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ABSTRACT

The petrology, mineralogy amd geochemistry of the Karroo-age
basaltic and rhyodacitie volcanics present in the Lebombo Belr
near Xomatipoort, Eastern Transvaal, Republic of South Africa
are described.

The volecanics comprise a succession of extrusives within
the Komatipoort area, consisting of:

{3) HRhyodacitic lavas and tuffs

(2) Basalts

(1) Olivine Basalts.

These volcanics dip eastwards at angles betweem 10" and 40°,
with dips increasing as the Eastern boundary of the area, the
Mozambique border, is approached. Further Karroo-age volcamnics,
constituting the upper part of this succession, lie across the
border in neighbouring Mozambique.

Various intrusives, similar in compositiom to the extrusives,
are also present in the area, commonly as north—south trending
dykes forming part of a large dyke-swarm. These, as elsewhere
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, consisting of five
major lithological units. From the base upwards these are:- '
unit | = olivine gabbro, unit 2 - igneously laminated gabbro,
unit 3= granophyric gabbro, unit & = granophyre, umit 5 - felds-
pathic gabbro. The olivine gabbre, the granophyre and the felds-
pathic gabbro appear to form separate intrusive bodlies, but the
igneously laminated gabbro 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 including 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 River Intrusion, which occurs to the north-east of the
main mapped, and represents the southern-most and of a north=-



gouth trending line of 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 ¥omatipoort Intrusion. In-addition, analyses of
a number of minerals from several different rock types occurring
in the Komatipoort Intrusion, are presented. The analytical daca
available for the Komatipoort welecanics confirms the previously
known southward variacion in the geochemistry of the basalts
and tha presence of both a high and a low-MHg basalt series in tha
Komat ipoort 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 la}gely by low-pressure fractionation of
olivine and pyroxene only, despite the presence of abundant plagioclase
phenocrysts. Some of the variation in 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 in the area.

The Lebombo volcanics in 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 Kowatipoort Intrusion. Liquid {mmiscibp-
ilicy £ 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 appears possible that those available eould
be representative of two processes, firstly, partial melting of the



lower crust or upper mantle, and secondly, fractionation by
crystallisation of the commonly observed phenocryst phases,(feldspar,

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

magma.
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ASPECTS OF £AIFPOO VULCANICITY IN THE KOMATIPOORT AREA, LEROMBO

1 INTRODUCTION

The Komatipoort area lies approximately midway along the Lebombo tec=
tonic=voleanic belt, a major geolezical feature in Southern Africa,
consisting of easterly dippimg, monoclinally flexured volcanic rocks
and subordinate sediments of the Karroo 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 morth-
south direction, (fig 1), from a point just morth of the towm of
Empangeni, in the south, to the Limpopo Eiver in the morth. In the north
these rocks join the outcrops of the Busnetsi 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 & major
oblique fault in the south.

The lavas and intrusives present in the belt have been assigned to the
Lebombe Stage of the Stormberg Series, (Stratten 1965), forwing a part
af the extensive Karroo volcanic province which is widely distributad
in Southern Africa.

2 THE KARRDO VOLCANIC ROCES

The Karrob -age volcanics of the Stormberg Series, as described by

Walker and Poldevaart, (1943}, are the climax to a prolonged poeriod of
sedimentation in a large, gradually subsiding basia, centered approxi-
mately around Lesothe. During this period depositional conditions changed
gradually from placial through lacustrine and swampy until, towards the
close of Karroo times, a period of general aridity occurred. large thick-
nesses of Dwyka, Ecca and Beaufort sediments accumulated near the coatra
of the basin during the Karrco perind and these are capped by the aeclian
Cave Sandstones. Onkto the Cave Sandstones in turn, the Stormborg voleanics
wereé erupted. The thickness of all of the sediments however, decreanses
markedly to the north-cast, where tie margin of the basin is downfolded by
the easterly-dipping moaoclinal flexure which forms the Lehoibo belt,
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A general stratigraphic table is nlwwn in Table 1 and the present
distribution of Karroo voleanics in Southern Africa is showm in Fig, 1.

As may be expected from volcanics showing such a widespread distribution,
variations in geochemistry have been moted. The volcapics present in the
centre of the sub—continent are essentially tholeiitic flood basalts and
phow relatively minor variations in geochewristry, however, the Karroo
volcanics occurring at both the western and eastern contigental margins
are more diverse in composition. Im the monoclinally warped eastern part
of the province, (the Lupata and Huanetsi areas in Rhodesia and the
Lebombo belt in Southern Africa), rock types ranging from nephelinites
through olivine tholeiites to dacites and rihyolites, are developed in
some abundance. Gencral 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 voleanic
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 successlon,
overlain by rhyolitic and dacitic lavas, which are themselves followed
by a further basaltic sequence in places, In the northern part of tha
Lebombo belt an initial lower alkaline succession has been noted.

For example, Cox et al. (1965),have described the volecanic rocks in the
Nuanetsi area, and south of this point near the Letaba river the succes-
sion has been described by du Toit (1528) and by Lombaard (1952).
Additional investipation has been carried out by Saggerson and Logan
(1970), on the volcanics of the adjacent Olifantn river arca. In each of
these localities, early nepheline bearing rocks are followed by olivine-
rich extrusive and hypabyssal rocks, Jiich in turn are succeaded by
nl%rin!*f:te basalts and their intrusive equivalents. These are overlain
by rhyolitic extrusives interbedded wich subordinate tholeiitic flows
and finally by a sequence of late tholeiitie basalts and assoclated in-
trusives. In the Kuanetsi area and again in the little Leboumbo to the
east in Mozambique, a late alkaline phase is also known (‘e Assuncio

et al. 1961).
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The Karroo Stratigraphic Successlen®

Supergroup . Series Sub~division Rock type ! Europaan |
Equivalent
l Drakensberg Yolcanics | Basalts,linburgites,
| chyodacices, pyro- Rhaetic
| clasts, granita
Stormberg Cave Sandstone forma— | Sandstons, shale, Late Trisasic
| tion
i Eed Bed Formation mndstone, marl
Kirroo | Beaufort Shale, sandstons, Late Permian
! mudstone, lisestome to =id Trissaic
: Ecca | Shals, sandstons, Early ro mid
| grit, coal Permlan
| Duyks | Tillite, ssadetone, | Late Carbomi-
shale farous

Afcer Truswall, (1967) and King (1363)

*As no definive sub-division of the Karroo Supargroup has, as yet, been produced by the Soush African Committes
for Stravigraphy, the traditional terminology Ls employed here.



In contrast, south of the Komatisocort area im Swaziland, 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 Hatal Lebombo.
In all these arcas the upper part of the Karroo voleanic succession lies
across the border in the neighbouring -tervitory of Mozambique and usual-
ly includes a large portion of the rhyolitie scquence and the late
tholeiitic extrusives.

At Kematipoort, du Teit (1929) has described the cccurrence of tholeiitic
and rhyolitic lavas only, which forw a succession resembling that found

in the southern Lobombo (Swaziland and Natal), Hear the contact between
the Stormberg basalts and sandstones, he doos, 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 successiun in the Komatipoort area, as determined during the
present investigation is shown in Table 2.

The thickness of the Stormberg wolcanic succession has been found to vary;
in Lesothe for example, the lavas are only 500 m thick, but much greatex
thicknesses have been recorded in the Lebombo and Nuanetsi areas. Cox et
al. (1965) indicate a minimm thickness of 8 500 m for the Karroo lavas
in the Nusnetsi area and Cox (1970) has suggested that about 9 000 m of
volcanics may be present in the Southern Lebomba,

Wachendorf (1971) has estimated a thickness of 12 600 m for the total
volcanic succession in a cross-section from Mortharn Swaziland to Maputo.

Estimates of thickness of the lower basalts only, vary with position a-
long the length of the Lebowbo, ranging from 1 500 to almost 3 000 m.
For the overlying acid lavas du Toit (1929) has cupgested a thickness of
5 000 m. Mo estimares of thicknnss could be located for the difcontinuous
upper basalts, although an estimate made from the map presented by

de Assunciio et al. ('961) sugpests a thickness of 2 000 to 3600 m.



