-rich osubhedyal to euhedral 

cores, showing no signs of corrosion, which are surrounded by more 

Fe-rich mantles of the same mineral (Type 2 phenocrysts). The mantle 

augite of the Type 2 phenocrysts shows strong zoning, (in the fonn of 

increasing Fe-content), from adjacent to the core-mantle boundary, 

to the outer margin of the crystal. 

Pigc0nite was noted in the groundmass in mLnor amounts, occurring as 

crystals of a similar size and. shape t ) the groundmass augite, but it 

was not observed as phenocrysts. 

Rarely orthopyroxene in the fonn of hypersthene, occurs as irregular 

corroded phenocrysts, mantled by clinopyroxene overgrowths, (see Plate 6). 

The compositions of the groundmass augite, both types of augite pheno

cryst, and a mantled phenocryst of hypersthene were detennined by 

means of an electron microprobe. ° The results of these analyses are 

listed in Table 20 . 

I Hajor Element Chemistry of the Ca-rich Clinopyroxenes 

The analysis of the groundmass augite shOvffi Ln Table 20 inJicates that 



TAl3LE 20 

Results of Electron Microprobe Analyis of Five Pyroxenes from the Olivine-free Gabbro, Basal Intrusion 

Pyroxene I Pyroxene 2 Pyroxene 3 Pyroxene 4 Pyroxene 5 

Si02 50,63 50,96 51,61 51,13 52,58 

CaO 17,51 17,58 17,00 18,84 2,29 
HgO 15,48 15,89 17, 19 18,25 23,09 
Ti02 0,73 0,98 0,57 0,56 0,48 

FeO 12,40 13, 82 11,10 7,25 20 ,81 
Al

Z
0

3 1,69 2,34 1,44 2,60 1,18 

Total 98,44 ! 01,57 98,91 98, 63 100,43 

Cations on the basis of 6 oxygens. 

Si4+ 

A16+ 
Al 
Ca 
Hg 
Ti 
Fe 

Pyroxene 
Pyroxene 2 
Pyroxene 3 
Pyroxene 4 
Pyroxene 5 

1,928 1,892 1,939 1,904 1,945 

0,072 2,00 0,102 1,994 0,061 2,00 0,096 
2,00 0,055 2,00 

0,004 0,000 0,002 0,018 0,000 
0,715 0,699 0, 685 0,752 0,09 1 
0,879 2,013 0,879 2,034 0,962 2,014 0,013 2,015 1,273 2,021 
0,021 0,027 0,016 0,016 0,013 
0,395 0,429 0,349 0,226 0,644 

--- --------- - -- -- --------

Ca35 ,6 Mg43 ,74 Fe20• 20 Ca34 ,4 Hg43 ,2 Fe22 ,4 Ca34 ,0 Mg47 ,9 Fe 18 ,1 • Ca37 ,5 Hg50 ,5 Fe12 ,0 Ca4 ,5 11g63 ,0 Fe32 ,5 

Analyst:- National Institute for Metallurgy 

Augite - Groundmass 
Augite - Mantle of Type 2 pyroxene phenocryst. 
Augite - Intermediate Zone of a Type 1 clinopyroxene phenocryst •. 
Augite - Core of Type I phenocryst. 
.orthopyroxene - Corroded Core. 

::0 
-.D 
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th0. augite is of an intermediate composition, (Sa3S,6Hglf3, le20 , 7)· 

In fig 10 this composition has been plotted in the pyroxene 

quadrilateral of a Ca, Hg, Fe diagram, on which the Ca-rich pyroxene 

fractionation trend of both the Skaergaard and the Komatipoort Intrusion 

(see later) are shown. The composition of the Ca-rich groundmass 

pyroxene from the olivine-free gabbro plots very close to the Ca-rich 

pyroxene compositional variation trend of the Komatipoort Intrusion 

which is likely to have crystallised at reLatively high levels (see later). 

The core and the mantle of t he analysed Type 1 clinopyroxene phenocryst 

have compositions of Ca37,sMgso,sFeI2 and Ca34Mgq7,gFeI8,1' respectively. 

When these values are plotted in the pyroxene quadrilateral (fig 10 ), 

they are found to lie to the 11g-rich side of the Ca-rich fractionation 

trend of the Komatipoort Intrusion, possibly defining a parallel but 

more Mg-rich trend. More data would be needed to confirm this. From 

the limited available data it appears that the composition of both the 

augite phenocrysts and the groundmass augite, may record an evolution 

of the parental magma towards more iron-rich compositions, in a manner 

fairly typical of fractiortated tholeiitic intrusions. 

Optical properties suggest that the co'r es of the Type 2 Ca-rich 

pyroxene phenocrysts are similar in composition to the cores of the 

Type 1 phenocrysts s however the strongly zonE:J mantles of the Type 2 

phenocrysts appear to differ in composition from the mantle of the 

Type 1 phenocrysts. This is confirmed by the electron microprobe analysis 

of the outer parts of the mantles of the two types of phenocryst, 

shown in Table 20 . 

The nature of the compositional differences between the mantle augites 

of the two types of phenocryst are illustrated in fig 10 , where points 

representing the analyses have been plotted in the pyroxene quadrilateral . 

A strong similarity in the major element chemistry of the Type 2 mantle 

augite and the groundmass augite is apparent. 
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Co 

En Fs 

Figure 10 Anc.tysec pyroxenes of the Basal Intrusion plotted in the 

pyroxene quadrilateral. 

Px1 Groundmass clinopyroxene - core 

Px2 Augite phenocryst mantle material 

Px 3 Augite phe nocr yst - cor rode d core 

Px4 Mantled orthopyroxene phenocryst - core 

PxS Augite mantle around orthopyroxene phenocryst 
__ Komatipoort Intrusion 

-- Bushveld Intrusion 

"" Skaergaard Intrusion 
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II t~inor Element Chemistry of the Ca-Rich Clinopyroxenes 

Al and Ti are the only minor clements for which the Ca-rich 

clinopyroxenes of the olivine-free gabbro have been analysed, 

however t.he four analyses of clinopyroxenes presented in this 

section do show variations in the levels of these elements. 

Ti-Al and Si-Al relations are summarised l.n figs. 11 and 12 , and 

if analysisPx2 is not con3idered it may be seen that Al decreases 

with fractionation whereas Ti shows only slight var.iation. 

Type 1 Augite Phenocrysts 

The Type 1 clinopyroxene phenocryst shows a higher A1 20
3 

content 

ia the core of the crystal than in the mantle,although the Ti02 

content remains constant, suggesting a decrease in the A1 203 content 

of the pyroxene with fractionation (see Table 20). This conforms 

with the observation of both Brown (1957) and Nwe (1976) who have 

noted constant Ti02 values and decreasing A1 20
3 

content in the 

pyroxenes of the Skaergaard intrusion with increasing fractionation. 

In this respect the Tvork of Kushiro (1960) and LeBas (1962) may have 
3+ 

some relevance. They have demonstrated that the Al content of 

natural Ca-rich pyroxenes varies inversely with the Si0
2 

content of 

the magma from v7hich they crystallised. Both Brown (1957) and Carmichael 

and others, (1970) have offered an explanation for this and a more 

general explanation has been given by Campbell and Borley (1974). 

In terms of the explanation A1 3+ entering the pyroxene does 'so by 

b · . f .4+ h h . . . su st~tut~on or S~ ,t us t e as 'O ~s a dom~nant ~nfluence on the 
3+ · ~ 2 3+ 

Al content of the pyroxene. However the presence of Al in the 

pyroxene creates a charge imbalance that requires the simultaneous 

f C 3+ T .4+ F 3+ A1 3+. . . . entry 0 r , ~ , e or ~nto octahedral s~tes. S~nce the 

aSiO commonly increases with a rise in the concentration of Si0
2 

d .2 f .. 3+ .4+ 
· ur~ng ract~onat~on, the Al content and the T~ content may be 

expected to decrease. 
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Ti-AI relations for pyrounes of the ol:vine- free gabbro 
(Numbering as in Table 20) 

Px2 
e Pxl 

Px 4 0 Px 3 
e f) ePx 5 

1,90 1,92 1,94 1,96 1,98 2,00 

(SilO) X 6 

Ti- Si relati ons for pyroxenlZs of the olivine-fru gobbro 
(Numbering as in Table 20) 
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The abrupt change in the A1
2
0

3 
c:mtent of the Type 1 Ca-rich pyroxene 

from the core to the mantle therefore may have resulted from an in

crease in the aSiO of the magnla in which the phenocryst was crystal

lising. The abruPt~ess of the change and the presence of an irregular, 

corroded core-mantle boundary suggests that if so, this increase to 

aSiO was sudden and not a gradual change due to slinple fractionation 

of t~e magma. This change in the composition of the magma, would also 

explain the increase in the Fe content of the mantle pyroxene, relative 

to the core in the Type 1 phenocrysts ( see table 20, fig 10 ). 

The steady Ti0
0 

value ~s more difficult to explain, but may be the 

result of an increase ~n the Ti02 content of the magma, although 

Brown (1957) was able to discount this explanation for the earlier 

Ca-rich pyroxenes of the Skaergaard Intrusion. It is apparent however 

from the work of Brown (1957) and i:~\ve (1976) on the pyroxenes of the 

Skaergaard that this steady Ti02 content is not incompatible with a 

change in the magTna from a less-evolved to a more-evolved composition. 

( ) 
.4+ 

Campbell and Barley 1974, have noted hmvever, that T~ cannot 
. h 3+ d l' . h compete w~t Cr for octahe ra s~tes ~n t e pyroxene, as a consequence 

of the high crystal field stabilisation energy (CFSE), of Cr
3

+ and the 

zero CFSE of Ti 4+. In intrusions stIch as the Skaergaard, Cr concentra

tion is known to decrease from the less fractionated to the more frac-
. d ( 6 ). . 3+ ' t~onate rocks lvager and Brown 19 8 and th~s decrease ~n Cr concen-

tration would allow increased ' substitution of Ti4+ in octahedral sites 

f 
.4+ 

o the pyroxene. However T~ can enter the pyroxene only if the charge 

balance is maintained by the substitution of two A1
3
+ions ~n tetrahedral 

. f .4+ .. . S1.tes or every T1. "Lon occupy1.ng an octahedral S1.te. Since, in the 

Fe-rich mantle of the Type 1 phenocryst of the olivine gabbro there is a 

decrease in the Al 20
3 

content, a balance may have been achieved between 

factors tending to produce an increase and a decrease respectively in 

T·4+ l' . h b d .] .4+ ~ content, resu t~ng ~n teo serve approx~mate ,y stable T~ content 

of the pyroxene. Unfortunate' y Cr analyses of the pyroxene \-lere not 

available to confirm this suggestion. HO\-lever the Ti:Al ratio (see fig .. 11), 

of less than 1:4 obtained for the core of the Type 1 phenocrysts could 
2+ 3+ 

imply extra component s such as R Cr SiAI0
6

, (Boyd 1971). 
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Type 2 Augite Phenocryst and groundmass Augite 

It is convenient to discuss the minor element content of the mantle of 

the Type 2 augite phenocryst and that of the groundmass augite together 

as they show S'JI!1e compositional similarities, (see Table 20 ). In fig 10, 

there is some suggestion that the groundmass augite and the Type 2 phe

nocryst mantle compositions could together define a late-stage compo

sitional vari~tion trend for the clinopyroxene of the olivine-free 

gabbro, i.e. the compositional variation trend of the clinopyroxene of 

tl:e olivine-free gabbro after the emplacement of this unit in its pre

sent position. Despite the similarity in major-element composition how

ever, the A1
2
0

3 
content of the Type 2 clinopyroxene mantles does not 

resemble that of the Mg-rich Type 1 phenocryst cores, (see Table 20 ). 

Differences in A1
2
0

3 
and Ti02 contents between the groundmass augite 

and the Type 2 phenocryst margins indicate thet, if these two pyroxenes 

compositions do define a lam stage compositional variation trend, 

crystallisation of the pyroxene was accompanied by a marked increase 

in the A1
2
0

3 
content of the augite and a less noticeable increase ia 

Ti02' ( compare analyses 1 & 2, Table 20 ). This is in direct contrast 

to the variation of A1
2
0

3 
and Ti02 expected 1n augite on fractionation 

of a basic magma, (see earlier discussions). 

It is possible lnerefore that the Type . 2 augite mantle composition 15 n9t 

directly related to the groundmass composition, but instead is an original 

outermost zone of the phenocryst formed prior to the onset of crystal

lisation ' of the groundmass pyroxene. As mentioned earlier hm",ever, 

optical data suggest a similarity in major element composition at least, 

exists between the cores of the Type 2 phenocrysts and the corroded cores 

of the Type 1 phenocrysts. If this observation is taken into consideration 

the possibility arises that the Type 1 and 2 Ca-rich phenocrysts are 

essentially the same, the Type 2 having been protected ag&inst corrosion 

and deposition of a further pyroxene mantle by virtue of surrounding 

phenocryst phases such as plagioclase. This ,,,,ould suggest that the Al
2
0

3 
content of the phenocryst pyroxene decreased slightly as crystallisation 

proceeded, and simultaneously the Ti02 content show'ed a fairly marked 



- 96 -

increase, (compare minor element analyses of Pyroxene 2 and Pyroxene 

4, Table 20 ).Pyroxene phenocrysts not protected by surrounding pheno

cryst phases could then, following an abrupt change in conditions of 

crystallisation, have suffered corrosion and resorbtion followed by 

the deposition of the Type 1 mantles. 

Textural evidence tends to favour the proposal that the Type 2 

phenocrysts have been protected from corrosion by adjacent phenocryst 

phases, as many of the phenocrysts of this type that have. been observed, 

are surrounded by plagioclase or other pyroxene phenocrysts. However 

in view of the fact that the thin sections provide a two dimensional 

vie\v of the three dimensional textural relationships, further pyroxene 

analyses, particularly of the outermost zones of the gro11'"1dmass 

pyroxenes, will be required to confirm this conclusion. 

III Orthopyroxene 

Hypersthene was observed in the form of corroded phenocrysts surrounded 

by augite mantles. In some cases corrosion app ears to have reduced the 

h)~ersthene to a few small irregular remnants near the centre of a 

clinopyroxene phenocryst. In other cases (see Plate 6 ) the hypersthene 

constitutes the major proportion of the phenocryst. The hypersthene 

crystals form a very small proportion of the rock, (less than one per 

cent). They may occur alone or as part of a glomeroporphyritic aggregate 

with plagioclase, olivine and clinopyroxene phenocrysts. 

In Table 20 the results of an electron microprobe analysis of a 

hypersthene phenocryst are shown. This analysis indicates a composition 

of Ifg63Fe32,SCa4,S' The Al 203 content of the hypersthene is slightly 

lower than that of mantled orthopyroxene phenocrysts from the Nuanetsi 

area, (Cox and Jamieson, 1974), but th e Ti02 content is of the same 

order or higher than tha t of some of the mantled orthopyroxene from 

Nuanetsi. 
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(c) Olivine 

Olivine occurs as rounded to subhedral crystals almost invariably 

forming part of a glomeroporphyritic aggregate with one or more of 

the other phenocryst phases, usually plagioclase. These olivines are 

usually partially or completely altered to chlorite antigorite and 

magnetite. A partial analysis by electron microprobe of an unaltered 

portion of an olivine phenocryst is shown in Table 21 and indicates 

the olivine to be of an intermediate composition (HgSO ,4). Th? olivine 

phenocrysts are usually around 1,5 rom in diameter. 

TABLE 21 

Results of a Partial Analysis of an Olivine Phenocryst 

(by Electron-Hicroprobe). 

CaO 0,43 

MgO 44,43 

Ti02 0,01 

FeO 19,32 

Al
2
0

3 0,00 

Mole % Fo ao, I~ 

Analyst :- National Institute for Hetallurgy. 

(d) Ore Minerals 

The predominant ore mineral in the olivine-free gabbro is magnetite, 

usually martitised to hematite and containing crystallographically 

orientated lamellae of ilmenite. Ilmenite was not observed as a separate 

mineral phase. The magnetite grains, which are often irregular, occur 

interstitially to the silicate minerals and average between 2,0 and 3,0 rom 
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in diameter. Pyrite in grains of a similar size and shape to the 

magnetite is relatively abundant, for the most part occurring inter

stitially, although in one instance it was observed as an irregular 

mass enclosed by a groundmass plagioclase lath. Very minor amounts 

of chalcopyritr. are also present in minute (0,1 rom) interstitial 

grains. 

(D) Hodal ,\nalysis 

The variations in modal proportions and mineral compositions ~n 

samples collected along cross-sections of each of the three zones are 

shown in Figure 13 ,p99 . . All three zones show minor variations in the 

relative proportions of the major min eral phases, and variations 

'vithin one zone do not appear to be related to variations in other zones. 

The olivine gabbro displays a fairly rapid increase in pyroxene content 

at the expense of intersti·tial material close to the contact, but over 

the rest of the zone, changes are slight. Amongst these are a variation 

of olivine and plagioclase content, which show a steady, but very small 

increase, as the pyroxene content decreases across the zone. Interstitial 

material increases gradually and ore minerals display a slight decrease. 

The olivine bearing gabbro also shows small variations, the most prominent 

of these being aU increase in the pyroxene and olivine content at the 

expense of plagioclase. It ~s doubtful, however, whether these 

variations are greater than the limits of accuracy of the method t~sed 

for the modal determinations. The most marked variaf-.ion is shovffi by the 

olivine-free gabbro which suffers a decrease in pyroxene content and a 

corresponding increase in plagioclase and interstitial micropegmatite 

content, from west to east across the zone. 

(E) Geochemistry 

No fresh specimens of olivine gabbro were available for chemical analyses 

but samples of both the olivine-bearing gabbro and the olivine-free gabbro 
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wer e collected and submitted for chemical analYbes. The results of these 
, 

analyses are shown in Table 22 , p 101, together with the corresponding 

modes, CIPW norms, and nigg l i values. As may be seen from a ... 
comparison of the ' analyses, the two rock types have a some,,,hat similar 

composition with the olivine bearing gabbro ;ossessing a slightly 

higher silica and a significantly higher t.otcl l alkali content, and in 

particular higher K
2
0, P

2
0S and Ti02 contents than the olivine free 

gabbro. 

The higher concentrations of A1
2
0

3 
and CaO present 1.n the olivine free 

gabbro would be expected from its higher plagioclase content. 

(F) Petrogenesis of the Basal Intrusion 

(i) Possible relationsh::"ps bet\-leen the three rock types 

Although the eastward succession of rock types present in the Basal 

Intrusion (olivine-gabbro, olivine- bearing gabbro, olivine-free gabbro), 

is suggestive of an eastward dipping sheet differentiated in situ, the 

distribution of these rock types, their compositions, and the textures 

described earlier, leave little doubt Lhat the intrusion is composite, 

and con.sists of three seperate intrusive phases. For example the limited 

distribution of the olivine gabbro indicates l.t is unlikely to be a 

product of in situ differentiation, and the porphyritic texture of the 

olivine-bearing gabbro is suggestive of a small hypabyssal composition 

between the olivine-bearing gabbro and the olivine-rich dyke rock 

(olivine clinopyroxenite) described in a previous section (compare 

analysis of sample CI2S, Table 13 , p 42. with that of sample. C130, 

Table 22 , plOl: ), i.e. intrusives of this composition are present in 

the area. 

Further evid ence against an 1.n situ differentiation or1.g1.n for these 

rocks, may be found in the fact that although the differentiation index 

FeO + Fe ° 2 3 
x 100, of the olivine-bearing gabbro (60,6) is lmver 



TABLE 22 

Chemical analyses, CIPW norms arid Niggli values for two samples from the Basal Intrusion 

(CL29: Olivine-free Gabbro; CL30: Olivine-bearing Gabbro) ; (Analyst : NIM) 

Chemical Analyses CIPH Norms Niggli Values 

Sample no. CL29 CL30 CL29 I CL30 CL29 

-
Si02 50.01 52.56 Q I. 91 1. 93 si 116.89 

Al20
3 

14.31 11.25 Or 2.0! 12.69 al 19.71 

Fe20
3 2.58 1.49 Ab 19.11 24.60 fm 45.83 

FeO 9.43 9.08 An 27.88 11.28 c 213.83 
MgO 6.45 6.88 Di 23.22 22.83 alk 5.63 
CaO 11 .51 8.42 Hy 17.56 16.62 mg 0.49 
!\a

2
0 2.26 2.91 Mt 3.75 2.17 c/fm 0.63 

K20 0.34 ~ .15 Il 3.20 6.25 k 0.09 

H2O 0.29 0.26 Ap 0.35 0.92 ti 2.78 
+ 0.16 H

2
O 0.90 1.29 H

2
O 1. 19 1.55 p 

CO
2 0.16 0.08 H2O 7.02 

Ti02 1. 58 3.08 

P
2
0

5 
0.16 0.42 

HnO 0.20 0.16 
CuO 0. 01 0.01 
Cr 20

3 0.038 0.047 

Total 100.23 1100.08 
-~ - -----

CL30 

134.95 

17.02 

49.05 

23.16 
10.76 
0.54 

I 
0.47 

, 0.33 

5.95 

0.46 

11.04 

I 

I 
I-' o 
I-' 
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than that of the olivine-free gabbro (6S,0), the olivine-bearing gabbro 

contains more Si0
2

, K
2
0, Ti02 and P20S t han the overlying olivine-free 

gabbro. 

Another possibility 1.S that the three rock types may be the result of the 

withdrmv al of magma during successive stages of differentiation of a 

deep-seated basic mass. The differences in chemistry between the olivine

bearing and olivine-free gabbro mentioned in the previous paragraph imply 

that the former rock type could be derived frOln the latter by crystal 

fractionation but not vice-versa. The K20 cont ent of the <)livine-free 

gabbro, however, would require to be increased by a factor of approximately 

seven, to reach tLe level present 1n the olivine-bearing gabbro. 

It is not, therefore, considered reasonable to attempt to derive the one 

rock type from the other by means of crystal fractionation of the 

observed mineral ?hases. Comparison of the analysis of the olivine-

bearing gabbro with an olivine-basalt analysis (sample CL2S, Table S , p 16 ), 

reveals marked similarities and suggests that fractionation of olivine 

and orthopyroxene could produce magma with the composition of the 

olivine-bearing gabbro from a parel~tal magma similar in composition, 

(although probably slightly poorer in K20) , to the olivine basalt (CL2S ). 

Sample CL30, on the other hand, does not differ greatly from the normal 

tholeiitic basalts (compare with analyses in Table 8 , p 24 ), nor the 

tholeiitic dolerites from this area (compare with analysis of sronple 

Cl 16, Table 16, p SI ). 

As will be described later, (see section on geochemistry of the Karroo 

volcanics), the basalts themselves can be subdivided into two series, 

a high Hg series and a low Mg series ,·,hich are unlikely to be related 

by low pressure crystal fractionation. It 1S considered that the 

olivine-bearing gabbro belonr,s to the high Mg series and the olivine

free gabbro to the low Mg series and therefore it may be concluded that 

there is no direct genetic relation, in terms of low pressure crystal 

fractionation between the two rock types. 
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In the absence of ~n analysis of the olivine gabbro, its relation to 

the, other two rock types is difficult to define. TIle presence of ilmenite 

needles in this rock type suggest it ~ay be related to the high Mg series, 

representatives of which commonly have high Ti02 contents, however, no 

firm conclusion could be reached, as the rock could equally well be 

considered to l'e enriched in cumulus olivine; and thus derived by 

fractionation of low-Mg tholeiitic magma. The olivine gabbro, therefore 

could conceiv~bly be genetically related to either of the other two 

rock types. 

(ii) The nature and orlg1n of the phenocrysts present ln the olivine

free gabbro 

The presence of mantled orthopyroxene phenocrysts in the olivine-free 

gabbro of the basal intrusion together with glomeroporphyritic aggregates 

of olivine, plagioclase and clinopyroxene SUgg2st comparisnn of the 

olivine-free gabbro with rocks described from the Nuanetsi are~by Cox and Jami

eson(1975), which also contain jacketed orthopyroxenes . As noted earlier, 

the analysis of the olivine-free gabbro (see Table 22), shows that this 

rock belongs to the Hg-poor series , and not the Hg-rich series, to which 

the rocks described from Nuanetsi belong and the presence of jacketed 

orthopyroxenes in rocks representative of the ~1g-poor series also suggests 

, the possibility )f a genetic relationship between the two series. 

~nitial inspection of the compositions of the mantled orthopyroxene and 

clinopyroxene phenocrysts indicate these luinerals could have been in 

equilibrium with each other, however, examination Clf fie. 10, in which 

the pyroxene compositions have been plotted in the pyroxene quadrilateral, 

suggests that the core of the Ca-rich clinopyroxene phenocryst may, in 

fact, be too Mg-rich to be in equilibrium .nth the hypersthene. Follow

ing Cox (I 975), the distribution coefficient of Fe and 11g between the 

orthopyroxene and the Ca-rich clinopyroxenes was used to test for 

equilibrium between the pyroxenes. 
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According to Kretz (1961),(1963) 

~(Hg:Fe) = X opx 
(1 - X ) 

cpx 

X (l - X ) 
cpx opx 

where X and X are the mole fractions of 11g in each pyroxene phase. 
opx cpx 

Results obtained for the distribution coefficient between the Type 1 

Ca-rich clinopyroxene phenocryst core and mantle and the Type 2 clino

pyroxene mantle on the one hand and the core of the orthopyroxene 

phenocryst on the other are listed in Table 23. Kretz (1963) obtained 

values in the range of 0,65 - 0,86 from igneous environments and the 

values obtained here confirm that while the mantles of both Type 1 and 

Type 2 phenocrysts could possibly be in equilibrium with the orthopy

roxene the Ca-rich clinopyroxene phenocryst core appears to be too 

Hg-rich to be in equilibrium with the orthopyroxene phenocryst core. 

Considering the limited amount of analytical data available on the 

pyroxene at present, several explanations are possible. Olivine and 

clinopyroxene and perhaps plagioclase may have crystallised fairly ex

tensively prior to the formation of the first orthopyroxene , a fairly un

common order of crystallisation, another possibility is . that the analysed 

orthopyroxene does not represent the most 11g-rich orthopyroxene present in 

the rock, i.e. the orthopyroxene may be zoned. 

Cox and Jamieson(1974) quote Bowen .and Schairer (1935), Ramberg and De 

Vore (1951) and O'Hara (1963), aGd show that sone olivine phenocrysts 

in the Nuanetsi olivine-rich lavas, are in equilibrium with the mantled 

orthopyroxene phenocrysts. The work of those authors indicates that 

orthopyroxene and olivine, in equilibrium in nagnesian igneous assem

blages, have similar Hg:Fe ratios, or that olivine is more magnesian 

than the orthopyroxene. Applying the same criteria to the phenocrysts 

in the olivine-free gabbro shows that the olivine (11g :Fe
80

,4) is more 

magnesian than the 'orthopyroxene (Mg:Fe
63

) suggest ing possible equili

brium, however the diff erence in composition may be too great for the 

minerals to be regarded as co-precipitates from the same magma. The olivine 
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TABLE 23 

Pyroxene Distribution Coefficient. Calculated for 11g and Fe between 

the analysed orthopyroxene and three different clinopyroxenes present 

in the Olivine-free Gabbro. 

Pyroxene Analysis No. X'::' x* ~(Hg:Fe) cpx opx 

2 67,2 63,0 0,83 

3 73,4 63,0 0,62 

4 81,8 63,0 0,38 

*Uole fraction of 11g in pyroxene, where molec:ular proportion Mg + 

molecular proportion Fe ; 1 

Pyroxene 2 

Pyroxene 3 

Pyroxene 4 

Augite - mantle of Type 2 phenocryst. 

Augite - intermediate zone of Type} phenocryst. 

Augite - core of Type} phenocryst. 
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composition is, Ln fact, in the same range as the high pressure olivine 

phenocryst.c: analysed by Cox and Jamieson .(j r·H4j., from ·. Nuanetsi, w'hich they show 

were in equilibriuIa with orthopyroxene with an l1g:Fe ratio of 82 to 92, 

far more magnesian than the orthopyroxene analysis presented here. There 

is some evidence therefore that the orthopyroxene and the olivine are 

also unlikely to have been in equilib:dum wi t;h each other. 

Comparison of the olivine composition with the analysis of the olivine

free gabbro suggest that the olivine may in fact be too Hg-rich to have 

cry.stallised from a liquid of this composition. However, olivine-liquid 

equilibrium has been studied experimentally by Roeder and Emslie (1970) 

and Roeder (1974), and this work has suggested that the distribution 

coefficient 

= 

(X0 1 ) 
li'eO 

(XO I ) 
-11g0 

that relates the partitioning of magnesium and iron between olivine and 

liquid is equal to 0.30 and is independent of temperature and possibly 

pressure. Roeder (1974) has shown that the composition of the olivine 

reflects only the divalent metal cations Ln the melt, (Ni, l-ig, Ca, Fe, Hn) 

and is little affected by other elements Ln the melt. Mysen (1974) has 

produced data which conflictswith this conclusion, however Cawthorn and 

O'Hara (1976) have sugge sted that Hysen's (1974) data may be quantitatively 

invalid. Further support for the conclusions of Roeder and Emslie (1970) 

and Roeder (1974) has been given by experimental work on lunar basalts 

by Longhi and others (1975), who have produced results which give 

similar ~ values to Roeder and Emslie (1970) over a wide range of 

temperatures and pressures up to 12 kb. 

This distribution coefficient was therefore used to test for possible 

equilibrium between the olivine and the olivine-free gabbro, using the 

assumption that the whole rock analysis of the olivine-free gabbro 

approxil~lated the liquid composition from which the olivine crystallised. 

Although phenocryst phases are present in the rock the majority of those 



consist of plagioclase. Since this is an I1g and Fe-free phase the 

absolute amounts of 11g0 and FeO present will be affected but not the 

MgO:FeO ratio. Using the relationship 

FeD 
01 11g0 liq 

=( ) ( ) = 0.3 (Roeder 1974) 
MgO FeO 

and substituting the mole percentages of FeO and MgO from the whole 

rock analysis in Table 22 it was estimated that an olivine with 

FeO/MgO = 0.246 would be in equilibrium with a liquid of this composition. 

The analysed olivine has FeO/l1g0 = 0.243 (using mole perccnt!lges aga~n, 

with Si0
2 

content estimated by subtraction), indicating probable 

equilibrium between the olivine and the olivine-free gabbro. 

The work of Roeder and Emslie (1970) and Roeder (1974) also provides 

data on the relationship between olivine compositions, the MgO and FeO 

content of the magma , and the temperature of the magma. Using this data 

and the l1g0 and FeO content of the analysed sample of olivine-free 

gabbro, recalculated to allow for the presence of an estimated 10 per 

cent plagioclase phenocrysts, a crystallisation temperature of i17SoC 

may be inferred for the olivine. 

This temperature may be used in an effort to determine the relationship 

of the plagioclase phenocrysts to the other phenocryst phases. Drake 

(1976), using experimental data has shown that the composition of 

plagioclase crystallising at known temperature from a dry melt of known 

composition may be predicted from: 

( XAb(p) -. }l_ x3 . exp (6 i 00/T-2. 29) ) 
-~aAI02(liq)' Si02(liq) 

where XAb(p) · 1S the mole fraction of albite in plagioclase. 

~ ~s 
. aAI02(liq) 

the mole fraction of NaAI02 ~n the magma. 

3 
fraction X Si0

2 
~s the mole of Si0

2 in the magma. . 
(liq) 

T is t~nperature ~n degrees K. 
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and where XNaO (' ) + X Alr. 5 (1' ) + X Si02(l' ) + X CaO(l·' ) = 0,5 1I.q 1, 1q lq 1q 

If possible effects of volatile pressure can be ignored, it may be 

predicted by this method that plagioclase with a composition of about 

An
63 

would be expected to have crystallised from the olivine-free gabbro 

magma at the temperature at which the olivine is estimated to have 

crystallised (117SoC). That is, the olivine would have crystallised 

from the olivine-free gabbro magma in equilibrium with plagioclase with a 

composition similar to that of the middle and outer parts of the mantles 

of the zoned plagioclase phenocrysts present in the olivine-free gabbro. 

If the plagioclase phenocryst cores had crystallised from a liquid, 

similar in terms of plagioclase components to the olivine-free gabbro, 

crystallisation may be estimated by the same method, to have couunenced 
o at around 1425 C, a somewhat high temperature. 

The available data thus, suggest that the cores of the clinopyroxene 

phenocrysts and the olivine phenocryst are both too magnesian to have 

crystallised in equilibrium with the analysed orthopyroxene phenocryst. 

The plagioclase, however could have crystallised in part at least, 

simultaneously with the olivine from the olivine-free gabbro. In view 

of the intimate textural relationship between the olivine, clinopyroxene 

and plagioclase phenocrysts, it is possible that these minerals represent 

a co-precipitated phenocryst assemblage. The analysed orthopyroxene 

could be considered a xenocryst, or the analysis could be considered 

to represent a more Fe-rich portion of a zoned orthopyroxene crystal. 

The orthopyroxene could also repref2ut a later phase to crystallise from 

the magma, after reduc!:ion of the Fe:Mg ratio of the magma to a suitable 

value, by some process such as crystal fractionation. 

A further complication is provided by the Fe-rich mantles present around 

the Type 2 Ca-rich clinopyroxene phenocrysts, which on the basis of the 

major element chemistry, would presumably be expected to crystallise in 

the later stages of crystallisation of the magma. 
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To summarise, certain Ca-rich py:oxene phenocrysts often apparently 

surrounded and protected by other phenocryst phases appear to have 

euhedral, relatively l1g-r ich cores surrounded by Fe-r ich mantles, 

whereas similar phenocrysts in unprotected positions apparently have 

corroded relatively Mg-rich cores and Fe-rich mantles that contain 

slightly less Fe than the previously mentioned Ca-rich pyroxene 

phenocrysts. The minor element chemistry of the Ca-rich pyroxenes 

indicates that the zoning pre sent in the clinopyroxene phenoerysts 

may have resulted from a change, (increase), in the a
Si02 

of the 

magma from whic:h it was crystallising • . 

Distribution coefficients and other evidence suggests that:

(a) The olivine crystallised from a magma with an Mg:Fe ratio 

similar to that of the olivine-free gabbro. 

(b) The orthopyroxene is unlikely to be in equilibriure with either 

the olivin~ or a magma with the composition of the olivine-free 

gabbro. 

(c) The orthopyroxene does not appear to be in equilibrium with the 

Ca-rich pyroxene phenocryst cores, but may be in equilibrium with 

the Ca-rich pyroxene mantles, (both type 1 and type 2). 

(d) The middle and outer portions of the plagioclase phenocrysts 

could have crystallised in equilibrium with the analysed olivine 
o 

at a temperature of 1175 C. 

Textural evidence suggests that the olivine, the Ca-rich pyroxene 

phenocrysts and the plagioclase phenocrysts in general terms constitute 

a co-precipitated three-phase phenocryst assemblage. 

On the basis of this evidence it is suggested that the crystallisation 

history of these phenocrysts involved:-

(a) Precipitation of Ca-rich pyroxene, plagioclase and olivine pheno

crysts and the formatir.n of glomeroporphyritic aggregates. 

(b) .Crystallisation of the outer zone of Type 2 clinopyroxene pheno

crysts and possibly crystallisation of the orthopyroxene in a 

more Fe-rich magmatic enviropment, probably with a higher a
Si02

• 
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(c) Corrosion of unprotected Ca-rich pyroxene phenocrysts ( and 

possibly the orthopyroxene phenocrysts), followed by crystal

lisation of the mantles of the type 1 clinopyroxene phenocrysts, 

(and possibly the clinopyroxene mantles around the corroded 

orthopyroxenes), in a slightly more Mg-rich magmatic environment, 

such as the olivine-free gabbro magma. 

(d) Solidification of the ciLivine free gabbro in its present position 

and formation of the outermost rims (with compositions correspondjng 

to the groundmass clinopyroxene) around all pyroxene phenocrysts, 

and corresponding feldspar rims around the, plagioclase phenocrysts. 

In order to explain this suggested crystallisation history it is suggested 

that the phenocrysts may represent pre-existing cumulate crystals, (with 

Fe-rich adcumulus zones present around the Ca-rich pyroxenes), \vhich 

became caught up in the olivine-free gabbro magma. Prior to the em

placement of the olivine-free gabbro in its present position 'corrosion, 

and subsequent m2 11tling of the unprotected pyroxene phenocrysts could 

have occurred. The magnetite (mentioned in the section on ore minerals) 

found included in the groundmass plagioclase could then be interpreted 

as part of the same xenocryst assemblage. This model suffers from several 

difficulties, namely the equilibri~ between the olivine and the olivine

free gabbro must be regarded as coincidental and secondly the position 

of the orthopyroxene in the crystallisation sequence is not certain, unless 

it is regarded as an intercumulus phase. In the absence of more adequate 

analytical data further speculation on the nature of the phenocrysts 

does not ho\vever , seem justifiable. 

The motive for the examination of the possible origins of these phenocrysts 

lies in their potential to determine if the magma is primary or a deri

vative of a more basic magma. In this case it appears likely that the 

phenocrysts are r elict crystals from the fractional crystallisation of 

an initially more Hg-rich liq,uid . This initial liquid may have had a 

composition potentially parental to the olivine-free gabbro since the 

analysed olivine and part of the plagioclase crystals which are considered 

to have crystallised from this earlier liquid were also found to be in 

equilibrium with the olivine-free gabbro. 
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(G) The Form and Crystallisation History of the Intrusion 

Textures and mineralogical variations present 1n both the olivine 

and the olivine-bearing gabbro provide no convincing evidence of the 

form of these two intrusive bodies. Both could equally well be inter

preted as subvertical dyke-like bodies. as concordant sheets, or as 

some form intermediate between the two. The olivine-free gabbro, however, 

has a crude layering, each layer being defined by several discontinuous 

elongated patches of large f e ldspar phenocrysts (described in a previous 

section), and this lamination appears to be parallel to the local dip of 

the basalts. Although individual crystals do not show any marked preferred 

orientation, the layering is considered to be most probably the result 

of crystal settling, with the settling units possibly consisting of 

small glomeroporphyritic aggregates. Other evidence of crystal fractio

nation may be provided by the eastward decrease in pyroxene content, 

coupled with an incIease in the proportions of plagioclase and micro

pegmatite. t1uch of the groundmass of these rocks hmvever does not appear 

to be composed of cumulus phases, and instead tends to resemble 

textures observed in adjacent dolerite dykes. The layering may therefore 

be the result of crystallisation predominantly from the base of the sheet 

upwards combined with the settling of the glomeroporphyritic plagioclases. 

According to Wager and Brown (1968) crystallisation in thin sills takes 

place mainly from the floor of the intrusion upwards, at a relatively 

rapid rate. If phenocrysts were 1n suspension in the olivine-free gabbro 

magma at the time of intrusion, all(~. settling rates of these crystals 

were slow relative to the rate at which bottom crystallisation was causing 

the floor of the intrusion to rise, small clusters of plagioclase pheno

crysts coulci. be incorporated in the rising floor before the accumulation 

of a sufficient numbers of crystals to form a well defined layer. 

No other process seems adequate to explain the observed textures and 

discontinuous layering. FlowL'ge differentiation for example, as described 

by Battacharji and Smith (1964) and Battacharji (1967), could have 

orientated the crystals but it also produces a concentration of phenocrysts 

in the centre of dykes, and a similar effect would be expected in sills. 
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The observed layering and textural and modal variations are therefore 

considered likely to be the result of the crystallisation of thin 

eastward dipping sheet from the bottom upwards accompanied by the slow 

settling of glomeroporphyritic aggregates of plagioclase and other 

phenocryst phases. If this interpretation of the intrusion as a sub

concordant sill with a dip approximately that of the surrounding basalts 

is correct, then its thickness maybe estimated to be of the order of 

10m to 20m. 

Petrographic data suggests that phenocryst phases were also present 

in the other two units of the Basal Intrusion. In the olivine-bearing 

gabbro both olivine and the larger Ca-rich clinopyroxenes are considered 

to represent phenocryst phases. The presence of oscillatory zon~ng ~n 

the clinopyroxenes suggest that this magma also may have had a complex 

crystallisation history prior to emplacement in its present position. 

The necessary analytical data to attempt to interpret this history 

is lacking however. Olivine appears to have been the only phenocryst 

phase present in the olivine gabbro but the widespread alteration of 

the olivine crystals has obscured their composition a.nd the possibility 

of relating them to phenocryst olivines in either the olivine-bearing 

or the olivine-free gabbro. 

The interpreta.tion of the olivine-free gabbro as a thin sill suggests 

the possibility that all three intrusive phases may have had a sheet-like 

form, however no indications of cr;'stal settling were noted either in the 

olivine gabbro, or the olivine-free gabbro. Crystal settling may have been 

expected to occur in particular, ~n the olivine-bearing gabbro, that 

contained fc:irly abundant, large phenocrysts of pyroxene and olivine 

on intrusion, hOvlever fairly rapid cooling is indicated by the fine

grained groundmass of this rock type, and may account for the absence 

of crystal fractionation. Th(! olivine gabbro, if of a sheet-like form, 

would .possibly have been thin enough for rapid cooling again to have 

prevented crystal settling. Textures described in the section of 

petrology are not in accord with sudden cooling, however, and as this 
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intrusion cannot be related to either of the other two intrusive phases, 

it may have an intermediate or dyke-like form. 

Thus, no really compelling evidence has been produced to indicate the 

attitude of any of these intrusive bodies within the exception of the 

olivine-free gabbro, and this, it is suggested, is probably a sub

concordant sheet. 

(H) Order of Intrusion 

·The olivine-free gabbro shm.Js least sl.gn of metamorphism and may 

therefore, be the youngest of the three magma pulses. No further 

evidence is available as to the relative ages of the other two 

intrusions. 
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The Komatipoort Intrusion. 

Introduction 

The Komatipoort Intrusion forms a large elongated mass of diver

gent rock types, representatives of which have been found as far 

as 10 k~ north and 13 km south of the village of Komatipoort. At 

its widest point, just south of Komatipoort itself, the intrusion 

outcrops over a w·idth of almost 2 km, (see geological map). 

The intrusion consists of five major rock units, apparently in the 

form of roughly concordant sheets, superimposed one upon the other 

to give an estimated seven hundred and seventy meter thick layered 

structure at the point of maximum development. These sheets appear 

to dip, with the surrounding basalt, at about 25
0 

to the east. Ex

posures of the comple4 as a 'vhole are poor, however, and the precise 

limits of distribution of the lower units are difficult to define. 

In general, the rock units appear to form an overlapping series 

from the bottom upwards with each succeSS1ve sheet having a greater 

lateral extent than its predecessor, (see geological map). 

Evidence presented here suggests that the intrusion is multiple, 

and several possible separate intrusive pulses, have been postu

lated. Crystal settling was a significant process during the cooling. 

of some of these pulses and has played an important part in the 

formation of t 1.1e layered structure that comprises the Komatipoort 

Intrusion, in that some of the rocks present are considered to 

be cu;.}ulates. 

The Inajor features of the five rock units comprising the intrusion 

are sunnnarised in. TabJe 24, pUS. 
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Table 2lf 

l1ajor features of the KOI!latipoort Intrusion 

Unit 

Country Rock 

Rock Type 

Hetamorphosed Basalt 

Haximum Vertical thickness 

--------~--- Intrusive Contact ------------

5 

4 

3 

2 

Feldspathic Gabbro 

Inferred Intrusive Contact 

Granophyre 

----- Inferred Intrusive Contact 

Granophyric Gabbro 

Clinopyroxene -

Plagioclase Cumulate 

+ 
- 100 m 

+ 
- 175 m 

+ - 225 m 

+ 
- 250 m 

Bottom 

--~--- Inferred Intrusive Contact 

Olivine Gabbro + 20 m 

------- Inferred " Intrusive Contact 

Hornfelsed Basalt 

Estimated Haximum Total Vertical Thickness + 
- 770 ill 
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(n) Unit 1 - The olivine gabbro 

(i) Distribution and Lithology 

The olivine gabbro has been mapped as a narrow north-south 

trending belt extending down the western margin of the intrusion. 