TABLE 2

Scracigraphic Suecession in the Eomatipoort area

formatien

grelned gandstonas |

Age Eock Eype Approsgimace Intrusive rocks
cthickness
meters
T T
Uppar | Rhyolites,dacites Felsite and Dolerite
suites | and twEfs with SO0 breceia
| Incerbedded dykas
Drakensberg [ bazalcs Dykes
Karroo | Stommbarg | |
I | Conformable junerion
[
Volcanics [
| SupaT= Serias Hiddle Bagales with Intep= Falzice dykae
group ; Euita galated rhyolitie | &00 Cranophyre,
lava flows at tha basie intrusive
Lap |
0livine hasalts | 15 mDAESES
Confarmabla junction
Cave Sanddtons | Yellow or buff :im-—i 30




An examination of several traverses across the Lebombo by a joint
expedition from the Swaziland, Mozambiqus and South African Geological
Surveys (Haughton, 1963) indicated that the 5 000 m quoted above for
the acid voleanics 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 rhyolitie
material,

3 PREVIOUS WORK IN THE KOMATIPOORT AREA

Several peologists 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 Cohen (1875) who crossed the Lebombo some 20 km
south of Komatipoort, and Molengraaff (1897) who briefly described the
Komatipoort area, regarding the Karroo sediments as a downfaulted strip
of the 'coal formation of the highweld'. Later Kynaston (1907), who was
mainly concerned with the potential of the area as a coalfield, completed
the first, small-scale geological map of the arca between Romatipoort

and the Swaziland border and provided a general descriptiom

of the volcanice. A.L. du Toit (1929) summarised tha salient [catures

of the geology of the area, whilst describing the whole of the Lebombo
belt. In his account of the structurs of the area he discussed the
petrography and origin of the basales, rhyolites and dyke rocks, In-
cluding with the latter a mention of the large gabbro intrusion at
Komatipoort. In his description of the gabbro body, he notes an ecast-
west variation from gabbro to diorite, and comments on vasicular variecles
of the latter rock type. He suggested, both in the text and in the cross-
section drawm east—west through Komatipoort, that the body was a multiple
dyke, however, the present work offers a different interpretation,

Lombaard (1952) working on the Karroo lavas and intrusives in the

Republic of South Africa, collected samples from the arca and gave a

broad summary of the mineralogy of the major local rock types, but did

not concemn himself with the gabbro hody. Venter (1954) of the Geological
Survey mapped the arca between XKomatipoort and Swaziland on a reconnalssance



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
gabbre body was more likely to be a multipie dyke than a differentiated
gill. Hewever, both he and du Toit, were engaged in work on a broad scale
and neither attempted to map tha body nor to give a detailed description

of the rock types comprising it.
4 PRESENWT INVESTIGATION
.1 Field Study

One of the main objectives of this investipation was a detailed petro-
graphical study of the intrusive gabbroic body noted by du Toit (1923)
at Komatipoort. In addition the Komatipoort area was of interest be-
cause of the transitional nature of the basic lavas which occcur there.
The area lies virtually midway between the tholeiitic southern portion
of the Lebombo belt and the northern extension of the range, where,

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

Geological mepping 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
wére recorded directly on aerial plictographe of this scale and details
of geology were subsequontly transforred to & topo-cadastral map of the
area which was then phetographically 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 avastematically sampled, where possible at
elose intervales along continuous traverses designed to provide cross—
sections of the intrusion, and thase samples were examined in detail
in the laboratory.

4.2 Laboratory Study

A total of approximately six hundred thin sections were prepared from



samples of volcanic rocks and thase were exomined by the wsual micro-
scope techniques, Thirty-seven new znalyses for major elements were
made of rocks from the area; of these thirty=two were analysed by the
Mational Institute of Metallurgy in Johanmesburz and the other five
were performed by the author using a Tectron AAJ atomic absorption
apectrometer. In addicion, ten of the samples submitted to the Rational
Institute for Metallurgy were analysed for Cu and Cr. A number of
mineral grains were analysed by the National Institute for Metallurpy
uging an electron microprobe analyser, and at a late stage in the in-
vestigation U, Th, Bb, 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 in this study are

given in Appendix 1,
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5 THE KARROO VOLCANIC ROCKS IN THE ROMATTPOCORT AREA

During the present investigation the sequence of lavas in the Komati-

poort area was found to consist of:

Thickness
(i) Bhyo-dacites and interbedded
tholeiices 500 m
{ii) Andesine basalts and dacites 5to 10m
(1i1) Tholeiitic basalts 1000 to 1600 m
(iv) Olivine basalts 5to 20m

Across the border in Mozambique a further thickness of rhyo-dacites
pecur together with a succession of overlying late tholeiitie extru-
sives which are associated with subordinate acid volcanics and alkaline
lavas, These rocks were originally described by de Assunclio et al.(1%61)
who do not give any estimate of the thickness of the succession however,

more recently Wachendorf (1971) suggested a thickness of some 12 600 m.

The minnr quantities of olivine-rich rocks present at the basze of the
volcanic succession ar Komatipoort sugpest cthat the area is transitional
between the alkaline and olivine basalt-tholeiite-rhyolite-tholeiics
sequence of the Northera Lebomba and the tholeiite-rhyolite-tholeiite

puccession 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 between the Kairroo volcanics and the wnderlying sedi-

mentary series,

They are dense, black, fino-grained vocks, that weather freely, yielding
poor exposures usually confined to man-made excavations. A thickness
of the order of 5 to 20 m iz sugpested for the olivine basalts, although

the accuracy of the estimste is probably low, due both te their poor
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exposure and to the ill-defined nature of the sedimentary—volcanic
contact.

5.1.1 Petrography

Variations in grain size and cexturas characterise the olivine basalts
which range from glassy types bordering on limburgites, through
varialites, te more coarsely crystalline variecies, 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 vhich abundant acicular plagicclase erystals
(0,1-0,6 mm in length) are set. These crystals sre frequently arranged
in sub-radiating groups and thus many of the finer grained rocks may be
described as warinlitic. In the coarser-grained Cypes, occasional large
plagloclase or clinoryroxene phenocrysts may be present.

Scattered through the glassy groundmsss are very small (op teo 0,1 mm),
euhedral crystale of clinopyroxene which sometimes oceur in plomerc—
porphyritic clusters. Occasional large, (5 wm) , partly to completely
altered olivine phienoerysts with a former subhedral to euhedral habit
are also present { Place 1, p 12 ).

Ore minerals of four types were observed in the olivine basalts wie.,
magnetite, ilmenite, pyrite, and chalcopyrite. Ilmenite 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.
Exsclution products are not present. Magnetite occurs am interstitial
grzins, set in the glassy groundmass commonly present in these rocks.
Although the gralns range from 0,05 to 0,15 mm in diameter the larger
grains are not common, Pyrite and chalcopyrite occur an similar tiny,
irregular, intersticial patches approximately 0,05 mm in diaseter, with
pyrite always present In excess of chaleopyrite. Amygdales are not common
in the olivine basalts but a few smell 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 te subhedral elinopyroxene grains, and
dcicular plagioeclase eryetals. Ore minerals (black) cecur both as

irregular patcher and tiny needle-like c¢rystals. (Transmitted lighc,
%96.)

2 PBasalt. Plagioclase phenocryst set in fine grained ground mass of

plagioclase, clinopyroxene and ore minerals. (Transmitted light,
%60.)
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were noted in one olivine bazalt specimen. These smygdales contained a
fine grained chlorite, and occasiunally subordinate gquartz. Modal
snalyses of four samples of olivine basalt are showm in Table 3, p 14,

51- I 1-2 I‘Ii—“ErE lﬂE}'

Optically determined compositions and seme of the properties of the major

rock forming minerals present in the olivine basalt are listed in Table 4,p 15.

Two specimens of olivine basalt were submitted to the Watiomal Institule
for Metallurgy, for analysis, both of them fine grained, variolitic
types. The results shown in Table 5, p 16 indicate they are olivine
normative basalts, essentially tholeiitie in character. Further dis-
cussion of their geochemistry is given in the section on the geochemistry

of the basic wvoleauics (see later).
5.2 Dasalts

& thick sequence of tholeiitric, essentially olivine-free basalts lies
directly and conformably upom the oliving 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 wvolcanics. The basalts are present over
a roughly rectangular area, which, in &n east-west direction stratches
from the base of the Lebombo Range to within a few tens of meters of the
olivine basalt-Karroo sandstone contact, a distance of some 8 km. In a
north-south direction they may be traced continuously through the entire
area (13 km). A further small lens of basalts is exposed interbedded with
the dcid voeleanics in the southern third of the Lsbomho Range.

; ORI
Strikes are gemerally within 8 east or west of north and dips are va-
riable, increasing from 5° to 10° éast near the ecastern contact of the

basalts to 25° to 307 east at the oot of the Lebombe Range. Estimates



Modal analyses of Olivine Basalts from the Komatipoort Area

TABLE 3

(vol/Z)
i
Sample no. | Olivine 1 Clinopyroxens | Plagioclase | Glass| Ora Al:uratinﬂ

i riroducts
cl45 22.0 26.3 | P T 2.6
CL&E 20.6 28.7 ] 24.3 [ 15.2 5.8 6.4
cL4T 14,9 4.4 | 888 57| 2.5 5.7
CL48 11.3 36.2 ’ 3.9 l 8.5 6.1 3.0

|

= W] =



TAELE &
Properties of Rock-forming minerils present in the Olivine Basalts

hi’l.

Rock Tyne Mineral Twinning Zoning nwu;h_lm' Refraccive Indices| 2V Alcaration
Olivine Croundmass Present Slight aorsal Core —- Angy = - Hor obasrved
Basalt Plagioclase Margin— kn
Phenocryst ‘Presenic Core—oscillatory Core - .H.n.”' - - B0t obssrved
Plagioclase mmad mancle—rim Rim = ko
Clinspyroxens | Boc cbserved | Occasional oscillatory 2 y Y ni'ﬁ;
(Diopsidin zoning. Rare oscil- Core:Mg, .Ca,.Fe, 1,720 1,698 1,693 | 49
Augite) latory zonsd mantle — ikl M b | -
rim - structurs Rim Mg, Ca ,Fo,l 1,728 1,705 1,700 | 42° |not observed
Olivine Yot obearved | Mot obsarved LB T W [ parcly altersd
Range: Fa,o to | 1716 1,705 1,680 [88° |co chlorice,
Pay, | 1,745 1,722 1,605 |g2® |mesmetite and
antigorite
: I L} F

= Compoghitions given roprasent an averzge for at least 5 grains, detarmined by optical methods, (see Appendix | ).
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Chemical analysis, CIPW ¥orm and Wiggli Valuss of we specimens of olivine

bagalt from the Komatipoort ares. (analyse MIM).
Sample CLZD Sample CL2S

hifferentiacion Indax 53,2 Differemcistion Indax  &1.9

Chamical CIFW liomm Biggli Chemical CIF¥ Form Higgli

analysis valuoes aaslysis valuas
“”1 48.78 or 2.24 81 103.438 Ein:,_ 48.68 or 6.38 5i 1ol .058
ﬂzﬂ! .99 zh 12.568 Al 12.4585 Al zbj 8.046 ab 10.314) AL 9.061
!'-I.:'ﬂ! 1,54 an 19.3% Fa 45.E09 Ia1ﬂ3 1.36 an  13.32 Fa &8 . 681
Fed 11.E2 di 15.32 C 18.108 Fal 1o.02 i 19.35 c 17,573
Hgd 12.75 hy 39.42 Alk 3.554 Mg 15-77 hy 32.63 Alk 3.888
Cal 71.57 al 1.03 mg 0.612 Cad 7.50 al 7.253 | =g 0.7i0
"IIﬂ 1.50 nt 3,84 eftm D.275 llllll 122 =mE 1.98 clfn 0.238
lzﬂ 0.3 i1 &,12 k 0.143 Izﬁ 1.08 il 5.74 k 0.368
H.:ﬁ- 0.14 ap 0.46 el 3.237 EE'D' 0.47 ap 0.63 ti 4.418
Hiﬂ-‘ 1.24 H.Il.'l 1.38 -] 0.189 lt'ﬂ‘ 1.20 Hii.'r 1.67 P 0.255
L'I]I Q.39 Fﬂ! 0.09
Tl:l.'11 .03 I‘tﬂi 2.83
':“: 0.1 !'1(11 0.2y
Haol u. I8 Hal G.21

4 Erlﬂl .16
' Cud  0.01
Total 1= 100,95 ) 100 .88 99.34 99.38
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of the thickness of the basalt svecession are complicaced both by the
variation in dips from west to cast and by the possible presence of strike
faults (mentioncd in the section on dolerites) of indeterminate throw.
pDownthrow to the west on these strike faults as suggested by du Toit (1929),
would tend to exaggerate the thicknecs of the basalts. Urie and Hunter
(1963) supgested a thickness of 2 300 m for the Stormberg age basalts of

the Lebombo in Swaziland, sowe 50 km south of Komatipoort, bet du Teit
{1929) has proposed a figure of 1 600 m for the Karroo basalts in the
Komatipoort area. On the basis of the present work, the latter figure
appears acceptable as a maximum, and | 000 m as an estimated winimum,

Individual basalt flows as defined by auto~brecciared upper surfaces
range from tem to twenty meters in thickness, but their lateral extent
is impossible to gauge as outcrops are usually present in stream beds
only. In the [ield, the basalts show lictle variation, nermally con-
sisting of a dark Llue microcrystallinme rock, which frequently contains
phenocrysts of feldspar, or less commonly, ferromagnesians, The basalts
are groenish coloured in places and towards the top of individual flows
may assume a reddish colour, due to oxidation, Veaicles are abundant,
particularly in the upper parts of {lows, where they commonly vary
between | and 3 em in dismeter, although exceptionally, larger wesicles
10 to 15 em in diameter may occur. Often these are infilled with agate,
gquartez, calecite, epidote, chlorite or zeolites. Pipe amypdales, usually
infilled with agate, occur at the base of some flows, particularly in the
upper part of the basalt succession. Bamalt sub-types recepnised in
handspecimen by Hunter in Swaziland (Urie and Humter, 1963) were named
according to the locality in which they oceurred,bowever, these sub-
types have oot been recognised in the Komatipoort area.

Classification of the Eomatipoort basalta for the purpose of petrographic
description has been based on the relative abundance of major constituent
minerals, including both those in the groundmass and those occurting in the
form of phenocrysts. This clasesification is similar in some respects to

that used by Cox et al. (1965) for tha deseription of the basalts of Nuanetsi



arca, 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 hasalts
(iv) Pyroxenephyric basalts
{v) Olivine=bearing basalts

Tour of the five basalt types recognised, nomely the non-porphyritic
basalts, the feldsparphyric basalts, the pyroxenephyric basalts and

the olivine=bearing basalts differ essentially in the amounts of the
three phenoeryst phases (olivine, pyroxene and plagioclase) they comtain,
The quartz basaltu however, shov evidence of contamination by the under-
lying sedimentary rocks.

5.2.1 Petrography

Hon=-porphyritic Basalts

Microcrystalline to cryptocrystalline plienocryst—-poor basalcs are fairly
common, 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 §2 ), and the dark crypto-
erystalline glassy intetstitial material in which minute needlolike
crystals of apatite may be set. The clinopyroxensz is commonly 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 shown in Table 6, p 19.

Quartz Basalts
Mear the base of the basalt sequence, close to the basalt-olivine basalt

contact, a few flows vecur which have a distinctive greyish colour.
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Yiodal analyses of bagalts from che Eomacipoort area

TABLE 4

sample m=ber CL3a CL39 CLAD CL&l CL4d CL&3 CL&&
Basalt type Feldsparphyric | Feldaparphyeie| Hon-porphyritie] Mon-porphyritic | Hom—porphyritic | Pyroxenephyric | Quavtsz
Bazale Basalt Basalt Basalt Basalt Basalt Basalt
Plagioclaea 59.1 64,7 49.5 44 .5 45.6 3g.1 60.0
Clinopyroxeas 33.0 13.9 44.3 43.8 &4l1.3 I 41.7 356.8
Altered Olivins 1.1 3.5 - - - 3.9 -
| |
| Ora 3.9 B.9 5.9 ¥ i 9.6 9.3 6.3
i i
Ping—prained
inkerscicial
material I.5 1.3 0.3 - 3.5 |; 2.9 3.3
Quartz = - - - - - 2.3
Altsration |
Froducts i.4 - - - - 1.7 1.3
I 1}
: Amypdaloidal = 2.7 | - - - 2.4 =
| material | |
! 1

- R/l -
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These basalts are distinguished frenm the non-porphyritic basalts by the
presence of free quartz, which [erms discrete patches surrounded by a
dark cryptocrystalline mantle as in the quartez dolevites (see later).
Quartz may also be present as small, irregular grains occurring inter-
stitially to the pyroxene and piegioclase. Rarely, recognisable xeno~
lithic fragments of sedimentary rocks were noted. As may be seen from
the medal 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 thig area and it is this abundance of plagioclase rather
than the quartz content that gives the rock its distinctive greyish

coloutr.