This unit is considered to form a roughly concordant sheet approxi

mately 20 m thick, dipping at around 25
0 

to the east together with 

the other rock units comprising the intrusion. 

The presence of olivine in these rocks has made them more suscep

tible to weathering than the adjacent olivine-free country basalts 

and the unit ~s normally covered by deep soil. Definition of th~ 

exact extent of the unit is therefore difficult) but it continues 

for at least 5 km north of the Ngweti River and 3 kIn south of it, 

although float distribution suggests possible thinning of the zone 

in both directions. Reasonably good exposures do occur ~n the 

Townlands running along the north bank of the Ngweti River, and 

somewhat better exposures are present just south of the Sihlangula 

Stream, (see geological map). 

In general these rocks have a fairly uniform appearance in hand 

specimen. They are dark greenish black, phanero-crystalline and 

coarse grained, contaLl.ing conspicuous plates of dark pyroxene. 

Samples collected close to tr.e estimated position of the basal 

contact near tht:: Sihlangula Stream, (see geological map), do 

show significant textural differences. Close to the contact the 

rock is a mclanocratic aphanitic variety, strongly resembling the 

adjacent hornfelsed basalt. A fine lineation is apparent at the 

contact, and this lineation becomes less distinct in samples 

collected away from th,:. contact towards the interior of the 

·intrusion. In samples collected near the Ngweti River no lineation 

was observed. 
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(ii) Petrography 

Because of the textural differences noted between sar.:J.ples collected 

adjacent to the Ngweti River, the petrography of samples from both 

locations are des·cribed. 

In the Ngweti River section textures are reasonably uniform, 

however, the textures of samples collected from the Sihlangula 

Stream section suggest a continuous gradation from a plagioclase- . 

olivine-nagnetite hornfels at the lower contact to an olivine 

gabbro near the upper contact of unit I. 

(a) Sihlangula Stream Section 

The ~inely lineated rock found at the lower contast of unit I, 

near the Sihlangula Stream is a microcrystalline plagioclase

olivine-magnetite hornfels. This rock, as described in the section 

on petrogenesis is considered to represent a thermally metamorphosed 

portion of the olivine gabbro unit • The average modal composition 

of the finely lineated rock is :- plagioclase 54%, olivine 32%, 

pyroxene 10% and iron ore 6 %. Over the few centimeters for wllich 

this rock is exposed, however, the modal composition varies slightly. 

Thus there is a noticeable sympathetic variation in the amounts of 

olivine and plagioclase and a corresponding antipathetic variation 

in the amount of pyroxene present. 

The plagioclase occurs in two generations, firstly in the form of 

tiny ~_abule.r laths, abo:ut 0,1 mm in length, ~.Jhich make up most of 

the groundmass of the rock, and secondly, as large apparently 

relict crystals - 5 mm 1n length. These large crystals occur 

either alone or as sman aggregates. 

The groundmass plagioclase crystals may show a fairly tnarked 

preferred ori~ntation in a direction parallel to the estimated 

dip of the rock units 1n the intrusion, (i.e. the lineation dips 

at around 25
0 

to the east). ~'lhere ' the large plagioclase are p:'7esent 
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as single crystals, rather than aggregates, a similar orientation 

of these crystals is apparent. 

Olivine forms discrete, subhedral to anhedral crystals varying in 

size from 0.5 mm to 1.0 rom, that occur interstitially to the plagio

clase. The olivines occasionally form aggregates, or chains of up 

to three or four crystals, and these chains tend to lie parallel 

to the preferred direction of the plagioclase, as do the long 

axes of the occasional larger , '. elongated olivine crystals which 

occur in this rock. The olivine crystals locally disturb the 

preferred orientation of the long axes of the groundmass plagio

clase crystals described earlier, and these groundmass plagio

clases tend to curve around both above and below the olivines. 

Hagnetite llsually occurs as single,euhedral,intergranular crystals, 

(octrahedrons and cubes), that occasionally protrude slightly into 

the margins of olivine crystals, but may also form small clusters 

or be linked together in short chains of five or six units; in the 

latter case the chains lie parallel to the direction of preferred 

orientation of the other minerals in the rock. 

The pyroxen~ is present interstitially as tiny grains of hyper

sthene and augite, (neither showing ex-solution phenomena), which 

range in: size from 0.03 rom to 0.05 mm. 

Within a few cerl::imeters the finely lineated rock g~ves way to a 

coarser variety, a change produced by a variation in both the 

modal proportions and the mode of occurrence of the constituent 

minerals. 

The changes include tht· following. The olivines show poikilo

blastic 'extensions' which usually enclose plagioclase crystals 

only. These plagioclases resemble the normal groundmass crystals 

but for the absence of an outer mantle and rim invariably present 

around the groundmass crystals. These olivine extensions bear some 
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resemblance (on a much smaller scale) to the crescumulus type 

growth occurring in the olivines of the Isle of Rhum (Wadsworth 

1961, Brown 1956), and in some of the rocks of the Skaergaard 

Intrusion (Wager and Brown 1968), in that addition of crystalline 

material has taken place preferentially in the (010) direction, 

and the ' extension' has a dendritic form. Although this 

, extension ' in the Komatipoort rocks has usually occurred in 

one direction only, it differs from those described from igneous 

rocks in that it is not always upwards. On the contrary the 

, extensions " may extend downwards as well as parallel to the 

general lineation in the rock, or less commonly in some intermediate 

direction, (see Plate 7 , p 120). 

Also preseclt at this level are narrow lenses free of interstitial 

pyroxene, containing olivine in two forms, firstly as tiny inter

stitial grains, roughly equal in size'. to the groundnass plagioclase, 

and secondly ~n the form of large crystals attached to aggregates of 

large augite and hypersthene crystals. Both the olivine and the mar

ginal pyroxene crystals of the aggregates may show poikiloblar,tic 

, extensions " al though .those around the pyroxene fonn rims of 

fairly cons.tant width and do not have the dendritic form typical 

of the olivines. These large aggregates also disturb the general 

orientation of the plagioclase crystals as noted in the case of the 

olivine crystals described pLeviously, although not to the same 

extent. Neither plagioclase nor magnetite show any change in their 

mode of occurrence. 

Within a few centimeters the texture of the rock aga~n changes, in

clusions of plagioclase are no longer present in the olivine out

growths only. Instead the entire olivine crystals contain inclusions 

and these olivines are often bordered by rims of pyroxene, (see Plate 

7 ,p 120). The habit of the groundrnass pyroxene changes and this 

mineral occurs as poikolitic plates, although the aggregates of 

large augite and hypersthene crystals, described above, are present 

in addition in increasing abundance. Plagioclase is not closely 
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packed in the poikilitic pyroxene plates, and the pyroxene may be 

plagioclase-free over relatively large areas. The large plagioclase 

crystals, still, however, show signs of partial recrystallisation. 

The rock becomes coarser--grained a few metres away frou the 

lineated zone just described and here consists of olivine, plagio

clase and magnetite, set in extensive plates of pyroxene (often up 

to 2 cm in diameter). The olivine forms crystals (1.5 TIm diameter) 

with an elongated and frequently a ,'dendritic form (see Plate [3 

p 122, fig 1 ). These invariably enclose tiny crystals of plagio-

clase, around 0.2 mm 1n length. Occasionally larger plagioclase 

crystals are enclosed marginally. The large poikilitic plates of 

pyroxene usually consist of hypersthene (inverted pigeonite) con

taining abundant exsolved clinopyroxene, both in the form of 

orientated blebs and la~ellae and as blebs in a g~aphic-type inter

grm.th. Uni11vf':rted pigeonite, together ,\lith augite, forms siUlilar 

plates enclosing the olivine, plagioclase and magnetite. Plagio

clase not included in the olivine grains has a seriate texture, 

grading from tiny crystals less than 0.1 rmn l.n length to laths 

2.5 nun long, (see Plate 8, 122) , . CoItrraonly , the smaller plagioclase 

crystals consist of a euhedral core, (basic) surrounded by a mantle 

and rim of a different composition, but the larger crystals ranging 

from about rom upwards differ. They typically show severely corrode~ 

cores, which 1n places are reduced to a series of discontinuous 

patches, similar to those described by Vance (1965). In addition 

the mantle itself shows a zonal structure, consisting of up to 

five oscillatory zones followed by the usual relatively acid rim 

(An35 at the outer edge). Outlines of the pl~gioclase crystals, even 

where enclosed by olivine, tend to be irregular and embayed. Smaller 

crystals may occur as single units, but the larger plagioclases have 

a tendency to form aggregates. Ore minerals appear in two forms, 

firstly as small euhedral crystals, and secondly as irregular grains, 

filling the interstices between the other uineral phases. 
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Plate 8 

(t) Olivine Gabbro, Komatipoort Intrusion - poikiloblastic olivine 

crystal :, crOlvded with tiny plagioclase grains (upper left quadrant)! 

large relict plagioc.1ase phenocryst (lOlver right quadrant ) and 

abundant smaller, often embayed plagioclase crystals, set in an 

exte.nsive clinopyroxene plate, (upper right quadrant ). A relatively 

clear, inclusion free recrystallised rim surrounding the relict 

plagioclase phenocryst is just visible at the right end of th~ 

phenocryst. · LOvler limit of olivine gabbro. (X48 ). Sihlangula Stream 

Section. 

(2) Olivine Gabbr o, Komatipoort Intrusion -Plagioclase crystals, many 

rounded or embayed,set in an extensive crystal of olivine. Slightly 

higher in the olivine gabbro than (1) above. (X 96 ). Sihlangula 

Stream 3ection. 
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The texture of the rock gradually coarsens to the east and samples 

are composed of larger crystals of plagioclase, (with corroded cores 

and complex mantle structure), and dendritic olivines that occasio

nally reach 2 cm in length, both set in oikocrysts of augite and 

pigeonite about 3 cm across, (see Plates 8 and 9 ). l1agnetite 

and sulphide minerals form irregular patches filling the interstices • 

. 'Slight 1yfurther east the olivine shows a ch i:d.n texture, (see Plate 9). 

Nearthe contact between unit 1 and unit 2, the plagioclase shows a 

tendency to form clusters, ( in places up to 1 cm across), inter

stitial to the large pyroxene plates (pigeonite and augite) with 

olivine, now forming rounded and embayed, rather than dendritic 

crystals, (see Plate 9, p 124 , usually associated with the plagio

clase rather than the pyroxene. This g1ves, in hand specimen, the 

macroscopic mottled appearance noted in the previous section on 

lithology. The range of textural variations from the base to the 

top of the 3asic Unit are illustrated in Plates 7 tol 9. 

(b) Ngweti River Section 

Olivine Gabbro 

No fine-grained 1ineated rocks were found in the Ng~veti River Section 

and the lower part of the unit consists of a rock composed essentia1-· 

1y of plagioclase and clinopyroxene in the proportions 2:1 together 

with about 10% olivine. In the central part of the unit , the olivine 

content increases to 25% at the expense of the pyroxene, which con

stitutes only 10% to 15% of the rock. Plagioclase still constitutes 

som~ 68% of the rock. Locally however, specimens with a trocto1itic 

composition were encountered, (olivine 34%, pyroxene 4%, plagioclase 

62%, by volume). In general there is a tendency for the plagioclase 

and the olivine content to decrease upwards through the zone until 

the rocks representing the contact with unit 2 are reached. A little 

orthopyroxene is developed, forming patches associated with the 

olivine or clinopyroxene and this almost always contains lamellae 

and blebs of exsolved clinopyroxene which may show a preferred 
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Plate 9 

(1) Olivine Gabbro, Komatipoort Intrusion. Extensive dendritic olivine, 

composed of several sub-units surrounded by large cumulate plagio

clase crystals. Upper pa.rt of olivine gabbro. (X 96) 

(2) Olivine Gabbro, Komatipoort Intrusion. Olivine grains and cumulate 

plagioclase crystals shmving complex zoning set in an extensive 

plate of clinopyroxene. Near upper boundary of the olivine gabbro. 

(X 96). 
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orientation. Sma1linterstitial patches, (up to 2 mm across), of 

medium grained micropegmatite were occasionally noted and evidence 

of corrosive reaction between the micI"opegmatite and both clino

pyroxene and plagioclase is apparent. The olivine gabbro 

in the Ngweti River section, has a fairly unifon.1 ophitic 

texture with plates of clinopyroxene up to 3 cms across, enveloping 

both the plagioclase and olivine. 

(c) The southern extremity of the olivine gabbro zone 

Boulders of olivine gabbro are present at the southern extreBity 

of this zone and some of these consist of rocks very similar to 

those encountered in the Ngweti River section, described above. Some, 

however, are composed of a finer grained variety of olivine gabbro. 

These fine): grained rocks consist of euhedral to round.ed olivine 

crystals 0.8 mm to 3.2 mm in diameter, clinopyroxene crystals 1 to 

2 mm in diameter, which may include a few small grains of plagioclase, 

and what appear to be two generations of plagioclase crystals. The 

majority of the plagioclases range in size from 0.1 to 0.8 mm, and 

many of the larger crystals in this size range show oscillatory 

zoning. The outer normally zoned rims present in. plagioclases from 

other parts of the olivine gabbro zone are, however, absent. 

In addition to these plagioclases there are also other, larger 

crystals, 1.5 mm to 3 mn in length, which are further distinguished 

by the presence of patchy, ir.regular zoning. 
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Hineralogy 

Olivine 

Near the lower contact the olivine may constitute as much as 32% 

of the rock, but the concentration fltctuates widely in samples 

collected over the rest of the unit. The olivine near the base of 

the unit has a composition of around F066 Fa34 as determined by an 

X-ray diffraction lnethod, (see section on methods) and there appears 

to be little variation in composition of the olivine vertically. 

through unit J. Several electron nicroprobe analyses of olivines 

from the olivine gabbro" unit are shown in Table 25. 

The changes in the habit of olivines present in a a series of 

olivine gabbro samples collected along the Sihlangula Stream cross

section ar e illustrated in Plate 7 to plate 9. Close to the 

contact the texture of olivine changes rapidly over a distance of 

some 10 cms, from small (0.5 rom) rounded inclusion-free grains 

set in a groundmass of plagioclase and pyroxene to grains of a 

similar size showing small, dendritic poikiloblastic extensions, 

containing inclusions of plagioclase. These are 'rapidly succeeded 

by irregular poikiloblastic olivine grains of similar size, (see 

plate 7, fig I and fig 2 ). In samples collected avmy from the 

contact the olivine successively forms larger grains crmvded \vith 

minute plaeioclase inc;lusions and set in a groundmass of coarser 

plagioclase, (see Plate 8, fig 1 , note change in enlargement), 

then more extensive gra~ns containing larger plagioclase inclusions, 

which show signs of resorbtion, (see Plate 3, fig 2 ). These are 

succeeded by extensive dendritic olivines which are largely inter

stitial to the plagioclase, and in places may consist of several 

olivine crystals linked to form a sinuous chain-like unit, (see 

Plate 9 ,fig I, and Plate 9, fig 2 ). Finally close to the 

base of the overlying clinopyroxene plagioclase cumulate the 

olivines are rounded and embayed grains containing no inclusions, 

(see Plate 9, fig 2 ). 
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Electron microprobe analyses were made of a ser1es of olivine gra1ns 

fnom the finely lineated rocks present at the western contact of the 

olivine gabbro. These olivines occur 1n a variety of forms, (described 

earlier, see Plate 7), including small rounded olivine grains, large 

rounded olivine grains, olivine grains showing poikiloblastic extensions 

and large poikiloblastic olivine grains. Examples of each of these 

forms were marked and submitted for analysis by electron microprobe. 

The results of these analyses are listed in Table 25, p 128. An 

examination of this Table shows that there is no significant difference 

in the composition of the olivines showing different crystal forms. 

All have a composotion of the order of F065 ,4' and cont ain similar 

amounts of Ni and Mn. 

A few oliv ines from the interior of the olivine gabbro unit ·have 

been analysed by J. Bristow of the University of Cape Town, (personal 

communication ), and these results show the presence of olivines with 

a composition of the order of F052-F066 , near the western contact of the 

unit, while ol i vines from the interior of the unit have compositions 

1n the range Fo 65-Fo66 . Bristow has suggested that this is contrary 

to what would be expected in a simple model involving crystal settling 

of pre- existing olivine crystals, and in fact could be more satis

factorily explained by inward crystallisation from the walls of a 

sheet or dyke-like body.ln, view of the fact that the extent of zoning 

1n the olivines is unknown at this juncture, and that the effects 

of recrystallisation, which appear to have had an important influence 

on the textures of at least some of the rocks in the olivine gabbro 

unit, are not completely understood, this interpretation is not 

adopted here. 

An interpretation of the petrogenesis of the olivine gabbro unit 

is given in the relevent section, (see p 265 and p 274),in which 

crystal settling of pre-existing phenocryst phases is considered 

to have played a significRnt role. 



- 128 -

TABLE 25 

Electron Microprobe Analyses of 5 Olivines from the Olivine Gabbro and 

Analyses of Olivines from the Clinopyroxene Plagioclase Concentrate 

Olivine 1 Olivine 2 Olivine 3 Olivine 4 Olivine 5 Olivine 6 Olivine 7 Olivine 8 Olivine 9 Olivine 10 

MnO 

NiO 

MgO 

FeO 

Si02 

CaO 

TOTAL 

Fo 

Fa 

0,44 

0,17 

33,59 

32,3 

36,33 

0,00 

102,83 

65,3 

34,7 

0,43 

0,13 

34,21 

32,34 

37,01 

0,00 

104,12 

65,3 

34,7 

0,46 

0,18 

33,94 

31,82 

37,10 

0,00 

103,5 

65,5 

34,5 

0,48 

0,18 

34,07 

32,05 

36,59 

0,00 

103,36 

65,5 

34,5 

0,44 

0,18 

34,19 

32,16 

36,91 

0,00 

103,88 

65,4 

34,6 

0,77 

0,00 

16,18 

53,74 

33,53 

0,00 

104,22 

34,9 

65,1 

0,77 

0,00 

15,44 

53,89 

32,95 

0,04 

103,09 

33,8 

66,2 

0,77 

0,00 

16,78 

52,62 

33,14 

0,00 

103,31 

36,2 

63,8 

Cations per 4 oxygens 

Mn 

Mg 

Ca 

Ni 

SUM 

0,9670 

0,7192 

0,0099 

1,3329 

0,0035 

3,0326 

0,9706 

0,7093 

0,0095 

1,33;'0 

0,0027 

3,0291 

0,9766 

0,7005 

0,0104 

1,3318 

0,0038 

3,0230 

0,9671 

0,7085 

0,0107 

1,3426 

0,0038 

3,0326 

0,9699 

0,7069 

0,0098 

1,3394 

0,0038 

3,0297 

0,9804 

1,3142 

0,0192 

0,7054 

3,0192 

0,9785 

1,3385 

0,0195 

0,6833 

0,0013 

3,0211 

0,9749 

1,2946 

0,0193 

0,7538 

3,0247 

Olivine Gabbro 

Olivine 1 

Olivine 2 

Olivine 3 

Olivine 4 

Olivine 5 

large non-poikiloblastic olivine - olivine gabbro - lineated zone - lower contact. 

small non-poikiloblastic olivine - olivine gabbro - linea ted zone - lower contact. 

non-poikiloblastic portion of a compound olivine crystal - same location as 1 and 2. 

poikiloblastic portion of same crystal as olivine 3. 

large poikiloblastic olivine crystal - same location as olivines 1 to 4. 

Clinopyroxene-plagioclase cumulate 

Olivine 6 

Olivine 7 

Olivine 8 

Olivine 9 

small subhedral grain - lower contact of the clinopyroxene-plagioclase cumulate. 

small subhedra1 grain - lower contact of the clir.opyroxene-plagioclase cumulate. 

larger subhedra1 grain - lower contact of the clinopyroxene-plagioclase cumulate. 

larger subhedral grain - lower contact of the clinopyroxene-plagioclase cumulate. 

0,74 

0,10 

17,38 

51,68 

33,85 

0,00 

103,74 

37,47 

62,53 

0,9844 

1,2570 

0,0181 

0,7533 

0,0024 

3,0152 

Olivine 10 - large irregular grain - from the upper portion of the clinopyroxene-plagioclase cumulate. 

1,10 

0,00 

10,99 

56,54 

33,25 

0,10 

101,98 

25,73 

74,27 

1,0135 

1,4415 

0,0283 

0,4995 

0,0032 

2,9861 
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Plagioclase 

In the uppermost parts of the olivine gabbro in the 

Sih1angu1a Stream section and in most of the samples collected 

from elsewhere ~n unit 1, two generations of plagioclase are 

present. 

First Generation Plagioclase 

First generation plagioclase is distinguished by its large size, 

more basic composition, the complexity of the zoning present a.nd 

by a tendency to enclose smaller, normally zoned p1agioc1ases 

marginally. The large first generation crystals consist of three 

structural units, a basic unzoned core, an oscillatory zoned mantle 

around the core, and a normally zoned rim surrounding the mantle. 

Either of the first two units may be repeated, one or more times, ~n 

anyone crystal, as may be seen in fig 14, P 130 , in which the 

compositional variations in a selection of first generation plagio

c1ases are shown. As shown in fig 14, where a unit is repeated, the 

second unit is separated from the first by an irregular, corroded 

boundary. Cores of crystals, whether single or multiple, usually 

have a composition in the range An72 to An
82 

' Le. bytownite. 

The composition of the oscillatory zoned mantles, ranges between 

An70 and AnS8 ' generally being closer to the more sodie extreme, 

and plagioclase forming the '"·ims of the crystals commonly grades 

rapidly from near AnS8 where in contact vlith the oscillatory zoned 

mantles to around AnSO at the margin of the crystal. 

Second Generation Plagioclase 

These smaller plagioc12se crystals display none of the complex zon~ng 

found in the first generation crystals and usually consist of a core 

with a composition ~n the range An6S AnS6 which grades progressive

ly to a margin with a composition of An
S4 

to An
SO

' 
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Figure 14, Compositional zoning present in first-generation plagioclase 

crystals of the olivine gabbro 
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In samples collected along the Ng'.-J'eti River Section textural relationships 

of the plagioclase do not vary, however 1n the Sihlangula Stream Section 

(see geological map) considerable variations ,in texture occur,although in the 

upper parts of the unit textures resemble those just described. 

Passing downwards through unit 1 in the Sihlangula Stream section the 

habit of the olivine changes (see section on the mineralogy of olivine), 

and some plagioclase of both generations may be included in the more 

extensive, often dendritic olivine crystals. These included plagioclases 
, 

tend to have an embayed outline,(see Plate 3, fig 2 and Plate 9, fig 1 ), 

with the embayme.nts ' cross-cutting the pre-existing zoning present in the 

plagioclase. The composition of the included plagioclase is, however un

changed. Closer to the base of the olivine gabbro unit many o'f the 

plagioclases included in the olivine are reduced to small embayed and 

rounded remnants,although adjacent plagioclase crystals which may be 

either included in pyroxene plates or occur interstitiaHy are identical 

to , those described from the top of the unit. In the lowermost rocks 

of the olivine gabbro unit, the plagioclase included in the olivine con~ 

sists of small (0.1 mro) embayed grains. These grains tend to be clouded 

and compositions could not be deterr.lined by· 'optical means. Some of the 

plagioclase included in the adjacent pyroxene is also embayed at this 

point and resembles the plagioclase observed included in olivines at 

higher levels in unit 3. A seriate teAture results with the plagioclase 

varying in size from small embayed grains to large first generation 

phenocrysts, (see Plate 8). 

Close to the contact in the fine-grained lineated rocks the plagioclase 

occurs for the most part as tiny tabular laths, (usually showing a prefer

red orientation), about 0.1 rom in length. These small laths which comprise 

much of the groundmass of the rock are usually zoned. They are composed 

of a core with a composition of about AnSS surrounded by a more Ca-rich 

mantle (coI'lposition An6S ) whi,:h grades into a rim with a composition of 

AnSO • The mantle thus forms a reversed zone. In the largest of the ground

mass crystals oscillatory zoning nay be present in the core. 
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Large appar~ntly relict plagioclase crystals also occur in this 

rock either singly or as small aggregates. They are distinguished 

not only by their size but also by the presence of deformational 

effects such as bending, glide twinning and cracking, and in places 

by partial recrystallisation to smaller gra1ns. The average com

positioL of these large plagioclase crystals is around An 62. 

Pyroxene 

Augite, pigeonite and hypersthene are all present 1n the lowerrnost 

partfl of the olivine gabbro \'lhereas in the uppermost parts only 

augite and pigeonite are found. At all levels within the unit the 

amount of pyroxene varies antipathetically with that of the olivine 

and is always less abundant than the plagioclase. 

Pyroxene in the olivine gabbro usually forms extensive plates, up 

to 30 mm in diameter enclosing large olivine grains and plagioclase 

crystals. Near the basal contact of the unit in the Sihlangula 

Stream Section other textures were noted. The pyroxene here ini

tially forms somewhat less extensive plates crowded with small 

plagioclase inclusions,and then closer to the lower contact forms 

tiny grains of a similar size to the small plagioclase grains. ~l 

addition '~o these modes of occurrence the pyroxene also occurs as 

large porphyroblasts which may show poikiloblastic extensions. 

Orthopyroxene 

Hypersthene is the only orthopyroxene ' identified and 1S confined 

to the lower parts of the olivine gabbro including 

. \ 
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the Hndy lineated rocks at the basal contact 1n the Sihlangula Stream 

section. In the olivine gabbro,hypersthene usually occurs as rims around 

irregular embayed olivine crystals, or less commonly forms large (3 cm 

diameter) plates enclosing plagioclase and olivine grains. Exsolved blebs 

of clinopyroxene are common. At slightly higher levels in the zone, the 

extensive plate r, of hypersthene have cores of pigeonite suggesting that the 

hypersthene was not a primary crystallisation product but represents inverted 

pigeonite. 

In the fine-grained hornfels-textured rocks of the contact zone primary 

hypersthene occurs (primary in the sense that it does not represent inverted 

pigeonite) as small (0.1 mm) groundmass crystals and/or larger porphyroblasts. 

The porphyroblasts appear to have an intermediate composition (Mg
66

) as may 

be seen from the results of microprobe analyses of several grains listed in 

Table 26. The groundmass hypersthenes proved too small for satisfactory 

compositional determination. 

The analyses listed in Table 26 suggest that the Mg content of the orthopyroxene 

may increase upwards through the fine-grained,lineated contact rocks, however 

the range of compositional variation is small, (Mg
65 

to Mg
68

). The analysis 

also shows that strong compositional similarities are present between the 

analysed hypersthene from the top of the olivine gabbro and that from the 

contact zone, (see Table 26). 

Augite 

Augite is present in variable amounts in all specimeus of the olivine gabbro. In 

the lowermost parts of the contact zone it occurs both as tiny, (0.1 mm), ground

mass crystals and as larger porphyroblasts. Higher in the contact zone it 

tends to form poikiloblastic plates and in the average olivine-plagioclase

cumulate these increase in size up to about 30 rom in diameter. 

Exsolution is present 1n the form of thin crystallographically orientated 

lamellae of pigeonite or, less commonly, as discontinuous platelets of ortho

pyroxene. Abundant randomly distributed blebs of orthopyroxene are present in 

some augites and in places these form narrow trails meandering across the host 

augite. 
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TABLE 26 

Electron Microprobe Analyses of 4 Orthopyroxenes from the Olivine Gabbro 

Orthopyroxene 

Analysis No. (I) (2) (3) (4) 

Si02 53,08 52,10 53,33 53,16 
CaO 2,11 2,13 1,95 2,10 
MgO 25,66 23,82 24,96 24,46 
Ti02 0,65 0,76 0,53 0,67 
FeO 20,70 18,80 17,49 19,17 
A1

2
0

3 
0,89 1,29 0,88 0,93 

TOTAL 103,09 98,90 99,14 100,49 

(I) Large orthopyroxene grain from lower part of the contact zone. 

(2) Large orthopyroxene grain from middle of the contact zone. 

(3) Large orthopyroxene grain from upper part of contact zone. 

(4) Orthopyroxene 'plate' (inverted pigeonite) from upper part of olivine 

gabbro. 

Cations per 

6 oxygens c' 1,913) 1,94 ) 1,996) 1,948) .... ~ 1,951 1,997 2,000 1,988 I 0,038 0,057 0,034 0,040 
Al 0,000) 0,000) 0,000) 0,000) 
Ca 0,082) 0,085) 0,077 ) 0,083) 
Mg 1,378»2,102 1,322»2,015 1,371»2,002 1,336»2,026 
Ti 0,018) 0,022) 0,015) 0,019) 
Fe 0,624 0,586 0,539 0,588 

° 6 6 6 6 

I 
I 

Fe 30,53 30,17 27,66 29,93 

M"g 65,59 65,61 68,49 66,00 

Ca ~,88 4,22 3,85 4,07 
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E~ectron microprobe bulk analyses of seven rep~esentative augites from 

the contact zone and the overlying olivine gabbro are listed in Table 27. 

These analyses are shown plotted in the pyroxene quadrilateral in fig 15. 

From these results it is apparent that the pyroxenes show little variation 

in composition. The two analysed pyroxenes from the lower and middle 

levels of the olivine gabbro in the Sihlanglla Stream section, are however 

noticeably more diopsidic and Si-rich and poorer in Fe and Ti, than 

the clinopyroxenes of the fine-grained lineated rocks at the basal contact . 

in the Sihlangula Stream section, and the analysed augite from the top 

of the olivine gabbro,.Ti-AI and si -AI relationships are illus'trated in 

figs 16 and 17. The Ca-rich pyroxenes from the contact zone appear to 

plot as a distinct group containing more Ti and to a lesser extent Al 

than the pyroxenes from the olivine gabbro. The Ca-rich pyroxene from 

the uppermost part of the olivine gabbro hOy7ever plots closer to the 

clinopyroxenes of the contact zone than the augites from the lower

middle parts of the olivine gabbro unit. 

Pigeonite 

Pigeonite occurs in a form identical to that of augite Ln the olivine 

gabbro although it was not noted in tLe contact zone. Exsolution in the 

pigeonite consists of narrow augite lamellae orientated parallel to the 

basal cleavage of the pigeonite itself. 

(c) Ore Minerals 

Several ore minerals occur Ln the olivine gabbro including 

magnetite, ilmenite, pyrite, chalcopyrite, bornite, neodigenite and 

covellite. 

SaMples collected from the lowermost ,part of the zone contain chalcopyrite 

as tiny granules less than 1 rom in diameter and irregular patches of 

pyrite and magnetite up to 3 rom across. For the most part these minerals 



TABLE 27 

Electron Microprobe Analyses of Clinopyroxene from the Olivine Gabbro 

CLinopyroxene 
Analysis no. (1) (2) (3) (4) 

SiC 50,55 51,35 50,78 50,77 
Ca0 2 

18,87 18,70 19,05 18,81 
HgO 15,75 16,16 15,91 15,49 
Ti02 1,19 1,05 1,26 1.25 
FeO 11,44 11,16 11,04 10,7I 
Al20

3 2,48 1,98 2,55 2,64 

SUM 100,28 100,40 100,59 99,67 

Fs 19,32 18,66 18,25 18,62 
En . 43,35 44,40 1~3,67 43,45 
Ca 37,33 36,94 37,59 37,93 

Cations per 
6 oxygens S· 1,889) 1 998 1,911) 1 998 1,839 1,900) 2 000 .~ 

Al 0,109 ' 0,087 ' 0, 11 1) 2,000 0,100 ' 
Al 0,000) 0,000) 0,001) 0,017) 
Ca 0,756) 0,746) 0,759) 0,755) 
Mg 0,878»2,026 0,896»2,019 0,882»2,021 0,864»2,006 
Ti 0,034) 0,030) 0,035) 0,035) 
Fe 0,358 0,347 0,344 0,335 

° 6 6 6 6 

Pyroxenes (l) and (2) Lov:er part of fine-grai""".d lineated contact rocks. 

Pyroxenes (3) and (4) Middle part of fine-grained lineated contact rocks . 

Lower part of olivine gabbro 

Lower-middle olivine gabbro 

(5) 

51,67 
19,62 
16,29 
0,67 
8 , If 1 
2,18 

98,84 

14,27 
45,96 
39,78 

1,931) 2 000 
0,069 ' 
0,027) 
0,736) 
0,907»2,002 
0,019) 
0,263 

6 

(6) (7) 

52,77 51,16 
19 ,54 18,90 
16,64 15,69 
0,72 0,93 
8,60 10,33 
2,26 2,11 

100,53 99,12 

14,46 17,63 
46,33 44,15 
39,15 38,23 

1,936) 2 000 
0,064 ' 

1,922) 2 GUO 
0,078 ' 

0,034) 0,015 
0,768) 0,761 
0,910»1,996 0,879 
0,020) 0,026 
0,264 0,325 

6 6 

Pyroxene (5) 

Pyroxene (6) 

Pyroxene (7) Upper olivine gabbro _I 

w 
0'\ 
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occur interstitially although in places small amounts of chalco

pyrite occur together with magnetite along alteration cracks in 

olivine. 

Slightly higher ~n the zone, composit~ grains of bornite, digenite, 

covellite and chalcopyrite are presenl. These composite copper 

sulphide granules are generally of the order of 0.2 rom in diameter, 

but may reach 1 cm exceptionally. Iu addition to the copper sulphides, 

magnetite and pyrite are also present in minor amounts; magnetite 

in the form of both euhedral crystals and irregu.lar interstitial 

patches, and pyrite, as irregular patches only. The magnetite is 

usually martitised to hematite to a variable extent and exsolution 

lamellae of ilmenite are occasionally present. Near the upper 

boundary of the unit, ilmenite makes its appearance as small, elon

gated, subhedra1 crystals. 

Unit 2 - The c1inopyroxene-p1agioclase-curuulate ( Igneously 

Laminated Gabbro) 

Distribution and Lithology 

Overlying unit 1,(the olivine gabbro), is the much 

thicker clinopyroxene-plagioclase-cumulate, a dark grey, holocrystal-' 

line, medium to fine-grained, phaneric, gabbroic rock. In plan 

the unit has a fairly constant east-west width of around 500 m and 

crops out over a north-south distance of 11,5 km (see geological 

map). The upper part of the unit is deeply weathered, but the 1c.wer 

part is apparently more resistant to weathering and fresh specimens 

are available from outcrops which occur at several points along 

the western margin of the unit. Along the northern bank of the 

Ngweti River, the lower part of the unit ~s particularly well ex

posed. A few specimens of the upper part of the unit are also ob

tainable here, since the weathering products of this rock have 

been found suitable for use as road ballast and a shallow quarry 
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has been established. Near the middle of unit 2 a weakly out

cropping zone of leucocratic gabbroic rock occurs. This rock re

sembles the feldspathic gabbro forming unit 5, the uppermost part 

of the Komatipoort Intrusion, and was initially considered to be 

a xenolith. A finer-grained marginal phase of this weakly out

cropping zone, vlaS noted in recent ex,'.avations by Dr. A. Duncan 

of the University of Cape Town, (personal communication), and it 

thus appears possible that this rock type is a later intrusive 

phase. 

The clinoyroxene-plagioclase-cumulate shows a fairly distinct 

igneous lamination which results from the preferred orientation 

of small platy feldspar and pyroxene crystals. In addition weak 

rhythmic layering, is present in a few specimens from this unit, 

and may be visible in the form of faint bands on the weathered 

surfaces of some outcrops. Prominent rhythmic layering was ob

served in some boulders present in the bed of the Komati River, 

apparently derived from the upper part of the ,clinopyroxene-pla

gioclase-cumulate unit~(see Plate 10, p 141 ). The layers in these 

boulders usually have a thickness of from 10 to 25 cm and in most, 

a gravity stratification (Buddin3ton, 1936), 1.S developed with a 

gradation from a lmv-er, melanocratic, ferromagnesian-rich layer 

to an upper, leucocratic, plagioclase-r ~ ch layer. 

Estimates of the thickness of this unit were made using the as

sumption that the dip of the unit as a whole corresponds to that 

of the igneous lamination. These estimates are complicated by the 

fact that the transition from the pyroxene-plagioclase-cumulate to 

the overlying granophyric gabbro, .is not exposed. If this transi

tional zone, which represents an estimated vertical distance of 

50 m, is included with the freely weathering intermediate zone, 

the thickness of the whole zone is estimated to be of the order of 

250 m. 
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PLATE ]0 

1. Clinopyroxene-plagioclase cumulate, Komatipoort Intrusion, -rhythmic 

layering developed in a boulder of clinopyroxene-plagioclase cumulate, 

(diameter of coin approximately 27,5 mrn) • 

. 2. Granophyric Gabbro, Komatipoort Intrusion, (Granophyric Gabbro). 

Typical pitted appearance of weathered outcrop of Granophyric Gabbro, 

cut by fine-grained vein of Granophyre. 
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(ii) Petrography 

The contact bet,.;een Unit 1 and Unit 2 

Samples collected from the sparse outsrops of the contact between 

the olivine gabbro and the clinopyroxene-plagioclase-cumulate in 

the Ngweti River cross-section, have a texture in many ways inter

mediate between that of these two rGck types, and their petro

graphy provides significant evidence of the relationship between 

the two units. Close to the estimated position of the contact, the 

rock is relatively fine grailled, although a detailed examination 

shows a seriate variation in the grain size of the most abundant 

minerals present, i.e. plagioclase, augite and pigeonite. Plagio

clase ranges i~ length from around 0,04 rom to about 4 mm, with 

some of the largest crystals showing· cOJ!lplex zoning similar to 

that noted in the plagioclase of the olivine gabbro. Pigeonite 

and augite range in size from small rounded grains (diameter 0,2 mm) 

through prismatic crystals 2-3 mm in length, to large platey crystals 

around 5 mm in diameter, reminiscent of the platey augites present 

in the olivine gabbro. Textural relationships vary widely. Smaller 

plagioclase crystals, show strong normal zoning and may have as 

inclusions irregular embayed remnants of plagioclase crystals or 

less commonly small rounded grains of ~linopyroxene. Conversely the 

clinopyroxene, frequently ophitically or sub-ophitically encloses 

plagioclase crystals. The extens ive pyroxene plates usually enclose 

both large and small plagioclase crystals, but in addition contain 

widely scattered corroded remnants of what appear to have been for

mer extensive plates of clinopyroxene. These pyroxene remnants c.re 

now in optical, although not in physical continuity with each other. 

The prismatic clinopyroxene crystals mentioned above show strong 

similarities to these occurring in the main body of the clinopyroxene~ 

plagioclase-cumulate (described later). Similarities include size, 

shape and the presence of a core-mantle structure. Small rounded 

cores of a slightly more Hg-rich clinopyroxene are often present 
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within these prismatic crystals. Less con~only the core 1S composed 

of pigeonite and the mantle of augite or vice versa. In addition 

to the cores however, randomly orientated, irregular grains of 

clinopyroxene may also be included in the outer mantle of the pris

matic crystals. 

Minor mineral constituents include olivine, quartz, ore minerals, 

amphibole and biotite. The olivine occurs either as small rounded 

to euhedral grains 0,3 to 0,5 mID in diameter or as extensive grains 

several millimeters in di.ameter. Patches of magnetite and ilmenite 

up to 2 mm in diameter constitute the bulk of the ore minerals, al

though minor pyrite, chalcopyrite and pyrrhotite do occur. The ore 

minerals replace plagioclase and pyroxene to some extent. Quartz, 

graphically intergrmm with feldspar or associated with needle

like quartz paramorr-hs after tridymite occurs ... interstitially in 

patches of a similar size to the ore minerals. Fairly extensive 

reaction appears to have occurred between this interstitial ma

terial and the feldspars and pyroxenes. 

Specimens further away from the olivine gabbro-igneously laminated 

gabbro contact are coarser graiILed. With a decrease in the amount of 

platey pyroxene, oscillatory zoned plagioclase crystals, large oli

vine grains, and subophitic clinopyrox~nes and a corresponding 1n

crease in the quantity of prismatic to tabular pyroxene and plagio

clasecrystals without oscillatory zoning, these rocks grade into 

the typical clinopyroxene-plagioclase-cumulate. 

The clinopyroxene-plagioclase-cumulate 

The clinopyroxene-plagioclase-cumulate consists predominantly of 

tabular to prismatic plagioclase and clinopyroxene crystals with 

variable amounts of olivine and lesser quantities of ore minerals 

and interstitial material. Orthopyroxene is almost completely 

absent. In general, plagioclase and clinopyroxene contents show 

little systematic variation in the lower half of the unit, however 

the olivine content decreases steadily from around 5% at the base 



- 144 -

of the unit, to zero near the middle. At this point fayalitic olivine 

.appears abruptly in significant amounts, (around 20'7,), f,lS large 

irregular crystals partly enclosing the other silicates. Subsequently 

the olivine content again decreases, and the drop in olivine content 

is accompanied by an antipathetic increase in the amount of inter

stitial micropegmatite .. present, (see Plate 11, fig 2). 

Excluding the rhythmic units, (discussed later) overall variations 

in mineral proportions are as follows:-

Plagioclase varies from 55% to 65%, clinopyroxene from 22% to 30% 

and olivine from 0% to 20%, although in the lower half of the unit 

the olivine content ~s usually less than 5%. In the uppermost part 

of unit 2 interstitial micropegmatite content reaches 8%. 

Igneous Lamination 

In both hand specimen and thin section a feature of the clinopyro

xene-plagioclase-cumulate is the development of a weak igneous 

lamination, produced by the preferred orientation of the tabular 

plagioclase and clinopyroxene c}:ystals which characterise these 

rocks. The feldspars appear to be orientated with their long 

axes approximately parallel to the pl2 ~!e of the layering. To 

investigate this, the orientations of the normals to the albite 

twin lamellae, (i.e. 010 face poles), which are invariably 

present, were measured in two hundred plagioclase crystals in a 

section cut normal to the "c" fabric axis. A petrofabric diagram 

(fig 18, P 146 ), was prepared after the method of Fairbain (19u2) 

showing the frequency of distribution of the face poles. The 

marked axial symmetry indicates a preferred orientation of the 

plagioclases with their largest face (the 010 face) parallel to 

the igneous lamination. 
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PLATE 11 

1. Olivine Gabbro, Komatipoort Intrusion, (Olivine) - Dendritic olivine 

and abundant $econd generation plagioclase crystals, set in an exten

sive plate of intercumulus clinopyroxene. (Transmitted light, crossed 

nicols, X96). 