Feldeparphyric and Pyroxcnephyric Basalts

Abundant subhedral phenocrysts of plagioclase varying between 2 mm

and 50 mm in length characterise the relatively uncommon feldspar-
phyric basalts. The phenocrysts occur singly, but more usually they
comprise glomeroporphyritic aggregates, to which solitary highly
altered (former) olivine crystals may be attached. The modes of several
feldsparphyric basalts are shown in Table 6, from which it may be seen
that these rocks differ from the quzrtz basalts in quartz content rather
than in feldspar content, although they are distinctly richer im

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 encountersd
in the Komatipoort area contain subhedral clinopyroxene phenocrysts up
te 10 mm in length, set in finer grained groundmass similar in all re-
spects to that of the previocusly described basalts. Occasional plagio-
clase phenocrysts may be present in addition to those of clinopyroxene;
commonly oceurring as glomeroporphyritic aggregates together with the
pyroxenes, and infrequently with altered olivine crystals. The mode

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

Minor smounts (up to 5 I by volume) of highly altered olivine ocecur in
certain examples of all of the four preceding sub-types. The former
olivine crystals display rounded and embayed outlives for the most part,
although in places euhedral faces may be preserved along contacts with
phenocrysts of plagioclase or pyroxena. The clivine may occur as isolated
phenocrysts or, in porphyritic rocks, it may be associated vith glomero-
porphyritic aggregates of plagioclase and pyroxenc.

$.2.2 Mineralogy

Compositions and some properties of the major rock forming winerals
are listed in Table 7 . Ore minerals and minerals present in amygdales
are briefly described below.

Ore Minarals

Magnetite, pyrite, chalcopyrite and less commonly ilmenite are the main
ore minerals present im the basalts. The magnetite normally occurs as
irregular granules, partially martitised to hematite, and rarely ilmenite
is found in erystals of similar form. Pyrite is by far the sost abundant
of the two sulphids minerals, usually occurring as irregular interstitial
grains. Chaleopyrite is occasionally noted as minute, irregular grains,
Frequently associated with the altered olivine erystals,

Native copper was noted in one basalt flow near the middle of the basalt
succession, The copper usuvally occurs as small discrete grains ( 0.01 te
0.05 mm in diameter), included in altered olivine crystals, in plagioclase
and pyroxene phenocrysts, in the groundmass silicates, and in amygdales.
In some plagioclase crystals the native copper is present as a clouwd of
minute disseminated specks, in others however, it occurs as discrete
grains, often located along eracks, twin planes or cleavage planes. The
larger grains of native copper frequently show the development of a
narrow border of digemite and in additlon digenite may occur as discrete
grains, usually in the vieinity of larger grains of native copper, Where



TANLE 7
Compoaitions and Propertiecs of Rock-Forming minerals present in the Dasalts

Rock Type!| Mineral Twinning Zoning Composicion Alteration |Gealn Siza
Basalt Groundmass Prasant Hormal Core = Ansﬁ Not ocbserved|D,] sm - 0,5 mm
Flegioclass Margin 1= A.n“ !
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the copper is included in plagioclase or pyroxene grains, a narrow rim
composed of a fine grained white alteration product may be present along
the copper-silicate boundary, This proved too narrow for adequate identi-

fication.

Other ore minerals identified in this roek include hemacite (altered
magnetite) containing exsolution lamellae of ilmenite, and traces of

chalcopyrite.
Amygdale Minerals

Agide from quartz, chlorite, and calcite, several zeolites may be present
in amygdales found in the basalts, including natrolite, thomsonite,
gtilbite, and chabazite. These minerals are commonly zonally arranged
within the amygdales, with calcite and quartz usually occupying a central
position. No attempt was made to establish the presence of a zonal distri-
bution of the zzolites within the lava sequence. In the samples collected,
howevar, a tendency for the quantity of zeolitie minerals to inerease in
the upper part of the baszalt sequence wes noted. Caleite, chlorite, and

gilica minerals only, were observed in the overlying rhyolites,

5.2.3 Geochemistry

The resolts of the chemical analysis of two non=-porphyritic basalts
are listed in Table 8, p 24 . CIPW norms and Niggli values are also
shown. The analyses will he discussed in the section on geochemistry,
{(see later).

53 Metambrphism of the Basalts

As may be secn from the peological map, s large mumber of dolerite dykes
have intruded the basalts, producing widespread low-grade thermal meta—
morphism. The resulting wetamorphic effects are uwsually restricted to the

development of turbid feldspars and the alterstion of pyroxene to chlorite.



TABLE 8

Chemical analvses, CIPY Morms, and Migpli Values for two spacimens of basalt and one specimen of

andegite({icelandicte) from the Hosatipoorr Area.

hnalygt: Mational Institoee for Metallurgy

CL19 CL31 CL33
Chemical analysis [ CIPW Horm | Miggli Values] Chemical andlysis [CIPW lloem [Hipgll Values Fhalin:al gnalysis | CIPW Eorm | Higgli Values
51'31 Bl.11 q .86 [ 51 239,583 Ei{l2 M. B3 q 1.67 |51 122.72 E|1'|'.:I1 53.62 q 11.24 | 84 150.39
:U2E|3 13.14 ar 18.24 [AL 10,07 ﬂ.iLEIT:I3 13.06 or 3.54 Al 18.58 M‘IDH 12:9% or 8.03 | AL 21,34
F& Eﬂj 3.74 ab 23,33 [Fam 30,70 FEEDE 2.30 ab 23.5% |Fm &7.239 Fazﬂa 4.3 ab 22.23 | Fm 40,51
- B.1Z an [3.16 |C 12:.83 Feld 1096 an 21.33 [C 26.57 Fal 8.94 an 19.3% | € 22,587
Hgl 1.73 di 0.65 |Alk 1B8.39 Hgd S04 i 23.36 Al F Mgl 3.63 di 13.54 | Alk 9.59
Cal 3.19 |hy 10.11 |Mg 0.24 | CaD 10.27  |hy 17.56 |Mg O.44  [Cad 7:51 | Wy 12,13 | Hg 0.54
!ﬁ'ﬂzﬂ j.o2 Bt 5.38 |c/Fm 0.32 Hazﬂ 2. 719 mt 3.34 |c/Fm 0.56 leﬂ 2:.6% | mt 6.20 | cfFa .49
E 0 j.09 i1 2,78 |k Q40 ]'I'.:':'.I 0,60 i1 &.58 |k 0.12 1'3 1.36 L 4.77 | k& 0.25
Hy0~ 0.33 |ap 0.70 &8 1.87 | M0 0.27 |ap 0.52 [ti 4.10 (W0 0.22 |ap 0.55]ef 4.95
L - &

HED 1.92 H2ﬂ 2,35 |n 0. 31 HED 0. &4 I:liﬂ 0.7 |p G.25 H.iﬂ 1.90 Hzﬂ 2.4 | p .30
E'Ji .23 HED L m1 0.15 H‘iﬂ 3.54 Eﬂz g 10 qu 1797
':I:'i"..-2 .37 Tlfl'! 2,26 Til.'.'l2 2.35
I"!-DE 0,32 1’2!35 0.2a ];"El.‘.l5 .25
Hnd o.11 bnl 0,21 platal 0.18

“2'33 0.034 Cr1ﬂ3 G.017

Ll G.02 Cul .01
Toacal 89,43 9. 26 100,174 100.20 100,14 100.26




Decaclonally, however, the pyvoxene is altered to actinolite, and the
plagioclaces are saussuritised. Close to the larger dykes, the hornblende-
hernfels or higher grades of contact metamorphism may be reached. The
metamorphic rocks here are usually Fine—grained hornfelses,consiscing

of plagioclase,diopside, and somerimes hornblende and biotite in smali,
roughly equidimensional crystals (Plate 2, p 26 ).Further me tanorphic
products include small patches of epidosite that are developed loecally
and are not associsted with intrusives; in these the basalt is reduced

to a mass of clinozoisite and epidote.

The bent examples of metamorphosed basalts in the Kamatipoort arez,
however, are found In the metamorphic aureola of the Komatipoort Intrusion,
deacribed later ( see section on Komatipoort Intrusion).

5.4 The Transitlional Zone

Although lenses of acid lavas occur interbedded in the upper part of the
basaltic sequence, the transition frem predaninantly basaltic lavas to
acid extrusives proper, takes place over & vertical distance of some

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

rocks in part appavently of inmtermediate composition.