2. Clinopyroxene-plagioclase cumulate, Komatipoort Intrusion, - Subhedral 

crystals of plagioclase and clinopyroxene (mid-grey) showing distinct 

igneous lamination. Interstitial ore minerals (black), are relatively 

abundant. (Transmitted light, crossed nicols, X96). 
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As has been mentioned, the clinopyroxene al:;;o has a tabular form 

and ,a preferred orientation of these crystals is suggested ~n 

hand specimens. A variation of the elongation ratio of the pyro-

xene from almost 1,5:1 in sections cut parallel to the plane of 

the la~ination to about 3:1 in sections rut perpendicular to the 

plane of the lamination, makes this preferred orientation more 

obvious in thin section. A petrofabric diagram was prepared for 

the clinopyroxene (fig 19, P 146), and this shows the distribution 

of 200 nonnals to the (100) twin plane, (100 twins are common in 

these pyroxenes), in several sections cut in the plane of the "c" 

fabric axis. Again the axial s~etry typical of a crystal cumu-

late is present. It 'vas noticed that, in sections cut parallel to 

the plane of the igneous lrunination, in spite of the preferred 

orientation indicated by the petro fabric diagram, occasional large 

crystals showed what appeared to be (100) twins. As a check on this, 

the distribution of X,Y and Z directions from 200 pyroxene crystals 

were measured in a section cut parallel to the plane of the lamination 

and plotted on a petrofabric diagram (see fig 20, p 146 ). The Y 

directions show two areas of concentration, first along the perimeter 

cf the diagram arid again in the centre of the diagram. The X and Z 

directions likewise show two areas of concentration, the one along 

the perimeter of the diagram and the other at around 450 from the 

centre of the diagram. Identical results ',.ere obtained for 200 X, Y 

and Z directions in a section cut normal to the plane of the lamination. 

Since most of the crystals measured display large faces in sections 

parallel to the plane of the lamination and narrow elongated faces 

in sections cut normal to the lamination, it would appear that the 

clinopyroxene has two crystai forms; in the one type a large face 1S 

developed parallel to (100) and in the other, parallel to (010); 

it is on these large faces that the crystals have settled. The forms 

are present in about equal proportions and are composed of both 

augite and pigeonite. 
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(a) Rhythmic Layering 

Rhythmic layers present in the clinopyroxene-plagioclase cumu

late commonly display more or less well-developed gravity strati

fication resulting from a concentration of pyroxene and ore 

minerals in the base of each unit. This melanocratic base grades 

rapidly u~wards into a leucocratic upper portion that, in turn, is 

abruptly succ.eeded by the pyroxene-rich base of the following unit . 

The rhythmic layers are not thick, ranging from around 10 cm up to 

about 40 cm. 

Mineralogical variations in a single 20 cm thick unit, showing 

strong gravity stratification, were studied in some detail in a 

series of thin sections, some orientated parallel, and the rest 

perpendicular to the plane of layering. The variations in modal 

proportions of the major mineral constituents across this layer are 

shown in Table 28, p tlf9,and again graphically in fig 21, p 150, 

together with the modes of the immediately adjacent layers formed 

by the overlying and underlying rhythmic units. As may be seen from 

Table 29, there is a clear an;'-.ipathetic variation between plagio

clase plus interstitial micropegmatite on the one hand, and pyr~xene 

plus ore of the other. The ratio of plagioclase to pyroxene changes 

from around 1:2 at the base of the unit to 6:1 at the top. No 

systematic variation is shown by actinolite, the only other 

measurable constituent of the rock. This mineral occurs as a late 

stage marginal alteration product of the pyroxene and its abundance 

therefore, is probably related both to the abundance of pyroxene in 

the rock and the quantity of late interstitial fluids present in 

the final stages of crystallisation. Although no regular variation 

in the proportions of this mineral would be expected, it may be noted 

that if the percentage of actinolite is added to the value for 

pyroxene, the regular upward decrease in pyroxene content is not 

affected. 



TABLE 28 

Variations in Modal Proportions and Grain-size in a Gravity-Stratified Rhythmic Unit 

! Position of sample Plagioclase Pyroxene Interstitial Opaque ore Actinolite 

I micropegmatite 

*Radius Volume *Radius Volume Volume Volume Volume 

rrnn % rrnn % % % % 

Ba~e of overlying 33.7 51.2 3.1 8.6 3.4 
rhythmic unit -.p.. 

'" 
Top 

20 em 0.77 70.8 0.32 12.5 6.7 4.0 6.0 

15 em 0.82 60.8 0.40 21.5 5.9 4.5 7.3 

10 cm 0.73 52.3 0.45 31.7 4.6 5.0 6.4 

5 em 0.79 40.5 0.50 If2.2 3.9 7.1 6.3 

o em 0.71 29.3 0.49 53.5 1.2 10.7 5.3 

Base 

Top of underlying 
r p.ythmic unit 65.5 20.2 4.0 6.3 4.0 

*Grain size expressed as radius of a sphere equal in volume to average for 300 crystals at each level. 
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In contrast to the pyroxene and plagioclase crystals of the ig

neously laminated rocks, those present in the rhythmically layered 

unit are orientated in two directions. Not only are these crystals 

orientated with their longest axes parallel to the plane of this 

rhythmic layering, but the long axes of the minerals have a pre

ferred o~ientation, (particularly at the base of the unit), in one 

direction Hithin the pl ane of the layering. 

Grain size measurements were made on'the plagioclase and pyroxene 

crystals at five different levels within the same rhythmic unit, 

300 crystals at each level being measured. Measurements were made in 

planes perpendicular and at right angles to the plane of the layering, 

allowing the volume of both the average plagioclase and the average 

pyroxene crystal to be calculated for each selected level within 

the rhythmic unit. For comparative purposes these have been re

calculated as radii of spheres of equal "/olume. Results are listed 

in Table 28, p 149 , and are shown graphically in fig 21, p 150. 

As may be seen from these results the pyroxene shows the type of 

distribution that may be expected as a consequence of the settling 

of crystals of different sizes, with the largest crystals concentrated 

at the bottom of the layer, (see discussion later). 

In contrast, the plagioclase in general shows a tendency to ~ncrease 

in size upwards through the rhythmic unit. 

According to Wager (1968) some caution should be exercised before 

ascribing the development of rhythmic layering simply to differences 

in size or density between the settling crystals. Jackson (1961) 

has pointed out that in many cases crystals of different species at 

the same level in a rhythmic unit, do not have the same hydraulic 

equivalent, and many factors may playa part in the development 

of rhythmic layering. Campbell, (1978) ,discussed certain problems with 

cQmulus theory and has suggested the possib i lity that rhythmic units 

could originate by a process of bottom crystallisation. 
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The size distribution of the plagioclase crystals was therefore 

examined in more detail, at least 1 000 crystals being measured 

at each of the selected levels within the rhythmically layered 

unit. In Table 29 results of the more detailed grain size analysis 

of the plagioclase crystals present in the rhythmic unit, are 

shown,. 

The results are here expressed in form of mean length of the plagio

clase crystals at each level, as the previous measurements have 

shown no advantage in recalculation to the radius of sphere of 

equal volume. 

TABLE 29 

Mean length and dispersion calculated for a minimum of 500 plagio

clase crystals per sample, for 5 samples taken at different levels 

within a rhythmically layered unit. 

Sample Sample no. Hean Measure of 

Position Length (rom) dispersion 

Top 1 2,44 2,00 

2 2,21 2,54 

3 1,87 2,14 

4 1,73 1,65 

Base 5 2,10 2,70 

(Measure of dispersion 2. 
x 1 -

n n 
-where X is the mean of Xi variables). 

Thase results appear to confirm the previously described general 

tendency for the size of the plagioclase crystals to increase upwards 
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through the unit. A local maX1mum in size and dispersion is reached 

in the lowest part of the unit, but immediately above this point, 

mean length and the other parameter, (tp.e measure of dispersion), 

drop to a minimum, and then increase upwards through the unit until 

just belclW the top. In the highest sample in the unit, mean length 

reaches a maximum, but dispersion decreases slightly to a value just 

below those of the sample occurring in the middle of the unit. 

(b) Discussion 

Roobol, (1972), has suggested that size grading in gravity strati

fied units is very rare, having been reported only from the Duke 

Island complex of Alaska (Irvine, 1963, 1965) and by Roobol himself 

from the Vesturhorn intrusion in Iceland. Roobol indicated ho,v-ever, 

that settling of crystals of different sizes from a magma layer will 

inevitably produce size grading in the resulting cumulate unless 

fairly special conditions prevail, namely, that the magma constitutes 

a thick layer moving by laminar flow, or a thinner layer moving by 

turbulent flow. 

Wager and Brown (1968) have proposed that gravity stratified units 

are produced by crystal settling from relatively thin density currents. 

If this mode of origin is accepted, the pyroxene grain size distribu

tion is 1n accord with the settling of a population of crystals with 

a range of gra1n S1zes from a thin density current moving oy laminar 

flow. 

This proposal does not appear to be adequate to explain the plagioclase 

grain size distribution. Confirmation of this is provided by grain 

S1ze analyses of water-laid sedimentary graded bedding produced both 

by a waning current and turbidity current. Deposition of sediments 

by a waning current tends to produce graded bedding in which grain 

size decreases upwards and dispersion rffilains relatively constant, 

on the other hand density currents produce graded bedding ~n which 

grain size and dispersion decrease upwardB, (Pettijohn, 1957). 
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The plagiocl~se grain size data presented here ( p 152) do not 

appear to match either of those patterns. 

A mechanism for the modification of the texture of gravity stra

tified units has been advanced by Wager and "Brown, (1968). This 

involves the addition of crystals to the density current from the 

overlying magma. An explanation could be proposed therefore, for 

the obs'.!rved plagioclase grain-size distribution in terms of the 

steady addition of large plagioclase "crystals only to the crystal 

population of the density current during formation of the gravity 

stratified unit. These plagioclases would have been expected to be 

accompanied by clinopyroxene crystals in view of the generally con

stant composition of the clinopyroxene-plagioclase-cumulate, and the 

pyroxene size distribution suggests that this has not occurred. 

Adcumulus growth of the plagioclase crys , als after settling may 

have effected the size of the crystals to some extent, but micro

scopic examination of the plagioclase crystals shows that the outer

most zoned portion of the plagioclase crystals LS not extensive 

enough to explain the observed size distribution. Further the presence 

of stagnant magma layers as suggested by Jackson (1961) does not seem 

likely in this case as noticeable movement of the magma is suggested 

by the mari~ed orientation of the settled crystals in two planes. 

An alternative explanation is that continued crystallisation of the 

"more slowly settling plagioclase accompanied Dy a nucleation of new 

plagioclase crystals may have markedly affected grain size distri

bution in the following way. If the cumulate layer is assumed to 

have originated by crystal settling from crystal-charged magma, the 

major factors determining which plagioclase crystals reached the 

floor of the intrusion first are likely to be, settling velocity 

which may be equated with crystal size to a large extent (since 

we are dealing with plagioclase only) and the distance of any given 

plagioclase crystal from the floor of the ir.trusion when crystal 

settling commenced. 
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In the lowest part of the cl:mulate layer the largest, most rapidly 

settling plagioclases could therefore be expected to accumulate pre

ferentially together with some small crystals which were close to the 

floor of the intrusion at the time settling was initiated, producing 

a population with large mean grain size and a large dispersion, as the 

range of grain sizes could approximate that of the crystal populatioli 

suspended ~n the magma, if the crystals were randomly distributed 

throughout the magma. If the crystal-charged magma from which the 

crystals were settling out was a layer of limited thickness, and in 

addition ,if crystal growth was either absent or slow in relation to 

the crystal settling, depletion of the magma ~n large rapidly settling 

crystals would eventually occur. Thus the upward decrease in the mean 

size of the plagioclase crystals present in the lowest part of the 

.cumulate unit, may result simply from an impoverishment of the Qagma 

in large rapidly settling plagioclase crystals. To account for the 

subsequent g~adual increase in the size of plagioclase crystals up

wards through the cumulate layer it is suggested that, due either to 

the slower settling rate of the smaller plagioclase crystals still in 

suspension, or to an increase in the rate of crystallisation of the 

plagioclase as a result of pel'haps a gradual decrease in the tempera

ture of the magma, the rate of crystallisation of the plagiocla3e 

becomes significant ~n relation to the rate of settling of the plagio

clase crystals. The increase ~n dispersion which accompa.nies the in

crease in grain size upwards shown in Table 30, p 152 , may be ex

plained provided that either (a) the large plagioclase crystals grew 

more rapidly in f.ize than the 'smaller crystals, or 

(b) that plagioclase crystals were still 

nucleating,homogeneously or heterogeneously. 

In the highest part of the unit grain size dispersion decreases and 

it is possible therefore that both crystal growth and nucleation con

tinued until the final stages of formation of the cumulate was reached, 

resulting ~n the steady increase in both grain size and dispersion. In 

the final stages dispersion decreases, possibly due to the fact that 

with decrease in temperature nucleation ceased although crystal growth 
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continued, leading to the lr,rge grain size and smaller dispersion of 

the uppermost part of the cumulate l ayer. 

Thus it is suggested that the gravity stratified layer may have origi~ 

nated by crystal settling of plagioclase and pyroxene (and magnetite) 

crystals out of a crystal-charged magma layer of limited thickness, P0-

ssibly a m~gmatic density current. Conditions 1n this magma layer were 

such that grain size distribution of pyroxene crystals were influenc.ed 

predominantly by settling rates. Plagioclase grain size distribution 

may on the other hand be explained, if both nucleatio:1 of new plagio

clase crystals and growth of existing plagioclase crystals occurred 

during the fo "rmation of the gravity-stratified cumulate layer. 

(iii) Mineralogy 

(a) Plagioclase 

The plagioclase present in the clinopyroxene-plagioclase cumulate 

is invariably approximately tabular in form and commonly displays a 

core-mantle-rim structure. In many of the crystals the core and the 

inner edge of the rim are of a similar intermediate composition (Anss) , 
while the mantle is on average of a slightly more basic composition 

(An60), i. e. it is a reversed zone. The cores ShOYl irregular corroded 

outlines, and they are unzoned. When considered by themselves it may 

be seen that both the mantles and the rims display ~oroal zoning. 

Some of the crystals have a mantle that is not a reversed zone and 

the An content of the plagioclase then drops steadily from the core 

through the mantle and the rim to the outer margin of the crystal. In 

the upper third of the clinopyroxene-plagioclase curoulate,crystals 

showing oscillatory-·zoned mantles make their appearance. 

Near the base of the unit small plagioclase crystals may be included 

within the larger plagioclases and higher in the unit minute clino

pyroxene crystals are also enclosed by "L~e plagioclase. Towards the top 

of the unit these included crystals are less common. The large first 
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generation ph(mocrysts displaying several sequences of oscillatory 

zoning, which were noted in both the olivine gabbro and the contact 

zone of the clinopyroxene-plagioclase cumulate are rare, although 

similar crystals were occasionally observed near the lower contact 

of the unit. 

The plagioclase crystals have in places suffered mild deformation, 

evidenced by the development of some crac~s, less commonly more 

severely deformed crystals were noted.· 

(b) Pyroxene 

Augite and pigeonite, the pyroxene commonly present in the clino

pyroxene-plagioclase cumulate, occur as small tabular crystals in 

the lower pa~t of the unit. These tabular crystals are not always 

homogeneous, and often consist of cores 0: the one pyroxene surroun

ded by mantles of the other. Particularly in the lower and middle 

parts of the zone, crystals composed of cores of augite with 

pigeonite mantles, and the reverse relationship, are present 1n the 

same specimen. In addition, augite crystals mantled by augite with 

a sljghtly different crystallographic orientation and pigeonite 

crystals (with a similar structure), composed of two pigeonite phases 

were also noted in these rocks. 

More rarely the pigeonite is partly inverted to orthopyroxene. 

Occa.sional bent crystals were noted although ot:l1er deformational 

effects were limited to a little irregular cracking in some crystals. 

In the upper parts of the unit, the pyroxene shows alteration along 

crystal margins to a fibrous, strongly pleochroic (green to yellow) 

hornblende or to deep yellowish brown iddingsite. In places in the 

upper part of the unit interstitial micropegmatite has reacted with 

the pyroxene reducing it to a few embayed remnants, frequently 

darkened to a brovmish colour at the edges and bordered by a few 

granules of iron ore. 



TABLE 30 

Results of Electron Microprobe analysis of 8 Ca-rich pyro;~enes and one Ca-poor pyroxene from the Clinopyroxene
Plagioclase Cumulate, Komatipoort Intrusion. 

Clinopyroxene 
D 44 (1) D 45 (2) .... " 

Analysis D 46 (1) 

No. 1 2 3 

Si0
2 51,01 51,09 51,19 

CaO 16,61 15,91 16,80 
HgO 14,17 14,08 14,83 
'fiO? 0,87 0,95 0,91 
FeO- 15,10 15,52 15,63 
Al

2
0

3 
1,73 1,72 1,84 

Sum 99,49 99,27 101,20 
* Analyses 2 & 9 represent coexisting pyroxenes 

Cations per six _O 

- - - -

D 46 (2) D 47 (I) D 47 (2) D 47 (3) D 47 (4) 

4 5 6 7 8 

52,25 ,)1,54 51,16 51,16 50,72 
17,20 18,30 16,70 17,69 16,93 
15,75 16,14 14,85 16,34 14,73 
0,75 0,79 0,94 0,77 0,97 

13,40 12,46 15,08 12,65 15,82 
1,73 2,03 1,70 2,02 1,67 

- ---- -

101.08 101,26 100,43 100,63 100,84 

" ... 
D 45 (I) 

9 

52,02 
4,46 

19,33 
0,60 

23,56 
1,03 

I 
101,00 

Si 
Al 

1,938) 2 000 1,944) 2 000 1,918) 1 991 1,937) 2 000 1,910) 1 999 1,926) 2 000 1,907) I 996 1,912) 1 986" 1,950) 1 995 
0,062 ' 0,056 ' 0,081 ' , 0,063 ' 0,089 ' 0,074 ' 0,089 ' 0,076 ' 0,046 ' 

Al 
Ca 
Hg 
'fi 
Fe 

° 
Fs 
En 
Ca 

Analysis 1 
Analysis 2 
Analysis 3 
Analysis 4 
Analysis 5 
Analysis 6 
Analysis 7 
Analysis 8 
Analysis 9 

0,015) 0,022) 0,000) 0,013) 0,000) 0,002) 0,000) 0,000) 0,000) 
0,576) 0,649) 0,674) 0,684) 0,727) 0,674) 0,707) 0,684) 0,179) 
0,803»1,999 '0,799»1,991 0,828»2,018 0,871»2,005 0,891»2,026 0,832»2,010 0,908»2,032 0,828»2,039 0,080»2,015 
0,025) 0,027) 0,026) 0,021) 0,022) 0,027) 0,022) 0,028) 0,017) 
0,480 0,494 0,490 0,416 0,386 0,475 0,395 0,499 0,739 

6 

25,45 
40,46 
34,09 

6 

26,47 
40,57 
32,95 

6 

25,54 
41,04 
33,42 

6 

21,93 
43,74 
34,33 

6 

20,14 
44,00 
35,86 

Augite mantle - lower part of the clinopyroxene-plagioclase cumulate. 

6 

24,97 
41,49 
33,54 

Augite mantle - lower part of the clinopyroxene-plagioclase cumulate. 
Augite nmntle - middle part of the clinopyroxene-plagioclase cumulate. 
Augite core - middle part of the clinopyroxene-plagioclase cumulate. 
Augite core - upper-middle part of the clinopyroxene-plagioclase cumulate. 
Augite mantle - upper-middle part of the clinopyroxene-plagioclase cumulate. 
Augite core - upper-middle part of the clinopyroxene-plagioclase ct~ulate. 
Augite mantle - upper-middle part of the clinopyroxene-plagioclase cumulate. 
Pigeonite - lower part of the clinopyroxene-plagioclase cumulate -

coexists l"ith augite of Analysis 2. 

6 

20,49 
44,72· 
34,80 

6 

25,83 
40,62 
33,56 

6 

37,52 
53,60 
8,88 

V1 
00 
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Electron microprobe analyses of eight Ca-rich pyroxenes . from various 

levels in the unit, together with a single pigeonite analysis are 

shown in Table 30. These compositions have been plotted in the 

pyroxene quadrilateral in fig 15. It is apparent that inter-grain 

compositional variation is of the same 0rder as inter-grain 

variation and that the composition of the Ca-rich pyroxene does not 

appear to change vertically through the unit. Noticeable compos~

tional differences are present between the cores and the margins of 

the Ca-rich pyroxene crystals, the cores being distinctly more En 

rich than the mantles of these crystals. Al - Ti and Al - Si rela

tions are shown in figs16,17. In general it may be said that the 

mantle augite is enriched in Ti and Si and depleted in Al relative 

the augite forming the cores. Core augite represented by analysis 

4 however, has a relatively high Si content and correspondingly 

low Al content compared with the other two core-augite analysis. 

The Ti content of this core augite is hmvever of the same order 

as the other core augites, (see Table 30 ). 

(c) Olivine 

In the western contact rocks of unit 2, olivine occurs both as 

small rounded grains and as occasional large irregular crystals 

with included· plagioclases. X-ray determinations, (see Appendix), 

show the large olivines have a composition of around Fo and these 
. 60' 

are interpreted as xenocrysts from the olivine gabbro. Electron 

microprobe analyses indicate the small olivines, in contrast, are 

fayalitic in composition,(see ~ Table 25, p128). Over much of unit 2 

olivine is absent, but where it reappears in the upper part of the 

unit, as extensive crystals partially enclosing plagioclase and 

pyroxene, it is more fayalitic than the rounded grains in the contact 

rocks, (see Table 25, p 128). 

(d) Ore Minerals 

Magnetite and ilmenite are the most abundant ore minerals present l.n 

the clinopyroxene-plagioclase cumulate, although minor amounts of 

pyrite, chalcopyrite, pyrrhotite and pentlandite were also noted. 

Both magnetite and ilmenite occur as irregular interstitial grains 

up to 2 mm in length, although magnetite, in the upper part of the 

unit also occur s as euhedral grains. 
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Unit 3 - The Granophyric Gabbro 

Distribution and Lithology 

The only ::'ocation at ,<,hich good exposures of the granophyric gabbro 

are available is in the Komati River bed, where in the last west-

. ward looping meander before the junction with the Crocodile River, 

the Kom2ti River twice cuts across the Komatipoort Intrusion, (see 

geological map). In the most northerly of the two river sections 

the exposures are better, but they are for the most part accessible 

only during the dry winter months when the river is flowing at its 

lowest level. Most of the specimens on which the description of this 

zone is based, were, therefore, collected from these sections. 

The exact position of the contact between the granophyric gabbro 

and the clinopyroxene-plagioclase-cumulate is not certain because, 

as mentioned in the previous section, a gap equivalent to a vertical 

distance of 50 m separates the last outcrop of the clinopyroxene

plagioclase-cumulate from the lowermost exposures of the granophyric 

gabbro. The boundary between units 2 and 3 shown on the geological 

map, 1S defined in the field by the most e.asterly exposures of the 

rocks of unit 3, in a strongly outcropping band of granophyric 

gabbro. 

When fresh, the Granophyric Gabbro is a medium to coarse gr~ined 

rock, often lighter coloured than the rocks of unit 1 

and unit 2, a property which is to some degree obscured by the 

fact that the colour of these rocks deepens on weathering. They 

appear phaneric in hand specimen, but the presence of abundant, 

aphanitic, interstitial material between aggregates of large crystals 

of feldspar and pyroxene give polished hand specimens of some 

specimens of these rocks a glomeroporphyritic appearance. Preferen

tial weathering of the crystal aggregates gives outcrops a pitted 

appearance, (see Plate la, p 141 ). 
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As the contact between the granophyric gabbro and the granophyre 

is approached the grain size of the granophyric gabbro decreases 

rapidly over a horizontal distance of about 15 m, and at the con

tact, the granophyric gabbro is dark, fine grained, and speckled 

with sma~1 patches of pink micropegmatite. It is extremely tough 

and compact, and is further distinguished by the presence of 

irregular patches of pyrite up to 2 em in diameter. Large xenolithi.c 

blocks cf feldspathic gabbro (5 to 6 m across) are also present in 

the granophyric gabbro within a few meters of the contact. In these, 

pyrite occurs concentrated along cracks, apparently having been 

introduced by veins of granophyric material which cross-cut the 

xenoliths. 

Assuming a dip of 250 for this unit, (to correspond with that sug

gested for unit 2), these rocks probably reach a thickness of the 

order of 225 rn in the Komati River Section. Elsewhere the thickness 

seems variable, although difficult to estimate. 

(ii) Petrography 

A sharp contrast in both texture and composition exists between the 

rocks of unit 3 and the igneously laminated rocks of unit 2. The 

change is uue to an increase in the average size of the plagioclase 

crystals and in the amount of interstitial micropegmatite present, 

(about 25% at the base of the unit). This produces a more ~oarsely 

textured rock with an almost porphyritic appearance in pl,aces, but 

without trace of rhythmic layering or igneous lamination. 

The principle constituents of the rock are plagioclase, clinopyroxene, 

(augite and pigeonite), and micropegmatite. Modal proportions of the 

major minerals fluctuate widely on a local scale, but in addition 

there appears to be an enrichment in interstitial micropegmatite 

upwards through the unit. The range of variations of the modal pro

portions on the scale of a thin section are as follows. Pl~gioclase 

content varies from 30% to 45%, py.coxene concentration ranges from 

8% to ]8% and the micropegmatite content, varying inversely with the 
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plagioclase and pyroxene content ' varies from 56% to 25%. 

Other constituents include iron ore (up to 5%), slender needles 

of apatite that occur in minor amounts but are c!istinctly more 

abundant than in the underlying rock, and rarely, minute, inter

stitial, euhedral zircons. Altered mafics always constitute a 

considerable proportion of the rock, ranging from 3 % to 10%, 

(see Plate 12, p 163). 

The upper 30 meters of the zone is depply weathered, but thin 

sections of the few available specimens indicate that it is distin

guished by the appearance of smalleuhedral to subhedral crystals 

of a brown pleochroic hornblende in minor amounts. 

Although in hand specimen this rock type shows a fairly uniform 

appearance, on the scale of a thin section the texture varies, and 

may best be described as poikilophitic. Locally it is ophitic to 

sub-ophitic with large pale brown clinopyroxene plates partly en

closing plagioclase laths up to 15 mm in length. Less commonly the 

pyroxene forms smaller granules and the texture becomes sub-ophitic 

to interstitial although neither of these textures persists over 

more than a few cm, as large amounts of irregularly distrib 11ted, 

fine-grai~.ed micropegmatite containing large grains of free quartz 

in places occur in the rock. These textures are, however, well 

developed in places where a minimum of the micropegmatitic material 

. is · present, and the rock in thin section theyl. re.sembles normal gabbro 

containing 5% to 10% interstitial micropegmatite. 

Where the micropegmatite content of the rock increases, its texture 

is porphyritic to glomeroporphyritic, and here the plagioclases, 

usually bordered by ragged remnants of brown to greenish pyroxene 

crystals, or forming small aggregates sub-ophitically enclosed by 

associated pyroxenes, occur in a matrix of micropegmatite. The 

plagioclases are often clouded and may be partly replaced by the 

alkali~feldspar of the micropegmatite matrix. Pyroxenes of these 
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PLATE 12 

1. Granophyric Gabbro, Komatipoort Intrusion. Elongated plagioclase lath 

and corroded clinopyroxene crystals (dark grey) in matrix of micropeg

matite and ~re minerals, (black). (Transmitted light, crossed nicols, X96) 

2. Granophyre, Komatipoort Intrusion, dark, partly corroded plagioclase 

crystals set in a matrix of coarse-grained micropegmatite. (Transmitted 

light, crossed nicols, X96). 
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- 164 -

clusters that project into the micropegmatite show highly 

irregular, corroded boundaries. The micropegmatite patches, however, 

do not form regular lenses or schlieren as described from some 

differentiated tholeiite sheets. 

A distin"tive feature of the pyroxenes of unit 3, is that they are 

sometimes,bent, as evidenced by the (110) cleavage traces, (see 

section on mineralogy). 

Mineralogy 

Plagioclase 

The plagioclase consists of .. lath-shaped crystals showing irregular 

outlines and varying in length from 2 mm to 15 mm. These plagioclase 

laths occasionally enclose small patches of pyroxene, but the reverse 

relationship is equally common. Where plagioclase is in contact with 

micropegmatite euhedral faces may occasionally be developed, but more 

frequently crystal margins are irregular and suggest reaction has 

taken place. Occasionally, small toneues of micropegmatit(~ proj ecting 

into the plagioclase were noted and the margins of the crystals 

frequently show a brownish-pink clouding. Strong normal zoning from 

core ( ~Ar.60) to margin ( ~An48) is common, although individuals dis

playing oscillatory zoned cores with normally zoned mantles are also 

present in this unit. A proportion of the plagioclase crystals show 

. deformational effects such as cracking and mc;J:"e exceptiorwlly bending. 

There is some suggestion that these deformed crystals increase in 

abundance towards the upper contact of the granophyric gabbro with 

the granophyre. 

(b) Pyroxene 

The pyroxene present in the granophyric gabbro has two distinct 

modes of occurrence. 
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(I) Pale brown crystals (up to 10 mm in diameter) occur associated 

with the plagioclase crystals ln aggregates several cms across. 

Textures range from ophitic to intergranular and the pyroxene 

shows no sign resorbtion or alteration. The bulk of this pyroxene 

is a Ga-rich variety, however, pigeonite may form the cores 

to S0me of these crystals. Exceptionally more complex crystals 

showing four zones of alternating : pigeonite and Ca-rich pyro

xene were noted. 

(2) In micropegmatite rich parts of the rock the Ca-rich pyroxene 

forms irregul.ar grains several millimeters long and small 

corroded fragments scattered through the micropegmatite. In 

places it occurs graphically or dendritically intergro~~l with 

the margins of plagioclase crystals. Less commonly the pyroxene 

occurs in fan-shaped groups with a single augite crystal splitting 

into several curved radiating sub-un~ts. These Ca-rich pyroxenes 

show strong compositional zoning from brown cores to green Fe

rich margins. The marglns of these crystals are invariably 

irregular and may be rimmed by a variety of minerals including 

biotite, hornblende, "iddingsite" and opaque iron ore. 

Occasionally rounded pale brown grains of pigeonite mantled by 

greenish brown Ca-rich pyroxene occur set in matrix of micropeg

matite. 

Electron microprobe analyses of 13 Ca-rich cJincpyroxenes and one 

Ca-poor clinopyroxene are listed in Table 31 • The Ca-rich .clino

pyroxenes may, in general, be termed ferro-augite as their compo

sitions range from approximately En
34 

to En
IO

• The most magnesian 

of these ferro-augites (analyses 1 and 13, Table 31 ) form part of 

'gabbroic' textured clusters of plagioclase and pyr(,xene crystals, 

a few cms across, which contain little of the interstitial grano

phyric material so abundant in this unit. The composition of these 

two pyroxenes plots relatively close to the compositions of pyro

xenes from the clinopyroxene-plagioclase clUUulate in the pyroxene 
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INDEX TO TABLE 31 

Core of large pale brown Ca-rich pyroxene crystal from 'gabbroic' 

tex tured plagioclase-pyroxene aggregate - (lower granophyric gabbro). 

Core of large brown Ca-rich pyroxene crystal associated with inter

stitial micropegmatite - (same sc@ple as analysis 1). 

Brown Ca-rich pyroxene mantling pigeonite· set in micropegmatite 

matrix - (lower granophyric gabbro) - the pigeonite composition 

is listed under analysis 13. 

Brown Ca-rich pyroxene set in micropegamatite matrix -(middle 

granophyric gabbro). 

Brown Ca-rich pyroxene set in micropegmatite matrix - (same sample 

as analysis tl). 

Green Ca-rich pyroxene rimming brown pyroxene - set in micropegma

tite matrix (same samples as 4 and 5). 
~--------------~----~------------Brown Ca-rich pyroxene - set in micropegmatite matrix - (upper part 

of granophyric gabbro). 

Green Ca-rich pyroxene - set in micropegmatite matrix - (same sample 

as analysis 7). 

Green Ca-rich pyroxene - set in micropegmatite matriA - (same sample 

as analyses 7 and 8). 

Green Ca-rich pyroxene - set in micropegmatite matrix - (s~~e sample 

as analyses 7 - 9 ). 

Green Ca-rich pyroxene - set in micropegmatite matrix - (same sample 

as -analyses 7 - 10). 

Green Ca-rich pyroxene - set in micropegmatite matrix - (same sample 

as analyses 7 - 11). 

Core of large brown Ca-rich pyroxene crystal from 'gabbroic' 

textured plagioclase-pyroxene aggregate (upper granophyric gabbro). 

Pale brown Ca-poor pyroxe lle (pigeonite) -:- mantled by ferro-augi t<! 

(composition of ferro-augite .mantle listed under analysis 3). 



TABLE 31 

Results of the electron microprobe analyses of 14 pyroxenes from the granophyric gabbro, Komatipoort Intrusion. 

Pyroxene Analysis No: I 2 3 4 5 6 7 

Si02 50,24 49,00 48,83 50,22 49,85 49,74 49,43 

CaO 15,28 17,07 17,90 ·17,38 18,08 19,45 18,24 

HgO 11,96 6,23 6,79 7,77 7,54 3,45 7,46 

Ti02 1,01 0,85 0,63 0,86 O ~ 94 0,25 0,98 
FeO 20,38 Z6,90 22,71: · . 25,26 25,15 27,68 24,47 

A1 20
3 1,68 1,19 0,82 1,16 1,21 0,64 1,39 

Sum 100,55 100,94 97,68 102,66 102,78 101,14 101,97 

Fs 34,24 45,35 39,92 41,89 40,54 47,29 40,88 
En 34,28 18,40 20,75 22,29 23,38 10,45 21,44 
Ca 31,48 36,25 39,33 35,82 36,08 42, 7i 37,68 

Cations per 6 oxyg~s: 

Si 1,930) 2,000 1,945) 2, 000 1,925) 2,000 1,943) 1,995 1,931) 1,986 1,989) 2,000 1,927) 1,991 
Al 0,070 0,055 0,025 0,053 0,055 0,011 0,064 
Al 0,006) 0,000) 0,014) 0,000) 0,000) 0,019) 0,000) 
Ca 0,629) 0,726) 0,776) 0,720) 0,750) 0,833) 0,762) 
Mg 0,685»2,004 0,369»2,003 0,409»1,986 0,448»2,010 0,486) )2,079 0,206»1,990 0,434»2,023 
Ti 0,029) 0,025) 0,019) 0,025) 0,028) 0,008) 0,029) 
Fe 0,655 0,883 0,768 0,817 0,815 0,924 0,798 

------ ----
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TABLE 31 (continued) 

~esults of the electron microprobe analyses of 14' pyroxenes from the granophyric gabbro, Komatipoort Intrusion. 

Pyroxene Analysis no: 3 9 10 11 12 13 14 

Si02 48,59 49,35 1+8,21 49,00 49,19 48,87 50,40 

CaO li:~73 19,26 19,09 19,14 19,30 5,83 15,10 

MgO 5,40 4,45 4,39 4,33 4,26 13,92 10,73 

Ti02 0,27 0,24 0,26 0,26 0,19 0,46 0,91 

FeD 26,01 28,14 27,51 28,23 26,19 28,07 23,55 

Al20
3 0,59 0,52 0,62 0,55 0,49 0,49 1,28 

Sum 99,59 101,98 100,08 101,51 99,62 97,64 10 J ,97 

0 ' 

Fs 43,85 46 ',51 46,22 46,89 44,92 46,88 38,78 

En 16,07 13,01 13,03 12,71 12,94 40,83 30,43 

Ca 40,08 40,48 40,74 40,40 42,14 12,29 30,79 

Cations per 6 oxygens: 

Si 1,963) 1,991 1,964) 1,981 1,956) 1,986 1,961) 1,987 1,988) 2,000 1,958) 1,981 1,935) 1,993 
Al 0,028 , . 0,025 0,030 0,026 0,012 0,023 0,058 

Al 0,000) 0,000) 0,000) 0,000) 0, ° II, ' , 0,000) 0,000) 
) 

Ca 0,81 J) 0,821) : 0,830) 0,821) 0,836) 0,250) 0.621) 

l'~g 0,325»2,023 0,264»2,029 0,266»)2,037 0,258»2,032 0,257»1,995 0,831»1,986 0,614»2,017 

Ti 0,008) 0,007 ) 0,008) 0,008) 0,006) 0,014) 0.026) 

Fe 0,879 0,937 0,933 0,945 0,885 0,941 0,756 

--- - ------
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quadrilateral, (see fig . IS ). This is in contrast to the rest of 

the ferro-augite analyses which plot in a group near the Fs-Ca 

margin of the ferro-augite field, and are noticeably richer in Ca. 

Ferro-augites occurring 1n association with interstitial micro peg

matite also appear to be richer in Fe than those present in adjacent 

'gabbroic' textured patches of granophyric gabbro. This results in 

large compositional differences between pyroxenes in the same sample 

and even the same section, (compare analyses 1 and 2, Table 31 ). 

In addition, the compositions of the ferro-augites associated with 

the micropegmatite comnlonly show a relatively large compositional 

range from brown-coloured cores to green margins, (compare analyses 

5 and 6, Table 31 ). 

·Ti-AI and AI-Si relationships of the Ca-rich pyroxenes are shown 

in figs 16 and 17 • Again the pyroxene represented by analysis 1 

plots adjacent to the pyroxenes of the clinopyroxene-plagioclase 

cumulate. The rest of the ferro-augites show a range of values with 

'Ii and Al decreasing ,,,ith increasing Sit over a ·wide range of Si 

values. 

The Ca-poor pyroxene analysis has a relatively high Ca content. This 

may reflec·t the presence of undetected exsolved Ca-rich pyroxene 

lamellae. The calculation of Mg:Fe distribution coefficients suggests 

that the pigeonite is likely to be in equilibrium with the Ca-rich 

. pyroxene represented by analysis I rather th~n that of analysis 3, 

the -ferro-'augite mantling the · pigeonite. Values obtained were as 

follows: 

Pyroxenes 3 and 13 

Pyroxenes and 13 

~(Mg:Fe) 

~(l1g:Fe) 

= 1,675 

= 0,87 

Kretz (1963) has shown that for igneous pyroxenes this value lies 

between 0,65 and 0,86. 
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I Deformation of the Pyroxene 

(i) Bending 

Curved crystals of two distinct orig~ns are present 1n the Grano

phyric Ga~bro; one due to curvature developed during growth of the 

crystal, the other to mechanical deformation as a result of stress. 

The first type occurs as single, continuously curved units showing 

no sign of strain, and is usually found in the granophyric micropegma-

-tite-rich patches present in the gabbro. The other variety, (often 

present in 'gabbroic' textured patches), although showing continuous 

(110) cleavage traces passing through the entire crystal, usually 

displays other deformation, and recovery structures, as described 

below. The reasons for considering these bent crystals to be a de

formational rather than a growth feature may be summarised as follows: 

. The bent crystals frequently show other deformational effects such 

as undulose extinction and cracking. 

2 The pyroxene crystals show other deformational effect, such as 

l'.udulose extinction, cracking or what is probably twin gliding. 

3 Many of the bent crystals are composed of several sub-units and 

both the size and abundance of these sub-units varies with the 

degree of 'curvature of the individual crystal. In tightly bent 

crystals with small radius of bending, the size of the crystal 

sub-units often decreases towards the inside of the curve, this 

latter point corresponding to the area of greatest compression. 

The sub-units are considered to be the result of the stress

release mechanism, polygonization. 

Although no previous detailed accounts of the field occurrence of 

bending in pyroxenes could be located, several laboratory studies 

have produced deformed pyroxene. 
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Experiments en the deformation of.diopside were conducted by Mugge 

as long ago as 1898 and by Adams in 1910', both of whom reported the 

development of (001) twins during their experiments. More recently, 

Griggs, Turner and Heard (1960) found that at 500
0 e and at 5 kb 

diopside shows two methods of gliding. 

(i) Translation with T = (100) and t = [OOlJ 

(ii) Twinning with T = (001) and t = [100J 

Where T = glide or twin plane, and t = glide or twin direction. 

In these experiments many large grains of diopside were conspicuously 

bent, with bending developed either continuously across the full 

width of the grain or sharply localised on either margin of kink 

bands. 

More recently, Bidyut (1967), has confirmed these results, producing 

bent diopside crystals in laboratory experiments he conducted on the 

effects of stress on pyroxene-bearing silicate rocks at a hydrostatic 
o 0 pressure of 5 kb and temperatures ranging from 25 to 800 C. He used 

both dunite and pyroxenite and in the pyroxenite the diopside de

formed by bending. The plastic deformation was associated with the 

development of glide twins on (001) parallel to [100J in the negative 

sense, and translation gliding on (100) along [OOlJ as recorded by 

~riggs, Turner and Heard (1960). 

The bent pyroxenes in the granophyric gabbro (and some of the other 

rocks in the Komatipoort area, described elsewhere in this work) 

differ from the experimentally deformed pyroxenes in the 

presence of block formation or po1ygonisation. These sub-units are 

.not the result of cataclastic deformation, since the boundaries are 

seldom marked by cracks and are usually regular planes corresponding 

closely to (001). 



- 172 -

Further, not only does the size of the sub-units vary with the de

gree of curvature of crys tals, as may be seen by comparing figs. 22 , 

23 ,and 24 , (p 173 ), but the size' of the sub-units decreases 

and their numbers increase towards the inside of the curve, where 

deformation is at its greatest. Since experimental work failed to 

produce L\e sub-units described here, these crystals are considered 

to have existed initially as single large bent crystals, which 

subsequent to their bending, have suffered sub-division into smaller 

units by the process of polygonisation (block formation) commonly 

observed in metals. 

Polygonisation, according to Turner and Verhoogen (I960) is " 

a process wherby a single strained grain becomes divided into several, 

homogeneous, strain-free sub-grains of slightly different orientation. 

This is believed to involve migration of dislocations (developed 

during bending) from an initial random di,s tribution in the strained 

grain into planar arrays at the sub-grain boundaries. These are appro

ximately normal to the previously active glide planes of the crystal 

laths." 

Polygonisation. has been observed in several minerals e.g. it has been 

described previously by Grigor'ev (1965), in both galena and kyanite. 

In the latter, the sub-units are usually vledge-shaped, displaying 

regular boundaries, the blocks having an angular relationship to each 

other which may be expressed as: 

2 
• b 

r ' = arc s~n 2h 

where h = distance between dislocations and 

r = angle between the blocks. 

Where severe deformation has occurred, Grigor'ev reports this rela

tionship does not hold, and a granular aggregate results. Severely 

bent pyroxenes are illustrated in Plate 13, p 174 and fig 74, p 173. 

In fig 24 , the cleavage traces still fonn a fairly smooth 
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Figure 22 Mildly deformed pyroxene crystal • Relatively few sub-units are 

developed. 

Figure 23 Moder ately deformed pyroxene crystal 

Figure 24 Strongly deformed pyroxene crystal. Over 60 sub-units are defined 

by dotted lines. 
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PLATE 13 

I. Granophyric Gabbro, Komatipoort Intrusion, (Granophyric Gabbro) -

bent clinopyroxene crystal. (Transmitted light, X200). 
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continuous curve, 1n spite vf the fact that it is now sub-divided 

into more than 60 sub-units. In places however, small aggregates 

of disorientated pyroxene crystals do occur in addition to the 

large bent variety. The largest of the crystal fragments forming 

the aggregates occasionally show signs of strain, and these aggre

gates luay represent the result of granulation of the type Grigor'ev 

mentions • . 

External rotation of the deformed pyroxenes 1n the granophyric 

gabbro is usually made obvious by. their curved cleavage traces, but 

not all the bent crystals can be recognised in this way. Crystals 

bent in a plane at right angles to the plane of the thin section 

appear as a linear series of grains often showing a progressive 

variation in the interference colours of the sub-grains. For these, 

universal stage determinations of the orientation 0f the sub-grains 

reveals thei~ r.elationship (see stereogram in fig 25, p 176 ). As 

noted at the beginning of this section, grain boundaries are fre

quently parallel to (010), that is normal to the experimentally 

determined glide system on (100). In some cases the sub-units have 

step-like boundaries in which (110) cleavage planes form the boun

dary in the horizontal part of the step, while a plane close to 

(001) forms the vertical part. (See fig 27, P 177 ). Comparing 

the latter diagram with the sketch of the deformed clay model pro

duced by M.V. Gzovsky, (in Belousov, 1962) in experiments with 

models on tectonic uplift (see fig 26, p 177 ) it may be seen that 

in the clay models, cracking has taken place 1n two directions at 

both extremities of the deformed portion of the model, while in the 

crest (·f the curve, where tension is at a maximtnll, small triangular 

units tend to be developed, somewhat similar to those occurring at 

the left end of the crystal illustrated in fig 27 • The horizontal 

cracks occurring at either end of the clay model are directions of 

maximum stress and correspond to the (110) cleavage type boundaries 

in the deformed pyroxene. The step-like boundaries are thus possibly 

produced as a result of the migration of lattice defects to the 

planes corresponding most closely to . directions of maximtnll stress. 
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Stereographic projection of optic vectors of five sub-units present in a 
bent pyroxene of the Granophyric Gabbro, (0 - X, +-y, A-z I showing 
relative or" entation of sub- units. 
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Figure 26. Fractures developed in deformed clay model (after Gzovsky, in 

Belousov, 1962). 

Figure 27. Detail of boundaries of sub-units in °a bent pyroxene crystal from 

the Granophyric Gabbro. 
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By use of pre-existing (100) exsolution lamellae . Griggs, Turner and 

Heard (J 960), were able to show that in their bent diopside crystals, 

no internal rotation of this plane had occurred and hence derive 

the glide system T = (JOO) t = COO!]. In many of the bent pyroxenes 

in the granophyric gabbro, (JOO) parting is developed which still 

shows a rational relationship to x, y and z (the' optic vector) in the 

bent crystal in which it occurs. In the stereogram shown in fig 28 , 

P J79, crystal elements are plotted for part of a bent crystal, 

showing no polygonisation and it may be seen that the (100) plane 

still bears a rational relationship to x, y and z, d,:! spite an ex

ternal rotation of IJ
o with y = (010), as the axis of external 

rotation. Bending in these cases would thus appear as in the ex

perimentally deformed diopside, to have taken place by gliding on 

(JOO) in the direction [OOlJ. 

The (010) plane is not the only plane forming a boundary to the sub

units. In fig 29, p 180 ,four straight well-defined planar boun

daries are present, (plus another which is fairly straight),one of 

these being a (100) twin plane. The other boundary planes are 

parallel to the (100) plane but the sub-units are not in a twinned 

relation to each other. Their cleav~ge traces are offset relatjve 

to their neighbours, by a fairly constant figure of approximately 

80 suggesting that block formation has taken place. This may be the 

product of another glide system parallel to (001) but could also be 

due to strain hardening in the crystals leading to translation 

gliding of large units along the (100) plane now observable, with 

accumulated stress in these large units being relieved by migration 

of the lattice defects to the sub-units boundaries, defined by the 

(100) planes. In this respect it is probably significant that Bidyut 

(J 962), in his experimental work on the deformation of dunite, found 

that in crushed grains of pyroxene, noted along with the development 

of a mylonitic structure, the clearest boundary between fragments 

appeared along the (100) plane. 
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Figure 29 Four planar boundaries deveLpped in a bent pyroxene crystal from 
the "Granophyric Gabbro. 

Figure 30 Undulatory extinction and deformational twinning developed in a 

deformed pyroxene crystal from the Granophyric Gabbro. 
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Block formation was observed in the pyroxene of several other minor 

porphyritic intrusives occurring in the Komatipoort area, covering 

a fairly wide range of composition in the diopside-hedenbergite 

seri.es, but was not observed in Ca-poor pyroxenes. Compositions 

range from the Mg rich varieties present in the igneously laminated 

gabbro to the green hedenbergitic types typical of the granophyric 

microgranites, and bending followed by block formation may therefore 

be expected to be a common response to deformation of clinopyroxenes 

in rocks deformed under t he correct temperature and pressure condi

tions. The exact limits of temperature and pressure ~onditions under 

which polygonisation will occur, have not been accurately defined, 

but it is known that at higher t emperatures, about half way between 

absolute zero and the melting point, recrystall:i.sation annealing 

occurs (annealing or Tasman temperature), with unstrained grains 

developing from new nuclei, completely replacing strained grains, 

(provided s~,fficient time is available). Some strained grains in the 

granophyric gabbro do appear to be partially replaced by unstrained 

grains, suggesting the deformation has occurred at elevated temperatures, 

or that subsequently the rock temperature has risen significantly. 

II Other Deformational Effects 

Undulose Extinction 

The bending of the pyroxene is only one manifestation of the effects 

of deformation which it has suffered, other features being undulose 

extinction, twin. gliding and Inechanical t .. lins. Undulose ex

tinction,occurring either alone or in combination with the other 

deform8tional effects, is commonly observed as bands developed 

roughly parallel to the trace of the (001) . plane,or, in places, to the 

b crystallographic axis of the pyroxene (see fig 30,p 180 ). The 

bands vary slightly in width, even within a single crystal, and when 

the orientations of optic · vectors are measured in different parts of 

the same crystal, a maximum relative displacement of 80 in a direc

tion normal to the (001) plane is usually recorded between the parts 

of adjacent bands showing the greatest difference in extinction 
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angle. Bands of undulose extinction are apparently only developed 

in certain crystals, possibly those in which the direction of stress 

was approximately parallel to the c crystallographic axis. In other 

crystals any undulose extinction that is present is of a patchy 

variety. 

Mechanical Twins 

According to Grigor'ev (1965), mechanical twins may be formed by 

twin gliding as a result of rotation of particles co:nprising the 

crystals through 1800 around a twin axis or normal to a twin plane, 

a process that does not immediately involve the entire part of a 

crystal passing into a new position. Instead, a crystallite appears 

at one of the structural points, and dislocations are formed through 

the transition of the atoms into the new position. Thus the twin 

gradually spreads over the crystal. 

Spry (1969) however, has pointed out that mechanical twinning by 

simple shear displacements parallel to a slip plane can only be 

achieved on body centered cub i c lattices, and that twinning in 

lattices of lower symmetry involves additional displacements. 

Hechanical twinning in lower symmetry minerals such as diopside 

may be a semi-reconstructive or reconstructive process, (Raleigh 

and Talbot, 1967), and could not be produced by twin gliding. 

Nucleation of mechar.ical twins in a mineral such as a pyroxene may 

take place at positions of strain such as dislocation concentrations 

or grain boundaries, and the size, shape and mnnber of twins then 

depends upon the ease of propagation, which ~n a twin is influenced 

by a number of factors including temperature and strain rate (Spry 

1969). 

Spry (1969), states that after nucleating the twins tend to grow 

along a twin plane, to form a thin continuous twinned layer. Sub

sequently other twins may nucleate to give a series of thin 
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polysynthetic twins, or the t vlin plane may move laterally to 

thicken the twin. 

A variety of tvlins considered to have a mechanical origin are 

observable in the pyroxenes of the granophyric gabbro. Twin planes 

with tapered ends extending over only part of a crystal, twins 

involving . only a small part of the interior of a crystal and 

closely spaced polysynthetic twins (up to 6 per rom) are conmon. 

These are normally parallel to the (001) plane but occasional (100) 

twins were noted. Both the twin systems have been produced by 

experimental deformation of diopside (Raleigh and Talbot, 1967). 

According to Turner and Verhoogen (1960), " ••• great caution 

should be exercised in assessing th~ tectonic significance of 

microscopically obvious lamellae structure, such as 'deformation 

lamellae' b olivine, which have very generally been interpreted as 

manifestations of active glide systems responsible for the orien

tation of the grains in which they occur. There is no foundation in 

this belief.". 

It is also noted by the same authors that although translation 

gliding in calcite is the most effective mechanism of strain relief 

it leaves no microscopical trace. 

Visible lamellae along which translation appears to have taken 

place are occasionally observed in the defo~ed pyroxene crystals 

present in the granophyric gabbro. Plotting the crystallographic 

element.s and optic vectors of the crystals stereographically, 

together with the orientation of these planes, (along which 

translation appears to have occurred), indicates the orientation 

of the latter planes to correspond with the (001) ' plane, and 

they are therefore probably due to a late stage incipient fragmen

tation of the crystal, following strain hardening. Similar planes, 

having a radial disposition are occasionally observed in the arch 

of crystals bent in the plane of a thin section and these are 

considered to have the same origin. 
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III Summary 

It was noted that the pyroxenes in the granophyric gabbro, under 

stress , and probably at somewhat elevated temperatures and possibly 

pressures, have shown a tendency to deform by bending, a process 

which is apparently accommodated in the crystal lattice by gliding 

on (100). As deformation proceeds, it is probable that strain 

hardening occurred and various lattice defects accumulated. In som~ 

case this was followed by translation on the (001) plane. In other 

instances the accumulated strain (in the fOlin of th~ lattice defects) 

was subsequently relieved by polygonisation, resulting in extreme 

cases in a granular aggregate. Where the pyroxenes were suitably 

orientated, glide t "winning developed parallel to both (001 rand 

(100), in other cases, parallel bands showing undulose extinction 

developed. Where orientation of the crystal was not quite optimal, 

irregular p~tches of undulose extinction were formed. 

(c) Ore Minerals 

Magnetite, pyrite, ilvaite, ilmenite and chalcopyrite all occur in 

the granophyric gabbro. Of these magnetite is the most abundant, 

forming large irregular patches up to 5 mm across, or occasional 

smaller (0.15 rom) subhedral crystals. Much of the magnetite has been 

martitised to hematite and rarely, exsolution lamellae of ilmenite 

were observed. Pyrite forms patches similar in size and shape to 

those of magnetice and is also relatively abundant. Euhedral and 

subhedral crystals are fairly common. 

Although ilvaite is not, strictly speaking, an ore mineral it is most 

easily recognised in polished sections and has therefore, been In

cluded with the ore minerals. It occurs as aggregates of small sub

hedral crystals (0.5 ~n) and occasional large irregular patches 

(5 to 6 mm) and is often associated with altered pyroxene. 
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Ilmenite and to a greater Extent chalcopyrite, are uncommon. 

Ilmenite forms small irregular patches (0.5 mm) set in the 

granophyric. groundmass and chalcopyrite is present as minute 

irregular grains . 

Unit 4 - The Granophyre 

Distribution and Lithology 

The granophyre forming Unit 4 is a distinctive pink .rock, which 

outcrops int~rmittent1y over a dist.ance of about ]8 km. It is 

divided into a southern and northern mass by a younger, roughly 

north-south trending, microgranite dyke, which cross-cuts the 

granophyre approximately 1 km north of K.omatipoort (see Geological 

Map). From t his intersection, the southern mass stretches south-

ward for some ]0 km, reaching a maximum horizontal width of 0.6 ~~ 

near its southern extremity, although over much of the rest of the 

sheet, outcrop width does not exceed 200 m. At the southern end of 

the intrusion, the granophyr£ builds a discontinuous ridge consisting 

of two 1m .. messes offset progressively to the east from the gelleral 

trend of the ·sheet. Slickensided granophyre float here present, 

suggests that possibility that the granophyre may have been dis

placed by faulting, but the slickensiding may equally well be an 

intrusive phenomenom. No further evidence could be found and mainly 

on the basis of float distribution, the granophyre near the southern 

extremity of the intrusion has been mapped as a single undisturbed 

mass. Throughout its length, this southern portion of the granophyre 

is apparently bracketed between the granophyric gabbro to the west 

and the feldspathic gabbro to the east. A possible further represen

tative of the unit 4 granophyre, is a small roughly north-south 

elongated mass outcropping in the Sikwawa River a few kms east of 

the . main granophyre body, (see Geological Map). 

Outcrops are poor for approximately 1 km north of Komatipoort until 
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the cross-cutting micrograDi t e dyke is encountered. Beyond this 

minor intrusion, small outcrops of the granophyre of the northern 

mass occur, here over an east-west width of 500 m, and these may 

be followed northwards across the Crocodile River into the Kruger 

National Park for a further 5 km. 

Along its eastern margin the northern mass is everywhere in contact 

with the feldspathicgabbro and this rock type also forms lenses 

along the western contact. Where these are absent the granophyre 

along its western boundary appears to be in direct contact with 

either the basalt itself or in the southern portion of the northern 

mass, with t~e microgranite dykes. 

At the contact with the granophyric gabbro, the granophyre of the 

southern mass is finer grained and slightly lighter coloured than 

normal, as ~ .. consequence of more abundant interstitial granophyric 

material. Further,pyrite~although present, is not as conspicuous as 

in the adjacent granophyric gabbro. This fine-grained rock grades 

into typical granophyre over a distance of 1 m to 2 m. The granophyre 

of the southern mass commonly consists of elongated patches of iron 

ore, often with a skeletal form, and greenish black pyroxene b:.ades, 

f~equently several centimeters in length,set in a fine-grained pink 

groundmass. Plagioclase laths, usually rimmed by a granophyric inter

growth of alkali feldspar and quartz are commonly visible only 1n 

polished slabs of hand specimens or ~n thin sections. Textural var~a

tions do occur ~nd, in places, with an increase in feldspar content, 

the rock in hand specimen has a medium grained, equigranular texture. 

Variations in colour from pink to greyish brown or grey were also 

noted and towards the eastern contact in the Komati River section, a 

distinct zone some 10 m wide, consisting of a fine-grained pale 

grey granophyre, occurs. 

In hand specimen the elongated patches of iron ore are the most 

striking feature of the rock (see Plate 14, p 187 ). These may occur 

as single lath-shaped ~tructures ranging in length from 1 em to 10 em, 
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PI.ATE 14 

1. Granophyre, Komatipoort Intrusion, typical Granophyre outcrop 

showing the development of abundant small "comb-structure". 

2. Granophyre, Komatipoort Intrusion, "Comb-structures" displayed 

in three dimensions in freshly-broken boulder of Granophyre. 

Length of "comb-structures" approximately 10 cm. 
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which frequently possess a flow-type texture produced by the 

roughly parallel orientation of the iron ore patches. The common 

direction of orientation changes gradually, laterally through the 

rock. Alternatively the patches of iron ore occur associated in 

mnall groups usually forming one of three types of structures. 

They may form patches composed of up to 30 units of similar but 

variable S1ze closely packed parallel to each other, or they may 

form 'comb' structures, (see Plate J4 ). 

These cOffib structures vary in size, commonly ranging from 1 cm to 

J5 em but exceptionally reaching 30 em in length. Less commonly 

they form a rough gridiron pattern with angles between the two 

directions of orientation of the units ranging from 70
0 

to 90
0

• 

The northern mass of granophyre has cross-cut rhyolites flows inter

bedded with the basalts and as a result of differential weathering 

relatively strong relief is developed. The granophyre here closely 

resembles that just described, but variations, particularly in 

grain size are more frequent. Finer--grained, elongated, north-south 

trending zone~(with gradational contacts~ that are usually only a 

few meters wide appear common in the relatively good exposures which 

occur just south of the Crocodile River.Although the Granophyre, 

even in handspecimen, shows a tendency to become more feldspathic 

close to the contacts, the common textural variations suggest that 

the Granophyre may be a composite intrusion at this point at least. 

Within the Kruger National Park, a relatively good cross-section is 

exposed within the bed of a small tributary of the Crocodile River, 

(see Geological Map). Here, along its western contact, the grano

phyre is highly feldspathic, resembling a weathered gabbro 1n hand

specimen, although in thin section its granophyric affinities are 

clear. Eastwards this rock type grades into more typical pink 

granophyre containing a few large visible feldspars, and towards 

the centre of the section fel~spar phenocrysts are almost entirely 

absent. 
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Near the eastern margin a pi rik fine~grained variety is again 

present. Thus while text ural variations do occur these are not 

as common as in the exposures just south of the Crocodile River. 

Within the northern mass the rock locally darkens in colour to 

become almost black, aithough this is not accompanied by a 

variation . in texture. 

If, as appears probable from its position between the Feldspathic 

Gabbro and the Granophyric Gabbro., the Granophyre has the form 

of a roughly concordant sheet, its thickness may be estimated as 

around 175 m. 

(ii) Petrography of the Southern Granophyre Mass 

The granoph;r e consists of partially resorbed, turbid plagioclase 

crystals (exceptionally reaching a length of 1 cm), and irregular 

corroded pyroxene crystals, set in a groundmass of fine to medium

grained micropegmatite. The pyroxene has several forms, but commonly 

occur . either as prominent corroded blades, or as irregular roughly 

equidimensional crystals which may subophitically enclose plaSl0clase 

laths, thus forming small glomeroporphyritic aggregates similar to 

those forming the 'gabbroic' textured patches in the granophyric 

gabbro. Severe corrosion of the pyroxene blades, has 1n places re

duced them to a series of narrow, discontinuous patches in optical 

continuity with each other, but it is clear that in places, the 

pyroxene blades, prior to resorbtion, averaged several centimeters 

in lenr,th. Some of the plagioclase laths are intimately associated 

with the pyroxene which occurs as thin stringers along twin planes 

or as granophyric or dendritic intergrowths with the plagioclase. 

Corrosion of the plagior.lase crystals has occurred and these feldspar 

crystals are invariably rimmed by alkali feldspar. 

Other conspicuous constituents of the granophyre are opaque ore mine

rals which occur both as elongated patches in various textural 
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modifications, as described in the section on lithology, and as 

formless patches up to 1.2 cm in diameter set in the granophyric 

groundmass. Apatite is also present in tiny acicular crystals both 

in the groundmass and included in the feldspar crystals. The grain 

size of the granophyric groundmass varies widely, ranging from a fine

grained micropegmatitic intergrowth to coarser-grained lobate textured 

intergrowths, although the latter are not common. Frequently the grano

phyre occurs as a mosaic of small units centered around plagioclase 

crystals producing a rhopalophyric texture. The grey granophyre (men

tioned in the previous section) which forms a narrow zone outcropping 

in the Komati River, possesses a slightly different texture. Although 

rarely interstitial granophyric material may be coarse grained, it is 

more connnonly very fine grained, often showing a plumose structure. 

Most of the pyroxene present is altered to chlorite or in part replaced 

by ore minerals. The plagioclase is clouded and much replacement by 

micropegmatitc renders it barely distinguishable from the groundmass 

(see Plate J 2, p 163 ). 

The granophyre close to the contacts has a normal pink colour but con

tains variable quantities of obvious plagioclase xenocrysts. In addition, 

pyroxenes with n blade-like form may be absent, the irregular equ:'.dimen

sional crystals being more common. The plagioclase xenocrysts are 

distinguishable from the normal granophyric plagioclases not only by 

their composition (they are more An-rich) but by the lack of turbidity 

in the central portions of the crystals and the frequent presence of 

cataclastic deform&tional effects in the form of cracking. This in 

extreme cases results in fragmentation of the plagioclases. Granophyre 

samples c0llected adjacent to the feldspathic gabbro in the Komati 

River section, contain in addition to the feldspar xenocrysts needle

like quartz paramorphs after tridymite reaching 1.5 cm l.n length, 

scattered through the groundmass (see Plate 15, p 191 ). 
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PLATE 6 

1. Granophyre-Gabbro Hybrid. Small quartz paramorphs after 

tridymite, developed in interstitial material adjacent to a 

fractured crystal of plagioclase. Specimen from adjacent 

to the Feldspathic Gabbro-Granophyre contact of the Komatipoort 

Intrusion. (Transmitted light, X96,) 

2. Felsite-Gabbro Hybrid. Acicular quartz paramorphs after tridymite, 

(white), associated \-1ith a clouded, roughly rectangular feldspar 

crystal, set in ·a semi-opaque microcrystalline groundmass. Specimen 

from the upper contact of the feldspathic gabbro, in the Komatipoort 

Intrusion. (Transmitted light, X 200.) 
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Petrography of the Northern Granophyre Hass 

Differences in the petrography of the two granophyre masses are 

restricted to the rapid textural variations which characterise the 

granophyre just south of the Crocodile River, and the presence of 

highly feldspathic,obviously hybrid rock types, along the western 

margin of the northern mass. For the rest, the actual textures of the 

granophyre in both masses are very similar. 

The contact rocks along the vTestern margin of the b .trusion north 

of the Crocodile River, are exceptionally rich in xenocrysts and 

partially digested fragments of feldspathic gabbro, which give 

the rock a gabbroic appearance in handspecimen. In t~lin section, 

however, these rocks may be seen to be composed of ab~ndant clouded 

and partially corroded, feldspar xenocrysts set in a granophyric 

matrix. 

(iv) Mineralogy 

(a) Plagioclase 

The plagioclase occurring ~n the granophyre typically forms irregular. 

elongated crystals (length:breadth ratio of the order of 5:1) varying 

in length from 0.1 to I cm, which are usually too turbid for reliable 

optical determination of composition. Average compositions estimated 

from o!,tical measurements on the least altered available crystals 

range between An
I8 

and An34 , although these results are based on 

relatively few crystals. Normal zoning is usually present and in 

the crystals measured was found to grade from around An
40 

~n cores 

. to between An I4 and An24 at the boundaries. For the most part, however, 

it is only by staining of thin sections and polished slabs that the 

plagioclase co~ld be differentiated from the alkali feldspar. 
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The plagioclase crystals commonly show a distinctive br0wnish-

pink turbidity and are frequently partly replaced by micropegmatite. 

The replacement is often extensive with ~he original plagioclase 

crystals reduced to a few remnants that are surrounded by micropeg

matite. The K-feldspar component of this micropegmatite may pre

serve th~ initial orientational differences present in the plagio

clase as a result of twinning. Selective replacement of the more 

basic plagioclase cores is not unusual. 

Relatively unaltered xenocrysts of plagioclase derived from adjacent 

rock types, invariably either the feldspathic gabbro or the grano

phyric gabbro, are easily distinguished by compositional and textural 

features as described in the section on petrography. 

The xenocrysts along the western margin of the southern granophyre 

mass are similar to those present in t.he adjacent granophyric gabbro 

in that core composition averages around An
SS

• Zonal variation in 

composition is also similar, although in places reaction with the 

granophyre appears to have removed part of the outer zones, and the 

xenocrysts become progressively more altered away from th~ contact, 

mating recognition difficult. 

Near the -,'pper contact, compositional differences between the xeno

crysts and the primary granophyric plagioclase are not easily 

established, as the plagioclases in the feldspathic gabbro itself 

are normally turbid. They possess, however, ~ distinctive white 

turbidity, rather than the pinkish-brown colouration shown by the 

typical granophyric plagioclases, and in addition display the effects 

of cataclastic deformation. 

(b) Alkali Feldspar 

Orthoclase, the only alkali feldspar present, occurs in tlfTO forms, 

first graphically intergrown with quartz in the groundmass and 

secondly forming narrow rims around the corroded plagioclase crystals, 
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and in places apparently replacing them. Although it is usually 

turbid and somewhat reddened, it was found possible to measure the 

optic axial angles in places, (from 67
0 

to 74
0
). 

(c) Pyroxene 

As mentioned in the section on petrography the only pyroxene present 

in the granophyre, is a Ca-rich variety. It occurs in two forms; 

as irregular, roughly equidimensional grains, that resemble the 

Ca-rich pyroxene which occurs associated with micrcpegmatite-rich 

areas in the granophyric gabbro, and as elongated prismatic crystals 

with irregular corroded-looking margins. Both forms of the pyroxene 

have brownish interiors which grade into green coloured rims at the 

irregular margins of the crystals. 

Chemistry 

The compositions of S1X Ca-rich pyroxenes from the granophyre, which 

were analysed by electron microprobe, are listed in Table 33 • 

Analyses 1 and 2 in this table represent the composition of the 

brown core and green margin of an irregular equidimensional grain 

from near the western margin of the granophyre. The remainder 

(analyses 3 - 6) are the results of the analyses of both the interioT 

(analyses 3) and the green margins (analyses 4 - 6) of blade-like 

pyroxene crystals, in a sample collected from near the centre of the 

granophyre. As ~ay be seen from . fig 15, in which the pyroxene compo

sitions have been plotted in the pyroxene quadrilateral, 

these. Ca-rich pyroxenes range from ferroaugites to ferrohedenbergites, 

(En
17 

- En3,5). Large differences exist between the major element 

contents of the equidimensional crystals and the blade-like crystals. 

In addition analyses 1 and 2 have a major element composition that 

lies within the compositional range of similar pyroxenes from the 

. granophyric gabbro. In contrast the composition of the core of the 

analysed blade-like crystal (analysis 3) corresponds to the extreme 

Fe-rich limit of the granophyric gabbro Ca-rich pyroxenes. The rest 
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TABLE 32 

Electron microprobe analysis of 6 Ca-rich pyroxenes from the Granophyre, Komatipoor:-. 

Intrusion. 

Pyroxene 

Analysis Nc. I 2 3 4 5 6 

Si02 48,63 48,43 47,37 46,57 46,92 47,40 

CaO 18,24 19,05 18',28 17,58 18,42 19,18 
}lg0 5,78 2,92 3,71 2,92 2,15 1,14 
Ti02 1,00 0,52 1,32 1,19 1,19 0,40 

FeO 25,49 28,86 27,97 27,83 30,23 29,98 
Al

2
0

3 
1,21 0,72 1,54 1,39 1,29 0,64 

Sum 1 ~)O, 35 100,50 100,19 97,48 100,20 99,04 

Fs 43,94 49,76 49,26 51,04 53,29 53,28 
En 17,15 8,83 11, 17 9,19 6,52 3,57 
Ca 39,91 41,41 39,57 39,77 40,18 43,15 

Cations per 

6 oxygens 

Si 1,941 ) 1,998 1,966) 2 000 1,921) 1,995 1,943) 2,000 1,927) 1,990 1,981) 2,000 Al 0,057 0,034 ' 0,074 0,057 0,063 0,019 
Al 0,000) 0,000) 0,000) 0,011) 0,000) 0,013) 
Ca 0,780) 0,829) 0,794) 0,786) 0,810) 0,854) 
Mg 0,344»2,005 0,177»2,002 0, 224»2,007 0,182»1,987 0,132»2,017 0,071»1,993 
Ti 0,030) 0,016) 0,040) 0,037) 0,037) 0,013) 
Fe 0,851 0,980 ( ,949 0,971 1,038 1,042 
0 6 6 6 6 6 6 

Analysis 1 Brown core of irregular, equidimensional crystal, near W margin of granophyre. 

Analysis 2 Green margin of irregular equidimensional crystal, near W margin of grallophyre. 

Analysis 3 Interior of bladed pyroxene crystal, near centre of granophyre. 

Analysis 4 
) 

Analysis 5 ) Margins of bladed pyroxene crystals, near centre of granophyre. 

Analysis 6 
) 
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of the analyses of the blade-like crystals are distinctly more 

iron rich and correspondingly Mg-poor than the pyroxenes of the 

granophyric gabbro, grading to En3,5 in the most extreme example. 

Ti-Al and Si-Al relationships are shown in figs 16 and 17, p 138. -

Both Ti and Al contents of Fhe pyroxenes from the granophyre 

appear to decrease steadily with increasing Si. In terms of the 

minor elements there is again a similarity between the irregular 

equidimensional pyroxenes from the granophyric gabbro and the 

pyroxenes from the granophyre represented by analyses 1 and 2. 

The bladed pyroxenes on the other hand, while apparently similar 1n 

Al content are noticeably higher in Ti. 

Ore Minerals 

Pyrite, magnetite (including martite) and ilvaite together with 

minor amounts of ilmenite ,and chalcopyrite,are the most abundant 

minerals observed in polished section. The mode of occurrence of 

these minerals is almost identical to that of the' granophyric gabbro 

(see previous section) and the description will not be repeat(!d 

here. One major difference is the tendency for the magnetite to occur 

in the form of elongated patches. Occasionally ilvaite associated 

with what appears to', be altered pyroxene, occurs in the same form. 

Unit 5 - The Feldspathic Gabbro 

Distribution 

The feldspathic gabbro forms a continuous band 200 to 250 m wide, 

stretching from a point l1km north of the Komatipoort Township's 

Bantu Location to the confluence between the Sikwawa and Komati 

Rivers 12! km south of the location (see geological map). At the 

southern-most extremity of the Komatipoort Intrusion proper, the band 
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is still some 200 m wide. 

A further small exposure of the feldspathic gabbro occurs ~n the 

Sikwawa River a. few kms east of the most southerly exposure in the 

Komatipoort intrusion, (see geological map). This isolated outcrop 

is fairly closely associated spatially with the minor elongated mass 

of granophyreexposed in the bed of the same stream. A fault 

could be inferred to explain the apparent easterly displacement 

of what appear to be the two uppermost units of the Komatipoort 

intrusion. No direct field evidence of a fault was found, however, 

and the possibility that these outcrops represent sep'arate intrusions 

cannot be discounted at this stage. 

The western boundary of the unit is not exposed, but rocks occurring 

along the eastern margin may be seen in three places. 

(i) In the Crocodile River towards the northern end of the unit. 

(ii) In a cross-section of the unit exposed in the bed of the Komati 

River just upstream from the railway bridge, (hereafter termed 

the railway bridge section). 

(iii) In a more limited cross-section of the unit exposed in the 

Komati River at the confluence between the Komati and Sikwawa 

Rivers, (hereafter termed the Sikwawa River section). 

The contact itself is observable only at the second of the sites 

listed above. 

Samples representing a cross-section of the unit were collected at both 

localities in the Komati River (ii & iii above), but in the Crocodile 

River unweathered outcrops are rare and few usable specimens were 

obtained. 

The contact exposed in the Komati River just upstream from the railway 
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bridge appears transgressive, and Du Toit (1929), has suggested 

the body to be in the form .of a steeply inclined dyke, rather than 

a sheet. Petrographical and mineralogical variations, however, 

point rather to a subconcordant sheet, inclined roughly parallel 

to the lower rock units in the intrusion, (Le. dipping to the 

east at 250 to 300
) as the most probable form. Generally, in hand 

specimen ? the feldspathic gabbro has a distinctive and rather 

uniform appearance. it is a fine to medium grained, phaneric, 

holocrystalline rock distinguished by the presence of abundant 

altered chalky-white plagioclase laths, which make t 11e rock look 

more feldspathic than modal analysis reveal. Variations in mineral 

proportions do occur across the band but no distinct layers of 

markedly different rock-types are developed. The mineralogy and 

petrography of the rocks collected along the two cross-sectional 

traverses are similar, but modal analyses indicate a difference in 

proportions of minerals present. 

(U) Lithology 

Railway Bridge Cross-section 

In the Komati River, upstream from the Railway Bridge rocks represen

tative of at least the upper two thirds of the sheet are exposed. 

The rock occurring in the centre of the sheet is a medium-grained 

leucocratic, phaneric gabbro containing moderate amounts of a pink 

interstitial mat~rial, which al though not conspicuous, is occasionally 

visible in hand specimen. This gabbro often has a mottled appearance, 

due either to the presence of black patches of finely disseminated iron 

ore 2 em to 5 em across or to the fact that the plagioclase is unaltered 

in small patches and loses its chalky-white appearance. 

Towards the eastern margin of the sheet there is a decrease in grain 

size and the gabbro grades into a variety with anorthositic affinities. 

In these marginal types the pink interstitial material is more obvious, 

particularly on weathered surfaces where it forms small, pale, resistant 
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nodules and patches a few millimeters across. Also fairly common are 

small patches of zeolites. 

A slight decrease in gra1n size is noted in the few exposures near 

the western margin of the sheet. 

The upper contact between the feldspathic gabbro and the basalt is 

exposed in the Komati River bed at the site of the railway bridge ~ust 

outside of Komatipoort. Over about 3 m adjacent to the basalt, the 

feldspathic gabbro shows a rapid decrease in grain ~ize and small 

patches of .pinkish material (about 0.5 cm across) become increasingly 

abundant as the contact is approached. Small xenolithic blocks, up 

to about 0.5 m across, consisting of basalts in various stages of 

digestion, are also common within one or two meters of the contact 

(see Plate 16, P 200). 

Thin ve1ns and sheets of feldspathic gabbro (0.5 to 1.5 cm thick), 

intruded the basalt, along joint planes, often down the dip of basalt, 

for distances up to 9 m away from the contact, and in places they 

follow a rectangular fracture pattern developed in the basalt, (see 

Plate i6~p 200). 

The presence of the pink spots 1n the feldspathic gabbro near the 

upper margin give a misleading impression that the rock becomes more 

acid towards. the upper contact. In the Sihlangula River, which flows 

into the Komati River just do\·mstream from the railway bridge, the 

feldspathic gabbro, at the contact actually grades into a pinkish 

felsitic zone 1 m to 2 m wide, however detailed examination of speci

mens of this zone reveals that the felsitic zone is a result of hybrid

isation by an intrusive felsite sheet, (see section on the upper 

margin, p 205). 

Variations shown in the Sikwawa River section are essentiatly similar 

although the sheet is somewhat narrower at this point. 



· - 200 -

PLATE 16 

1. Feldspathic Gabbro, Komatipoort Intrusion, upper contact of 

the feldspathic gabbro with basalts. 

2. Feldspathic Gabbro, Komatipoort Intrusion, partly recrystallised 

xenolith of basalt adjacent to upper contact. Dark mineral 

concentrated along xenolith contact is magnetite. Relict amyg

dales are conspicuous in ~he xenolith. 





(iii) 

- 201 -

Petrography 

In thin section, samples taken at 10 meter intervals along a 

cross-section of this unit in the Komati River show the following 

changes. The most westerly rock in the section, cropping out some 

10 meters east of the main granophyre, has a poikilophitic texture 

with large euhedral plagioclase crystals set in either large irre

gular augite plates or a matrix of a brownish pink, glassy to 

cryptocrystalline material. This matrix contains tiny crystallites 

of iron ore often arrnnged in small 'comb' structure. Other inter

stitial constituents include small irregular patches of iron ore, 

zeolites, chlorite associated with small free quartz granules, as 

well as apatite needles, (see Plate 17, p 202). 

The plagioclase forms euhedral laths, which have suffered extensive 

fracturing and alteration by sericitisation. The large plates of 

pyroxene too, show fracturing although in their case, it is both less 

extensi.ve and less obvious. Two pyroxenes occur in this rock, the 

clinopyroxene pigeonite ~ and augite, with the pigeonite occurring 

as rounded and embayed granules enclosed by the augite. The pyroxenes 

are usually altered and commonly have a brownish turbid appearance. 

In places patches of green non-pleochroic serpentine associated with 

magnetite occur and here the included plagioclase, though fractured, 

is clear, showing no signs of sericitisation. 

The pyroxene plates have an average diameter of 10 mm, but larger 

grains do occur. The pyroxene contacts ;'7i th the interstitial material 

are irregula~ with corroded boundaries and reaction rims simila7 

to those occurring in the Granophyric Gabbro. 

Radiating aggregates of zeolites are present 1n small patches inter

stitially, occasionally replacing pyroxene. 

In a specimen taken 10 meters to the east, the pyroxene plates are 

far smaller and the plagioclase laths measurably larger. ~he pyroxene 

has two forms. I t frequently occurs as small aggregates of two or 
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PLATE 17 

1. Feldspathic Gabbro, Komatipoort Intrusion, altered plagioclase laths 

partly enclosed by pyroxene (black) near the base of the feldspathic 

gabbro. Quartz and Zeolites are present at upper right,(X96). 

2. Feldspathic Gabbro, Komatipoort Intrusion, altered plagioclase showing 

signs of cataclasis, (see large white plagioclase crystal at lower right). 

Pyroxene, (grey), and ore minerals, (black), occur interstitially to th~ 

plagioclase, (X96). 
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three crystals, with an average diameter of 0.7 mm , or as larger 

single crystals. The smaller grains have an intergranular relation

ship with the plagioclase, although larger crystals present may 

sub-ophitically enclose the plagioclase, (see Plate ]7, p 202). 

Both pyroxenes show the usual reaction rims where in contact with 

the reduced amount oe,interstitial material present, and in places 

are partially or completely altered to chlorite or chlorite + ' 

zeolite. 

The plagioclase here shows some suggestion of a preferred orientation. 

Two generations of plagioclase crystals are present, small corroded 

chadocrysts of the first generation occurring poikilitically enclosed 

in the margins of larger clystals of the second generation. All 

plagioclase crystals show cracking, and are again usually altered to 

some degree. 

The small amounts of pink crypto-crystalline interstitial material 

present is crowded with aggregates of chlorite and patches of zeolite. 

Needles of apatite are also common. Iron ore occurs interstitially, 

partly surrounding plagioclase crystals, and replacing pyroxene. 

Ten meters to the east of this sample, the rock again has a poikilitic 

texture with the pyroxene frequently forming large (0.8 cm across) 

plates enclosing the plagioclase, although in places it has a corrode~ 

columnar habit. Both augite and pigeonite are again present, the 

pigeonite sometimes forming small rounded inclusions in the augite. 

The plagioclase is frequently set in a glassy to crypto-crystalline 

matrix, and in this rock a narrow brown rim deeper in colour than 

the rest of the mesostasis often surrounds the plagioclase laths. 

The pyroxene is frequently surrounded by rims of green pyroxene 

iddingsite or intersitial material. In other places turbid pyroxenes 

are surrounded by narrow rims of clear, colourless pyroxene. 

Apatite now anpears in much larger hexagonal crystals, reaching a 

length of 2.5 CUl, that occur set in the interstitial material together 



with crystallites of iron ore and small clusters of granules of free 

quartz, which are usually associated with patches of chlorite or 

zeolite, and in places calcite. Small patches of interstitial material 

showing a fine grained granophyric texture are also present. 

The succeeding sample in the cross-section differs from the preV10U~ 

rock in that it shows a slight increase in the amount of interstitial 

material present and in that hornblende, replacing pyroxene margir~lly, 

now begins to make its appearance in measurable quantities. A marked 

decrease in grain size characterises specimens collected eastward 

from here, although the texture remains poikilitic. The pyroxene 

plates are smaller and turbid, and marginally they are extensively 

altered to hornblende. Interstitial material diminishes in quantity 

and for the most part is greyish~brown in colour, although in places 

it is brownish-pink and composed of acicular crystallites arranged in 

subradiating to spherulitic groups, rather than crypto-crystal1ine 

material. The usual crystallites of iron ore are present in the 

groundmass and quartz paramorphs after tridymite are also present 1n 

the form of long needle-like crystals. Free quartz occurs as granules, 

often in small aggregates and in places, locally associated with 

zeolites. Towards the contact these zeolites are more abundant . The 

texture of the rock at the contact changes once more and becomes 

intergranu1ar to subophitic. 

Textural and mineralogical changes occurring 1n the Sikwawa River 

section are eSf.entia11y similar, with textures ranging from inter

sertal near the base of the sheet to ophitic in the upper parts. 

Hornblende, however, 1S not a major consituent in the upper part of 

the sheet in this section. Specimens collected from the northern part 

of the intrusion and again specimens from the small isolated most 

southerly mass in the Sikwawa River both contain former olivine 

crystals completely altered to serpentine. Occasionally large irregular 

fresh crystals were found in the northern portion of the fe1dspathic 

gabbro. 
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(iv) The upper margin of the feldspathic gabbro unit 

At the upper margin of the feldspathic gabbro unit of the Komati-

poort Intrusion (see section on major intrusives for description), 

where it is exposed in the bed of the Sihlangula River (see Geolo-

gical Map), a thin felsite sheet has been intruded between the 

feldspathic gabbro and the country basalts, producing some striking 

changes. In the field the feldspathic gabbro appears to grade 

continuously into a fine-grained pink hybrid rock, which macroscopically 

resembles a normal granophyric microgranite. The hybrid rock in turn, 

has a sharp but irregular contact with the adjacent basalt, penetrating 

the basalt in thin stringers along joint planes and occasionally 

forming angular patches within the basalt up to a meter from the contact. 

In these patches, elongated or tear-drop shaped nodules of quartz occur, 

usually shoHing a dark, clearly-defined rim against the enclosing 

"felsite". In shape and size these nodules resemble amygdales present 

in the original basalt. At the contact between the basalt and the 

hybrid rock the basalt, in places, has a pinkish c10ur over a distance . 

of 1 to 3 cm, although the contact may still be distinguished as a 

sharp line on the surface of the outcrop. 

The pink felsitic hybrid is microcrystalline immediately adjacent to ~he 

basalt but becomes coarser in texture and darker in colour as it grad~s 

into the feldspathic gabbro. 

Petrography 

At a distance of 15 m from the contact the feldspathic gabbro appears 

to be unaffected by the felsite, and as elsewhere in the intrusion, 

consists of cracked partially sericitised plagioclase laths (68%), 

which are ophitically to sub-ophitically .enclosed in pyroxene plates 

(13%), with interstitial patches of a brown crypto-crystalline material 

in which are set apatite needles and crystallites of iron ore, (19%). 

The pyroxene is extensively altered to a brownish material or to a 



- 206 -

light yellow fibrous amphiGole, and in places is replaced by patches 

of iron ore. 

In successive samples collected closer to the basalt-hybrid contact, 

the plagioclase becomes heavily clouded with opaque iron-ore partic]~s 

that tend to be concentrated along twin and cleavage planes, and 

simultruleously the margins of the plagioclase crystals are corroded 

and mantled with a narrow rim of potassium feldspar. 

Hybridisation does not appear to have affected the composition of the 

plagioclase however, and this remains unchanged at around A~O 

right up to the basalt-hybrid contact. 

In specimens collected about 15 m from the basalt contact the pyroxene 

is partly altered to green antigorite but closer to the contact it 

shows corrotied boundaries and is extensively replaced by a green 

hedenbergitic' pyroxene which forms a narrow rim around a core of altered 

pyroxene or occasionally replaces the original pyroxene in vein-like 

manner. At the basalt-hybrid contact, none of the original pyroxene 

remains, and the hedenbergit1c pyroxene forms small aggregates of 

crystals with a mosaic texture. This pyroxene itself is slightly altered 

to iddingsite, antigorite or fan shaped aggregates of pro-chlorite. 

Simultaneously, as the basalt contact is approached fine-grained 

interstitial material present in the feldspathic gabbro is progressively 

altered to a neLwork of acicular quartz paramorphs after tridymite, 

set in a minimal amount of cloudy, brown, fine-grained interstitial 

material that staining techniques (see section methods), suggest 

consists predominantly of potassium felspar. The quartz paramorphs 

frequently form clusters radiating outwards from a central crystal, 

( see Plate 15, p 191). 
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(v) Modes 

For the railway bridge cross-section, variations in the modal 

proportions of the three mineral groups (plagioclase, pyroxene and 

interstitial micropegmatite or glass plus iron ore) are shown in the 

diagram in fig 31, A, P 208. Fluctuations in mineral proportions al~ng 

the Sikwawa River, section, have been plotted in fig 31, B';: , 

p 208. Figure 31 ,A, clearly shows an increase in interstitial micro-' 

pegmatite towards the central part of the zone. One of the most 

striking features of fig31A is the as)~etrical plagioclase concen

tration curve, showing a high plagioclase concentration near the west 

of the zone, a low value in the central portion and an intermediate 

value in the contact rocks in the east. Interstitial micropegmatite 

varies antipathetically with the plagioclase in the western and 

central portions of the zone, but like the plagioclase also has a 

median valup. in the fine grained eastern contact rocks, while the 

pyroxene content remains fairly constant throughout. 

This is in contrast to the Sikwawa River section, (see fig 31B, p 208), : 

where the plagioclase shows cnly slightly asymmetrical distribution, 

although here the pyroxene content varies strongly, ranging from a 

maximum near the western margin to a minimum at the centre of the 

sheet and then rising to another peak near the eastern margin before 

dropping to an intermediate value in the contact rock. The micropegma~ 

tite content shows a similar distribution curve to that recorded in 

the railway brid5 e section, reaching a maximum at the centre of the 

zone. 