The poorly exposed upper contact of the basalte with this trassitional
gone lies close to the base of the Lebombo range. The few weathered
specimens available from this zone suggest the vocks may be classified
as andeaine basalts. In places these were fownid to dieplay & variolitic
texture.

An analysis of a smmple of one of these rock types is presented in
Table 8 , p 24 . This semple consists of a growndmass of andesine,
clinopyroxene, opaque irom oxides and interstitial glass emclosing
sparnoly distributed labradorite phemociyats. In view of the relatively
low 111 ll.'.l;Il content and the high total Fe content, this rock type is
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FLATE 2

] Hornblende Hornfels. Tdioblastic crystal of horablende (showing
amphibole cleavage) in matrix of plagioclase (white) ore minerals
(black) and diopside. A large biotite crystal is ocbservable at the
far right (dark grey). (Tranzmitted light X96.)

2 Pyroxene Hornfels. Relict clinopyrcxene grain, crowded with granulas

of iron ore (centre) set in a crystalloblastic groundmass of plagioclase
clinopyroxene and irom ore. (Tramsmitted light, X60.)
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probably better described as an icelandite, (ef Carmichael,1964, p 442 ).

In contrast to the transitiomal zone found in the Komatipoort area,
Lombaard (1952), has described rocks with limburpgitic rather than andesitic
affinities from a horehole which intersected the transitional rocks

pnear the Makonkolweni River in the Kruger Hational Park, This rock he
degeribes as being grevyish-pink in colour, composed of plagioclase,

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

cates the basie nature of the rock. Stratten (1965) has described a
transitional zone from the Natal Lebombe which resembles that found &t
Komatipoort, consisting of what he has termed, andesites, interbedded

with a tuff horieosn and dacites.

5.5 The Acid Volcanics

J.J. Frankel {1960) estimated the thickness of the Lebomwbo acid wolca-
nic rocks aé approximately 5 000 m but the full succession is not seen
in the Komatipoori area. Most of the lavas lie across the border in the
neighbouring territory of Mozambique, with only an estimated 500 m of
these acid rocks, comprising the lowar-most part of the acid volcanie
guccession, cccurring within the Komatipoort area. Even if the volecanics
in Mozambique are included in the estimate, it seems unlikely however,

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 interhedded with the acid extrusives and conversely
minor amounts of acid lavas also accur in the upper-most part of the
underlying basalt succession. Interbedded acid lavas are best developed
just north of the Crocodile-Kemati River junction, from where & 30 m
thick lens of rhyolitic lavas, interbedded with the upper basalts, ex-
tends northwards for about 5 lm, reaching its maximum development a fow

hundred meters north—-2ast of Komatipoort itself.
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Dips on the acid lavas usually lie between 257 and 35° east, increasing

eastwards, and strikes locally vary within 157 east or west of north.

575,10 Pecrography

{A) Acid lavas

Acid lavas oceur interbedded with the upper part of the basalt sequence,
and alsc form several of the lower wnits and part of the highest pertions

of the main acid voleanie succession.

The flows are usually of the order of 10 to 15 m thick (although ocecas-
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

te glassy base into a highly wesicular, auto-brecciated upper surface,
and varying in colour from deep marocon 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 excavations. In outcrops these
rocks, as with the other acid volcanies, invariably show & prominontly
deve]oped colour bandiug consisting of an alternation of buff, pink and

brownish red streaks, which range from a few mm to & few cm in width.

In thin section the texture of these volcanics varies from cryptocrystal-
line to felsitie, or less commonly intergranular, and the rocks are al-
most always porphyritic, commonly consisting of various phencerysts set
in a4 groundmass composed of an aggregate of quartz, feldspar, and minor
amounts of iron ore. The groundmass feldspar is usually a sodic plagio-

clase, but clouded potassium feldspar ¢rystale are also present in places,
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and iron ore usually occurs as irvegular grains ranging in size from
0.1 mm to 0.5 mm. Phenocrysts are usuzlly composed of similar minerals,
nawmely quartz, (occasionally evhedral), feldspar and ore mimerals,
although less commonly a pale green clinopyroxcne may be present.

The feldspar phenocrysts again consist of sodic plagioclase or alkali
feldspar, both forming subhedrsl to evhedral crystals which may show
signs of cracking and corrosion. Occasicnal phenocrysts of what appears
to be anorthoclase were observed, but all minerals in the acid lavas are
much elouded and altered, and identification rests on dubious deter-
minations of the optic signs and optic axial angles.

Glassy rocks bhoth in the form of true glasses and pitchstones are not
common, but in places, form small lenses three to five meters thick ex—
tending along strike for a distance of approximstely 100 m, The voleanic
glasses are green to grey rocks where fresh, comcisting of a dark, glassy,
partially devitrified groundmass, containing a few phenocrysts of feld-
spar, and occasicnally clinopyroxene and irom ore. In some samples,
weathering has produced colour banding, and flow structures, including
wvidespread flow-folding, are conspicuous. These glassy rocks show a
sharp contact with both overlying and underlying flows. Much thinmer,
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 commonly a deep reddish browm in colour. Under the microscope
they show a dark coloured devitrified groundmass, crowded with micro-
lites and dieplaying a well developed flow structure.

Phenocrysts, usually consint of single crystals of sodic plagioclase,
and pale greea clinopyroxene, and glomeroporphyritic aggregates of

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

ore minerals, which build somewhat smaller irregular grains (see Plate 3
s P30 ).

The acid lavas are frequently awygdnloidal, particularly in the upper
parts of flovs and these amygdales may show signs of elongation by flow.
The amygdales usually contain caleite, agate, quartz crystals, and less



FLATE 3

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

light, X60.)

2 Pitchstons. Phenocryst of clinopyroxene (grey) ore minerals (black)
plagioclase and quartz (white) set in a partially devitrified ground-
macs. (Transmitred light, X60.)
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commonly, chlorire. These lavas are predominsatly dacitie in compo-
gition, although subordinate rhyolites do oceur, This assessment is,
however, based on madal compositions and Lthis may produce misleading
results, particularly as in many of the rock types the groundmass mi-
nerals are too fine-grained to beé readily identified, and clasaifica-
tfon must then be based on phenocryst compozition alone.

Autobrecciated zopes, consisting of angular fragmente and blocks of
acid lava set in a fine~grained matrix of similar material, mark the
upper surface of the lavas. The autobraccias vary between two 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 cextured apgre-
gate of quartz and feldspar in which are set the usual phencccysts,
(quartz, feldspar, and lesser amounts of pyroxens). In a [ow of these
rocks ore minerale may be relatively abundant as small irregular
grains present in the groundmass. The material composing the lithie
fragments in the autobreccia consista of novmal acid lava. Glassy
zones are sometimes present along the odpes of the lithic fragments,
suggesting partial melting of these [ragments may have taken place.

(B) Sandstones and Tuffs

Interbedded with the acid volcanics are occasional lenses of sandstone
which vary in colour from browm to deep red, They are invariably fine-
grained, compact rocks, consisting of minute (0.1 em to 0.2 mm) angu-
lar grains of quartz, and less commonly plagioclase set in & sparse

groundmass, (see Plate 3, p 29 }. The tuffs alse form chin lences and som=

types ara deep red to brown im colour. These rocks say consist of
glass, shards ' or of lapilli, Lin places showing concentric zoming), set
in a fine-grained felsitlc groundmass.Possible soil horizons separating
successive dacitie wnits have boen noted in the gorge of the Eomati River
by R. ¥. Cleverly, (personal commisndeation).
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5.5.2 Mineralogy

Data concerning the minerals occurring in the acid lavas are listed in

Table 9 p 11,
5.5.3 Geochomistry

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 CIPW norms, niggli values and magma type.
lombaard (1952) has also presented an analysis of a rhyolite from the
¥omatipoort area and this is shown in the same table with two rhyolites
from the adjacent srea in Hozambique (de Assuncio, et al. 196l).

5.5.4 Mode of Eruptiom

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 wmite, with the commonly
nesumed eXtreme viscosity of acid lava flows, particularly since vents

in the Lehombo Range may be widely spaced, (Urie and Hunter, 1963).In
more recent years, several authors have suggested that the majority of
the aeid effusives cousist of tuffs and welded tuffs emitied from fis-
sures (Stratten, 1965 , Cox, et al., 1965, Urie and Hunter 1963).