(vi) Mineralogy 

(a) Plagioclase 

Mineral compositions in the feldspathic gabbro could not be determined 

in the same detail as in the rest of the Komatipoort Intrusion due to 

the extensive alteration of the bulk of the rock-forming minerals. In a 

few specimens the plagioclase is relatively unaltered and in these the 
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plagioclase connnonly has t vo forms. It occurs as large (2 nun) com

plexly zoned crystals and as smaller grains showing less complex 

zoning, that are usually included in the margins of the larger crystals. 

The large crystals resemble the first generation plagioclase in the 

olivine gabbro in that they show a core-oscillatory zoned mantle-rim 

structure in many cases. The cores which may be embayed to some extent, 

have a composition around An70 in specimens collected from the 

'Railway Bridge' section but in samples from the Sikwawa river section 

occasional crystals with cores as Ca-rich as AnSO were recorded. 

Oscillatory zoned mantles usually have a composition of the order 

of An
60

-
70 

a.nd the outer margins of the mantles have a composition 

around An65 • 

The smaller normally zoned crystals included in the margins of the 

larger crys~als show compositions ranging from near An50 in the cores 

of crystals to around An
43 

at the margins. Complexly zoned phenocrysts 

with cores of a composition of An20 also occur in the fine-grained 

contact rock in the raihray bridge section. The smaller groundmass 

plagioclases have an intermediate composition around An50 • 

(b) Pyroxene 

The Ca-rich pyroxene shows several changes in texture from West to 

East across the feldspathic gabbro unit. In the most westerly rocks 

it forms fairly extensive plates enclosing the plagioclase crystals 

ophitically to sub-ophitically, in a texture resembling that of the 

olivine gabbro. Further to the east it occurs as smaller intergranular 

crystals and near the eastern contact it is present again as more 

extensive subophitic plates. In the fine grained contact rocks it 

occurs again as smaller intergranular crystals. 

Electron microprobe analyses were made of several pyroxenes from the 

feldspathic gabbro and these are listed in Table 33,and have also 

been plotted l.l1 the pyroxene quadrilateral in fig.l5,p.137.Much of 

the pyroxene in the feldspathic gabbro is altered and a representative 



TABLE 33 

Electron microprobe analyses of pyroxenes from the Feldspathic Gabbro, Komatipoort Intrusion 

Pyroxene 1 Pyroxene 2 Pyroxene 3 Pyroxene 4 

Si02 49,25 50,09 51,22 5·0,64 
CaO 17,24 17,42 17,08 16,90 
MgO 12,10 12,05 11,31 11,42 
FeO 18,99 18,29 18,89 18,96 
A1 203 1,15 I,ll 1,25 1,17 
MuO 0,50 0,45 0,56 0,48 
~~a20 0,35 0,34 0,27 0,23 
Ti02 0,28 0,33 0,35 0,47 
TOTAL - 99,86 100,08 100,92 100,28 
Fe 30,31 29,46 31,62 31,64 
Mg 34,43 34,60 32,78 33,12 
Ca 35,25 35,94 35,59 35,23 

Cations per 6 oxygens 

Si 1,9171 ~ 1,97 1,9350 ~ 1,9858 1,9590 ~ 2,0152 1,9515 ~ 2,0157 Al 0,0529 0,0508 0,0562 0,0532 
Ca 

IO'7l90} O,72ll f 0, 7001 f 0,6979 } Mg I 0,7023 0,6942 0,6447 0,6562 
Fe 0,6128 1,9855 0,5911 2,0561 0,6041 1,9970 0,6112 2,0115 
Ti I 0,0083 0,0097 0,0101 0,0135 
Mn I 0,0166 0,0148 0,0180 0,0156 
Na 0,0265 0,0252 0,0200 0,0171 ) 

All the analysed pyroxenes presented here are from the central portion of the 
Feldspathic gabbro unit. 

I 
i 

i 

N 
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set of analyses were not cccu:pleted. P~1roxenes from near the middle 

of the unit are zoned from about Mg36Ca3SFe29 in the cores of 

crystals to Mg27Ca36Fe37 at the margins. 

(c) Minerals present in the 'Vesicles' 

Quartz, chlorite, prehnite, calcite and a variety of zeolitic 

minerals were noted in vJhat appear to be vesicles that are found 

particularly near the eastern margin of the feldspathic gabbro. 

Amongst the zeolites identified were thomsonite, natrolite and 

chabazite. 

(d) Ore Minerals 

( G ) 

The usual eT.e minerals found in the volcanic rocks of the Komatipoort 

area occur in the feldspathic gabbro. These are magnetite, ilmenite, 

pyrite, and chalcopyrite, in decreasing order of abundance, all of 

which occur for the most part as irregular interstitial patches. 

Magnetite is largely martitised to hematite, which in places, contains 

relict orientated lamellae of ilmenite. 

Minor Intrusives 

A number of minor intrusives, ranging from dolerites to gabbros, occur 

associated with Komatipoort Intrusion. 

(i) Dolerites 

Several small north-east south-west striking dolerite dykes crosscut 

the Komatipoort Intrusion and are particularly conspicuous where they 

intrude the Granophyre Zone. They range between ,15 m and 1 m in width 

and as mentioned in the section on dolerites, appear to occupy a 

rectangular fr~cture pattern induced by tension from the south-east. 

At least two generations of dolerite dykes are present. The older 



- 212 -

generation 'frequently contains feldspar 'phenocrysts that may be con

centrated along the centre of the dyke as a result of flowage dif

ferentiation (Bhattacharji 1967). The petrography of the porphyritic 

aphyric variety has been described in the section on dolerites. For 

the rest these dolerites resemble the non-porphyritic types previous~y 

described. 

(ii) Granophyres 

(iii) 

Several small granophyre dykes crosscut the granophyric gabbro and the 

feldspathic gabbro on either of the main granophyre, and are possibly 

offshoots from it. 

Granophyric Microgranites 

Near the sOuthern end of the Komatipoort Intrusion two granophyric 

microgranite dykes crosscut the lower three .units 

of the Komatipoort Intrusion forming two large masses of contaminated 

felsite rocks (see Geological Map ). These contain large quantities 

of xenocrysts and xenoliths set in a felsite groundmass. Textures 

are, in part, similar to those present in the margins of the g:cano

phyre unit of the Komatipoort Intrusion. 

(iv) Composite Intrusions 

An intrusive dyke-like body forms a prominent rockbar cross1ng the 

Komati River 1.5 km upstream from its confluence with the Ngweti 

River. The dyke trends approximately N-S (although both extremities 

curve slightly towards the west), and can be traced over a distance 

of almost a kilometer, at an average width of 30 to 50 meters. In 

spite of the apparent topographical uniformity of the body, it is 

'composite, consisting in part of an initial intrusion of dolerite 

and,for the rest,of a later mass felsitic material. On the south bank 

of the Komati River the dyke consists for the most part of felsite 

with a thin ~edge of dolerite along its western margin, but on the 
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northern bank dolerite is the dominant rock type. This produces a 

difference in the ~ode of outcrop on the two banks; 

on the south bank the resistant felsite forms a low ridge for about 

200 to 300 meters, while on the north bank, no marked feature is present. 

The dolerite forming the western part of the composite dyke is a har~, 

black, fine to medium-grained rock crowded with xenolithic blocks of 

gabbro an4 large detatchedxenocrysts of plagioclase. Its contact with 

the granophyric gabbro to the west is sharp and clearly defined, but 

the contact with the felsite to the east is gradational. 

Close to the contact with the dolerite the felsite is crowded with 

partly resorbed and altered phenocryst which become less abundant 

with increasing distance from the contact. The rock grades into a 

normal granophyric microgranite which has a sharp contact with the 

granophyre at its eastern limit, (see Geological Map). 

( H) : The Metamorphic Aureole of the Komatipoort Intrusion 

(i) Metamorphism Adjacent to the Upper Contact 

The basalts adjacent to the upper contact of the Komatipoort Intrusion 

are metamorphosed to a relatively mild degree. Meta-basalts showing 

the highest grade of metamorphism are present in a narrow zone approxi~ 

mately 15 m wide adjacent to the upper contact, in which rocks of the 

hornblende hornfels facies are erratically developed, In these, plagio

clases are clouded with minute inclusions and show partial, marginal 

recrystallization, and tiny original pyroxene granules are partially 

altered to hornblende. The remaining pyroxene is crowded with minute 

granules of iron ore. Amygdales in the same rocks contain hornblende 

and recrystallized quartz, in contrast to the amygdales of the adjacent 

unmetamorphosed basalts in which chlorite and quartz are commonly 

present. Basalts showing only slight metamorphic effects 1n the form 

of a splintery fracture, due to baking, and the presence of small glassy 

nodules 2 to 3 mm across, are more common. 
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(ii) Metamorphism Adjacent to t he Lower Contact 

A band of hornfelsed basalts, i .s · sporadically. exposed , along the western 

margin of the olivine gabbro . The hornfelsed basalts are best developed 

in a low ridge extending south from the banks of the Ngweti River at 

a point 200 m above its confluence with the Komati River (see Geolog .~ .cal 

Map). A somewhat incomplete cross-section was collected along the 

banks of the Ngweti, and this was supplemented by samples obtained 

from sporadic outcrops along the length of the belt. 

The hornfelsed basalts are hard, black, fine- grained rocks frequently 

containing small brownish patches and st~eaks, often slightly elongated, 

which in thin section are ,reco.gnisable as palimpsest amygdales. 

Even in thin section, the extremely fine grain of many of the basalts 

to some ext~nt obscures details of the mineralogical variations across 

this metamorphosed zone, however somewhat similar changes have occurred 

in the associated coarser grained dolerites, facilitating the recognition 

of metamorphic grade. At a distance of some 100 m from the contact, the 

meta-basalt differs little from the normal unaltered basalts. Plagioclase 

phenocrysts are cracked and, as is usual in the unaltered basalts in 

this area, both phenocrysts and groundmass plagioclase are slightly 

clouded by the development of sericite; in addition the pyroxene in tee 

groundmass is partially replaced by chlorite . Also common are somewhat 

irregular patches consisting solely of chlorite, ( which appear to be 

altered mafic phenocrysts), and amygdales containing quartz, chlorite 

and a little zeolitic material. 

Samples collected 50 m from the contact contain clear plagioclase 

phenocrysts that are severely cracked and bent, and enclose much 

larger inclusions along twin and cleavage planes, the largest inclusions 

consisting of clinopyroxene occurring together with minor amounts of 

iron ore in smaller granules . The pyroxene is heavily clouded with iron 

ore and in some cases, the pyroxene crystals are barely recognisable 

as such. The iron ore appears to be concentrated towards the centre of 
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some pyroxenes, particularly along cleavage or other crystallographic 

planes. 

In contrast, a specimen collected from a dolerite dyke intruding the 

basalt at a similar distance from the contact about 4 km north of this 

point, consists essent1ally of biotite, augite, plagioclase and iron 

ore set in a groundmass of radiating needles of alkali feldspar and 

quartz. The biotite frequently forms cores to pyroxene crystals which 

appear to be developing at its expense. These pyroxene crystals are 

pale green in colour and heavily charged with dusty iron ore. The 

plagioclase shows signs of severe crushing, often being partly frag

mented, and in addition it is clouded with minute inclusions of what 

appear to be iron ore. 

A few meters closer to the contact hypersthene makes its appearance 1n 

patches occ~rring interstitially to the plagioclase. Within these 

patches of hypersthene, which are frequently finer grained than the 

surrounding groundmass clinopyroxene, little or no iron ore and 

magnetite occurs, although plagioclase may be present. Plagioclase 

crystals in contact with these aggregates of hypersthene granules 

show a narrow, clear, recrystallised -: rim.On the inside of this rim a 

zone cr0wded with tiny pyroxene and iron ore inclusions is developed. 

immediately ~djacent to the contact, the basalt display evidence of 

::. strong thermal metamorphism. The groundmass of plagioclase and 

pyroxene is completely recrystallised and has a crystalloblastic or 

in places a slightly schistose texture. 

This groundmass is composed of a mosaic of small clear plagioclase 

laths with highly irregular boundaries, between which small recrystallised 

granules of pyroxene and euhedral octahedra of magnetite occur. The 

pyroxene is usually augite, but in places hypersthene also, may be 

present. Larger structures such as amygdales and porphyritic plagioclase 

are preserved but show complete recrystallisation. 

The amygdales uhich are usually present in the basalts show a series 

of changes corresponding to those occurringin the rock-forming basalt 
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minerals, as the contact with the Komatipoort intrusion 1S approached. 

Rocks containing amygdales were collected only l"ithin a distance 

of a few tens cf meters of the lower contact and no specimens 

showing intermediate or lower grades of metamorphism were found. 

In the metamorphosed basalts these amygdales commonly contain 

quarts, agate, epidote, chlorite and zeolite, but adjacent to the 

contact with the olivine gabbro, a variety of higher temperature 

minerals are present (Plate 18, p 217). In the most highly 

metamorphosed rocks th~ palimpsest amygdales consist, in their 

simplest form, of a coarse aggregate of augite grains, either 

alone or together with hypersthene crystals of approximately the 

same size. In places a small amount of plagioclase of indeter

minable composition may occur in addition. More complex amygdales 

retain their original concentrically zoned stru~ture, typically 

consisting from the outer layer inwards, of a surrounding zone 

enriched 1n small granules or iron ore, followed by a layer 

composed of an aggregate of coarse pyroxene crystals. This is 

succeeded by a zone composed of mosaic of recrystallised quarts, 

which in turn surrounds a core of coarse pyroxene, (augite and 

hypersthene). The structure and mineralogy of these amygdales 

is variable, how€.uer, and is clearly dependent on the structure 

and composition of the original amygdales. Less commonly other 

mineral assemblages may be found in relict amygdales close to 

the contact, including some showing cores of quartz and 0rthoclase 

and more rarely, the assemblage cordierite, orthoclase and garnet. 

(I) Modal variations 1.n the Komatipoort Intrusion. 

Features of interest in the modal variation diagram, (folder 

2, in map pocket), include the presence of olivine at two 

levels within the clinopyroxene-plagioclase cumulate, and a 

gradual increase in intersitial micropegmatite in the upper 

parts of this unit. The granophyre shows a m&~ginal concen

tration of iron ore, plagioclase and pyroxene and a central 

high in granophyric matrix material. In the divine gabbro, 

modes tend to flu-tuate, but in the granophyric gabbro compo

sitions seem reasonably constant. Modal variations in the felds·· 

pathic gabbro are discussed in the section on modes,(s=c p207). 



- 217 -

PLATE 18 

1. Zoned Palimpsest Amygdale. Rim of iron ore granules, inner zone 

of clinopyroxene and core of quartz paramorphs after tridymite. 

(Transmitted light, X60). 

2. Unzoned Palimpsest Amygdale. Aggregate of clinopyroxene, orthopyroxene, 

minor plagioclase and ore, becoming coarser towards the centre. 

(Several air bubbles are present 1n the photomicrograph). 

JTransmitted light, X60). 
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Variation in pyroxene composition in the Komatipoort Intrusion 

As noted in earlier sections, the compositions of the Ca-rich 

clinopyroxenes in the Komatipoort Intrusion, vary widely, ranging 

from Ca39Mg46Fe15 to Ca43Mg4Fe53. In Fig 15 , the compositions 

of these pyroxenes have been plotted in the pyroxene quadrilateral, 

allowing a generalised Ca-rich pyroxene crystallisation path to 

be defined. This closely approxim:ltes the generalised crystalli

sation. path of the Ca-rich pyroxenes from strongly i ractionated 

tholeiitic intrusions such as, for example, the Bushveld Complex, 

the Skaergaard Intrusion, and the Birds River Complex. 

Examination of the Komatipoort trend in detail however, shows 

that the points representing Ca-rich pyroxenes have a tendency to 

cluster to~~ther in groups along, or adjacent to, the generalised 

crystallisation path. The Ca-rich pyroxenes of the olivine gabbro 

and the feldspathic gabbro plot above the crystallisation path 

for example, and appear to be slightly enriched in Ca compared 

with the augites of the clin0pyroxene-p1agioc1ase cumulate. Together 

they could be interpreted as def ining a sepzrate, short, mild iron

enrichment trend ~ It should be noted however, that comparisons of 

compositions of the pyroxenes from the olivine gabbro and the 

feldspathic gabbro are of limited value as the fe1~spathic gabbro 

pyroxene compositions are from one sample only. • The Ca-rich 

pyroxenes of th'~ clinopyroxene-p1agioclase cumulate arid the most 

Mg-rich augites of the granophyric gabbro, on the other hand, may 

be int2rpreted as lying on a roughly parallel mild iron-enrichment 

trend, with a slightly lower Ca-content. This trend is relatively 

poorly defined, as insufficient analyses are _.3Yili1able of the most 

Mg-rich ferro-augites from the granophyric gabbro. 

The Ca-poor m1n1mum 1n the genetalised compositionai path (see fig 
I 

15 ), lies approximately midway through the compositional range of 

the Ca-rich pyroxenes of t he granophyric gabbro. In Table 31 , the 

\ 
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pyroxene represented by analysis ?o. 3 occurs as a mantle around 

a Ca-poor pyroxene with a composition represented by analysis 14 

in the same table. This pyroxene (analysis 3) lies closest to the 

Ca-poor minimum in the generalised crystallisation path in fig 15 , 

of any of the analysed Ca-rich pyroxenes. Both the orientation 

of the t:.e·-line joining the points representing analyses 3 and 14 

(Table 31 ), and a comparison of the compositions of these two 

pyroxenes however, suggests they are unlikely to represent an 

equilibrium pair. 

The rest of the Ca-rich pyroxenes of both the granophyric gabbro 

and the granophyre, plot in a group towards the Fe-rich end of the 

generalised crystallisation path. Some compositional overlap 

between the Ca-rich pyroxenes of the two rock types is suggested 

by similarities in both major and minor element composition, e.g. 

compare pyroxene analysis 1, from the granophyre (see Table 32 and 

fig 15), and the ferroaugites of the. granophyric gabbro, · (see 

-Table 31 and fig 15 ). These compositional similarities plus 

textural considerations, however, suggest the possibility that this 

pyroxene (analysis 1 from the granophyre - see Table 31 ), represents 

a xenocryst from the granophyric gabbro, caught up in the granophyre. 

The rest of the analysed pyroxenes from these t\VO rock types 

(see Tables 31 and 32 ), differ in major element chemistry as indi

cated by the fact that the granophyric gabbro pyroxenes are largely 

brown ferroaugites and the granophyre pyroxenes are mostly deeper 

brown ferrohedenbergites (see fig 15 ). As may be seen from fig 16 

and fig 17 differences in minor element chemistry are present as 

well. If cognisance is taken of the relative degree of iron en

richment of these pyroxenes, it i.s found that the ferrohedenbergites 

of the granophyre, (excluding granophyre pyroxene analysis 1) are 

relatively enriched Ti and AI, compared with the ferroaugites of the 

granophyric gabbro, ( compare Tables 31 and 32 , see fig 32 ). 

There are certain textural similarities between the pyroxenes from 

these two rock types, namely, both show the presence of discontinuous 
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rims and marginal patches of a green pyroxene, which is itself, 

in places, rimmed by a green amphibole. Several of the pyroxene 

analyses in Tables 31 and 32 represent this marginal green 

pyroxene. As may be seen from fig 32, notable differences in 

minor element chemistry exist between the green and brown 

pyroxenef 1n both rock types. Specifically the green pyroxenes 

tend to have lower Ti and Al contents than the brown pyroxenes. 

Differences in major element composition include higher Ca, 

Si and Fe values in the green Ca-rich pyroxenes, (see Tables 31 

and 32). The intensity of the colour of both green and brown 

pyroxenes diminishes with decreasing Fe content and pyroxene 3 

from the granophyric gabbro, (see Table 31 and fig 32) is an 

intermediate greenish-brown colour. 

Associated green and brown ferrohedenbergites have also been 

described from the Skaergaard Intrusion (Wager and Deer 1939, 

Brown and Vincent 1963, Nwe and Copley 1975), although these 

pyroxenes are on average far more Fe-rich than the pyroxenes 

discussed here. However with the exception of Fe-content they 

display differences in major and m~nor element chemistry, (Nwe 

and Copley, 1975) which parallel those present in the green and 

brown pyroxenes of the Komatipoort Intrusion, (see above). 

Some of the green pyroxene in the Skaergaard ferrodiorites hav,e 

originaten by inversion of ferrowollastonite, but this origin 

cannot be considered for the relatively Mg-rich, strainfield-free, 

green pyroxenes described here. If the green and brown ferro

augites and ferrohedenbergites are plotted as such, into the 

pyroxene quadrilateral, the green pyroxenes appear to define a 

separate crystallisation path, (fig 33), slightly enriched in Ca. 

This path lies close to the sub-solidus ' trend line defined by 

Nwe (1976), for Ca-rich pyroxene of the Skaergaard Intrusion, 

lying in the Fs-rich region of the pyroxene quadrilateral, which 

suggests that the green pyroxenes from the granophyric gabbro 

and the granophyre could also represent sub- solidus cOlnpositions. 

The sub-solidus pyroxenes determined by Nwe (1974), however 

showed exsolution lame llae of pigeonite, which became finer with 

incr easing Fe content of the pyroxenes, making subso1idis com

positions pro gressively more difficult to obtain. 
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Ca 

Generalised compositional trend for green pyroxenes and brown pyroxenes from the 

Granophyric Gabbro and Granophyre units of the Komatipoort Intrusion. 

Granophyric Gabbro • Green pyroxenes 
0 Brown pyroxenes 

Granophyre A Green pyroxenes 
!J. Brown pyroxenes 
....... Tie lines 
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The green pyroxenes from the granophyre and the granophyric gabbro 

contain no microscopically detectable exsolution lamellae. If 

pigeonite lamellae of submicroscopic proportions were present, 

solidus rather than subsolidus compositions would be expected on 

analysis . with a relatively diffuse microprobe beam, which again 

was found not to be the case. In addition, green and brown pyroxene 

representing pyroxene with and without exsolved pigeonite would be 

expected to lie on a coexisting pigeonite-augite tie line. From the 

orientation of the tie lines joining the brown and green ferro

hedenbergites of the granophyre, (see fig 33 ), thiB does not appear 

to be the case. 

Thus the green pyroxenes described here, for the reasons given above, 

do not appear to represent either the inversion product of a ferro

wollastonite, or a subsolidus pyroxene produced by the exsolution · ' 

of pigeonitc. 

Another possibilit.y is suggested by the gradational nature of the 

transition from the brown to the green pyroxenes in the granophyric 

gabbro, and the apparent compositional relationship between a margi

nal green pyroxene and its brown counterpart, (see Tables 31 and 32, 

fig 32 and fig 33). These observations, together with the fact that 

the green ferroaugites of the granophyric gabbro tend to be enriched 

in iron relative to the associated brown ferroaugite, suggest that 

the green pyroxenes represent a sub-solidus re-equilibration product, 

resulting from interaction between a late stage, lower temperature 

residual fluid phase and the pre-existing Fe-rich pyroxenes in both 

the granophyre and the granophyric gabbro. This has produced a series 

of sub-solidus compositions. Differences in colour would be largely 

related to relative contents of Ti and Fe (see fig 32 ), although 

oxidation states may also be important. 
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Major element chemistry of the Komatipoort Intrusion 

Unit 1 - The olivine gabbro 

Chemical analyses of eight specimens of olivine gabbro are listed 

in Table 34 , p 225 • Five of these samples were collected along the 

Sihlangula Stream section, (see geological map). and encompass the 

full range of textures described from this part of the unit, (see 

section on petrography, p 117). The other three analysed specimens, 

collected along the Ngweti River section, represent typical olivine 

gabbro from the lower and middle parts of the unit, in this section. 

In general, the a~alyses of all these specimens show fairly low 

Si0
2

, K
2
0, P

2
0

5 
and to a lesser extent Ti02, and relatively high 

HgO, A1
2
0

3 
and CaO. In Table 34 , p 225 , it may be seen that the 

average composition of the olivine gabbro in the Sihlangula Stream 

section of the Komatipoort Intrusion, clc:sely resembles that of the 

average rock from the LZ of the Skaergaard Intrusion, (a plagioclase-
a 

olivine-cumulate). Differences in chemistry between the two 

averages could be explained largely in tenus of differences in 

plagioclase content. When examined individually the analyses listed 

in Table 35 , p 226, show some fluctuation in Mg :Fe ratio ; this 

variation is caused largely by fluctuations in the relative pro

portions of olivine and pyroxene. The fine-grained, lineated, 

hornfels-textured rocks at the base of unit 1 on the Sihlangula 

Stream sect ion, (analysis CL 1 , Table 34, p 225 ), has a similar 

major element chemistry to the other analysed oli.vine gabbro samples, 

and this fact, coupled with the gradational variations in texture 

described in the section on petrography (see p 117), provides evi

dence that these lineated rocks should be regarded as the hornfelsed 

equivalent of the base of the olivine gabbro unit, rather than a 

metamorphosed olivine-rich basalt coincidentally interbedded with 

other basalts at the basal contact of the intrusion. 



TABLE 34 

MAJOR ELEMENT ANALYSES FOR EIGHI' SPECIMENS OF OLIVINE GABBRO FROM THE KOMATIPOORT INTRUSION 

CLI I CL2 1 (;L3 1 C.L41 CL5 1 
CL35

2 
CL36

2 
CL49

3 

'Si0
2 44,45 47,41 46,66 48,37 47,97 49,21 48,35 48,42 - I Analyst - National Institute 

L1
2
0

3 

for Metallurgy 
17,59 18,87 14,48 16,94 17,42 19,42 18,20 18,00 - 2 Analyst - University of Cape 

Town, Professor 

~e203 2,Lf9 2,23 1,22 2,18 1,03 7,69 10,40 9,92 Erlank 

eO 10,80 8,06 12,30 9,28 6,76 nd nd nd - 3 Analyst - C. Logan 
gO 10,48 7,55 12,08 6,30 9,40 6,75 9,20 9,61 - 4 Total Fe expressed as Fe203 
aO 9,66 11,52 9,87 10,92 14,10 13,94 12,30 11,83 - 5. nd - not determined 

ra02 
N 

- 6 LOI - loss on ignition 
N 1,84 1,96 1,73 2,43 1,59 2,13 1,84 1,94 \Jl 

F ZO 0,14 0,28 0,23 0,32 0,12 0,19 0,28 0,3 CLI - CL5 Cross-section of the 

t2O
: 

0,19 0,14 0,11 0,17 0,09 0,143 0,055 0,08 
olivine gabrro in the 
Sihlco.ilgula Stream 

1,16 1,09 1,07 0,93 0,88 nd nd nd 
section (CLI - Base, 

!H2O CL5 - Top) 

t nd 5 
nd nd nd nd 0,005 0,009 nd CL35, CL36, CL49-

! °2 0,18 0,22 0,21 0,20 0,17 nd nd nd 

016 nd nd nd nd nc 0,005 0,000 0,007 
i02 1,00 0,90 0,48 1,06 0,52 0,44 0,57 0,65 

0,10 0,12 0,12 0,15 0,08 0,03 0,09 nd 

nO 0,16 0,15 0,21 0,18 0,13 0,11 0,14 0,11 

OTAL 100,24 100,50 100,77 99,43 100,26 100,063 101,434 100,867 

'-
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Table 35 

Comparison of 1) Average rock (plagioclase-olivine-cumulate) from the 

Skaergaard Intrusion L2 with ' 2) Average clivine-gabbro from the 
a 

Sihlangula Stream section of the Komatipoort intrusion, (average of ana-

lyses CL I to CL 5 ) 

1 2 

Si0
2 45,48 46,97 

Al 20
3 16,41 17,06 

Fe
2
0

3 2,09 1,83 

FeO 9,29 9,44 
MgO 11,65 .' 9,76 
CaO 10,41) 1 1,21 
Na20 2,06 1,91 

K
2
0 0,27 0,22 

H2O + 
0,77 1,03 

-H
2
O 0,26 tJ,14 

Ti02 0,94 0,80 

P205 0,05 0,11 

MnO 0,06 0,17 

Total 99,79 100,65 
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(ii) Unit 2 - , The clinopyroxene-plagioclase cwnulate 

Major elenlent analyses of S1X samples of clinopyroxene-plagioclase 

cumulate are listed in Table 36 , p 228 • These analyses are repre

sentative of the lower and middle parts of unit 2 only, as specimens 

suitable for analysis were unobtainable from the upper part of the 

unit at the time that the geochemistry of the intrusion was investi

gated. Analysis CL 37 represents the composition of a sample of unit 

2 collected close to the contact with the olivine gabbro. Samples 

.at this point are contaminated with apparent xenocrysts and micro

xenoliths of olivine gabbro, as described in the section on petro

graphy, (see p 142). The major element analysis of this rock, however, 

compares well with that of the typical clinopyroxene-plagioclase 

cumulate from the lower-middle parts of unit 2, ( compare analyses 

CL 6 and CL 37 ' in Table 36 ). Analyses CL 38 and CL 39 represent 

magnetite-rich samples from the upper-middle parts of unit 2, and 

this enhanced magnetite content is reflected in the increased 1ron 

and titanitnn values in these analyses. 

(iii) Unit 3 - The granophyric gabbro 

Eight major element analyses of speC1mens of granophyric gabbro, are 

listed in Table 37 , p 229, and these form a cross-section of unit 

3, collected along the course of the Komati River. The analyses sho~v 

relatively mild enrichment in Si02 and Al i 0
3 

and are actually slight

ly poorer in FeO + Fe203 than the analysed dolerites listed in Table 

16 ,p 51 • The presence of fairly 1mv l1g0 contents however gives 

the rocks distinctly Imler Mg:Fe ratios than the analysed dolerites 

from the Komatipoort area. , In this sense the granophyric gabbro Samples 

could be described as ferrogabbros. They show notable compositional 

similarities to the ferrogabbros from the Birds River Complex (Eales 

and Robey, ]976) listed in Table 38 for comparison, which are con

sidered to have formed by the 1n situ differentiation of Karroo-age 

gabbro. A detailed comparison of the analyses in Tables 37 and 38, 

shows that the Komatipoort rocks in general tend to be lower in 

MgO and Ti02 and higher in K20 and P205' than the ferrogabbro from 

the Birds River Complex . 



TABLE 36 

MAJOR ELEMENT ANALYSES FOR SIX Stu'1PLES OF CLINOPYROXENE-PLAGIOCLASE CUMULATE FROM THE KOHATIPOORT INTRUSION 

CL6 1 
CL7

1 
CL37

2 
CL38

2 
CL39

2 
CL50

3 

Si02 50,53 49,90 50,52 47,21 47,29 50,8 - fulalyst:- National Institute for 
Metallurgy 

Al 203 13,94 15,40 13,95 11,24 11,34 12,75 2 - Analyst:- University of Cape Town, 

14,364 20,654 . 20,104 14,604 
Professor Erlank 

Fe20
3 L.57 2,61 3 - Analyst:- C; Logan 

FeO 10,49 8,78 nd nd nd 4 - Total Fe expressed as Fe203 
MgO 5,67 5,50 5,67 4,54 4,44 4,58 5 - nd = not determined 

CaO 10,81 11,62 10,61 9,20 0,13 11,90 6 - LOI = loss on ignition 

Na20 2,46 2,34 2,37 2,26 2,26 2,00 

K20 0,76 0,46 0,79 0,93 0,98 0,88 CL6, CL7, CL50 - lower middle clinopyroxene-

H2O 0,14 0,13 0,209 0,229 0,237 0,243 
plagioclase cumulate unit 

CL37 - lower contact of the clinopyroxene-
+ plagioclase cumulate H2O 0,89 0,93 nd nd nd nd CL38, CL39 - Upper middle clinopyroxene-

S nd 5 
nd 0,017 0,116 0,120 nd 

plagioclase cumulate 

CO 2 0,25 0,24 nd nd nd nd 

LOI6 nd nd 0,017 0,000 0,000 0,015 

Ti02 1,61 1,56 1 ,51 3,34 3,41 1,65 

P20
5 0,44 0,25 0,36 0,38 0,41 nd 

HnO 0,23 0,20 0,23 0,29 0,28 0,28 

TOTAL 100,79 99,92 100,613 100,385 99,997 99,698 

N 
N 
00 



CL8 1 

Si02 52,88 

A1 20
3 

14,42 

Fe
2

0
3 

3,81 

FeO 8,86 

Mg9 1,72 

CaO 7,06 

Na20 2,85 

K20 1,74 

H2O 0,43 

H2O + 
1,58 

S nd 5 

CO~ 0,45 
L. 

i LOr
6 

nd 5 
I 

Ti02 1,77 

P20
5 0,79 

HnO 0,23 

TOTAL 98,59 

TABLE 37 

MAJOR ELEHENT A1~ALYSES FOR EIGHT SAMPLES OF GRANOPHYRIC GABBRO FROM THE KOMATIPOORT INTRUSION 

CL9 1 
CLIO I CL24

1 
CL41

2 
CL42

2 
CL51 3 CL52

3 

53,34 52,34 52,88 51,32 51,70 52,01 53,04 - Ana1yst:- National Institute for 
Metallurgy 

14,93 14,34 13,70 14,31 14,30 14,50 13,67 2 - Ana1yst:- University of Cape Town, 

16,184 16,144 15,984 16,354 
Professor Erlank 

4,55 4,49 4,38 3 - Ana1yst:- C. Logan 

8,35 9,62 9,19 nd 5 nd5 nd5 nd5 4 - Total Fe expressed as Fe203 
1,51 1,75 1,94 1,87 2,08 1,76 1,63 5 - nd - not determined 

7,23 7,67 7,95 7,18 7,62 8,40 7,42 6 - LOI - loss on ignition 

2,85 2,82 2,91 2,81 2,86 2,98 2,78 

1,83 1,47 1,43 1,46 1,54 1,79 1,82 

0,31 0,44 0,42 0,469 0,452 0,28 0,39 

1,54 1,47 1,09 nd 5 nd5 nd5 
nd

5 

nd5 
nd5 nd 5 0,216 0,105 nd5 nd5 

0,52 0,84 0,20 nd nd nd5 nd5 

r.~5 nd 5 nd5 1,07 0,335 0,76 0,53 

1,50 1,81 2,09 1,93 2,14 1,67 1,82 

0,62 0,69 0,88 1,01 0,92 nd
5 

nd
5 

0,24 0,28 0,26 0,24 0,25 0,23 0,24 

99,32 100,03 99,92 100,065 100,442 100,36 99,69 

N 
N 
\0 



TABLE 38 

TWO SELECTED ANALYSES OF FERROGABBRO FROM THE BIRDS RIVER COMPLEX (from Eales and Robey, 1976) 

1 ' 2 

Si02 54,6 52,2 

A1
2
0

3 11,3 13,2 

Fe
2

0
3 9,8 4,6 

FeO 6,0 10,1 

HgO ~,3 3,2 

CaO 5,0 7,7 

Na
2
0 2,78 2,99 

K20 2,16 1,34 

H2O 2,4 0,8 I 
CO 2 0,1 nd 

Ti02 2,0 2,4 

P
2

0
5 0,82 0,35 

, MnO 0,2 0,2 

TOTAL 99,5 99,1 
--------

Birds River Complex - Fractionated derivative of the porphyritic suite. (Eales and Robey, 1976, p 104, 
Table 1, analysis 5) 

2 Birds River Complex - Ferrogabbro with interstitial mesostasis. (Eales ~nd Robey, 1976, p 104, Table 1, 
analysis 4) 

N ....., . 
o 
I 
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(iv) Unit 4 - The Granophyre 

? 'V'7'V 
Tahle 29, p 231, lists major element analyses of n~ne samples 

from unit 4. These include an analysis of the 'grey granophyre' , 

mentioned ~n the section on petrography, (see p 189), and two 

samples of the finer-grained contact rocks present at the 

boundary between the granophyric gabbro and the granophyre. 

Together the analysed samples,which were collected along 

the bed of the Komati River, provide a cross-section of the 

granophyre. Major I'lnd trace element data suggest the 3rey 

granophyre may represent a metasomatised xenolith of grano

phyric gabbro, or possibly feldspathic gabbro caught up In the 

granophyre (see later) and the sample is listed as such ~n the 
• '", 'V 

~ndex to Table 29, p 231. The granophyre of the Komatipoort 

Intrusion is in some respects, compositionally similar to the 

more silic~ous differentiates of other tholeiitic intrusions. 

In terms of most major elements, it closely resembles certain 

differentiated rocks of the Birds River Complex, (i.e . those 

termed' fractionated derivatives of the porphyritic suite' by 

Eales and Robey, 1976). Tex~ural differences are apparent, 

however, betv]eenthe Birds River Complex rocks and the Komati

poort intrusion granophyre, as the Birds River Complex differen

tiates have a glassy to microcrystalline groundmass. 

Analyses of several differentiates from var~ous basic intrusives 

are listed in Table 40, p 232, for comparitive purposes. The 

Komatipoort granophyre is clearly low in Si0
2 

relative to other 

granophyres proper, and justification for terming the rock a 

granpphyre ~ must be g~ven on textural rather than compositional 

grounds, as is the case also for the granophyric gabbro of unit 3. 

Despite generally lower Si02 contents, similarities are apparent 

in the analyses compar~d in these tables. Analysis 1, Table 40, 

(Birds River Complex), and analyses CLl1 and CL23, Table 39, 

(Komatipoort intrusion), show strong similarities, as do analyses 

3 and 4, Table 40, (Birds River Complex) and analyses CL12, 

Table 39, (Romatipoort intrusion). 



I 

Table 39 

11AJOR ELEMENT ANALYSES OF NINE SAMPLES FROM THE GRANOPHYRE UNIT, KOHATIPOORT INTRUSION 

CLII' CLI2' CL32' CL43 2 2 2 3 2 11 
Si0 2 55,45 62,71 62,18 54,09 57,16 61,62 61,52 53,27 51.,42 

A1 20
3 

11,01 11,46 11,40 15,82 11,65 11,44 11,53 10,74 10,52 

Fe20
3 

4,81 4,79 3,63 13,37 15,67 14,00 g,37 19,75 11,67 

nd 5 nd 5 5 
nd

5 
nd

5 FeO 10,77 6,98 8,49 : nd 12,98 

HgO . 0,96 0,48 0,40 1,12 1,15 0.48 0,51 I ,3:1 1,50 

CaO 5,27 3,81 4,17 6,63 1.,55 4,05 4,06 5,70 6,18 

Na
2
0 2,76 3,35 2,86 3,12 2,93 2,77 2,81 2,16 2,59 

K20 2,36 3,47 3,50 1,71 2,76 3,60 3,62 1,96 1,75 
H

2
O- 0,50 0,27 0,06 0,247 0,500 0,249 0,35 0,400 0,41 

H 0+ 2,17 0,99 1,35 nd
5 

nd
5 

nd
5 

nd
5 odS 1,39 2 

nd 5 
nd 5 

nd5 
nd

5 nd
5 S 0,349 0,054 0,059 0,195 

CO 2 1,38 0,22 0,20 nd5 
nd5 

nd
5 nd

5 nd
5 

0,33 

LOI6 5 
nd5 nd 5 

1,24 0,342 0,08 1,55 nd
5 

nd 0,093 

Ti02 1,69 1,08 1,20 1,54 1,74 1,16 1,34 1,97 2,13 

p 2()" 0,47 0,20 0,23 0,56 0,57 0,28 nd
5 

0,72 0,80 

HnO 0,30 0,26 0,28 0,24 0,262 0,25 0,28 0,20 0,35 

TOTAL 99,90 100,07 99,95 100,036 99,089 100,30 100,47 99,915 100,02 
-------

I - Analyst - National Institute for Metallurgy; 2 - Analyst - University of Cape Town, Professor 

Erlank; 3 - Analyst - C. Logan; 4 - Total Fe expressed as Fe
2

0
3

; 5 - nd - not determined; 

6 - LOI - loss on ignition; 

N ..., 
N 



TABLE 40 

ANALYSES OF FRACTIONATED ROCKS FROM SOHE THOLEIITIC INTRUSIONS 

1* 2* 3 4 5 6* 

Si02 57,5 66,5 55,10 57,30 64,39 65,0 

Al 20
3 11, ° 11,8 9,90 11,13 12,37 11,8 

Fe
2

0
3 4,75 5,15 3,41 

FeO 15,1 9,1 15,14 11,75 6,74 10,4 

HgO 1,5 0,7 0,13 0,81 - 0,31 0,7 

CaO 6,1 3,5 7,76 4,83 3,67 4,3 

Na20 3,3 3,5 3,86 3,51 4,30 3,0 

K20 2,3 3,5 1,00 1,83 2,33 3,0 

H2O 1,12 1,42 1,36 

Ti02 2,2 1, ° 1,16 1,42 0,92 1,4 

P205 0,8 0,2 0,24 0,35 0,09 0,2 

HnO 0,14 0,28 0,21 

Other 0,2 0,2 0,2 0,2 

TOTAL 100,0 100,0 100,3 99,78 100,30 100,0 
1 __ -

* All ~~ expressed as FeO and totals recalculated to 100% on H20 and CO2 - free basis by Eales and Robey (1976) 

I)Birds River Complex - Porphyritic fayalite-bearing derivatives with microcrystalline to glassy groundmass, 
2 (Eales and Robey, Table 2, p 105) 
3 Transitional Granophyre, Sydtoppen, Skaergaard (Wager and Brown, 1968, p 158, 4489) 
4 Ferrodiorite, Sandwich Horizon, Skaergaard, (Hager and Brown, 1968, p 158. 4330) 
5 Helanogranophyre. U B G , Skaergaard, (Wager and Brown, 1968. 5264) 
6 Fayalite Hedenbergite Granophyre, New Amalfi Sheet, (Poldervaart 1944) 

N 
Vol 
Vol 
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These analyses effectively span the full range of compositional 

variation found in the granophyre of the Komatipoort intrusion. 

The analysis of the 'grey granophyre', (Table 39 , p 232 ), is 

exceptional in that it differs from the other analysed Komatipoort 

iritrusion granophyres in its noticeably higher Al 203 and CaO conten~s, 

amongst other features. The major element composition of the 'grey 

granophyre' compares well with the most silica rich of the analys8d 

granophyric gabbro samples listed in Table 37 , p 229 , (Analysis 

CL 9 ). 

(v) Unit 5 - The feldspathic gabbro 

A total of s~x analyses of the gabbro that composes unit 5 are 

shown in Table 41 , p 235 • Three of these analys~s, (CL 14 , 

CL 26 , anu CL 46 , Table 41 ), are of samples from the relatively 

fine-grained easterly margin of the unit, (described in the section 

on petrography, p 201), and one of the remaining analyses . ( CL 27 

Table 41 ) represents a specimen from what is considered to be a 

large xenolith of feldspathic gabbro, present at the contact 

between the granophyric gabbro and the granophyre. The remaining 

two analysed specimens were collected from the lower and middle 

part of unit 5, respectively. All of the analysed specinens were 

collected along a cross-section of the unit provided by the course 

of the Komati River, upstream from the Railway Bridge, (see geolo

gical map). An analysis of a feldspathic olivine gabbro from the 

Birds River Complex (Eales and Robey 1976), is also listed in 

Table 41 ,p 234 , for comparitive purposes. There are similarities 

between this analysis and some of the analysed rocks of unit 5, (CL 

27 and CL 40 , Table 41 ), despite the fact that the major rock 

forming minerals in th~ feldspathic gabbro from the Komatipoort 

intrusion show signs of alteration, (see section on petrography, 

p 201). Differences in chemistry between the Birds River Complex 

and Komatipoort analyses could be ascribed largely to variations 

in the amount of olivine, plagioclase and interstitial mesostasis 



TABLE 41 

MAJOR ELEMENT ANALYSES OF SIX SPECIMENS OF FELDSPATHIC GABBRO FROM THE KOMATIPOORT INTRUSION (A - F) 

A B C D E F G 

CL27 1 CL40 2 CLI3 1 
CL14

1 CL26 1 CL46 2 

Si02 52,33 50,62 ·52,15 55,95 57,16 ·57,60 52,1 Analyst - National Institute for Metallurgy 

A1 20
3 

19,27 17,36 16,10 18,22 17,70 15,13 17,0 2 Analyst - University of Cape Town. Professor 

Fe20
3 1.63 12,593 

3,16 1.91 3,65 19,073 
1,6 

Erlank 

nd4 4 3 Total Fe expressed as Fe203 FeO 7,30 8,46 5,38 3,89 nd 8,1 

MgO 1,78 2,75 2.20 1,57 1,68 2,40 4,9 
4 nd - not determined 

CaO 9,74 8,82 6.81 7.41 7,23 6,88 9,9 
5 LOI - loss on ignition 

Na
2
0 3,21 2,97 3,17 3,40 3,02 3,26 2,27 A Xenolith of medium grained feldspathic gabbro 

K
2
0 1,29 1,29 2,56 2,12 2,59 3,00 0,76 

present near the eastern margin of the 
N 

granophyric gabbro w 
\J1 

H
2
O 0,26 0,209 0,31 0,35 0,36 0,228 ) I 5 B Medium grained feldspathic gabbro - near western 

+ 
nd4 4 • H

2
O 1,24 1,68 2,07 1,20 nd margin of the feldspathic gabbro unit 

nd4 
nd

4 4 
nd

4 
nd

4 S 0,259 nd 0,056 C Medium grained feldspathic gabbro - near centre 

CO
2 0,29 nd4 

0,20 0,18 0,16 nd
4 

nd
4 of the feldspathic gabbro unit 

LOIS nd
4 

nd
4 

nd
4 

nd
4 4 D Finer-grained feldspathic gabbro - 15 m from the 

1,390 1,390 nd eastern contact 
Ti02 1,23 1,60 1 ,71 1,00 1,01 1,01 1,4 E Finer-grained feldspathic gabbro - 5 m from the 
P205 0,31 0,43 0,58 0,34 0,28 0,32 0,30 eastern contact 

HnO 0 •• 8 0,18 0,20 0,13 0,16 0,15 0,1 F Fine-grained feldspathic gabbro - at the ~astern 
contact 

TOTAL 100,06 100.48 99.29 100,03 100,09 100,49 99,93 G Feldspathic olivine gabbro, Birds River Complex 
(Eales and Robey, 1976, P 104) 
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present in .the samples. 

High levels of Si02 and K20 arc present in the analysed sample of 

the fine grained upper contact of the feldspathic gabbro unit, 

(CL 46 , Table 41 ), and it appears thAt this analysis is unlikely 

to represent the average composition t~e magma parental to the 

feldspathic gabbro. The explanation for the composition of the 

contact rock may be found in the par t ial hybridization of the upper 

contact rocks with a younger granophyric microgranite intrusive 

described in a previolls section, (see p 205 ), and much of the 

glassy interstitial material present in the analysed contact rocks 

is likely to represent infiltrated granophyric microgranite 

magma. 

(vi) Variation Diagrams 

Variations in major element chemistry 1n the rocks of the Komatipoort 

intrusion have been illustrated using several variation diagrams: 

an AFM diagram, major oxides versus position in the intrusion, major 

oxides versus the index 
+ 

Which is recommended for rocks exhibiting relative enricrunent 1n 

both alkali and iron by Eales and Robey (1976). 

(a) The AFM diagram 

In figure 34 , p 236, the analysis of rocks from the Komatipoort 

intrusion have been plotted in an AFM diagram, in terms of weight 

percentages. The use of this diagram for the portrayal of petro

genetic relations has been criticised by Wright (I 974), hm'7ever 

Barker (1978) '. has suggested that AFt-~ diagrams can provide certain 

types of information when used with judgement and in conjunction 

with other projections. In the present instance the diagram is 

used mainly for comparitive purposes since the AFM diagram has been 
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used extensively to portrny major eleillent variation 1n igneous 

rock series. 

It is apparent from figure 34 , that the analyses presented here 

follow a ~ypical, tholeiitic, moderate Fe-enrichment trend, 

roughly ,' comparable to that of the Bushveld Complex (Wager and 

Brown, 1968, Fig 217, p 402), and the Skaergaard(Wager and Brown, 

1968, Fig 116, p 173), intrusions. The analyses of samples of 

olivine gabbro and clinopyroxene-plagioclase-cumulate, amongst 

others, do not represent liquid compositions, as these rocks 

contain high proportions of cumulus phases. Several of the 

granophyre analyses on the other hand are likely to represent 

liquid compositions, and the trend as shown in fig. 34, is a 

product of both liquid and cumulate rock compositions. 

Several fe~!tures that are apparent on this diagram can be con

firmed using other diagrams. These include the alkali-rich 

nature of the analysed fine-grained contact rocks of the feld

spathic gabbro (unit 5), which plot closer to the reference point 

provided by the rhyolitic extrusive analysis, a.lso plotted 1n 

this diagrarr.., than the analysed feldspa.thic gabbro samples frclm 

the interior of the intrusions. Further the Fe-rich nature of the 

analysed samples from the contact between the granophyre and the 

granophyric gabbro 1S apparent, although perhaps over emphasized, 

in figure 34. 

(b) Major-oxides versus position 'within the intrusion 

Major oxide weight percentages have been plotted against position 

within the intrusion in fig.35, p 238. It should be noted that 

olivine gabbro samples from the Sihlangula River section only 

have been plotted to ohviate difficulties over the assignment 

of the relative positions of samples collected 1n different parts 

of the intrusion. Further, the analysed sample of a granophyre dyke 

intruding the granophyric gabbro (CL 48 ) and the analysis of the 

sample of grey granophyre, ( granophyric gabbro xenolith), CL 43 , 
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al.'e joined to the main trend by d.otted lines, in this diagram. 

I The olivine gabbro 

Most of the major elements show irregular fluctuations in 

concentration within the olivine gabbro, and these fluctuations 

appear to result largely from variations in the proportions 

of the discrete olivine and plagioclase crystals and the ophitic 

pyroxene plates. 

II The clinopyroxene-plagioclase cumulate 

Variations in major element content between samples of the 

clinopyroxene-plagioclase cumulate are dominated by differences 

between the magnetite poor, (low FeO + Fe
2
0

3 
and TiOZ) and 

magnetite-rich samples, (high FeO + fe
2
0

3 
and Ti0

2
). No meaning

ful generalised trends in terms of the other major elements 

could be detected across the zone. Samples from the upper third 

of the zone, which displays a sharp increase followed by a 

slow decline in olivine content from west to east across the 

unit, were however, not available for analysis. 

III The gr~nophyric gabbro 

The granophyric gabbro samples in general appear relatively homo

geneous, although very slight decreases in P20S' Ti02' CaO and 

11g0 from east to west across the zone may be discerned. These 

decreases are accompanied by equally slight increases in K
2
0, 

Al 203 and possibly Si02• The analysed sample of the granophyre 

dyke intruding the granophyric gabbro (CL 48), shOv1s obvious 

similarities in major element content to the analysed granophyre 

samples from near the centre of the granophyre unit. 

Compared with the adjacent clinopyroxene-plagioclase cumulate 

the granophyric gabbro shews a marked increase in Si0
2 

and P20S 



and a smaller increase 1ll A1
2

0
3

, Na20 and K20. The amount of Ti02 

and FeO + Fe
2
0

3 
present in the granophyric gabbo is noticeably less 

than that in the magnetite-rich samples from unit 2, but 

represents an increase compared to the magnetite-poor clinopyroxene

plagioclase cumulate samples. The MgO and CaO contents of the 

granophyric gabbro are slightly less than that of the clinopyroxene

plagioclase cumulate samples. The interpretation of these compositional 

differences is complicated by the large gap between the last analysed 

clinopyroxene-plagioclase cumulate sample and the first analysed 

granophyric gabbro sample. 

IV The granophyre 

In general major element oxide concentrations vary roughly symmetrically, 

or ~n some cases slightly unsymmetrically about the approximate centre 

of the unit. Oxides such as A1 20
3

, Na20 and possibly CaO appear 

exceptional in this regard in that A1 203 and Na20 show a tendency to 

increase slightly from east to west across the unit while CaO shows a 

tendency to decrease in concentration. Samples collected from near 

the centre of the zone do, however, contain less Ca'O than any of the 

other analysed granophyre samples. 

The oxides MgO, FeO + Fe203 , P20S and Ti02 incuase ~n concentration 

at either margin. Si02 shows a well-defined maximum near the centre of 

the unit and decreases ~n concentration fairly rapidly towards the 

marg~ns. The K20 content tends to increase across the whole unit 

from west to east, although there is some suggestion of a local high 

near the centre of the granophyric unit. 

The contact of the granophyre with the granophyric gabbro could be 

discerned in the field only with difficulty due to the similarity 

in the appearance of the two rock types. In terms of major 
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element geochemistry the transition is sharply defined with 

marked increases in the granophyre in Si02 and FeO + Fe203 , 

and to a lesser extent in Ti02' P20S and K20. Relative to the 

granophyric gabbro, the granophyre is notably depleted Ln 

A1
2
0

3
, and to a smaller degree in CaO and Na20. 

Strong similarities in major element oxide content between the 

'grey granophyre' (granophyric gabbro xenolith) and the grano

phyric gabbro analyses (see Table 27, p228), are apparent in this 

diagram, (fig 3S). In several respects the analysi s (CL 43), 

resembles some of the analysed feldspathic gabbro samples, however 

A1
2

0
3

, MgO and possibly CaO contents are significantly lower than 

might be expected. 

V The feldspathic gabbro 

In examLnLng variations Ln the major element oxide content of the 

feldspathic gabbro it is necessary to discriminate between samples 

from the contact of the zone and those from the interior of the 

feldspathic gabbro unit. Unf ortunately, relatively small numbers 

of analyses of these rocks are available. 

Some possible variation trends may be discerned in the interior 

of the unit if the feldspathic gabbro xenolith from the grano

phyric gabbro (CL 27), is regarded as the most westerly represent

ative of this unit S. These include a tendency for A1
2
0

3
, 

MgO and CaO to decrease from west to east and simultaneously for 

FeO + Fe203 , K20, P20S ' Ti02 and to a lesser extent Na
2
0 to 

increase from west to east. Si02 shows a smaller fluctuation Ln 

concentration. 

The three analysed specimens of the fine grained contact rocks 

also show a distinct variation trend. Si0
2

, K
2
0 and FeO + Fe

2
0

3 
increase towards the contact whereas A1

2
0

3 
shows a noticeable 

decrease. MgO, CaO, Ti02 and P20S contents show little variation. 

Petrographic evidenca described earlier, (see p 201), provides 
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evidence of the intrusive relationship that exists be t ween the 

granophyre of unit 4 and the feldspathic gabbro of unit 5. This 

relationship is reflected in the large differences in the chemistry of 

the two rock types adjacent to their mutual contact. The feld-

spathi c gabbro show much higher A1 203, MgO and CaO contents and 

lower Si0
2

, FeO + Fe
2
0

3
, K20, P205 and Ti02 with no suggestion 

of a gradational transition between the two zones. 

Major oxides versus the index + 

I The olivine gabbro 

In this diagram (fig 36, p 244 ) the ~ajor element oxides such as 

Si02, A1
2
0

3
, MgO and CaO show a scattering similar to that observed 

in the previous diagram, (major oxides versus position). K20, 

Ti02' P20S and to a lesser extent FeO + Fe203 and Na20 increase 

as the index employed here increases, possibly reflecting the 

concentration of several of these elem~nts in the interstitial 

mesostasis, present in minor but variable amounts in t.hese rocks. 

II The clinopyroxene-plagioclase cumulate 

As in the previous diagram (fig 35 ) compcsitional variations 

are dominated by the large diffferences in FeO + Fe20
3 

and Ti02' 

resulting from differences in magnetite and ilmenite content 

between the analysed samples of this unit. 

III The granophyric gabbro 

The granophyric gabbro analyses show a small range of variation 

in general, however many of the major element oxides do show a 

systematic change in concentration with an increa se in the index 

empJoyed here . Further, plots of several of the major element 
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FIGURE 36. 

For figure 36, see insert ~n pocket at the end of this thesis. 
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oxides yersus the fractionation index fit fairly closely to 

a straight line. Si02, A1 20
3 

and K20 show a distinct increase 

with increase 1n the fractionation index, apparently in response 

to variations 1n the concentration of the K-feldspar bearing 

interstitial micropegmatite. Corresponding decreases occur 1n 

the concentration of CaO, Ti02, Fe:.> + Fe203 and P205, although 

in respect of the last-mentioned oxide,analyses CL10 and CL24 are ano

malous. The grey granophyre, (granophyric gabbro xenolith), 

plots together with the granophyric gabbro analyses with 

respect to most elements, although the P20S content of this 

sample is somewhat lower than would be expected. 

IV The granophyre 

Analysis of a sample of a rhyolitic extrusive has been plotted 

in this diagram for reference purposes (see fig 36 ). The 

majority of the analyses of the granophyre have major oxide 

contents which plot close to a straight line trending in the 

direction of the point representing this reference rhyolitic 

extrusive in the fractionation index diagram, (fig 36 ). K20, 

Si02 and to a markedly lesser extent A1 203and Na20 tend to 

increase with increasing fractionation ind~(, and MgO, CaO, 

Ti02' P20S and FeO + Fe203 decrease as the fractionation index 

increases. 

The MgO contents of the analysed granophyre samples continue 

the trend of the granophyric gabbro samples as do, slightly 

less exactly,the P20S' Ti02, Na20, CaO and the K20 contents. 

The Si02 values of the "granophyre plot along a straight line 

with a distinctly different slope to the corresponding line which can 

be drawn through the points representing the analysed granophyric 

gabbro samples. For both A1 203 and FeO + Fe
2
0

3 
the points re

presenting the analysedgranophyre samples define trends 

appgrently unrelated to the corresponding trends shown by the 

granophyric gabbro analyses in the same diagram. The A1
2
0

3 
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values in the granophyre analyses are lower than 

those of the granophyric gabbro analyses and rise only slightly 

with increasing fractionation index. 

The granophyre resembles the granophyric gabbro in terms of 

FeO + Fe
2
0

3 
in that the sum of the oxides decreases with 1n

creasing fractionation index, however, the FeO + Fe203 contents 

of the granophyre sample with the lowest fractionation index 

considerably exceeds the FeO + Fe203 content of the most 

fractionated granophyric gabbro. 

The analysed sample of the granophyre dyke which crosscuts 

the granophyric gabbro (CL 48 ), plots close to the most 

fractionated granophyre in the fractionation index diagram 

(fig 36 ), demonstrating its chemical affinity with the grano

phyre. 

V The feldspathic gabbro 

Two of the analysed feldspathic gabbro samples from the interior 

of the unit have almost identical fractionation indices, aud 

little meaningful information can be derived from this diagram 

concerning these rocks. The fractionation indices of the fin.e

grained contact rocks on the other hand show large differences, 

but there is no indication of a systematic variation in major 

element content with fractionation index in these rocks. 

'. 
(vii) · Average Composition 

By means of weighted averages, the mean composition of four of the 

units of the Komatipoort intrusion have been estimated. These are 

shown in Table 42 , p 248 • 

It should be noted , however, that inGufficient analyses of the 

feldspa t hic gabbro a.r e available for a r easonably reliable average 
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to be estimated and in addition it is possible that its chemical 

composition has been affected by the metamorphism it has suffered. 

In Table 42 , p 248, an estimate of the average composition of the 

initial magma that may have produced the clinopyroxene-plagioclase

cumulate and the granophyric gabbro is shown. Proportions for this 

weighted average were obtained from measurements of areas covered 

by the two rock types indicated on the geological map, a.nd although 

it is acknowledged that these measurements may not give true relative 

abundances of the various types, they provide the only available 

guide. 

Listed in Table 43 , p 249 , for comparitive purposes, are the 

estimated average compositions of the Karroo dolerites (from Walker 

and Poldervaart, 1949, Table 17), and the average composition of the 

Komatipoort tholeiite basalts, calcul~ ~ed from the analyses presented 

in this work. The relatively high differentiation index of the 

estimated average composition of the clinopyroxene-plagioclase cumu

late - granophyric gabbro magma as compared with that of the average 

Karroo dolerite, may be evidence that the average presented in 

Table 42 is unrealistic. The average Komatipoort tholeiite listed 

in the same table however has a differentiation index of 72,28 

compare ,~ with 76,5 for the Average Magma. There are strong similari

ties 1n the compositions of the two averages, but a major diff erence 

lies 1n the Ti02 contents of the two averages, the average Komatipoort 

tholeiite having a higher Ti02 content. Cox , ~! al (1966), found 

simila r differences between the Ti02 contents of the major intrusives 
and the volcanics of the Nuanetsi area, and this difference, in 

the present context, may not be of great significance. The major 

objection to the Komatipoort intrusion average presented in 

Table 43 , however, is its relatively low MgO content, although a 

dolerite with a similar MgO content is listed in Table 16 , p 51 
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TABLE 42 

Composition of average rocks from zones 1,2,3, and 4 of the Komatipoort Intrusion, 

(calculated using weighted averages of selected analyses presented in this study). 

Average olivine Average clinopyroxene- Average Average Komatipoort Intrusion 

gabbro, (Unit 1). plagioclase cumulate granophyric granophyre Average l1agma for 

(Unit 2) gabbro (Unit 3) (Unit 4) Units 2 and 3 

47,60 50,20 52,90 58,54 51,40 

!6,90 · 14,70 14·,66 11,22 1.', ,68 

1,70 2,60 4,30 3,35 

9,10 9,60 8,90 *15,66 9,28 

8,80 5,60 1,70 0,85 3,87 

11,60 11,20 7,30 4,72 9,47 

1,90 2,40 2,80 2,78 2,58 

0,30 0,60 1,70 2,88 1,09 

0,70 1,60 1,70 1,54 1,64 

0,12 0,35 0,70 0,47 0,51 

0,17 0,22 0,25 0,27 0,23 

1,00 0,91 1,53 1,48 1 ,19 

0,13 0,20 0,40 0,34 0,29 

0,20 0,25 0,60 0,57 0,41 

I FeD + Fe20
3 

+ HgO 55,10 68,50 88,60 101,32 76,5 

____ J ----- - - --

* Total Fe expressed as Fe 203 

N 
.l:
ao 
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TABLE 43 

Comparison 6f the estimated average composition Gf units 2 and 3 of the Komatipoort In

trusion with that of the average Karroo dolerite (from Walker and Poldervaart, 1949), and 

the estima~ed average Komatipoort tholeiite, (from analyses presented in this study). 

Komatipoort Intrusion average magma Average Komatipoort Average Karroo 

for units 2 and 3 tholeiite dolerite* 

51,4 50,62 51,9 

14,68 12,88 15,5 

3,35 3,56 1,0 

9,28 10,34 10,7 

3,87 5,33 8,2 

9,47 9,46 9,7 

2,58 2,37 1,8 

1,09 0,98 0,7 

1 ,6 /• 2,36 1 , 1 

0,51 0,54 0,1 

0,23 0,23 0,2 

1 > 1 9 I 

0,29 

0,41 

x 100 76,5 72,28 58,79 
FeO + Fe20

3 
+ MgO 

------------

*Walker and Poldervaart (1949) Table 17. 
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N 
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(viii) Sunmary 

In general the major element analyses representing the rock types for-

ming the various units of the Komatipoort Intrusion tend to form clus-

ters 1n the variation diagrams rather than defining one continuous 

series. In addition, within cross-sections of units such as the grano

phyric gab0[o and to a lesser extent the clinopyroxene-plagioclase cumu

late, there is little systematic variation with position in the intrusion. 

The granophyric gabbro , in fact, appears to form a relatively homogen

eous unit. These observations suggest that the various units originated 

as separate intrusions.In the variation diagrams, however, smooth curves 

can be drawn through points representing the olivine gabbro, the clino-

pyroxene-plagioclase cumulate, and the granophyric gabbro. Thus although 

these units may not represent an intrusion fractionated in situ, they could 

be ~epresentativas of a fractionation sequence developed at depth, 

and intruded separately at their present site. The granophyre resembles 

the more extreme fractionation products of diffe r entiated tholeiitic 

intrusives in terms of major element chemistry, however differences 1n Al 

and Fe contents provide evidence that the granophyre is unlikely to have 

, formed part of the same fractionation sequence as units 1,2 and 3, (see 

fig 37). The granophyre could however, represent an extreme 

differentiate of a separate tholeiitic fractionation sequence. Some 

of the evidence is suggestive of a hybrid origi~ for the granophyre, 

since in figs 36 and 37 the granophyre analyses plot close to a straight 

line trending towards a reference rhyolitic extrusive analysis. The fact 

that none of the other rocks of the Komatipoort Intrusion have a compo· 

sition suitable to constitute the other component in the hybridising pro

cess, suggests the granophyre in the Komati Ri7er section may be a multi

ple intrusion.Field evidence does not support this possibilty.The remain

ing unit, the feldspathic gabbro, appears to form a separate intrusion. 

(L) Trace element chemistry of the Komatipoort Intrusion 

Fourteen samples representative of the major rock types from the 

Komatipoort Intrusion have been analysed for 14 different trace 

elements in addition to major elements. The results of the trace 

element a.na lyses are listed in Table44 A and B. Variations in trace element 
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TABLE 44 A 

TRACE ELEMENT ANALYSES FOR SEVEN SAMPLES FROM THE KOMATIPOORT INTRUSION (expressed as p.p.m) 
(correspondine major element analyses are listed in Tables 34,36,37,39, cand 41). 

Analyst: University of Cape Town, Professor Erlank. 

CL35 CL36 CL37 CL33 CL39 CL40 CL41 
* 1 2 3 4 5 6 7 

Ba 64 106 316 394 412 421 601 CL35 - Olivine gabbro-

Sr 301 264 339 354 357 467 435 
near 'vestern mar gin 

Rb 2,5 4,9 19,5 21,0 21,7 28,9 34 
CL36 - Olivine gabbro-
near eastern margin 

y 9,7 12,8 35 44 45 37 67 CL37 - cpx-plag-cumulate -
Zr 27,5 63 226 306 320 298 494 ,,,,estern margin 

Nb ( 2,8 3,5 14,7 19,0 19,8 16,3 33 CL38 - cpx-plag-cumulate 

Zn 36 61 102 156 16O 95 161 
- centre 

Cu 24,4 80 109 87 83 113 117 
CL39 - cpx-plag-cUIllulate 
- centre 

Co 46 67 45 48 52 31 26,3 CL40 - feldspathic gabbro 
Ni 93 181 67 22,8 19,6 27,4 3, I I - base 

V 139 115 186 68 40 159 34 I CL41 - granophyric gabbro 

Cr 103 31O 152 5,3 3,8 30,0 6,6 
- middle 

Th nd
l 

0,74~0,17 2, I ~0,2 3,0 ~0,2 3,1 !.0,2 3,4 ~0,3 5,6 -,:.0,2 

U nd
l 

0,13-,:.0,08 0,46-,:.0,07 0,45-,:.0,06 0,46-,:.0,06 0,79-,:.0,09 0,82-,:.0,07 

nd - not detected 

* - Sample numbe~s as given in several of the diagrams. 

N 
V1 
N 



TABLE 44 B 

TRACE ELEHENT ANALYSES FOR SEVEN SAHPLES FROH THE KOHATIPOORT INTRUSION (expressed as lJ.p.m) 
(corresponding major element analyses are listed in Tables 34,36,37,39 and 41) 

Analyst:University of Cape Town, Professor Erlank 

CL42 CL43 CL44 CL45 CL46 CL47 CL48 
*8 9 10 11 12 13 14 

Ba 621 83 1 807 1025 753 871 1243 CL42 - granophyric gabbro 

Sr 439 480 295 286 401 225 315 
- eastern margin 

Rb 37 42 53 69 72 88 99 
CL43 - grey granophyre 
(granophyric gabbro xenolith) 

y 64 63 89 91 54 101 101 CL/.4 - granophyre-granophyric 
Zr 510 534 741 887 534 1057 1055 gabbro contact rock 

Nb 36 36 54 61 42 74 7I CL45 - granophyre 
- eastern margin I . 

Zn 159 136 270 180 100 198 211 N 

CL46 - feldspathic gabbro V1 
(.oJ 

Cu 121 46 56 38 128 21,2 22,9 fine-grained eastern contact 
Co 25,2 175 18,6 18,1 57 8,0 7,7 CL47 - granophyre - western 
Ni 3,6 3,5 2,5 2,2 62 2,1 2,1 margin 

V 60 14,9 11,9 10,7 51 4,4 5,2 CL48 - granophyre vein 

Cr 6,9 5,5 6,3 4,5 103 4,4 4,9 
cross-cutting the granophyric 
gabbro 

Th 5,5 ! 0,2 5,4:,0,2 7,9!0,3 9,1:,0,3 7,4!0,3 11,6:.0,3 11,6:.0,3 

U 0,89:.0,05 1,2:,0.,1 1,7:,0,1 1,5:.0,1 1,3:.0,1 2, O!O, 1 2,1:,0, j 

* - Samples numbers as listed in several of the diagrams. 
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content of these rocks in relation to fractionation index 

% (Eales and Robey 1976) 
+ 

are illustrated 1n fig 38 A and B • In addition, variations in the 

Co/Ni ratio , and the K/Rb ratio are shown in fig 39 

Ba, Rb, Y, Zr, Nb, Th and U in general display the same type 

of variation with increasing fractionation index. This involves 

a slow increase in concentration of the trace element concerned, 

from rocks with a relatively low fractionation index, (olivine 

gabbros) to samples with a moderate fractionation index (feldspathic 

gabbro and clinopyroxene-plagioclase cumulate), followed by a 

relatively rapid rise in tra.ce element content in passing to 

rocks with higher fractionation indices, such as the granophyric 

gabbro and the granophyre, (see fig 38 A and B ). This trend, in 

the case of several of the elements mentioned above is largely the 

result of the 'residual' character of the element concerned, (e.g. 

Rb, Zr, Th, U). These residual elements tend to be excluded from 

early formed crystals in tholeiitic basaltic magma, and instead are 

preierentially concentrated in the residual fraction. 

Variations 1n the K/Rb ratio are shown in fig 39 • Highest values are 

present in the sample of olivine gabbro with the lowest fractiona

tion index, but the ratio drops rapidly w~th increase in the frac-

tionation index of the varl0US samples. The initial high 

K/Rb ratios are associated with olivine gabbro samples that contain 

extremely small amounts of interstit.ial rr:icropegmatite. This inter

stitial micropegmatite is likely to be the normal repository of 

much of the Rb and K present in a rock of this nature. A similar 

correlation between high K/Rb ratios and low concentrations of 

interstitial micropegmatite has been reported by Eales and Robey 

(1976), from the Birds River Complex. It is reported by these 

authors, that 1n some cumulates, mesocumulus, adcumulus and heterad-
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cumulus grov"th results in the expulsion of the interstitial residue 

to varying degrees. ~lliere little interstitial micropegmatite remains, 

whole rock K/Rb ratios will, in effect, be determined by the K/Rb 

ratio of the plagioclase present in the rock. This is because K and 

Rb contents of other minerals present in rocks such as the olivine 

gabbro, ~re too low to have a major influence on the whole rock K/Rb 

ratio.' Eales and Robey (1976), note that according to Murthy and 

Griffin (1970), and Goodman (1972), K/Rb ratios of plagioclase are 

usually higher than their corresponding whole ro~k values. Thus 

the high K/Rb ratios determined in samples from the lower part of 

the olivine gabbro unit, may result from the very small quantities 

of interstitial micropegmatite present in these rocks. 

Variations in micropegmatite content may then provide an explanation 

for the variation in concentration of Rb (and all the 'residual' 

elereents) with fractionation index in tht: rocks of the Komatipoort 

Intrusion. 

In rocks with a higher fractionation index than the olivine gabbro, 

there appears to be a small drop in K/Rb ratio as the fractionation 

index increases. This is in accord with the conclusions of Prinz 

(t 967) who found that the K/Rb ratio decreases in more highly 

fractionat ~d rocks, due to the Rb concentration in the residual 

magma increasing at a rate slightly 1n excess of that of K. 

Increases in absolute quantities of K, Rb and other 'residual' 

elements with similar variation curves, are however, as noted above, 

a response to significant increases in the amount of micropegma

tite present 1n rocks with higher f':actionation indices. 

Although Nb has been shown by Eales and Robey (1976) to concentrate 

in the opaque oxides in rocks of the Birds River Complex~ in the 

Komatipoort Intrusion these opaque oxides are themselves a late 

interstitial phase for the most part, and often occur associated 

with interstitial micropegmatite.Probably fur this reason the Nb here 
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here has a distribution similar to that of the 'residual' elements. 

Prinz (1967) and Wager and Brown (1968) both suggest that Ba 

increases with differentiation of basic rocks. The variation curve 

for Ba in the Komatipoort Intrusion is similar, but distinctly 

flatter than the curves for the 'resi,i.ua1' elements. Ba distribution 

is complicated by a tendency for this element to be preferentially 

incorporated in plagioclase of certain compositions. Thus plagio

clase in the range oligoclase-labradorite contains more Ba than 

plagioclase with a more anorthite or albite-rich composition, 

(Prinz 1967). The plagioclase in the olivine gabbro may have a com

position as basic as bytownite whereas the rocks of intermediate 

fractionation index contain abundant labradorite. This difference 

is likely to produce an enrich.T!lent in Ba in the rocks of inter

mediate fractionation index, that is additional to the increase 

caused by a rise in the interstitial micropegmatite contact of 

these rocks. This additional increase in the Ba content of the rocks 

with intermediate fractionation indices may be sufficient to 

produce the observed flattening of the variation curve. 

Yttrium is also considered by Prinz (1967) and Wager and Brown (1968) to 

increase in the late fractionation stage. This element has a 

slightly flattened variation curve simEar to that of Ba. The 

flattening in this case is likely to result from the presence of 

relatively large amounts of pyroxene in the rocks of intermediate 

fractionation index as this mineral is known to contain significant 

amounts of Y (Prinz 1967, Eales and Robey 1976). 

Strontium shows a variation trend ' distinctly different to that of the 

'residual' type elements because it is preferentially concentrated 

in plagioclase of an anorthite-rich nature. This results in enrich

ment of Sr in rocks containing abundant , plagioclase, such as the 

feldspathic gabbro and the clinopyroxene-plagioclase cumulate, and 

relative depletion in rocks of higher frac.tionation index which 

contain increasing amounts of K-feldspar and albite-rich plagioclase. 
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Elements Co, Ni, Cr an.d to a lesser extent V, sho", a broad similarity in 

variation trend. The resemblance between the variation trends of 

Ni and Cr are particularly marked. This is a cone.equence of ,a 

tendency for Ni to be incorporated in early formed olivine and 

to a lesser extent, clinopyroxene crystals, and for Cr to occur 

either in early formed pyroxenes (particularly augites), or as 

Cr-spinels included in early clivines. This results in the en

richment of these elements in early formed cumulate minerals 

and a corresponding depletion of the residual magma, (Prinz 1967). 

Cobalt,on the other hand enters the same minerals as Ni, but in smaller 

amounts (Prinz 1967), producing a relatively gradual decline in 

Co content of the more fractionated rock types, compared to the 

rapid decline in Ni, (see fig 38 ). 

In fig 38 it may be seen that the variation in the Co/Ni ratio with 

fractionation index appears to follow t"l0 distinct trends. In 

samples of the olivine gabbro, the ratio is low, and the feldspathic 

gabbro samples have a Co/Ni ratio of a similar order, (see fig 38 ). 

The clinopyroxene-plagioclase cumulate samples appear to have 

distinctly higher Co/Ni ratios than the feldspathic gabbro of 

equivalent fractionation index and the Co/Ni ratio rises sharply 

again in the granophyric gabbro, to produce another trend. These 

trends are to some degree obscured by the points representing samples · 

CL43, 44, 45, 47, and 48 , however these samples have Ni contents 

below the detection limit of the analytical method used. Thus they 

could plot closer to the higher clinopyroxene-plagioclase cumulate -

gran.o(hyric gabbro trend if true Ni contents rather than detection 

limits were used to calculate the Co/Ni ratios. 

Vanadium enters magnetite and to a lesser extent pyroxene (Prinz 1967) 

during the middle stages of fractionation and is therefore en

hanced in rocks of moderate fractionation index and depleted in 

rocks of higher fractionation index. A distribution ~imilar to 

that observed on the Komatipoort Intrusion was found in the rocks 
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of the Skael'ciaard Intrusion by Wa'ger and Brown (1968). 

Sulphur distribution is controlled by two factors. First a tendency to 

concentrate in the residual magma and secondly, when the concen

tration 1.8 high enough in relation to other variables, a tendency 

to form on immiscible liquid which settles out of the basic magma. 

The solubility of S in the magma is affected by the concentration 

of Fe
2
0

3 
in the magma, the fS

2 
and fOZ' (Haughton, ,Roeder and Skinner, 

1974). 
Sulphur concentration in rocks of the Komatipoort Intrusion is low 1.n the 

olivine gabbro, rises in the rocks of moderate fractionation 

index and decreases in the rocks of highest fractionation index. 

Scatter of the points is extremely wide hmv-ever, presumably in 

response to the complex variables controlling the S distribution. 

Copper variation 1.S to some extent correlate"l. with that of S, but this 

relationship 1.S disturbed first by the presence of abundant Cu-free 

Fe-sulphides and secondly by a tendency for Cu to be incorporated 

in other minerals such as pyroxenes. Wager and Brown (1968) studied 

the distribution of Cu 1.n the rocks of the Skaergaard Intr.usion 

and found that Cu tended to increase in the residual magma until 

the late stages of crystallization. In the Komatipoort Intrusion 

rocks, Cu content rises until rocks of an intermediate fractionation 

stage are reached, an~ then decreases in the most highly fractionated 

rocks. There is a marked scatter however, possibly in part as 

a result of an association between Cu and S. 

Zinc shows a steady increase with increasing fractionation index 

throughout the entire range of samples. At higher fractionation 

indices scatter increases. Wager and Brown (1968) suggest that Zn 

may be concentrated to some extent in magnetite. If this is the 

case for the Komatipoort Intrusion rocks, the nature of the 

occurrence of th~ opaque oxides has allowed a mild increase 1.n 

the concentr ation of Zn in the residual magma , as was suggested 

for Nb. 
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(i) Factor Analy:=; is and Trace Element Content 

Prinz (1967) used facto r analysis to study the trace element 

content of 267 basalts from localities with a world-wide distri

bution. By this means he showed that 90 per cent of the variation 

in propOi: : ions of trace elements in these basalts .could be 

accounted for by four end members. These end members are calculated 

for eac1]. basalt analysis using the same thirteen trace elements, 

weighted by four seri.es of (thirteen) different factors. The end 

members are dominated respectively by I) Sr, 2) Cr (and Ni), 3) Ba 

(with V and Zr), 4) V (with Ba and Zr). Appropriate factors are 

supplied by Prinz (1967) to permit conversion of any ne'w analysis 

of these thirteen elements into its corresponding four end members, 

(Prinz 1967, p 315, Table V). Using the four end members each 

analysis can be plotted in a tetrahedron, y,lhich, as indicated by 

Prinz (1967), produces a diagram well su~ ted for portraying trends. 

Analyses of only ten of the thirteen elements used by Prinz (1967) 

are available for the rocks of the Komatipoort intrusion. These 

are Ba, Sr, Rb, Y, Zr, Cu, Co, Ni, V and Cr. Ga, Li and Sc were 

als~ used by Prinz, but these three elements contribute on average 

only 5 per cent to each of the end members, They are thus not of 

great sigr. ~ ficance in accounting for the variations in the propor

tions of trace elments in the rocks studies by Prinz (1967). 

In view of the basal tic character of many of tl ... _e rocks of the 

Komatipoor t intrusion, the four end members proposed by Prinz 

(1967) were calculated for the Komatipoort intrusion analyses, 

making allowances for t he absence of the three elements mentioned. 

The points representing the various anal yses were then p lo~ted in a 

tetrahedron, us ing the four end members as corners. The projections 

of these point s onto the f our triangular faces of the tetrahedron 

are shown in fig 40 • Three dimensional modelling of the t e tra.

hedron showed tha t the real distribution of most points within the 

t etrahedron is best r epresented by the projection of the point s into 
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Figure 40. Tetrahedral plot of trace element~ of rocks of the Komatipoort 

Intrusion with trace elements expressed in terms of four 

end members . (Equivalent CL sample numbuing in Table 44A-B, 

p. 252-253). 
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triangle 1 in fig 40(factors 1, 2 and 3). This is because the 

majority of the points lie fairly close to a plane parallel to the 

tetrahedron face represented by triangle fig 40 • Confinaation 

of this is provided by inspection of the distribution of points 

in triangle 3, fig 40 • Relationships ~) et~veen points representing 

the granophyres, the granophyric gabbro analyses, and to a lesser 

extent the clinopyroxene-plagioclase cumulates only, are, on the 

other hand best portrayed in triangle 3, fig 40 • The points 

representing the analyses of those rock types lie almost completely 

within a single plane that is parallel to triangle 3 (end members 

1, 2 and 4) and very close to it, as may be seen by inspection 

of triangle 1, fig 40 

Points representing analyses of the same rock type, not unexpectedly, 

tend to cluster together. It 1S of some significance however that 

the analysis of the 'grey granophyre' (CL 43,Table 32 ) plots 

within the granophyric gabbro 'field' and the sample of the grano

phyre dyke intrusive into granophyric gabbro, (CL 48, Table 32 ), 

lies in the granophyre 'field'. 

In addition to this clustering effect, the points projected into 

Triangle 1, fig 40 appear to be distributed along two distinct 

trends. lbe first of these trends exten~s from the middle of the 

triangle, away from corner 2, (see fig40 , triangle I), towards the 

upper-middle part of side 1-3, 1n a direction virtually parallel to 

side 2- 3 of the same triangle. From the middle of the triangle 

where points representing the olivine gabbro plot, the trend passes 

successively through the feldspathic gabbro 'field', then the 

clinopyroxene-plagioclase 'field' and finally the granophyric gabbro 

'field'. 'TIlis suggests a drop in eud-member 2 (Cr and to a lesser 

extent Ni) and an increase in end-members 3, (Ba and Zr mostly) 

passing from the olivine gabbro, through the feldspathic gabbro and 

clinopyroxene-plagioclase cumulate, to the granophyric gabbro. 
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The second trend lies along side 1-3 in Triangle 1 fig 40, and 

again in Triangle 3, indicating an enrichment in end-member 3 

(Ba and Zr largely) and a corresponding depletion in end member 1, 

(Sr), passing from the granophyric gabbro to the granophyre. 

The first of these trends is likely to result from an observed 

decrease ~n olivine content and in some cases pyroxene content, 

with increasing fractionation index in the analysed samples of 

olivine gabbro, clinopyroxene-plagioclase cumulate and feldspathic 

gabbro. In addition it is probable that the Cr and Ni contents of 

the pyroxenes in these rocks decreases with increasing fractionation 

index. Simultaneously, the interstitial micropegmatite content 

increases, leading to an increase in end member 3, dominated by Ba 

and Zr, and ~ffectively representative of the 'residual' type elements. 

The second trend, an increase in end member 3, in passing from the 

granophyric gabbros to the granophyres apparently reflects a 

marked increase in the interstitial micr r. pegmatite content of these 

rocks, producing a rise in the 'residual element concentration'. 

This increase is accompanied by a corresponding decrease in end 

member 1 (Sr), as the plagioclase content of the rocks decreases 

antipathetically with rising micropegmatite content. 

Thu:3 much of the variation in trace element content displayed J_n 

both diagrams discussed here (fig 3 and fig 40) can be explained 

by the relT.,-wal or accumulation of trace elements in cumulus 

crystals of olivine, pyroxene, plagioclase, magnetite and to a 

lesser extent apatite and zircon, or the accumulation of trace 

elements in the residual magma during the fractionation of one or 

more of the same crystal phases. 

( M) The origin of the Komatipoort Intrusion. 

The igneously laminated clinopyroxene-plagioclase cumulates of unit 

2 which dip at around 25° to the east provide the only available 

direct evidence of the attitude of any of the units comprising the 

Komatipoort intrusion. If the other units present in the intrusion 
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are assumed to have a sintilar attitude to unit 2, the sequence 

of rock units from west to east across the Komatipoort intrusion 

(olivine gabbro, clinopyroxene-plagioclase cumulate, granophyric 

gabbro, granophyre, feldspathic gabbro ), on initia.l inspection, 

is suggestive of a cross-section of a tholeiitic sheet which has 

fraction,l.ted in situ by crystal settling. It is apparent however, 

from the preceding account, that the Komatipoort intrusion is a 

composite body. The origin of each of the five major units and their 

genetic relationships is therefore discussed briefly belmv. The 

crystallisation history of the complex is described later, (see 

p 274 ). 

(i) Unit 1 - The olivine gabbro 

Several lines of evidence are available to suggest the importance 

of cumulus processes in the formation of the olivine gabbro. These 

include the similarities in major element composition between the 

olivine gabbro and olivine-plagioclase cumulates from the Skaergaard 

intrusion, (see Table 35 ), the ophitic textures described in the 

section on petrography and in addition the troctolitic modal compo

sitions of some specimens from unit 1. If the finer-grained spe

c~men described from near the southern extremity of the unit (see 

p 125 ), (~vhich contains large olivine and smaller, oscillatory 

zoned plagioclase phenocrysts), is regarded as a marginal phase 

of this unit, it is apparent that plagioclase and olivine phenocrysts 

were present in some abundance ~n the parental magma at the time 

of its emplacement. Both modal concentrations of the major rock 

forming minerals and major element oxides shmv apparently random 

fluctuations along cross-sections across the unit and there ~s 

thus no evidence of concentration of phenocrys ts by flmvage diffe

rentiation. The olivine gabbro appears therefore to have originated 

initially by the settling of olivine and plagioclase phenocrysts 

hom a relatively phenocryst-rich magma- body,(probably with a sheet 

like form), accompanied by crystallisation of the residual magma . 

The random orientation of the plagioc lase crystals suggests they may 

have settled, in part at least, as glomeroporphyritic aggregates. 
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Petrographic evidence from samples collected along t 'he Sihlangula 

Stream section suggest recrystallisation in response to high 

temperature contact metamorphism has occurred subsequent to the 

formation of- the olivine gabbro. The absence of lower temperature 

mineral assemblages tm.Jards the interior of the Komatipoort in

trusion, coupled with the presence of ~uch assemblages in the ad

jacent basalts, suggests that the temperature gradient responsible 

for the metamorphism, increased towards the interior of the 

intrusion. Possible confirmation of this is provided by the nature 

of the variation in mi~eral textures along the Sihlangula Stream 

cross-section. As is apparent from the section on the petrography 

of the olivine gabbro, (p 117 ), and that on mineralogy, (p 126 ), 

each of the major rock-forming minerals ~n unit 1 are first 

affected by recrystallisation processes at different points ~n the 

cross-section. Thus olivine only is affected in the most easterly 

parts of the unit, however in the middle of the unit plagioclase 

also ShOHS signs of recrystallisation. Finally in the most 

westerly parts of the unit pyroxene is recrystallised in addition 

to the other two major rock forming minerals. This sequence, olivine, 

plagioclase,pyroxene, corresponds to the order of crystallisation 

that may be deduced from the textures present in the un-metamorphosed 

olivine gabbro. Available evidence suggests therefore, that in the 

most easterly part of unit 1, conditionr were such that only the 

,highest temperature mineral, (olivine), was affected and the lm"er 

temperature minerals, plagioclase and pyroxene, were stable in 

their igneous form. Under the conditions prevailing near the middle 

of the unit both the olivine and the intermediate temperature 

plagioclase were unstable, and only the relatively low temperature 

pyroxene was stable in its ' igneous configuration. Finally at the 

western contact the entire ~gneous assemblage was unstable under 

prevailing conditions. In vieH of the relatively short distance 

over which these textural changes take place, and the initially 

relatively homogeneous nature of the olivine gabbro, noted in other 

parts of the unit, it is considered likely that differences ~n 

temperature, rather than other factors such as pressure, volatile 
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concentration> P0
2 

etc., are responsible for the observed textural 

variations. Since the temperature range over which each of the 

major rock forming minerals, (olivine, plagioclase and pyroxene), 

is stable, ~s likely to be related to their temperature of crystal

lisation, the observed textures are considered to indicate that the 

olivine gabbro in the Sihlangula Stream section was recrystallised 

under the influence of a temperature gradient rising from around 

7000 e (?yroxene hornfels facies at low pressures), at the western 

contact to yet higher temperatures at the eastern contact of the 

unit with the clinopyroxene-plagioclase-cumulate. These higher 

temperatures were apparently still below those required for partial 

melting of the olivine gabbro. 