The most convincing evidence for the presence of welded tuffs in the
Lebombo has been provided by Cox, et al. (1965) who described rocks

of this type from the Mateke area, in Rhodesia. They claim, however,

that the type of evidence produced by P.Marshall, (i935), to confirm the na-
ture of the New Zealand ignimbrites would mot be expected to be a-

vailable in the much clder Lebombo wolcanics, due to the natural de-
vitrification of plass, but advance several indirect lines of cvi=-

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

recoginised a definite strucrure, beginning with a non-welded basal mona
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TABLE 10
Chemlcal analyses, CIPW Morms, dnd Miggli Valuea for three samples of acid volcanics from the
Eomacipoort Arss.{Analysc: NTM) Analyses from adjacant Mozambigqua {from da Assunacio et al, ) are alao shown.
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of vitric tuffs and breccias, which is ismediately overlain by a welded,
glassy, outaxitic sone, 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, be 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-walded tuffs.

Urie and Hunter (1963) have not found similar structures in the Swazi-
land Lebombio, but nevertheless describe the acid voleanics from this
area as ignimbrites.largely on account of the extensive nature of these
voleaniec units,

Again in the Komatipoort area no structural units resembling those
found by Cox et al. were encountered, nor were any of the criteria
suggested by Cook (1955) recognisable, although it must be borme in
mind that enly a proportion of the volecanie succession falls within

the Komatipoort area,

In the Komatipoort area, the rhyolites show considerable persistance
in a north-south directiom, parallel to the strike of the feeder dykes,
but there is no evidence of great lateral extent in an east-west direc—-
tion. Thus appropriace spacing of the feeder dykes could possibly ac-
count for the observed sequence of rhyolitic flows here.

More recently, Wacheaderf (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 rhyolitie

veleanics. The dome structures are reported to show a distinet variation



in texture from the base upwards viz. a rapidly chilled glassy-textured
zone close to the contact between the base of the unic and the surface
onto which it was extruded,followed upwards by microgranophyric and

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

outer zone near Lthe upper surface.

Some of the flows in the Kematipoort area, do show this upward sequence
of textural changes, although no domical structures could be recognised.
Instead a lens~shaped cross—scction, rather, is displayed, for example
by the rhyolitic lavas interbedded with the uppermost basalts in the

Komatipoort area, (see geological map).

The rhyolites of the Komatipoort area, may simply represent the effus—
gion of less viscous lava uncounnccted to the dome structures described

by Wachendorf (1971). They could, however, represent an earlier,vola-
tile-rich (and therefora less viscous) fraction extruded from the same
wvent as the rhyolite domes, either as a separate event, preceding the
extrusion of the dome, or as less viscous, wider spreading extremities

of the dome structure. Wo field evidence is available in support of this
possibility.
The acid extrusives at Komatipoort appear to have been emplaced as extensive
Flows,presumably of lower viscosity than is usuwally assumed For acid lavas.
Hydrous minerals are sbsent from cthese acid lavae and this low viscosity

is therefore more likely to result from unusually high temperatures than

a high volatile content.

In gunmary, evidence is available for the presence of viscous rhyelitic
domes in Mozambique, (Wachendorf , 1971) and of welded tuffs in the
Huanetsi area, (Cox et al. 1965), although neither have heen recognised

in the Eomatipoort area. Instead the bulk of the rhvolites show evidence of
st least [inal evplacement as flows, (2100 m thick), as evidenced by seve-
ral features including a e¢hilled, glassy basal zone, flow-folding oc-
cationally present in their upper middle portions and sutohrecciated

upper surfaces. Where vesicles are present, and these may oxceptionally
reach 30 cms in diameter, they frequently show signs of elongation by

flow, Tuffs and sediments form a subordinate proportion of the sequence.
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5.0 Minor Intrusives
5.6.1 Minor Malic and Ultramafic Intrusives

Basic dykes in the Komatipoort area form a uense 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 dolerites, to quartz dolerites, and in addition, near the
olivine basalt-sandstone contact, two dykes occur which may have alka-
1i basalt affinities. Both, however, are somewhat weathered.

{ A) Alkali Basalt Dykes

ln 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 within the lower part of the
Karroo hasalt succession, a8 few lmwndred feet from the basalt-sandstone

' contact, They are subvertical, morth-south striking dykes, about 2
meters in width, composed of a dark, greonish black, microcrystalline
material.

The fiist of these may be a marginal type, intormediate between the
olivine basalts and true alkali basalts. It consists of large phemocryats
of biotite, now largely replaced by chlorite, which in turn, is altered
to a brown mineraloid. Other mineral constituents are a faw corroded
erystals of altered plagioclase and, in the groundmass, altered olivine
crystals, tiny plagioclase erystals, irregular patches of chlorite,

and comhs mnd needles of ore of the types common in the olivine basalts.
The small euhedral to anhedral olivine crystals are almost completely
replaced by calcite, chlorite, antigorite and ore.
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Tha other dyke shows comewhat less alteration aud contains altered possibly
hexagonal phenocrysts (1 mm diameter), now composed of caleite and zeo-
lites, that may once have congisted of a feldspathoid. The groundmass
consists of a brown crypto-crystalline material, in which a few small

erystals of diopsidic augite and labradoxrite oeccur.
{B) Olivine-Rich Dyke Rocks

Hear the base of the volcanic suceession 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 frec-weathering characteristics, exposures

are comnmonly limited to man-made excavatioms.
(i) Petrogpraphy

In thin gection many of these rocks bear a ptrong resemblance to some
of the coarser-grained olivine basalts, consisting of subhedral olivine
and elinopyroxene crystals set in a dark brovm to black crypto-crystal-
line or glassy groundmass that is often crowded with minute specks of

- an opaque ore mineral. The olivine and clinopyroxene crystals are both
of roughly the snme size (average diameter 2.5 mm) although in some of
these rocks, finer grained pyroxene crystals are also present in some
abundance, (Plate 4, p 39). In more completely erystallised examples,
plagioclase mokes its appearance in the groundmass in the form of elon-
gated laths which may reach 1.5 mm in length.

(ii) Mineralagy

Mineral Data are listed in Table I1,and modal analyses of three typical
dyke rocks are shown in Table |2. Variations present consist principally
of an inecrease in plagioclase content at the expense of the other three

main constituents, pyroxene, olivime, and interstitial glass,
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FLATE 4

1 Olivipe-rich Tvka Rock.

Phenocryste of olivine (lower centre, showing
alteration cracks) and clinopyroxens {(other large crystals) with

smaller clinopyroxene crystals, set in semi-opatgue glassy groundmass.
(Iransmitted light, X96.)

2 Porphyritic Hyaline Dolerite.

Large phenocryst of plagioclase (white),
fringed with iron ore needle, set in glassy matrix, rich in iron ore
needles, (Transmitted light, X96,)






Mineral Data for Minerals pressnt {m tha Olivine=Rich Dyke Rotks

TABLE 11

Minsral Zoning Compoairion Rafractive Colour v Alteracion ﬂ:lin Shape or Porm
Sige
i |
A |Olivine not rheerved Hg Fe u | Partly alte= | O,5m Eu::irllltﬂ
0 riéd to chlo— - subhedeal=
llﬂtﬂﬁ 28 oy :*;"; colourless :;: rite and 3,0mm | more rarely
ofd smtigorite eorcoded and
'_l'lr rounded
’ H;mui oecilla - i Wy 1 | us® e ol (I
Clinopyroxens ery &8 colourless to| & not obssrved = s Ta
poning may & {13 35 i I:Hﬂ pals browmish| 43° 3, Oeun
be present plak
{i{1) Orthopyroxene|not chaerved Zagy Hz 1,67% eclourless IV_ lwot chserwed | +1,0mm| corroded coves
m& mantled by
augice
¢ Plagioclase slight normall Rim Core - - O, l=m | Needies or
zenlng Eange .!.uﬁﬂnnn not determinad | colourleasm latha
D |Ove Mlinerals
(L) Ilmenice O0,J=m | Nesdles & Comb=
structures with
exsolved
magnetite
{IL) Hagnetite 0,5 | Lrreguler inter
stitlal patchas
rarely auvhedcal
octahedra
(i11) Pyrite and 0,05 Ircegular intar-
Chalcopyrite - Ftitlal patches
0, Sem

X
This optically decermined cooposition is likely to ke unraliobles dus to Ehe probable high Ti - content of the pyroxens sug-
pested both by the colour of the pyroxens snd the high Ti-content of the analysed slivine-rich dyke-rock (nae Tableld ).
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TABLE 12
Modal proportions of three specimens of olivine-rich
dyke rocks (vol./Z}

Sampla no. | Olivine | Augite Flll.im:lnnr.l Oro m:imrn.h Interatitial
z e z 4 glass &
CLAY 22.5 35.0 0.0 0.5 42.0
(150 10.0 3.5 29.0 0.5 26.0

(ifi) Ceochemistry

A pingle fresh specimen of en olivine rich dyke rock was analysed and
the results of this analynis is shown in Table 13, p 42, together with
tha norm and ¥iggli values of the rock. As may be seen from the modal
onalysis (Table 12) the rock is an olivine gabbro. Discussion of this
analysis and comparison with analyses of other rocks [rom the zrea will
be dealt with in a later section.