(ii) Unit 2 - The clinopyroxene-plagioclase 'cumulate 

(iii) 

Abundant evidence of a cumulus origin ~s available for unit 2, the 

clinopyroxene-plagioclase-cumulate, in the form of the widespread 

igneous lamination and the gravity stratified units described in 

the section on petrography, (see p 142 ). The relatively fine

grained, seriate textured rocks described from the contact with the 

olivine-plagioclase-cumulate, (see p 142 ), contain what appear 

to be partially resorbed xenocrysts derived from the olivine

plagioclas~ cumulate, suggesting the contact between unit 1 and 

unit 2 is unlikely to be gradational. Instead the textural evidence 

suggests an intrusive contact between a younger magma, of which 

the clinopyroxene-plagioclase-cUmulate . is a derivative, and a 

pre-existing olivine gabbro. Intrusion of this magma after the 

formation of the olivine gabbro, codd, in addition provide an 

adequate heat source for the contact metamorphic effects observed 

in the olivine gabbro in the Sihlangula Stream section. 

Unit 3 - The granophyric gabbro 

An important factor in considering- the' origin of' the granophyric 

gabbro is the relationship of this unit to the other units in the 

intrusion. Dykes of granophyre have been observed · cross-cutting 
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the granophyric gabbro and the 'grey granophyre' described earlier, 

has been interpreted here as a xenolith of granophyric gabbro in the 

granophyre. The granophyric gabbro is thus considered to be older 

than the granophyre. Xenoliths of feldspathic gabbro were found in 

the upper part of the granophyre and the feldspathic gabbro is there

fore considered to be older than the granophyric gabbro. Thus the 

granophyric gabbro can have a direct genetic relationship only with 

the olivine gabbro or the clinopyroxene-plagioclase-cumulate. The 

granophyric gabbro however shows no signs of the contact metamorphic 

effects noted in places in the olivine gabbro of unit 1, which are 

to be expected if unit 2 had an intrusive relationship with the 

granophyric gabbro. It appears probable therefore that the grano

phyric gabbro could be dir~ctly. re1ated by fractionation processes 

only to unit 2 the clinopyroxene-plagioclase-cumulate. The grano

phyric gabbro shows a distinct resemblance. to the mildly fraction

ated tholeiitic rocks of the Birds River Complex, as described in 

a previous section, (see p 227). This similarity, together with 

the position of the granophyr±c:-;gabbro just to the east of the 

easterly dipping clinopyroxene-plagioclase cumulate, suggest that 

the granophyric gabbro could represent the upper more acid com

ponent of a single intrusive tholeiitic unit, which fractionated 

by crystal settling to produce both units 2 and 3. No direct 

evidence is available as to the nature of the contact between the 

granophyric gabbro and the clinopyroxene-plagioclase-cumulate, 

because of the lack of exposures, mentioned in the section on the 

lithology of these rocks, (see p 140). There is however, other 

indirect evidence which provides some support for a direct genetic 

relationship between the two rock types. This includes:-

1) The Ca-rich pyroxene compositional variation trend is reason

ably continuous from the clinopyroxene-plagioclase-cumulate 

to the granophyric gabbro. 

2) The plagioclase in the upper part of the clinopyroxene

plagioclase-cumulate is similar in composition and zon~ng to 

some of the plagioclase ~n the granophyric gabbro. 

3) Chemical and mineralogical variat ions bet,veen the two units ~n 

general appear compatible with such a genetic r e lationship. 
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4) The similarity 1n the distribution of the two rock types. 

Other features however, suggest a more complex origin for the grano

phyric gabbro, namely:-

]) The widespread reaction and resorbtion textures coupled with 

the presence of mechanically deformed grains of pyroxene and 

plugioclase (see p 160 ), suggest a possible hybrid or1g1n 

for the granophyric gabbro. 

2) Major elements, when plotted against the fractionation index 

(see fig 36 ), tend to approximate' a straight line, again 

suggesting a hybr:i!,dization process. 

3) A relatively Si02-rich average composition is obtained if the 

exposed portions of these rock types are assumed to represent 

the actual abundance of the two rock types and are used to 

calculate the average composition of a magma parental to units 

2 and 3, (see Table 42 ), 

In view of the small number of available analyses of both minerals 

and rocks from the Komatipoort intrusion, no attempt has beea made 

to use qua';1,titative modelling to assess the relative merits of 

crystal fractionation and hybridisation processes responsible for 

the genesis of units 2 and 3. Examination of the Cr contents of 

the rocks of the Komatipoort intrusion, recorced 1n Table 32 

however, shows that both the clinopyroxene-plagioclase-cumulate 

samples and the granophyre samples have Cr values higher than that 

of the granophyric gabbro analyses, suggesting that the granophyric 

gabbro is unlikely to have originated by hybridization of the 

clinopyroxene-plagioclase-cumulate by magma similar ::n composition 

to the granophyre. 

A further point which should be taken into consideration, ~_ s that, 

for reasons already given, none of the other rock units in the 
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1n the Komatipoortintrusion could represe~t the upper more acid 

component from which the cumulus phases V\,hich constitute bulk of 

unit 2 have been removed. 

In general therefore, the available evidence appears to favour 

the interpretation that units 2 and 3 represent the lower and 

upper portions of a single fractionated tholeiitic sheet. The 

evidence suggest however that the granophyric gabbro either suf

fered later partial hybridization by a relatively small quantity 

of intrusive acid magmfl , or, more likely, at a late stage in the 

crystallisation history of the unit? a tectonic event effected 

a redistribution of late stage interstitial fluids, producing the 

hybrid and deformation textures noted in the granophyric gabbro. 

(iv) Unit 4 - The granophyre 

Clear evidence is available for an intrusive origin for the 

granophyre of unit 4. This evidence includ es an intrusive contact 

between the granophyric gabbro and the granophyre, (exposed in the 

Komati River), and the presence of xenoliths of feldspathic gabbro 

near the upper contact of the granophyre. In addition, north of 

the Crocodile River the granophyre occurs together with the feld

spathic gabbro only. Further evidence of its intrusive nature is 

provided by the frequently symmetrical variation of major element 

oxide concentrations about the centre of the unit. 

No unequivocal evidence was found for the form or attitude of the 

granophyre unit, however its constant position between the feld

spathic gabbro and the gran'ophyric gabbro, both of which are here 

interpreted as sub-concordant sheets,suggests that the granophyre 

may be of a similar nature. 

(v) Unit 5 - The feldspathic gabbro 

As exposed in the Komati River, the feldspathic gabbro unit has 

a f a irly well exposed, intrusive ~ upper contact with the basalts, 
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and this contact, in places appears to be dipping towards the 

east at a moderate angle. The nature of this upper contact com

bined with evidence provided by the variations in texture and 

modal proportions in the feldspathic gabbro unit, are considered 

to indicate that the feldspathic gabbro is a sub-concordant sheet 

which has suffered mild fractionation by crystal settling. 

Xenoliths of the feldspathic gabbro are found in the granophyre an(i 

the granophyric gabbro, and the granophyric gabbro and the clino

pyroxene-plagioclase-cumulate are considered to have a common 

origin, as described earlier. The feldspathic gabbro is therefore 

considered to be older than units 2, 3 and 4. Thus the only unit 

which could have a direct genetic relationship with the feldspathic 

gabbro is the olivine gabbro of unit 1. Various similarities be-

tween the olivine gabbro and the feldspathic gabbro are present, 

and suggest the possibility that the olivine gabbro may represent 

the base of the feldspathic gabbro unit, enriched in cumulus 

olivine and plagioclase. The similarities include the large 

plagioclases present in both units (size, composition, oscilla-

tory zoning) trace element cc'ntents, (especially Ni, - see Table 44A,B), 

pyroxene composition, (although the feldspathic gabbro pyroxen; ~ 

compositions were determined Ln only one sample)and textures present 

in some of the rocks. 

Important differences, include the high olivine content of the 

olivine gabbro and the absence of olivine in the feldspathic gabbro. 

Small quantities of olivine were noted Ln the feldspathic gabbro 

unit npar the Crocodile River however. The most significant diffe

rence between the two units appears to lie in the fine grained 

marginal rocks. The finer grained marginal rocks from the southern 

extremity of the olivine gabbro contain large olivine phenocrysts 

and smaller oscillatory zoned plagioclase phenocrysts, (see p 125 ). 

These phenocrysts are completely absent from the upper contact rocks 

of the feld spat:hic gabbro. The large differences in the composition of 

upper and lower contact r ocks of wha t would in effect be a rel a tively 
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thin sheet suggests that the oliv.ine gabbro and the feldspathic 

gabbro are unlikely to be related in terms of simple crystal 

fractionation. It is possible however tha t they may be derived 

from a common source. There is no direct indication of the 

relative ages of units 1 and 5, the only indication 1S provided 

by the abs ence of any evidence of two phases of contact metamorphism 

1n unit 1, the olivine gabbro, which suggests the olivine gabbro is 

younger than the feldspathic gabbro. 

(vi) Summary 

The available evidence is here interpreted as suggesting that the 

formation of the Komatipoort intrusion involved:-

1) Intrusion and fractionation by crystal settling of magma parental 

to the feldspathic gabbro of unit 5. The unit probably has the 

form of a sub-concordant sheet. 

2) Intrusion of magma parental to the olivine gabbro below unit.?, 

again in the form of a sub-concordant sheet, following by 

settling out of the cumulus olivine and plagioclase present 

in the magma. 

3) Intrusion of tholeiitic magma between units 1 and 5 followed 

by fractionation (crystal settling) to produce units 2 and 3. 

These units also form sub-concordant sh~ ets. 

4) Intrusion of the granophyre of unit 4, as a sub-concordant 

sheet. 
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(N) Petrogenesis Df the Komatipoort Intrusion 

(i) Unit 5 - The feldspathic gabbro 

The available evidence, slight though it may be, (described in a 

preceding section) suggests that the feldspathic gabbro may be 

the oldest member of the heterogeneous group of intrusives com

prising the Komatipoort Intrusion. Formation of the Komatipoort 

intrusion is therefore assumed to have been initiated by the 

emplacement of the magma responsible for the formation of the 

feldspathic gabbro unit. Variations in modal composition, texture, 

and to a lesser extent geochemistry Cowing to the small number 

of available analyses), from east to west across the feldspathic 

gabbro unit are considered important evidence that the intrusion 

was formed by the emplacement of a horizontal sheet of gabbroic 

magma, which subsequently suffered mild differentiation by crystal 

fractionation, (predominantly of plagioclase). Differences in the 

modal variation curves (see fig 31 , p 208 ), between the Sihlangula 

section and the Railway Bridge Section may be explained largely by 

the fact that the thinner, southern portion of the sheet, cooled 

relatively rapidly, and thus crystal settling was not as effective 

as in the northern portion of the sheet. With a thickness of only 

100 meters, even the northern part of the sheet would probably cool 

fairly rapidly and it is proposed that relatively high concentrations 

of volatiles may have been present to reduce viscosity and promote 

crystal settling. Some evidence for this low viscosity is available, 

at the upper contact of this unit, where veinlets of feldspathic 

gabbro 3 - 4 cms in width, penetrate the country basalt along joint 

planes for distances of up to 10 m. Further the widespread altera

tion of the major rock forming minerals to albite,epidote, chlorite 

etc., even in the feldspathic gabbro outcropping in the Sikwawa 

River a few kms east of the Komatipoort intrusion, suggests possible 

alteration of the feldspathic gabbro by late-stage, low temperature 

fluids. 
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Available evidence indicates that plagioclase with a composition 

of the order of An
65 

crystallised alone initially, and settled out 

to accumulate at the base of the intrusions initially together with 

more basic plagioclase phenocrysts present in the magma of the 

time of its ··emplacement. The compositi0~ of the magma was such that 

pyroxene did not commence crystallisation until the temperature of 

the magma had dropped significantly, and thus in the lowest parts 

of the intrusion, in the railway bri~ge section, pyroxene occurs 

as sub-ophitic to ophitic plates enclosing the plagioclase crystals. 

The pyroxene at this point is therefore, considered to be an inter

cumulus phase. 

At a slightly later stage in the crystallisation history of the 

intrusion, when the magma temperature within the main body of the 

intrusion had dropped sufficiently, pyroxene joined plagioclase, 

as a cumulate phase. These minerals accumulated to form the rocks 

comprising the lower-middle part of the sheet, and it is here that 

faint igneous lamination and a slight preferred orientation of the 

plagioclase crystals within the plane of the layering, are developed. 

The latter orientation may be evidence for the presence of weak 

convection currents at this stag8 of development of the sheet. In 

the upper two thirds of the sheet there is no evidence of settling 

of individual crystals, although possiblY some fractionation may 

have been effected by settling of glomeroporphyritic aggregates. 

The mild differentiation produced by the process described above, 

as i ndicated in the relevant section of geochemistry has resulted 

in a slight upward decrease in alumina, magnesium and calcium and 

an increase in titanium, potassium, phosphorus and iron content. 

o The calcium and alumina concentration at the base is interpreted 

as resulting from the accumulation of plagioclase. The upward 

increase in iron content is probably due to the fact that magnetite 

did not crystallise as a cumulus phase. The late crystallisation of 

magnetite may in turn be explained as a result of the effect of 

relatively low P02 amongst other factors, according to studies 

by Osborn (1959 and 1962), Roeder and Osborn (1966), Hamilton and 
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Anderson (1968) and Haughton, Roeder and Skinner, (1974),however a 

low f02 appears unlikely in view of the probable high H20 levels present. 

The fine grained upper contact rocks shoyT some noteworthy geo-

chemical features, including an increase in the concentration of 

oxides such as Si02, FeO + Fe203 and K~O and a decrease in Al 203 
content, as the upper contact of the feldspathic gabbro unit with 

the country basalts is approached. In addition the single specimen 

of a fine grained contact rock for which trace element data is 

available, (CL 46 ), appears unusually rich in Ni, Co and Cr in 

relation to its fractionation index (see fig 37A,B)Most of the 

features of the geocheulistry of these contdct rocks commented on 

here, are in one way or another a reflection of the concentration 

of pink glassy interstitial material present ~n these rocks. The 

concentration of this interstitial meso stasis increases towards 

the upper contact, and in view of the presence of an acid intru-

sive along the upper contact, and the tendency of this intrusive 

to form hybrid rocks locally, (see description p 205), it appears 

possible that these contact rocks represent an initial stage in a 

hybridisation process. Textural features of these rocks do provide 

some support for this proposal. The pink mesostasis may therefore 

be considered to represent infiltrating, hybridising acid magma. 

Introduction of increasing amounts of this magma would account 

for the variations in major element oxice concentrations and, by 

raising the fractiona.tion index, account for the apparently ab-

normal trace element concentrations. 

(ii) Unit 1 - The olivine gabbro 

. Following the emplacement 6f the feldspathic gabbro, the magma 

responsible for the formation of the olivine gabbro is considered 

to have been intruded. Finer grained rocks from the southern , 

extremity of the unit here interpreted as rapidly cooled marginal 

phases, contain phenocrysts of olivine and smaller oscillatory 

zoned phenocrysts of plagioclase, suggesting the magma contained 

such phenocrysts in suspension on intrusion. 



- 277 -

The presence of less basic second "generation plagioclase crystals 

and mantles of a similar conlposition around the oscillatory zoned 

first generation crystals, in the coarser-grained olivine gabbro 

samples, indicates that shortly after intrusion plagioclase of this 

composition crystallised, both as new crystals and around the pre

existing phenocrysts. The rounded form of some of the olivine crystals 

could indicate that olivine crystallisation ceased either before 

or directly after emplacement of the magma, but some metamorphism 

of the olivine grains may have occurred. Textures of the olivine 

gabbros are interpreted as indicating the settling out of the 

olivine and plagioclase grains followed by crystallisation of 

the intercumulus pyroxene plates and albite-rich rims to the 

plagioclase crystals. As temperatures dropped further hypersthene 

was formed by inversion of clinopyroxene. The bulk of the major 

element oxide variation and some of the trace element variation Ln 

the unit is thus controlled by fluctuatio~s in the proportions of 

the two cumulus phases, olivine and plagioclase, on the one hand 

and the abundance of the intercumulus minerals, largely pyroxene, 

on the other. The abundance of other major elements and 'residual' 

trace elements are controlled more directly by the abundance of 

trapped intercumulus liquid present in the rock. 

A possible objection to this origin for the olivine gabbro unit 

could be found in the relatively thin nature of the unit (15m), if 

it has the concordant sheet-like form proposed here. The slight 

thickness of the unit would imply, either that the concentration 

of phenocrysts in the magma at the time of emplacement was un

usually high, or that evidence of a former more extensive upper 

portion of the unit has been destroyed by later igneous activity. 

Petrographic evidence suggested the presence of an intrusive contact 

between the olivine gabbro and the clinopyroxene-plagioclase

cumulate) (see p 142 ), and during the emplacement of unit 2, the 

upper part of unit I could have been eliminated by stoping,or if 

unit I was still in the process of crystalli sing, by simple mixing 

of the two Inagmas . Evidence of the intrusive nature of the contact 
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between unit 1 and unit 2, includes the presence of microxenoliths 

of olivine gabbro in the lower part of the clinopyroxene-plagioc.lase

cumulate. The presence of these microxenoliths indicates that at 

least the lower part of the olivine gabbro unit was completely 

crystalline at the time of the intrusion of the magma from which 

the clinopyroxene-plagioclase cumulate was derived. 

In the Sihlangula River section, the olivine gabbro appears to 

have suffered high temperature 'contact metamorphism. Because of 

the directi_on in which the metamorphic temperature gradient in

creases and in addition, because of the high-grade nature of the 

metamorphism, (i.e. pyroxene hornfels at the lower contact of 

unit 1, rising into the interior of the unit), the heat source is 

considered to have been the relatively thick layer of magma, parental 

to the clinopyroxene-plagioclase-cumulate, and known to be intrusive 

into the olivine gabbro. The absence of c0ntact metamorphic effects 

in other parts of the olivine gabbro unit then requires comment, 

and it is suggested here, may be accounted for by differences in 

water content of the olivine gabbro along the length of unit 1, 

or possibly by variations in the temperature gradient along the 

length of unit 1, resulting in turn from variations in the 

attitude or shape of the lower contact of the intruding magma body. 

Units 2 and 3 - The clinopyroxene-plagioclase-cumulate and 

the granophyric gabbro 

After the consolidation of the lower part at least, of the olivine 

gabbro unit, the magma parental to the clinopyroxene-plagioclase

cumulate and the granophyric gabbro is considered to have been in

truded, again ~n the form of a sub-concordant sheet. It is appa

rent from the petrographic evidence of the contact rocks (see p 142 ) 

that clinopyroxenes and plagioclase of a more fractionated compo

sition than those present in the olivine gabbro were the initial 

phases to crystallise out of this magma. It is also clear from 

these contact rocks that a proportion of xenocrysts and 
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microxenoliths derived from the olivine gabbro were caught up in 

this magma on intrusion. Sporadic large rounded olivine crystals 

that occur ~n the lower part of unit 2 are considered to have 

originated ~n this fashion, and the initial pulse of magma from 

which unit 2 is derived, was possibly, olivine-free prior to in

trusion. The igneous lamination prese.lt even in the lowest parts 

of this unit provides evidence of settling of the crystallising 

plagioclase and clinopyroxene, and in places particularly in the 

upper portion of the unit, magnetite joins the silicates as a 

cumulus phase. 

In the lower half of unit 2 in particular, the clinopyroxene and 

plagioclase crystals commonly contain well-defined cores of a 

slightly different composition. For the pyroxenes, the compositional 

differences are usually in terms of Mg-Fe content, and to a lesser 

extent, Ca-content. The cores may be regarded as phenocrysts present 

in the magma at the time of its emplacement, however there does not 

appear to be any evidence of a phenocryst popula tion in the lower 

contact rocks between units 1 and 2. Rather it is suggested, they 

provide evidence of the influx of a second pulse of magma after the 

onset of crystallisation in the first. This second pulse of basic 

magma could also have been an important factor in determining the 

homogeneous character of the lower two thirds of unit 2, since it 

would result in basification of any fractionated residue produced 

by earlier crystal settling. 

The upper third of unit 2 ~s marked by the appearances of abundant 

fayalitic olivine, and it ~s suggested that this provides evidence 

suggestive of a gradual evolution of the residual magma to more 

highly fractionated iron-rich compositions. Rapid settling of the 

crystals of both plagioclase and clinopyroxene, which were appar

ently crystallising from the magma continuously led to an Fe

enriched residual liquid, and ultimately, in the upper third of 

the unit, cumulus magne ti.te makes its appearance in some abundance. 
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From the study made of the rhythmic gravity stratified units, it 

appears that cooling conditions at the top of the magma chamber 

allowed the development of concentrations of plagioclase, pyroxene 

and magnetite crystals, which, possibly by a process similar to that 

described by Wager and Brown,(1968), formed magmatic density currents 

considered responsible for the development of the gravity stratified 

rhythmic layers. Evidence provided by grain size measurement however, 

suggests that crystallisation of plagioclase at least, continued 

within the density current. 

It has been suggested earlier that the granophyric gabbro represents 

the acid residuum of the original tholeiitic magma sheet, after 

removal of the cumulate crystals present in the clinopyroxene

plagioclase-cumulate. As noted earlier, however, if this is the 

case, the homogeneous nature of the granophyric gabbro, and the 

deformation effects present in the major rock-forming silicates in 

this unit, coupled with the reaction textures commonly found in these 

rocks, suggest that the granophyric gabbro may have been disturbed 

and to some extent mixed by a tectonic event late in its crystal

lisation history. An alternative possibility is that the grano

phyric gabbro has been hybridised by its own late stage acid 

derivatives migrating up-dip during the eastward tilting which 

has occurred in this area. A similar up-dip migration of acid 

differentiated has been proposed by Ernst (I 960), for the Endion 

Sill. Effectively however, differences between the two proposals 

are small and the granophyric gabbro still represents the upper 

fractionated portion of a differentiated tholeiitic sheet. 

(iv) Unit 4 - The granophyre 

Evidence of granophyre dykelets cross-cutting both the granophyric 

gabbro and the feldspathic gabbro, indicates that the granophyre 

was emplaced between two solidified sheets, and the presence of 

abundant xenocrysts and xenoliths along both margins of the grano

phyre suggests that this intrusion was of a forceful nature. Some 
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of the alterat:ion present 1U the feldspathic gabbro may be ascribed 

to the effects of the grano{?!hyre, although similar features are not 

developed in the granophyric gabbro. This is because the feldspathic 

gabbro lies above the granophyre and any escaping volatiles may be 

expected to pass up"Vlards from the intrusion through the feldspathic 

gabbro, particularly since much of the shattering and cracking pre

sent in the feldspathic gabbro could have been produced during 

earlier :i.gneous activity. Thus relatively free passage may have 

been available for volatiles and these may be in part responsible 

for the sericitisation of plagioclase in the feldspathic gabbro, 

the mild degree of alteration of the pyroxenes and, the develop

ment of zeolites. The granophyre is relatively thin and may, in 

any case, have been intruded at a fairly low temperature thus 

effects on the granophyric gabbro could have been largely defor

mational. 

The distribution of mineralogical and chemical features along the 

cross-section of the granophyre, is in most cases, symmetrical or 

slightly as symmetrical about the centre of the unit. In part this 

appears to be governed by the distribution of xenocrysts, hawever 

it is likely that in addition crystallisation occurred simulta

neously from both margins inwards. The presence of occasional 

xenocrysts lnd xenoliths of feldspathic gabbro at the western con

tact of the unit suggest that settling of aggregates of the crystals 

may have occurred and that slight crystal fractionation may also 

have played a part. 

There are similarities in modal abundances of major mineral phases 

and major element chemistry, between the granophyre of the Komati

poort intrusion and the fractionated rocks forming the upper acid 

differentiates of fractionated tholeiitic sheets. 

In v~ew of the strong evidence of an intrusive relationship between 

the granophyric gabbro and the granophyre, the granophyre cannot 

hO"Vlever be an in situ fractionation product unless subsequent auto-
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intrusion has occurred. The down-dip extent of the intrusion is 

unknown and equally well the volume of rock nO"ltl eroded off may have 

been of considerable size. Tectonic movenents during the final 

stages of development of other parts of the intrusion may therefore 

have resulted in the separation of a gr~nophyric fraction and its 

intrusion between the feldspathic gabbro and differentiated ser1es 

rocks. No conclusive evidence is available, however, and it may 

be significant that other larger bodies of granophyre have in

truded the basalts at roughly the same stratigraphic height as the 

Komatipoort granophyre, also cropping out in a manner which suggests 

a sheet-like form (see map 1n fig L} 1, P 283 ). Similarly, in the 

Nuanetsi Province, the main granophyre is known to form an extensive 

granophyre sheet and these granophyres, may therefore represent a 

widespread related, intrusive event in the Lebombo. Little quanti

tative data is available, for these intrusives at this juncture, 

but their presence does provide additional evidence that the grano

phyre at Komatipoort may have an origin independent of the other 

Komatipoort intrusion rocks. 

The above discussion applies to the southern granophyre mass, as 

all available analyses are from the southern mass . In the northern 

part of unit 4, there is both field and petrographic evidence that 

tl~ additional textural variations present result largely from the 

intrusion of several smaller acid dykes into the main granophyre body. 

The petrogenesis of the granophyre unit of the Komatipoort Intrusion 

is discussed further in the section on the origin of the acid volcanics, 

(see p 320). 
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THE GEOCHEMISTRY OF THE KARROO VOLCANICS IN THE KOMATIPOORT AREA 

INTRODUCTION 

Excluding analyses of samples from the major intrusives, (described 

earlier), twelve new analyses of volcanic rocks have been presented. 

Amongst these are two olivine-rich basalts, three olivine-poor 

basal ts, (including one intermediate type), one olivine-rich dyke 

rock, four dolerites and two rhyodaciies. Results are shown in 

Tables 5, 8, 10, 13 and 16. 

GEOCHEMISTRY OF THE BASALTS OF THE KOMATIPOORT AREA 

The tholeiitic character of both olivine-poor basalts and olivine

rich basalts is indicated by the large amount of hypersthene present 

in their norms, and is confirmed by the Mura.to diagram shown 1n 

fig 42 , p 285 on which the basalt and dolerite analyses have 

been plotted. All of the basic volcanics fall into the tholeiitic 

field, the boundary of which, in fig 42 , p 285 ,is defined by the 

line ABCD. 

Cox, et al (1965) subdivided the tholeiitic basalts of the Nuanetsi 

area into tl '0 genetically distinct, differentiated series, namely 

a high magnesium series with an Fe/Hg index FeO + Fe
2

0
3 

' 
( ) 

FeO + Fe203 + HgO 

of less than 50, and a low magnesium ser1es with an Fe/Mg index 

greater than 50. The presence of these two rock series has been 

subsequently confirmed in general in other studies. Examination of the 

analyses of the Komatipoort Volcanics reveals only one ana.lysis 

that could be classified as a high Mg basalt, that is sampiLe CI 25, 

an olivine basalt, (see Table 5 ,p 16 ). 

Variations in geochemistry have been illustrated by means of several 

variation diagrams including a Niggli diagram, an AFr! triangular 
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variation diagram, a Harker diagram and a Inafic index versus major 

element diagram,(see figs 43, 44, 45, 46, pgs 287, 288, 289, 290). 

although in view of the small number of available new analyses the 

results will ' be treated with caution. 

Recently criticism has been levelled against Harker diagrams, in 

which major elements are plotted against Si02 on the grounds that 

because the Si0
2 

value represents part' of the rock analysis some 

regularities in variation would be expected even in unrelated rock 

types, (Chayes, 1967). The criticism appears valid and similar 

arguments could be directed against several of the diagrams used 

in the present work, however, for purposes of comparison it was 

found convenient to use the diagrams listed above. Plotting of the 

major elements against the index suggested by Chayes, (1967), to 

circumvent this objection, produces slightly more scattering but 

essentially the same trend. Objections to the other diagrams have 

been mentioned earlier, (see p 236). 

Variations ~n Geochemistry 

The Niggli diagram and the mafic index diagram both show a well

developed fairly continuous variation trend, which in the case of the 

Niggli diagram closely approaches a stra":ght line (see .figs 43, 46, 

pgs 287, 290 ). A similar continuous differentiation series is 

apparent in the mafic index diagram of the same type prepared by 

Cox and Hornung,(1966), forNuanetsi basalts. These show a reasonably 

good correspondence in the variation occurring in the basalt series 

from the two areas. 

Si02 content increases slightly ~n basalts of higher differentiation 

index and A1 203 shows a gradual but distinct increase from low to 

high differentiation index rocks. FeO + Fe
2
0

3
, although displaying 

some scatter is enriched at the low magnesia end of the series. MgO 

shows a steady and marked decrease throughout the series and Ti02 

displays a similar, although weaker, trend. CaO initially increases 
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from the high magneS1.a into the low magne si a rocks but a noticeable 

decrease occurs amongst the less-magnesium rich members of the low 

magnesia series. Na
2
0 shows a gradual but steady increase through 

the series. 

The fractionation trend of the basaltic magma is frequently illu

strated by means of the triangular AFM variation diagram, and in 

fig 44, p 288 ,the analyses to the tholeiitic rocks from the 

Komatipoort area have been plotted on this diagram. For comparitive 

purposes, the differentiation trend displayed by the rocks of the 

Komatipoort Intrusion and a line joining the points representing 

Daly's average basalt, andesite, dacite and rhyolite have been 1.n

cluded 1.n the diagram. The relatively small number of analyses 

appear to define a distinct moderate iron enrichment curve, although 

at least two of the analyses falloff thi s line and instead lie 

fairly close to the curve representing Daly's average volcanics. 

This mild iron enrichment trend 1.S aga1.n shown by the diagrams 1.n 

fig 47, p 292 ,in which mafic index has been plotted against Si02 
content and total iron oxides have been plotted against the same 

oxide. Comparisons with diagrams of Osborne (1959) again sugge1;t that 

the trend indicates a mild degree of iron enrichment. 

Comparison of the Komatipoort Tholeiites with other Karroo Basalt 

Sub-Provinces 

Initial direct comparison of the average chemical compositions of 

the Nunnetsi, Olifants River, Komatipoort, Swaziland, Drakensberg 

and Victoria Falls areas (Table 45 , p 293 ), confirm a previously 

known southward variation in the chemistry of the basic volcanics, 

(Cox, et al., 1967). In fig 48 , p 294 , the averages are compared 

with the Komatipoort trend. Ti02 K20 and to a lesser extent, P
2
0

5 
decrease southward while A1 203 1.ncreases 1.n general. These changes 

are si~ilar to the differences found by Cox , ~ al., (1965), to 

exist betwe en the Nuanetsi ba salts and the Karroo dolerites. The 
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TABLE 45 

Comparison of average Komatipoort tholeiites with average tholeiites from other parts of the Karroo Province 

1 2 3 4 5 6 

Drakensberg Sv7aziland Komatipoort Nuanetsi Average Upper Victoria Fall s 

Lebombo Basalt 

Si0
2 51.80 50 .ff7 50.62 51.63 51.89 50.53 

Ti02 1.13 1.64 2.36 2.45 2.69 2.98 

A1
2
0

3 14.18 15.19 12.88 13.46 12.58 13.99 

Fe20
3 3.92 4.18 3.56 4.35 4.32 3.32 

FeO 7.26 6.32 10.34 8.49 10.12 9.27 

HnO 0.17 0.13 0.23 0.16 0.23 0.18 

MgO 7.10 4.61 5.33 5.63 6.58 5.43 

CaO 10.57 9.04 9.46 9.75 9.03 10.93 

Na
2
0 2.40 2.85 2.37 2.54 2.04 1.97 

K
2
0 0.74 0.91 0.98 1.15 0.63 0.76 

P20
5 0.13 0.23 0.54 0.33 0.27 0.50 

Number of analyses 21 5 5 5 4 5 

FeO + Fe20
3 x 100 61.15 69.54 

I 
72.28 69.52 68.70 69.87 ---

FeO + Fe20
3 

T MgO 

I. Cox and Hornung (1966) Table 2 Analysis 'A' 6. Cox, et al. (1965) Table 35 Analysis 2. 

2. Urie and Hunter (1963) Table 

3. Present work, including two analyses from de Assuncao, !£~.,(1961). 

4. Cox, ~t al. (1965) Table 35 Analysis I 

5. de Assuncao, et al., (1961). 
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\D 
W 



-294-

7 0 

--
6 5 

6( 

5 • 0 

~ 1 
• • • 0 a 

5 a 
& 

5 

:CO 

2 0 

IS 

MgO 10 

• rF 
~. 

0 3 
5 • L.i 

0 ~-

20 

15 

~ - 1 0 • 10 a 06 
001 • 

' CaO 

5 

0 

2< : 

FcO(o) 15 

• 10 C :===== 'q, a · 1 
0 • 

5 

~ • 1 

"" ~- ~ --0 ,,' 51\6 A' 

2( 

, , • • CtJ • 15 0 0 0 I 1 • a c 9 -10 

5 

0 

10 

5 

• t • 1 0 Q a 00' a 
'a I 

a 9 

1( 

5 ---• • ~C2 • --0.---- a -00 8 
0 '0 

10 

5 

1 • t a 00-e ----• • 6 
0 a 50

0 
I I I : 40 50 60 70 80 90 100 

Mafic Indu 

Figure 4B. Comparison of tht Komatipocr t basalt variat ion trtnd with average compositions from 

other prcvi:1ces. (Numbering a~ in Tobia 46, p 297). 



( C ) 

( D ) 

- 295 -

southward changes in basalt composition within the Lebombo have 

been further illustrated in a series of plots of K20 versus HgO, 

Ti02 versus MgO, and Al 20
3 

versus HgO, (fig, 49, p 296 ). Again 

there is some . suggestion of a southward decrease in Ti02 and K20 

and a possible increase in Al
2
0

3 
as suggested by COX!£ al., (1965). 

Comparison of the Komatipoort Tholeiites ,,nth other Tholeiitic 

Basalt Provinces 

In Table 46 and fig 48 estimated average compositions of eight 

tholeiite provinces are compared with a calculated average and the trend 

for the Komatipoort rocks. A comparison of these compositions 

suggest that the Komatipoort tholeiites resemble in bulk chemistry 

both the Deccan and the Iceland tholeiite averages both of which 

have similar Fe/Mg indices to the Komatipoort rocks. The Iceland 

tholeiite average is somewhat lower in K20 than the Komatipoort 

average • Inspection of the other averages sho,,7s that the Komatipoort 

average tend to be enriched in Ti02 compared with several of the other 

provinces, particularly those of Antarctica and Tasmania. The U~K. 

Tertiary basalts bear a fairly strong resemblance to the Komatipoort 

rocks, but are SOITd?vlhat higher in Al 20
3 

and Si02, and the Hawaiian 

rocks are extremely high in HgO when compared with the basic 

Komatipoort voJcanics. 

Discussion of Major Element Variation 

Comparison of the three analyses of olivine-rich volcanic rocks 

(Tables 5 ,p 16 and 13 , p 42 ), reveals several differences ~n 

the geochemistry of the three samples. Although the differences b~

tvleen sample CL28 and sample CL 25 are those that 'tvould be expected 

from the disparity ~n their differentiation indices, and could large

ly be explained by the fractionation of olivine (see section on 

Petrogenesis of Basalts) sample CL 25 displays compositional 

differences of another type when compared with sample CL20 • Despite 

its lower differen.tiation index sample CL 25 has a higher. Ti02 content, 
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TABLE 46 

Comparison of average Komatipoort tholeiite with average chemical composition of rocks from eight tholeiite provinces 

Komatipoort Karroo Deccan 

I 2 3 

Si0
2 50.62 51.9 51.50 

Ti02 2.36 1.1 2.37 

A' ~ ~2u3 12.88 15.5 13.47 

Fe20
3 3.56 i.0 3. 10 

FeD 10.34 10.7 10'.51 

MuO 0.23 0.2 0.18 

-}!gO 5.33 8.2 5.28 

CaO 9.46 9.7 9.79 

Na
2
0 2.37 1.8 2.68 

K20 0.98 0.7 . 0.81 

P205 0.54 O. I 0.31 

I Number of analyses 6 6* 18*** 

I FeO + Fe203 I FeO + Fe
2

0
3 

+ MgO x 100
1 

72.28 58.79 72.04 

* 
:** 

*** 

**** 
***** 

----- -- ---- 1 

Walker and Poldervaart 1949 Table 17 

. ~valker (J 964) Table 2 

Sukheswala and Poldervaart (1958) Table 3 number 2 

Kuno, et al. (1959) Table 10. number I. 

Carmichael, (1964) Table 2 

I 

Antarctica Tasmania Palisadan Hawaiian U.K. Thingmuli 
Iceland 

4 5 6 7 8 9 

54.00 53.3 52.2 50.89 5\.6 48.75 

0.7 0.6 1.3 2.79 2.7 2.85 

16.1 16.4 15.4 13.22 15.0 13. 12 

0.8 0.5 1.6 2.03 3.4 4.64 

7.4 8.3 8.7 9.12 9.6 9.61 

0.1 0.2 O. I 0.14 0.2 0.25 

7.0 6.7 7.3 8.02 4.9 5.46 

11.1 11.5 10.0 10.56 8.9 9.71 

1.8 1.6 2.4 2. 17 2.4 2.85 

1.0 0.9 0.8 0.43 1.1 0.49 

- - 0.2 0.27 0.2 0.48 

2** 6** 4* 32**** 32** 10***** 

53.94 56.78 -57.12 58.16 72.62 72.29 

N 
-0 

'" 
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a higher Kz0 content and a higher P205 content and cannot be 

related to CL20 by a process of simple crystal fractionation of 

olivine, plagioclase, orthopyroxene or clinopyroxene. Comparison 

of analysis Cl20 with those of the olivine-poor basalts listed ~n 

Table 8, p24 ::hows a relationship by crystal fractionation may 

exist between sample CL20 and the olivine-poor basalts. 

This suggests the presence of representatives of the two distinct 

differentiated series initially described by Cox, et al., (1965) 

from the Nuanetsi area. Cox, et al., originally divided these basalts 

into a high magnesia series, with an Fe/Mg index less than 50, and a 

low magnes~a series with an Fe/Mg index greater than 50. This, from 

the analyses presented here does not appear to provide an altogether 

satisfactory criterion for distinguishing the two series, s~nce 

it is clear that rock types such as sample CL28, which has an 

Fe/Mg index of 60 may possibly form by simple crystal fractionation 

on Cox 's high magnesia type basalt magma. Such a process vlOuld 

produce a continuous differentiation series analogous with, but 

unrelated to, the low magnesia series. If this distinction ~s 

not made, a considerable amount of scatter may be expected to be 

shown by the low magnesia tholeiites, and Cox, et al., (1965, p187), 

report that the low magnesia tholeiites show a much more irregular 

behaviour thal1 the high Fe/Mg index basalts. Representatives of 

the high Mg series which have been compositionally modified by 

high level fractionation do not appear to be common in other parts 

of the Lebombo. This is shm-m diagrammatic a lly in fig 50,p 299, in 

which K20 has been plotted against MgO for a number of rock analyses. 

From this it may be seen that in the Nuanetsi area, a series of 

basalts with compositions that plot relatively close to the trend of 

the low Mg basalts of the Komatipoort area, are present. 

In fig 50, p299, in which K20 has been plotted against MgO for a 

number of rock analyses, the two distinct trends (high and low Mg), 

have been defined f or both the Komatipoo r t basic volcanics, and those 

of the Nuane tsi area . Also plotted on the diagram are the points 

representing samples CL25 and CL28, the l atter sample fa l ling relatively 
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close to the low magnesium series trend, although as indicated above, 

does not appear that it could be related to this series by crystal 

fractionation. Sample CL20 occupies an ambiguous position, lying 

close to the ' admittedly poorly defined, high magnesium Komatipoort 

trend and yet at the same time possessing a composition which could 

be related to the low magnesium tholeiites by normal fractionation 

processes. Perhaps significantly, the olivine-rich rock types from 

the basalts in Lesotho (Cox and Hornung 1966), plot in the same area 

of the diagram. Cox and Hornung also experienced some difficulty 1n 

assigning an origin of these rocks, but concluded that they were 

olivine cumulates, although this has subsequently been questioned by 

O'Hara (1968), (see section on petrogenesis). 

Trace Element Content of the Basaltic Rocks 

Trace element content of the basic volcanics were not studied 1n 

detail, and values for Cli and Cr were determined in only four of the 

basaltic rocks, as shown in Table 47 , below. 

TABLE 47 

Cu and Cr contents of four specimens of basaltic volcanics rocks 

Sample no. Rock type %Cu %Cr Fe/Mg Index 

CL 25 Olivine normative 0.01 0.16 41.92 

basalt 

CL28 Quartz normative 0.01 0.045 60.8 

basalt 

CL31 Quartz normative 0.02 0.034 69.79 

basalt 

CL33 Quartz normative 0.01 0.017 77 .58 

basalt 



- 301 -

(i) Cu 

Clearly few, if any, conclusions can be based on so small a number 

of determinations, but it is of interest tQ note that the Cu distri

bution sho"lU is in accordance with that reported by Prinz (1967), in 

that a quartz normative tholeiite has the highest Cu value. 

Regarding the mineralogical distribution of Cu, Prinz has quoted th.e 

1957 results of Wager and others. who determined the partition coef

ficient of Cu between sulphide and silicate liquids in the ~(aergaard 

intrusion. Here, although the original magma contained 50 p.p.m. Cu, 

separation of olivine, pyroxene, plagioclase and iron ores containing 

even smaller amounts of Cu, led to an accumulation of Cu in the liquid 

until a concentration of 200 p.p.m. was reached. At this stage the 

Cu sulphide liquid began separating, initially showing strong con

centrations of Cu. A rapid decrease in the partition ratio with the 

silicate liquid occurs, however, with continued fractionation. Si

milar results were obtained by Gunn, (1971), on Hawaiian basalts, 

which on differentiating by the separation of olivine only, show 

a steady increase in Cu content with advancing differentiation. In 

addition Prinz (1967), has reported a median value of 100 p.p.m. 

for 156 analyses of basaltic rocks, and by comparison the concentra

tions found in the Komatipoort rocks do not appear to be abnormal. 

This is in contrast to the Nuanetsi area volcanics where Cox, et ale 

(1965), found anomalously high concentrations of eu in the gabbroic 

intrusions. 

Few analyses of other Lebombo basic volcanics are available for com

parison although Saggerson and Logan (1970) presented Cu data for 

basic volcanics from the Olifants River area. Two basalts are inclu

ded, with Cu contents of 0.009% and 0.015% respectively, i.e. of a 

similar order of magnitude to the Komatipoort rocks. Analyses of one 

limburgite and one melanephelinite show relatively high concentrations, 

i.e. 0.068% and 0.023% respectively; highest concentrations thus 

occur in the limburgite. 
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(ii) Cr 

The Cr content of the basic volcanics shown in Table 47 , p 300 , 

varies inversely with differentiation index, showing a marked re

lationship between fractionation stage and Cr content. 

High proportions of Cr are commonly present in early formed olivine 

and pyroxene and fractionation of these minerals reflects a depletion 

in Cr content of the magma with rise in different{ation index. The Cr 

results form the Komatipoort area are thus consistent ~ith an 

origin by fractionation of basalt by crystal settling, or by varying 

degree of partial melting of the olivine-rich mantle rocks, or by 

accumulation in the extrusive magma of variable amounts of early 

formed olivine crystals. Prinz, (1967), in summarising work on the 

average Cr content of basaltic rocks records a median value of 140 

p.p.m. for 245 analyses. The Cr values, hcwever, show large disper

sion. Cr values in the Komatipoort rocks by comparison appear to 

be slightly high, even if the 0.16% recorded for the olivine basalt 

which contains a high proportion of olivine phenocrysts, is ignored. 
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5.8.3 GEOCHEMISTRY OF THE ACID VOLCANICS 

Relatively few analyses of the acid volcanics are available from the 

Komatipoort area; those presented consist of the two new analyses, 

an analysis of the Causeway Dyke from Lombaard (1952), and two from 

the adjacent area in Mozambique (from oc Assuncao, et al., . 1961, 

see Tables 10, . 19,p 34 : and p .58. These rocks have been plotted on 

several variation diagrams. 

In fig 45 , p 289 , major oxides have been plotted against Si02, to

gether with the analyses of the bas8.ltic rocks, useful for reference 

purposes. Variations observed are essentially similar to those des

cribed by Cox, et al. (1965) involving decreases in CaO, Na20, A1203, 

Ti0
2

, Fe
2
0

3 
+ FeO, MgO and P205 and increases in K20, with increasing 

Si0
2

• From its position ~n relationship to other analyses, sample CL22 

is anomalous in several respects. It contains abnormally low K20 and 

to a lesser extent Na0
2 

and abnormally high CaO, possibly as a result 

of thermal metamorphism by an adjacent intrusive, not observed in the 

field. 

These analyses have 'also been plo':ted on the AFM diagrams described 

in the section on the geochemistry of the basic rocks fig 44 ,p 288 ), 

and as may be seen from the diagram they continue the mild iron en

richment trend of the basalts dmvn towards the K + Na corner of the 

triangle in the familiar pattern of other differentiated rocks series. 

For comparison the acid rocks analyses by de Assuncao, (1961) ,have 

been plotted on a similar diagram and show (fig 51 , P 304 ), a better 

defined but essentially similar trend. In both diagrams there is a 

distinct gap at the point where the trend swings towards the Na + K 

corner of the diagram. Comparing this with the trend of the Komatipoort 

Intrusion rocks,(fig 34 ,p 237 ), it is found that to some extent, 

this gap is occupied by the granophyres from the Komatipoort Intrusion. 

Southward variations ~n the geochemistry of the Lebombo acid volcanics 

are more difficult to detect than was the case for the basic rocks, but 
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Cox et ale (1965), have suggested that the acid volcanics display 

a southward decrease in K20 and have provided averages to confirm 

this. In fig 52 , p 306 , groups of analyses from various points 

along the Lebombo have been plotted on diagrams illustrating 

variation of K20, Ti02 and P205 with Si02 content, and from these it 

would appear that, in rocks containing more than 60% silica, there 

is a southward decrease in K20 and P20
5 

contents but not in Ti02• 

Other major elements display no recognisable variation pattern when 

plotted on the same type of diagram. 
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o Northern Lebombo samples (De Assundlo et aI, 19621. 

• Swaziland samples (Urie and Hunter, 1963). 

X Southern Lebombo samples (De AssundlO et ai, 1962). 

* Nuanetsi area samples (Cox et ai, 1965). 

It.. Natal Lebombo samples (De Assuncao et aI, 1962l. 

o Komatipoort area samples. 
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6 PETROGENESIS OF THE KARROO VOLCANICS 

6.1 Introduction 

Although the ma~n object of this work has been a -petrological study of 

the Komatipoort intrusion, and relatively little data has been collec

ted on the extrusive volcanics themselves, it ~s of interest to consi

der the signifance of available information on the Komatipoort rocks 

in relation to the petrogenesic models that have been proposed for the 

Karroo and more specifically the Lebombo volcanics. The problem of 

the petrogenesis of the Karroo volcanics in the Komatipoort area should 

however, be viewed in the context of its position, not only in the 

Lebombo belt, but on the broader scale of i t s relationship to the 

African rift system and its associated volcani sm, since Maud (1962) 

and Vail (1968), have both pointed out that structurally, the Lebombo 

belt may be regarded as a southerly extensil"n of this rift system. More 

recently, age measurements (Wooley and G~rson 1970), on alkaline vol

canics from the Lupata and Chilwa provinces, suggest that these provin

ces, together \vith those of Nuanetsi and the Lebombo, are part of a 

broadly synchronous period of vulcanicity (Karroo). Thus, on a large 

scale, the southward decrease in the abundance of alkaline rocks, noted 

in the Karroo volcanics of the Lebombo itself, ~s repeated as the 

tectono-volca.lic rift system extends from the Chilwa alkaline province 

of ~1alawi into Rhodesia and the Republic of South Africa. Within the 

Lebombo belt, the gradual southward elimination of the basal alkaline 

and olivine- rich rock types, is accompani ed by the Hell known southward 

decrease ~n K, Ti, P and less certainly 1'1g, coupled 'ivith a possible 

increase ~n Al content in the lo",-Mg tholei ite series, ( see section 

of Geochemistry). Only the acid volcanics appear to sho", relatively 

insignificant southward compositional variations. 

An explanation is therefore requi red for the observed late.ral petrolo

gical variations in the Lebombo and in the rift system as a ,.;rho1e, as 

"lell as for the origin of the three maj or rock groups (viz. olivine

alkaline, tholeiitic, rhyo-dacitic), and for the tectono-volcanic en

vironment in which they occur. 
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6.2 Previous Hypotheses for the origin of the Lebombo volcanics 

A number of workers have interested themselves in the origin of the 

Lebombo belt and its volcanic rocks, and several theories have been 

proposed to account for the known petrological associations. Early 

workers on the Lebombo (Du Toit 1929, an d E. and V. Gorsky in Frankel, 

1960), were disturbed by the absence of closely spaced vents to 

account for the extensive areas covered by what appeared to be rhyo

litic flows, which would presumably have been extremely viscous on 

eruption. Hore recently , others (Urie and Hunter 1963, Stratten 1965, 

and Cox et al.1965), have concluded that the bulk of the acid lavas 

were extruded as ignimbrites and subsequently, petrogenetic aspects 

of the volcanics have received more attention. Theories proposed for 

the origin of the belt and its volcanic rocks, in approximate chrono

logical order, are as follows: 

1. Du Toit (1929) postulated that the diverse rock types of the ' 

Lebombo belt, have originated by simple differentiation of 

basaltic magma combined with a process of acidification of the 

magma by assnnilation of granitic crustal material • 

. 2. E. and V. Gorsky in Frankel, (1960), in order to overcome the 

problem of extrusion of viscous, acid lava, which apparently formed 

continuous flows over wide areas, suggested that the rhyo-dacites 

had resulted from the metasomatic alteration of an originally · ex

tensive, basic extrusive sequence. The presence of interbedded 

tholeiitic basalts amongst the rhyolir.e s, which v10uld require 

a selective metasomatic process and the presence of acid dykes 

within the basalt sequence, are a few of several objections that 

may be raised to this theory. 

3. Stratten (1965) has postulated an origin essentially similar to 

that suggested by Du Toit (1929), involving some differentiation 

of basaltic magma, coupled with contamination and melting of 

granitic crystal rocks. 
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4. Cox et al. (1965) argue t:lat neither the vast volume of rhyolitic 

material nor the chemic·al variation found in the analysed mafic 

rocks from Nuanetsi, can be explained by differentiation of a 

single magma in terms of crystal settling by the observed pheno

crysts. In particular, the transition from the high Mg basalt 

series (olivine-rich) to the low Mg series requires a separating 

phase extremely rich in magnesium and containing about 4 % total 

alkalis. 

The necessity for the removal of relatively large amounts of alkalis 

renders the observed phenocrysts, olivine and clinopyroxene, unlikely 

as the separating mineral phases. Suggestions of contamination by 

sialic matter as a a source of potash in the high Mg basalts are 

countered with the argument that although the high Mg basalts are 

considerably richer in alkalis than Karroo dolerites of the same 

Fe/Mg index, ~here is no significant difference in the Si02 content. 

They consider the low magnesia tholeiite equally unlikely as a 

parental magma, as the high magnesia tholeiites would have to be 

considered as cumulative differentiates, which v70uld be at van.ance 

with the known age relations be tween the high and low magnesia types. 

Cox et al. (1965), and Johnson (1966), and aga1n Cox (1972), have 

therefore, proposed the idea of the Karroo volcanic cycle, with a 

symmetrical variation in rock types ranging from early alkaline rocks 

through olivine basalts and tholeiites, to rhyolites, finally retur

ning to tholeiiti.:: and alkaline lavas once more. 

In Cox's 1972 version of the Karroo volcanic cycle in s.outh east 

Africa, the cycle begins with a body of potassium-rich picritic 

magma rising from a depth of at least 500 kIn. This magma provided 

the source for the Karro0 volcanics in the northern part of the Karroo 

Province. The rising body also generated a peripheral zone of tholeiitic 

magma which gave rise to some of the northern rocks and most of the 

southern rocks, including the Karroo dolerites and the basalts of 

Lesotho and Swaziland . The early volcanic products were followed by 
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pn.m1t1ve picritic lavas in the 'culminating' stage of the cycle and 

this in turn, was followed by the 'steady state' phase in which 

uniform, moderately fractionated basalts were extruded. Subsequently 

a 'waning' stage produced the more salic rocks of the Chilwa province 

and Lupata and finally, the Cretaceous kimberlites of Southern 

Africa could represent a terminal stage. 

5. Manton (1968) determined the strontium isotope ratios of both 

basic and acid Lebombo volcanics in a series of ten samples 

covering the entire Nuanetsi-Lebombo province. The results of 

this work he found, favour a mantle origin for the acid magma 

as well as the basic magma. The initial ratios of the Nuanetsi 

acid and basic magmas differ, however, and Hanton has suggested 

one of the following three mechanisms may account for these 

differences. 

(i) Derivation of the acid magma from a heterogeneous upper mantle. 

(ii) Deep seated contamination of a large body of lava. 

(iii) The existence of acid magma at depth, for some time before 

extrusion. 

6. Saggerson and Logan (1970) have noted the southward decrease in 

the quan~ity of the early alkaline Lebombo lavas and have attempted 

to account for this by suggesting that initial deep fracturing 

associated with do,vn-warping of the cratonic margins would probably 

be required for the melting of mantle rocks, which they considered 

n.ecessary for the production of the parental magma of alkaline and 

olivine basalts. The southward decrease in the in.tensity of rift 

faulting, then matches the gradual southward elimination of the 

of the alkaline lavas. 

7. Woolley and Garson (1970) in proposing a petrogenetic scheme for 

the Lebombo-Nuanetsi-Sabi-Lupata-Chilwa provinces have suggested 

that in South Africa, magma generation was restricted to high 

mantle levels, producing a single rock series of tholeiitic 
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affinities. Further to the north deeper faulting associated with 

rifting tapped both lOT"er and higher levels in the mantle and two, 

or possibly three, primary magmas and associated differentiation 

products made their way to the surface. They recognise the problem 

of the large volume of rhyolites and postulate some degree of 

crustal melting to account for the c ~ lc-alkaline rhyolites. For 

the origin of the rarer hyperalkaline rhyolites differentiation 

of the more alkaline basalts is proposed. 

8. Wachendorf (1971) has suggested an upper mantle origin for the 

basalts and derivation of the felsic volcani.cs from basalt magma 

by crystal fractionation. The roughly equal proportions ~n which 

the acid and basic lavas occur, he explains by assuming contami

nation of the fractionating basalt with crustal material. 

9. Cox and Jamieson (1974), in a paper on the detailed petrography 

of the olivine-rich basaltic rocks fronl the Nuanetsi area, suggest 

that compositional variations in the lavas are controlled either by 

a polybaric fractionation process involving the removal of olivine 

and orthopyroxene crystals at pressures in the range of 6 - 12 kb. 

Alternatively the variations i n liquid composition may have been 

produced during equilibration of the liquids with excess harzburgite 

wall-rock over the same pressure rang~ . Largely on account of 

difficulties encountered in explaining the simultaneous fall of K 

with l1g in this rock series, the wall-rock equilibration model is 

preferred by Cox and Jamieson. 
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6.3 Origin of the Komatipoort Basalts 

In their investigations on the origin of the New Georgia Group Basaltic 

rocks, Cox and Bell (1972) recast their analyses in terms of normative 

diopside, olivine, plagioclase and quartz, and subsequently plotted 

these values in a simple tetrahedral phase diagram for dry tholeiitic 

magma at one atmosphere. 

Sllnilar values have been calculated for the Komatipoort basic volcanics, 

and projections of the points representing the Komatipoort analyses 

into the pseudo-quaternary system 01- Cpx - PI - Qz are shown in 

fig 53 , p 313 • The method used for converting normative values into 

plotting co-ordinates is that of Cox and Hornung (I 966) (although here 

no standard Fe-oxidation factor is used ) , and includes on average, 

80% of the o! iginal hydrous analyses. The 3-phase surfaces that form 

the boundaries of the primary phase field of the phase from which 

the projection is made, shown in figure 53 , a, band c are from 

Cox and Bell (1972) and the primary phase fields shown where they 

intersect the 01 - Cpx - PI plane in Fig 2, (d), are from the same 

source. 

Three dimensional modelling of the dis tribution of the points Ul the 

tetrahedron sho\.;s that the majority of points, eXcluding those 

representing samples 33, 15 and 19, lie close to the Di, Fo, Pg face 

of the tetrahedron, and their distribution is therefore, well 

illustrated by the projection from the quartz coign, ( 53 , B). In 
this projection samples 20 and 25, the olivine basalts, are displaced 

towards the olivine corner of the diagram, 'sugges ting control by simple 

segregation or accumulation of olivine. Sample 28 lies close to the 

01 + Cpx + L surface and adjacent samples also plot close to this 
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surface but progressive ly closer to the low pressure cotectic. This 

is broadly suggestive of a compositional variation trend in the basic 

volcanics, controlled initially by the segregation of olivine until the 

01 + Cpx + L surface is reached and subsequently by olivine plus 

pyroxene un::il the lm"-pressure cotectic is attained. 

The relative positions o~ samples 33, 15 and 19 on the other hand ~s 

best illustrated in the projection from the Fo coign ('53 ,C) 

and points representing these samples may be seen to lie on a slightly 

curved trend extending from near the low-pressure cotectic to the 

Qz - Pg side of the triangle. This trend could be produced by the 

fractionation of pyroxene, initially together with minor amounts of 

plagioclase. These results then suggest that although plagioclase 

is a common phenocrys t phase in these volcanics their composi tional 

variation trend was controlled by the fractionation of olivine and 

pyroxene, which are far less abundant as phenocrysts in these rocks. 

This abundance of plagioclase phenocrysts in many of the basic 

volcanics could however, De related to the relatively small density 

contrast which was probably present between the plagioclase and its 

parental magma, \vhich could lead to relatively low settling 

velocities for the plagioclase crystals. 

"The near-co tee tic 

compositions of many of the low-Mg basalts may be evidence of a relatively 

low-pressure origin for these basalts in view of the non-coincidence 

between cotectic liquid compositions ilt high and low pressures. The 

significance of the coincidence in basalt composition with the low

pressure cotectic has been widely debated in the literature and 
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O'Hara (1968) in discussing the Lesotho basalts, has raised the 

possibility. of the derivation of the parental tholeiite liquid by 

olivine fractionation at high pressures, . ~n magma produced by 

deep-seated partial melting. This magma, he suggests, could by 

coincidence reach a composition in the equilibrium clinopyroxene

olivine-plagioclase-liquid at a pressure of less than 8 kb, and then 

be erupted after slight olivine gabbro fractionation. 

Evidence for the latter possibility is found in the work of Jamieson 

(1966) who described the olivine-rich basal ts of the :~uanetsi area, 

which although clearly primitive in character by comparison with the 

olivine-poor Lebombo basalts, have a composition in part, similar 

to that of the low pressure cotectic liquid. 

Difficulties arise however, in explaining the high concentrations of 

incompatible elements in certain of the Lebombo volcanics, as well as 

the southward decrease along the Lebombo in the incompatible element 

content of the low-Mg basaltic rocks. One possible answer to these 

problems lies in postulating variable amounts of eclogite fractiona

tion at high pressures which effectively increases only the incompatible 

element content of a partial melt. This process however should ~roduce 

a mel t significantly depleted in heavy rare earth elements ar:d little 

evidence for its presence has been detected in the study of other 

basaltic rock series. 

Jamieson and Clarke (1970) have concluded "that the processes leading 

to evolved contents of K and associated elements are partly indepen

dent of the processes leading to evolved major oxide compositions" . 

Cox (1972) has embodied this in his Karroo Volcanic Cycle in which 

the high-ltg, K-rich series has a separate origin from the low-Mg series, 

and southward variations in inr.ompatible elements in the low-Mg series, 

are explained by some mixing of these two magmas. Cox and Jamieson 

(1974) have described phenocrysts of orthopyroxene jacketed by clino

pyroxene, from the olivine basalts in the Nuanetsi area, and those 

orthopyroxenes are considered to have a high pressure origin. Similar-
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looking jacketed orthopyroxenes were noted, in the present work, in 

the olivine-free gabbro of the Basal Intrusion, in the Komatipoort 

area. This rock belongs to the low-Mg series and the presence of the 

jacketed orthopyroxenes 1n these rocks suggested either possible 

mixing of Cox's postulated two magma series, (low and high-Mg), or 

derivation of the one series from the other. A more detailed study 

of these phenocrysts (see p 103 ), indicated however, that they are 

unlikely to have a similar origin to fhose described from Nuanetsi 

by Cox and Jamieson, (1974). Further, since these jacketed phenocrysts 

apparently may have mor E': than one origin, care should be taken to 

discriminate betv7een these origins. Thus it is not possible from the, 

present work to suggest a high pressure origin for the low-Mg series, 

or a connnon origin for the low and high-Mg basaltic rock series. 

An examination of fig 50 , p 299 , (HgO versus K20 diagram), suggests 

that only four of the analysed Komatipoort rocks could have affinities 

with the high-Mg series. Two of these, the olivine basalts CL20 and 

CL25 show strong similarities to the high-Mg series rocks, but the 

other two, CL30, the olivine bearing gabbro of the basal intrusion and 

CL 28, the olivine rich dyke rock, plot in a position intermediate 

between the high-Mg and low-Mg tre',lds. Differences of a similar nature 

are noted between the t\.,o pairs of samples, in 53 (d), in which 

the points representing the two olivine b.salts are displaced towards 

the olivine corner of the diagram, whereas CL28 and CL30 plot close~ 

to the low-Mg series rocks, and the low-pressure cotectic. 

The olivine basalt analysis CL 20, plots close to the olivine-rich 

basalts of Lesotho in fig 50 , and could in fact represent a loW-M8 

series basalt enriched in cumulus olivine. The second olivine basalt, 

CL 25, however, shows chemical characteristics typical of the high-Mg 

series. The other two analyses with possible high-Hg series affinities 

have relatively high Si02 values, (see Table 13 , p 42 and Table 22 , 

P 101 ) which combined with the other characteristics just discussed 

suggests several possible modes of origin which could account for their 

intermediate nature. These are:-
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J. Contamination of high-Mg sen.es magma by crustal rocks. 

2. Hybridisation of a fairly strongly fractionated low-Mg series 

magma by a high-Mg ser1es liquid 

3. Accumulation of cumulus olivine in fairly strongly fractionated 

l ow-Mg series basalts. 

4. Fractionation of high-Mg series magma by removal of olivine 

crystals. 

Contamination of high-Hg series magma by crustal rocks appears un

likely in view of the high CaO content and low FeO + Fe20
3 

content 

of the two samples, (CL28 and CL 30). Their CaO contents are higher 

and their FeO + Fe
2
0

3 
contents are lower than many of the high-Mg 

series lavas analysed by Cox and Jamieson (1974, Table 9 ,p 280 ). 

Contamination by Si02-rich crustal rocks, which may be expected to be 

low in CaO and in some cases (e.g. andesitic compositions)high 1n 

FeO + Fe20
3

,Lherefore appears unlikely. Hybridisation of a fairly 

strongly fractionated low-Mg series magma by a high-Hg series liquid 

(origin 2, above) appears impossible for similar reasons . 

Accumulation of olivine crystals in a fractionated low-Mg ser1es basalt 

or fractionation of a high-Mg series basalt may therefore be con

sidered. As a result of the small number of available analyses it 1S 

not possible to determine trends in variation diagrams reliably 

and relate these to the major phenocryst control lines. Instead the 

effect of the extraction or addition of various proportions of olivine 

on the composition of the analysed olivine-bearing gabbro s~lple, 

from the Basal Intrusion was calculated. The olivine composition 

used in this calculation was that of the olivine from the olivine-free 

gabbro from the Basal Intrusion, (see Table 21 ). Two of the more 

reasonable results of this calculation are listed in Table 48,together 

with the olivine-bearing gabbro analysis, eCL 30). 
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TABLE 48 

Effect of addition or subtraction of olivine on analysis CL30* 

1 2 3 

Addition of CL 30 Subtraction of 

20% olivine 5% olivine 

Si0
2 

49,25 52,56 53,44 

A1 20
3 

9,00 11,25 11,84 

Total Fe as FeO 10,36 8,12 7,53 

MgO 14,39 6,88 4,90 

CaO 6,82 8,42 8,8L• 

Na20 2,33 2,91 3,06 

K
2
0 1,72 2,15 Z,Z6 

TiOZ Z,47 3,08 3,24 

P20S 0,34 0,4Z 0,44 

* Note:- + -HZO , HZO , MnO, COZ have not been included ~n this 

calculation 

Examination of the results listed in Table 48 suggests that the 

olivine-bearing gabbro is unlikely to have originated by olivine 

accumulating in, or being added to a fractionated low-Mg liquid. 

Removal of only 5 per cent olivine from the olivine-bearing gabbro 

analysis produces a composition depleted in iron and enriched in 

calcium, with respect to the calculated SiOZ content. Subtraction 

of clinopyroxene, the only other observed phenocryst phase present 

~n the olivine-bearing gabbro, improves the situation as far as 

calcium is concerned, but reduces the iron content yet further. 

Addition of ZO per cent olivine to the olivine-bearing gabbro 

analysis on the other hand produces a composition that closely 

approximates that of the Mg-rich series . lavas , . (compare l~ii::h · Co·x 

and Jamieson,l974, Table 9, p Z80). 

Thus fractionation of olivine in Mg-rich ser~es lavas appears 

to provide an adequate mechanisim for the production of magmas 

with a composition similar to that of the olivine-bearing 

gabbro. 
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To summarise, the close correspondence between the composition 

of the low-l'fg sen.es basalts and the low pressure cotectic, coupled 

with the presence of the phenocryst assemblage noted in these rocks, 

may be explained by an origin involving in situ melting of the low 

velocity zo~e followed by some low pressure crystal fractionation, 

as proposed by Cox, (1972) and Cox and Jamieson, (1974). One of the 

analysed olivine basalts could represent either a cumulus-olivine 

enriched,low-Hg series basalt or an extreme representative of the 

high-Hg series trend. The other oiivine basalt c1e~rly belongs to the 

high Hg-series lavas, which Cox and Jamieson (I 974), have suggested Y. 

originated by a process involving partial melting of mantle peridotite 

followed by a slow rise from depth, equilibration of these melts with 

harzburgite wall rock through a pressure range of 6 - 12kb, and then 

rapid eruption of magmas without further fractionation. Two of the 

analysed specimens from Komatipoort that belong to the high-Mg series, 

are considered to show signs of fairly extensive olivine fractionation, 

suggesting, that in the Komatipoort area, eruption of some of the 

high-Mg liquids, was not as sudden as in Nuanetsi area, and that 

continuous crystallisation and fractionation of olivine may have 

occurred during a slower rise to the surface, producing magnla ,.,ith 

a composition approximating the low pressure cotectic. 

Other analY~2d basic rocks from the major intrusives 1n the Komatip60rt 

area appear to belong to the low-Mg basaltic series and therefore to 

have originated in the same manner as the low-Mg series basalts. 

" 
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6 . 4. ORIGIN OF THE ACID VOLCANICS 

In general three possible origins have been considered for the acid 

volcanics: 

(i) Simple differentiation of basic magma. 

(ii) Partial melting of mantle material. 

(iii) Partial melting of lower crustal material or of a 

heterogeneous upper mantle. 

Simple differentiation of basic magma has been suggested by several 

authors for the origin, at least in part, of the acid volcanics and 

some of the available evidence does provide support for this hypothesis. 

For example, the rhyolites tend to form a continuous series above a 

silica content of 61% as indicated ~n the section on geochemistry, and 

generally there appears little reason why this series of rocks should 

not have originated by the fractionation of the known phenocryst 

phases. Acid volcanics derived by crystal fractionation of the same hasic . 

magma that gave rise to the basaltic rock series could reflect 

similar longitudinal variations in chemical composition, and as noted 

earlier, there is a slight suggestion of a southward decrease in K
2

0 

content. In addition the work of Manton (1968), mentioned earlier, 

sugges~ a mantle origin for the acid magma. 

Some fairly strong objections may be raised to this hypothesis, 

however. · It has been suggested that the volume of acid magma is too 

great to have been generated by crystal fractionation and that there 

is a lack of a corresponding volume of basic rocks, particularly 

towards the southern end of the Lebombo where tholeiitic basalts 

only, occur. On a global scale the restriction of rhyolitic out

pourings (and granitic intrusions) to continental environTIlents may 

be interpreted as evidence against an origin by differentiation. 

More detailed objections are the lack of a longitudinal variation 

in Ti02 content to compliment that shown by the Lebombo basalts 

(although fractionation of ilmenite or titaniferous magnetite may 

account for this), and the fact that Manton (1968), found an initial 

difference in strontium isotope ratios between the acid and basic 

volcanics. The last point according to Manton, discounts ~he 
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possibility of any continuous differentiation process involving 

a basic parent magma producing and erupting successively more 

acid differentiates, and led Manton to suggest the possibility 

of deriving the acid material from a hetero geneous upper mantle. 

Alternatively he suggested deep-seated contamination of a large 

body of magma could explain the difference in isotope ratios and 

finally, he proposed that the acid n,agma may have existed at 

depth for some time before extrusion. 

It appears therefore, that, ~n general, the acid volcanics 

were not generated by the simple differentiation of basic magma . 

In addition, the evidence of very slight v~riations only, ~n the 

strontium isotope ratios of rhyolite samples collected from 

widely separated points along the length of the Lebombo (Manton 

1968) suggests the rhyolites could not have originated by partial 

melting of heterogeneous lower crustal rocks. Thus it ~s con-

sidered likely that the rhyolites have originated by partial 

melting of either a heterogeneous upper mantle or a relatively 

homogeneous portion of the lower crust. Little positive 

evidence is available for the existence of either of these 

structures, although the Lebombo-Nuanetsi monocline parallels 

the margin of the Mozambique mobile belt and it is conceivable 

that during the course of the considerable tectonic activity 

associated with the formation and the subsequent history of the mobile 

belt, that the base of the crust may have been melted and solidi-

fied several times over a long period of time, to fulfil one of 

Manton,s requirements; that the acid magma may have existed at depth 

over a long period of time in order to equilibrate strontium isotope 

ratio distribution throughout the length of the Lebombo. Compo

sitional variations which are present in the rhyodactic series 

could be produced either by variations in degree of partial melting of 

such a layer, followed by crystal fractionation, or contamination, or by 

some combination of these processes. 

A major feature of the geochemistry of acid-basic volcanic 

provinces such as the Iceland province is the bi-modal distribution 

of Si02 in representative analys es of the volcanic series . The 

Lebombo province is no exception in this regard and analyses with 
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an Si0
2 

content in the range 57-61 per cent, are, to the authors 

knowledge, unknown from the Lebombo. The Komatipoort Intrusion 

is thus exceptional in that rocks with an Si02 content in this 

range do occur. Analysis CL 46,(Table 41, p 235), an analysis 

of the upper margin of the feldspathic gabbro unit has, for example, 

an Si02 content of 57,6 per cent. As described earlier, however, 

(see p 276), there is evidence that the upper margin of the fe1ds

pathic gabbro has suffered partial hybridisation during the emplacement 

of a minor body of acid magma along the upper contact of the fe1ds

pathic gabbro subsequcLlt to the consolidation of this unit, (see p 205). 

These particular intermediate rocks are thus considered to have 

originated by simple hybridisation. 

A more significant occurrence of rocks with intermediate 

Si0
2 

contents may be found in the granophyre unit of the Komatipoort 

intrusion. The analysed granophyre samples have Si02 contents 

extending from around 53 per cent to about 63 per cent. A more 

detailed examination of those analyses shows an absence of samples with 

Si02 contents between 57,16 and about 60,2 per cent. This gap 

may be a reflection of the relatively low number of samples of 

granophyre analysed during this investigation, but there are also 

other differences between the two groups of samples. The high 

Si02 granophyre samples show little variation in chemistry whereas 

~n the low Si02 granophyres much greater variability in chemistry 

~s present. Further the low Si02 granophyres occur at the margins 

of the granophyre unit. There is therefore a possibility that the 

granophyre unit could represent a mUltiple intrusion, and indeed 

in the northern granophyre mass there is evidence of several intrHsive 

acid phases. The ana~yses presented here are however, all from 

the Komati River cross-section of the southern granophyre nass 

and apart from the geochemical differences, there is little evidence 

for the presence of multiple granophyric intrusiv~s. Further, an 

origin by mUltiple intrusion would require the coincidental juxta

position, in the Komatipoort Intrusion, of the most and the least 

Si02-rich representatives of the basic and acid portions of the 

bimodal volcanic ser~es. Similarities in the geochemistry of the 

two granophyres, such as the uniformly low A1 20
3 

content would also 

require explanation. The low Si02 samples, (see discussion in the 

r.ection on the petrogenesis .of the granophyre unit, p. 280), are . 
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therefore considered to have formed largely by inward crystallisation 

from the margins of the unit. Thus the low Si02 granophyres need not be 

considered to represent liquid compositions, but an early marginal 

crystallisate of the granophyre unit magma. This magma, in turn, may 

be represented by the high Si02 granophyres. Support for this 

proposal is provided by the fact that those granophyres are 

extremely constant in composition and secondly by the fact that 

the analysis of a granophyre vein intruding the gro.nophyric gabbro, 

(eL 48, Table 39), falls into the high Si02 group. 

The tendency of the granophyres to plot on a straight line in 

the variation diagram described on p 245, therefore could be ex

plained by multiple hybridising intrusions of magma of intermediate 

compositions, but this tendency could also possibly result from 

the compositional relationship between an early marginal, (relatively 

high temperature), crystallisate and the residual magmatic liquid. It 

is possible that continuation of this marginal crystallisation or 

hybridisation of the early crystallisate by the residual magma 

could produce rocks with an Si02 content between 58 and 60 per cent, 

and these may be present ~n the Komatipoort Intrusion. As discussed 

above, it is considered unlikely that these rocks would represent 

liquid compositions. , 

An alternative origin for the two types of granophyre present in 

the Komatipoort Intrusion is suggested by differences in their major 

element chemistry, which resemble those characterising coexisting 

immiscible silicate liquids,(McBirney, 1975, Phillpots, 1978, Visser and 

Koster van Groos, 1979): These differences include the relatively high 

levels of total Fe-oxides, P205 and Ti02 present in the low Si0
2 

granophyres 

and the relatively high alkalies present in the high Si0
2 

group. If an 

overall mean chemical composition is calculated from the average compo

sition of each group ) an average granophyre composition with a silica 

content of 58,55 is obtained. That ~s, a composition with a silica content 

almost in the centre of the gap ~n the bimodal s'ilica distribution 

shown by the Lebombo volcanics, (57-61%). Thus if the two varieties 

of Komatipoort granophyre did originate by a .pro~ess involving liquid 
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immiscibility, it appears possible that the absence of rocks ·with 

an intermediate silica content could be explained by liquid immisci

bility, where such intermediate magmas were generated. These magmas 

need not necessarily have been abundant in the Lebombo, since it is 

likely they would represent relatively strongly fractionated basic 

magma. In these magmas elements such as K, Fe, Ti and P tend to reach 

relatively high concentrations simultaneously, as is apparent from the 

descriptions given in the section on the geochemistry of both the 

Komatipoort basalts and the Komatipoort Intrusion, (p 284 and p 224). 

This would tend to favour the development of liquid immiscibility. 

As Visser and Koster van Groos, (1979), have indicated, P20S and 

Ti02 distribution patterns are unlikely to be able to distinguish 

liquid immiscibility from crystal fractionation. Nevertheless, it IS 

possible that the Komatipoort granophyres could provide direct evidence 

of liquid in~iscibility in the Lebombo, and further work appears 

justified to ascertain whether the two granophyre types have originated 

as immiscible liquids. Two possible aspects that may be worth 

investigating are the distribution coefficients and the fact that the 

basic and acid imniscible components would be expected to show isotopic 

evidence of a common, (mantle), origin. 

The bimodal silica distribution in the Lebombo volcanics suggests 

that the andesitic rocks discussed in the previous section,(CL 19, Table 

8, p 24), with an Si02 content of just over 61 per cent should be 

discussed \"ith the acid volcanics. In terms of its major element chemistry 

however, it IS not possible to eliminate an orIgIn by the fractionation 

of basic magma. Compared with the available analyses of acid volcanics 

from the Komatipoort area it appears high in A1 20
3

, MgO and possibly 

Na20 and K20, but as more data becomes available, this analysis may 

prove to be less unusual than it appears at present. 

In fig 36, p 244, analysis CL 22, an acid volcanic from the 

Komatipoort area, (Table 10, p 34), has been plotted, and 
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this analysis tends to lie on or close to the extension of the 

straight line along which the Komatipoort Intrusion granophyres 

plot. This in turn suggests that this rock could have originated 

by a continuation of the process that produced the variation in 

chemistry of the Komatipoort granophyre~. 

Sample CL 21, (Table 10, p 34), on the other hand 

displays a distinctly different chemistry, containing higher 

levels of Si02 , A1 203 , total Fe oxides, Na20 and K20, and 

lower levels of MgO and particularly CaO. Ti02' P20S and MnO 

values are similar. It is apparent from this that these two 

rock types could not be derived from each other or a common 

parental magma by fractionation of the usual phenocyst phases 

such as quarlz, feldspar magnetite or Fe-rich pyroxene. It 

could, however, be derived from the andesitic rock represented 

by analysis CL 19 Table 8, by fractionation of several of the commonly 

observed phenocryst phases. This rock, as suggested above, 

could be derived by fractionation of representatives of the 

basalt.ic rock series. There is thus some suggestion of more than 

one origin for the acid volcanics in the Komatipoort area, 

however very few analyses of these rocks were available during 

this study and these conclusions must be regarded as speculative. 
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Concluding Remarks. 

The Komatipoort area lies approximately mid-way along the 

Lebombo volca.nic belt and it is apparent from the description 

given here of the rock types from this area, that there is a 

gradual transition from the alkali and olivine basalt, 

tholeiitic basalt, rhyolite succeSSlOn of the northern Lebombo 

to the tholeiitic basalt, rhyolite sequence present in the 

southern Lebombo. The high-Mg series basalts not only decrease 

in abundance, southwards from the Nuantsi area, but there appears 

to be a change in their nature as well, since fractionated 

representatives of this ser~es are considered to be present ~n 

the Komatipoort area. These do not appear to have been des

cribed from the northern Lebomob and could result from a slower 

rate of progress of the high-Mg series lava to the surface, 

allowing time for fractionation. 

The bulk of the basic rocks in the Komatipoort area are 

representatives of this series which have suffered fractionation 

at low pressures. Despite the relative abundance of plagioclase 

as a phenocryst phase in the basalts, compositional variation in 

the low- Mg series appears to have been controlled by the sepa

ration of olivine and pyroxene, and only in the more highly 

fractionated examples does it appear likely that plagioclase 

has played a significant role. The crystallisation sequence 1n 

the low-Mg series basalts according to the one-atmosphere phase 

diagram is olivine, pyroxene, plagioclase, as the composition 

of the magma gradually evolves towards the low-pressure cotectic, 

presumably· while the lava moves towards the surface. If this 

is accepted it becomes clear that p lagioc lase may only have-:. 

appeared as a crystalline phase relatively late in the crystal

lisation history of the low-Mg volcanics, and that this coupled 

with the low density contrast between the plagioclase and the 

magma,could provide an explanation for both of the features, i.e. for t he 

relative abundance of phenocryst plagioclase ~n these rocks and 

for its absence during fractionation of most of the low-Mg basalts. 

Thus in the fractionation hf the low-Mg basalts also, the rate 

of movement of the magma to the surface may have been a significant 
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factor. 

If plagioclase is a relatively unimportant phase in the production 

of the low-Mg basalt factionation sequence, it would appear unlikely 

that this fractionation occurred in high-leve l intrusive bodies such 

as the Komatipoort Intrusion in which plagioclase is an early 

crystalline phase in all units. J. Bristow, (per sonal comnunication), 

has suggested the Crocodile River Intrusion may be a more likely site. 

The crystallisation sequence in the Crocodile River Intrusion has 

here been shown to be olivine, orthopyroxene , clinopyroxene, 

plagioclase, closely resembling that expected Ln the fractionating 

low-Mg basalts. In addition the Crocodile River Intrusion is the 

southern-most representative of an extensive line of basic intrusive 

masses which volumetrically and Ln regard to their geographical 

distribution, appear adequate to have made a significant contribution 

to the production of the low-Mg series basal ts of the northern 

Lebombo. Thus the Crocodile River Intrusion may provide an example 

of the nature of the environment in which the fractionation of the 

low-Mg serLes basalts has occurred. 

If so these intrusive masses may be expected to show the southward 

decrease Ln K20, Ti02 and possibly MgO displayed by the basic lavas, 

which in turn may be a reflection of mantle inhomogeneity. 

The rhyolitic volcanics in the Karoo province are restricted 

to the western and eastern margins of the African sub-continent. 

This restriction of the rhyolites to the continental margins 

provides some evidence that the generation of the rhyolitic magma 

could be associated with the fragmentation of Gondwanaland. 

Rising temperatures in the lower continental crust could be 

initiated by dmmwarping of the continental margin or upwelling 

of mantle material at the point of separation of Africa and 

Antarctica. Upwelling of mantle material could a lso lead to 

partial melting of this upper mantle material and .thus alternative 

modes of generation of the rhyolitic magma are possible. 

A more detailed examination of the distribution of the 

Lebombo rhyolites shows, however, that spatially they are closely 

associated with the Lebombo tectonic - volcanic belt, rather than 

the present margin of Africa. In the Nuanetsi area for example 
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the Lebombo is some 500 to 600 kilomet'ers fr'om the edge of the 

contine'ltal shelf. The Lebombo belt, however, represents the 

southern end of the African Rift System· which has developed along 

the lines of pre-existing, much older crustal structures, 

(Wooley and Garson, 1970), and it appears possible that this 

structure has controlled the geographic distribution of the 

Lebombo rhyolit ss by providing a relatively easy mode of access 

to the surface. 

Along the west coast of the sub-continent, similar rock types 

have been produced, but as a result of the absence of a structure 

analogous to that of the southern end of the African rift system 

the structure and distribution of these volcanics differs 

widely from those forming the Lebombo belt. 
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APPENDIX 

1. Experimental Methods 

1.1. Mineralogical Determinations 

Election microprobe analyses of selected mineral grains 

were made by the National Institute for Metallurgy using an A.R.L. 

microprobe analyser with wavelength dispersive crystal spectro

meters. Several points on each grain were analysed and averaged 

to obtain the final analysis ~n most cases. The electron microprobe 

data was processed using the program developed by Rucklidge and 

Gasparrini, (1969). 

Optical estimates of plagioclase, pyroxene and olivine 

compositions were made using standard determinative methods. In 

the case of pyroxene, the methods described by Hess (1960) were 

followed and for plagioclase both refractive indices and the 

universal stage techniques described by Slemmons (1962), were 

employed. Plagioclase twin laws were also determined from the 

charts supplied by Slemmons, (1962). Where the structural state 

of the plagioclase is mentioned, this has been determined by the 

plotting of optic eiements on the relevant diagram given by 

Marfunin, (1966, Figure 51). All refractive index measurements 

were made in sodium light, using standard Cargille liquids, the 

refractive index of which was checked on a refractometer, both 

before and after use. 

Estimates of composition from these optical properties were 

made, where possible, using the curves recommended by Brown (1967). 

These incl~de Deer et a1., (1963, vol. 1. Figure 11, vol 2, 

Figure 10) and Brown and Vincent (1963, Figure 5). In places, 

however, the curves of Poldervaart (1950) and Hess, (1949) were used. 

In some instances divine compositions were iupntified using 

the X-ray diffraction method recommended by Jambor and Sm-t.th,(1964). 

1.2. ANALYTICAL METHODS 

Whole rock analyses for ma jor elements were perf0rmed on 

a Tectron AA3 atomic absorption spectrophotometer us ing techniques 



developed by the Department of Chemistry , University of Natal, 

Pietermaritzburg and the Coronation Brick and Tile Company, 

Durban,R.S.A. All analyses were performed in duplicate, and 

analyses totalling less than 99 per cent or greater than 102 per 

cent were rejected. 

1.2.1. Dissolution 

Two solutions of each sample were made per a~alysis, 

one a sodium hydroxide fusion that was analysed for Si02 only, 

and the other a hydrofluoric acid-perchloric acid process, 

that was analysed for all other required elements. A standard 

amount of lanthanum oxide wa s added to each solution to act 

as a suppressant. 

1.2.2. Determinations 

Quantitative determinations were made by two methods: 

(a) Plotting of unkno1;.;rn sample readings on curves prepared 

from a ser~es of standards of known composition. 

(G1, W1, U.S. Geological Survey Standards, B.C.S. 269 

Firebrick Standard). 

(b) The method of standard additions. 

In addition the relative proportions of FeO and Fe
2

0
3 

were determined by a potassium dichromate titration. 

mlole rock analyses performed by the National Institute 

for Met .:lliurgy were made using standard X-ray fluorescence and 

wet chemical methods. 

1.3. STAINING TECHNIQUE 

Where clouding prevented the identification of felds

pars, (particularly in the acid volcanics), potassium 

feldspars were distinguished from plagioclase by 

staining of both poli s hed slabs and thin sections, 

using the techniques de scribed hy Bailey and Stevens, 

(1960). 



1.4. NORMS AND NIGGLI VALUES 

Calculations of norms and niggli values for many of the 

analyses presented was performed by Dr. J. TIT. von BackstrBm on 

an I.B.M. S/360 model 40G computer using a program developed 

by Van Niekerk and Von BackstrBm, (1966). 
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