{€C) Dolerites

Karrca dolerites are the most widely distributed of the basic intru-
glves present, forming the major part of the north-south trending ba-
sic dyke owarm. Although vartical dolerite dykes do oceur throughout the
arna, non—-vertical dvkes are morg common. High dips (80° to 907 west)
were recorded mear the western boundary of the area, where the dip of the
country basalts is low, and lower dips {70° to B0 west) were noted
eastwards towards the base of Lhe rhyolirie succession. In the rhyolites
themgelves, few dykes are prosent and thoae observed were all found to

. be vertical, Strike is usually comstant within 10" sast or west of north,
but there s a tendency for youngoer dykes (i.e. those intruding the
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TALLE 113

Chenical analysis, CIP¥ normo omd Higpld Vnlues for a specimen of

an ollvine-rich dyke vook,{olivine gabbra).
knalysr: Naclonal Imptitute for Hebaklurgy

Sample o, CLIA
Chemical analysis JCIPW Norm Ripggli Valwes
Diffarentiation Index 60,8

§i0, 51.62 o 7.93 ‘sl 130,965
1,0, 11.42 or 10.27 al 17.076
Fe,0, 1.62 ab 12.26 i 49,737
Fed 8.33 An 19, % c 6,805
Hgl 7.06 bl 21.82 alk £.383
Cal 9.89 Hy 15.% - 9,537
l-ln 1.45 Me 3.80 c/inm 0.539
11‘" 1.Th Ik 6.20 k 0.441
y0 0.17 Ap 0.90 el 5,029
I‘n‘ 1.68 1,0 1.35 P 0,440
o, 0.46

Tio, 1,06

0, 0.41

Mol 0.17

Ce,0, 0,045

Cud 0,01

Total 1o, | 99.9)
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rhyolites proper or the granophyre bedy at Komatipoort) te have a strike
east of this general trend. Other small dykes within the Komatipoort
granophyre follow a rectilinear pattern while still maintaining a gens-
rally nurth—suuthltrand, and adjacent to these the country rock for-
ming the eastern margin of the dyke has sufiered displacement southward,

relative to the western margin,

Field characteristics of the dykes have been described by Kynaston (1907}
and less fully by du Toit (1929). They vary in width from a few em to
about 50 m , common widths beivg of the order of 5 to 10 m. Slickensided
contacts and occrsionally ohservable displacement of country rocks sug=
gests strike faulting is associated with the dykes, with downthrow to the
west, a&lthough conceivably the slickensiding may be the result of force-
ful intrusion of viscous magma. Closely spaced jeointing at right angles
to the contacts of the dy%es, or platy jointing parallel to the contacts
is common. Compogsite and intersecting dykes were frequently obserwved
with the composite types composed of up to three separate intrusions.

Du Toit (1929) considered sills to be rare in this area, but contacts
are seldom exposed and a fine-grained dolerite sill would be wvirtually
indistinguishable from the coarser basalts. However, no undoubted small

" gills were cheerved.

In hand specimen the rocks are fine to medium graived dack blue occa-
sionally green varieties which are frequently porphyritie. Walker and
Poldarvaart (1949) have provided a complex classification of South
African Karroo dolerites, recognising some thirty-two varicties which
are distinguished by textural and compositional characteristics. The
elassification is descriptive rather than genetic and for this reason
the dolerites are here grouped, as were the basalts (sce Section 5.2 ),
according to their phanoeryst composition. Like basalts, the dolerites
may be divided into the following sub-types:

{a) Hon-porphyritic

(h) Feldsparphyrie

{e)  Pyroxenephyric

(d) fQuarcz dolerites
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(i) Pecrography
(a) Non-Porphyritie Dolerites

Textures vary from intersertal through interstitial to sub-ophitic,
with the mineralogy qualitatively remaining essentially the same. The
groundmass comsists of small crystals of diepsidic augite and plagio-
clase that usually bave an interstitial or sub-ophitic relationship te
each other, and variable amounts of fine-grained interstitial micro-
pegmatite or a brownish coloured glass, Pipeonite is apparently abseat
from many of the dolerites, but does occur both as mantles and as cores
to augite erystals, 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.

(k) Feldsparphyric Dolerites

The essential feature of these rocks is the presence of relatively
abundant feldspar im the form of phenocrysts of plagioclase up to 3 cm
 in length, which may occur as single crystals of various sizes, but
more oiten, form glomeroporphyritic aggregates. Mo 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-
peaterd. Other textural variations of the feldsparphyric dolerites do
oceur, Smaller dykes are characterised by a hvalophyric textura. Typical
of these are small dykes crosscutting the Komatipoort granophyre, which
are composed of elomgated, somevhat corroded plagioclase phenocrysts
reaching up to 5.0 sm in length, set in a glassy groundmass., The ground=-
mass shows signs of devitrification and {s crowded with needle-like
microlites of iron ore. Similar crystals are arranged at right angles

to the margin of the plagioclase crystals in the form of a fringe (see
Plate &, p 39 ).
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{e) Pyroxenephyric Dolerites

Clinopyroxene phenocrysts occur aloneor less commonly as glomeropor-
phyritic aggregates of smaller erystals. Occasionally the pyroxenc
may occur together with plagioclase in 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 dolerites.

(d) Olivine-bearing Dolerites

The olivine oecurs as euhedral to rounded phenccrysts which elther
form discrete crystals in the groundmass, or in places, occur asso-
ciated with glomeroporphyritic aggregates in plagioclase. The latter
mode of occurrence is, however, rare, Olivine may constitute up to §
per cent of the rock but it is seldom fresh, usually being completely
replaced by an aggregate of secondary minerals,

(o) Quartz-tearing Dolerites

. Quartz-bearing dolerites are relatively common near the basalt-sandstone
contact, both in the sediments themselves, and cross cutting the lower
basalt flows. In these dolerites, remnants of sandstono and basement
rock xenolithe are usually noticeable, frequently only on a microscopic
scale. Digestion of thesa xenoliths is comsonly more or less complete,
but residual cores up to 5 mm across comsisting 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 which grades
into the normal non—porphyritic type groundmass, previcusly described.
With progressive assimilation of the xenoliths a quartz rich patch of
othervise normal dolerite results. Pyroxene is usually absent From the
rim material surrounding the xenoliths, which comsists of a glassy ground-
mass containing small clouded plagioclase laths of indeterminate compo-
sition and granules of an opanue ore mineral.
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(ii) Mineralogy

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

Table 14. In additicn, however, it was noted that there is a slight tendency
for the more basic plagioclase to occur in ne dolerites low in micro-
pegmatite, with the most basic plagioclase mpnlitinn,lnm,hin; foumd

in the dolerites with lese than [0 per cent micropegmatite plus iron

ore. Most micropegmatite-rich dolerites or the other hand, contain
plagioclase with an average composition of about An.. This is 11iw-
strated in Figure 2 where the wmicropegmatite content of twenty dolerites

is plotted against the anorthite content of their constituent plagio-

clase cores, (p A8).
(1ii)  Modal Composition

Modal analyses of seventeen dolerites collected along an cast-west

gsection acrose the entire Komatipoort area are shown in Table 15, p 45,

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

are shown in the triangular diagram in Pigure 3, p 50 . This diagram
suggests a steady increase in the micropegmatite content of the dolerites

" at the expense of pyroxene and olivine, with the plagioclase content
remaining constant. A roughly similar trend was found by Gunn (1962) in

the Ferrar dolerite of Antarctic (see [ig &, p 50 ) and the differen-
tiation of the Red Hill dolerites in Tasmania, likewise produced o si- i
milar trend (Mac Dougall, 1962).

(iv) Geochemistry

On the basis of their modal analyses (described in the previous sectiom)
four dolerites were selected covering the whole range of variation showm
in the triangular diagram shown In Figure 3, p 530 , and submitted for
chemical analysis, (Table 16, p 51 ). As may be seen from the analyses
shown in Table 16, thres of the rocks are of very similar composition
in spite of wide apparent varlation in modal compozition, (samples CLI1G,



TARLE 14

Hineral Data for Dolerites of the Komatipoort Araa

lilneral Zoning Composition Alteration Grain Size Shape or Form
MaglecTase
(i} CGroundmass |Hormal Ioning ; u{ﬁ;‘ ﬂ“‘ Yot obhserwved 0,1 = 1,0 == | leths
({1} FPhenocryets |Kermal ssning, 35 Hot chearved I,0 = 5,0 == | Sub-hedral larhs and
cocasional oseil- Core .ﬁ.ﬂ_“ﬂ?u places
litary soning Rangalp An3]
Pyroxana Hg Fe Ca
(1) Augice Hot chsarved me{“ 0 3% May slter to 0.1 = 1,0 == | Irregular ophitic to
i3 27 35 chlorits subhadral graims or i
subhedral phenocrystd 1
(i1} Pigeonits Hot obssrved llﬂlll'.ﬂ B 9 Hot shoerved Ag for re. May also
&8 &3 9 form cores to sugite
tals
Olivine Completely altered | 1,0 - 3,0 s | Enhadral to rounded
te aacigorice,
magnatite and
chlorite
Ora Minarals
(1) Magnatite Often altered to | Up to 1.5 mm | Irregular intersririal
hematire Eralos
{11) Ilmenite fiot obsarved Up to 1,5 == | Irregular interstitizl
grains
(141} Pyrica ot observed Op to 0,5 =m | Irregnler incersticial

grains

- =
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S Inlerstiticl Malerial

Figure 2. varigtion of An Content of Plegioclose with Interstitial Micropegmatile
Content in seventeen Dolerite Specimena from the
Komatipoort Area, Ifor modes see Table 15, p £9)



Hodal analysse of seventesn dolerite specimens from the

TABLE 15

Esmaripeort Ares

Sample no. er e | oee (o L |cL cL & | o L | oL | & & | cL - o | a
55 56 57 %8 55 B0 &1 62 63 B4 65 (1 &7 15 18 17 1]

Plagioclasa 46.2 | 49,8 |65.8| 44.7 | 47.0 |48.7 | 50.6 |44.3 |47.5 | &4.7 | £3.0 | 434 |46.5 [ 48,5 | 47.6 | 46.9 | 501

Clinopyroxens | 38.3 | 35.3 | 36.7| 35.3 | 32.8 |&46.7 |471.3 !36.9 | 39.9| 33.6 ! 36.8 | 34.2 |38,) |36.2 | 38.7 | 24.1 | .0

Ore Minerals G4 T.TY G6.9| B.7| T4 | 21| 0] 6.6} L.3) T.A| 6.3] T.& ] 7.3 ) 4.9 B4 ]| A.2 ] &3

Interstitiml

Material B.3] 7.0 (t0.3] 10.& ) 12.7 | 0.7 | 3.2 |12.2) B.Aal 1431139 (146 | 7.2 {10.4 | A.0 | 26.B ] 5.1

Altared

Olivins 9.8] 0.2 | 0.3| 0.9 - 0.8| o.9 | - - | cracal - 0.2 | 0.4 - 0.3 - 0.7

- gy =
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M rapepmotite
« lrgn Qirg

Plogloclase Pyrovene

+ Olivine

Figure 3. Trionguler Worlation Diagrom showing the Yariation
In Major Modsl Hinsrals of seventesn Dolerite Somples

from the Komaolipoori Area, (see Toble 15, p.49 for modes),

Plogfoelosa Fyrogens

= Olying
Figure &. Trlongdor Vorlallon Dingram shewing the Yerlation
Trend of Wajor Minerols for the Ferrar Doleciles  of
Antarctlen, (afier Guen, 1962)




TABLE

Chemical spalyses, CIPW Noma, and Niggll Velues for four spacimans of dolarite
Erom the Esnatipoort Ares (Analyst: EIM).

Chemical smalyses CIFY Horma Higa1l Valuea

Sample no. cL oL CcL cL CL cL cL cL cL = cL cL

15 16 17 18 15 14 17 18 15 16 17 I8
g0, S2.64 |50.00 | 49.50 | &9.50 | 8L 144.93 | 116.3 | nis.08 | 120.0% | q 11.68 1.53 | 2,89 | &.60
A1,03 12.71 §13.59 12.76 | $2.79 ]| Al 20.62 | 18.81 17.64 18.18 | or o.58| 2.18 1.54 | 4.49
Fe 0, 5.06 | .14 3.23 5.37 | 47.93 | 48,53 | s0.84 | 50.56 | ab | 18.35] 20.97 | 17.47 | 17.67
Fed §.00 | 10.94 11.42 | 140 € 22.69 | 26.74| 2%.88 | 25.18 | an | 15.93| 24.B4 | 23,65 | 23.13
Ex0 3.9 | 618 6.37 1.79 | Ale 8.76 §.13 5.65 6,08 | af | 11.53) 22.% ) 11.13 | 19.10
Ca0 7.85 | 10.7% 10.30 9.71 | Mg 0.34 0.4k 0,44 .40 | by | 13.22) 19.38 | 20,36 | 19.45
a0 2.17 | .48 2.09 .09 | cffa 0.47 0.55 0.51 0.5 | =& 7.35| 4.5 4.69 | 4.90
X0 69| 0.7 o060 | 07| x 0.3 | o0.09| 0.6 | ous| | a2l s3] ees! am
Ezﬂl: 0.5 | 0.28 0.313 0.38 | 1L 4.62 1.88 4.01 4.28 | =p 1.57 0.44 0.68 | 0.71
H,0 .53 1.09 1.6 1.2 | P 0. B4 0.20 0.31 0.3 | Hy0 | 3,04 1.4 1.59 | 1.B&
o, 0.30 | 0,18 0.23 .26 | w0 14.05 B4k 9,85 10,33
Tio, .23 | 1.6% 2.30 2,35
P0, 0.72| 0.20 .31 0.3
Hnd 0.2 | 0.33 0.14 0.1
Total 100,42 Jm:.ll 100,958 | 100.58 Toral] 100.37] 101,13 | 100.98 | 100.71

.-.Ei-
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17 and 18). The explanation for this is probably to be sought in the
composition of interstitial glass in the three relevant specimens. If
this is the case, the glass must have a basic composition, in wo way
comparable to the composition of interstitial micropegmatite so abun-
dant in sample CL15. 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) Fheomorphic Veins produced by the Action of Dolerites

Metamorphism of basalts by dolerites has been described in the relevant
section (see bufore), however, 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 MHinor Acid Intrusives

The minor acid intrusives consist for the most part of sub-vertical,
approximately north-south trending dykes, tegether with a few thin

gsheets, 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 exemplifled by the Causevay Dyke exposed in the Komati River (see
geological map), and the other some Il.'.i“1 to 20° east of north, a scrike
followed by the majority of the acld dykes cross-cutting the basalts. The
porsibility that the latter strike is characteristic of a younger series
of acid dykes is suggested by the fact that the north-south striking
Causeway Dyke is cut by the granophyre of the Komatipoort intrusion, which
in turn is intruded by a felaite dyke atriking some 20”east of north
within the Kruger Mational Park. A prominemt dyke in the southern part

of the Komatipoort area, however, wmay be seen to swing from a north-south
strike to one some 10° east of north { on the geological map), and the
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probability exists that the relationship botween the two strike divee-

tions is more complex.

Width of the dykes varies from about 3 m to about 30 m, while along
strike they may extend for considerable distances; for example, the
Causewany dyke may be traced over a distance of more than 16 km, (sce
geological map). The finer grained acid rocks are resistant to weathe-
ring and where they crosscut the free-weatharing basalt, they form low,
continuouns, north-south striking ridges. In the field the dykes ave for
the most part indistinguishable form the acid lavas. Most of these acid
dykes appear to be single intrusions; compooite dykes were not observed.

({ A) Petrography

The rock types composing these dykes show textural rather than mine-
ralogical differences. They include rhyolite breccias, porphyritic
microgranites, granophyric microgranites and also ccarser gralned
granophyres, and aphyric microgranites. Rock types intermediate betwoen
these varioties may also be found and a general impression is gained, in
places, of a gradarion from one rock type to another. In the field,

some of these rocks may be difficult to distinguish from others. _
Rhyolite breccias, porphyritic nicrogranites and coarser grained grano-
phyres may casily be identified, but the finer graimed aphyric types all
appear as pink to buff, or brown weathering, microcrystalline, felsicie T
rocks. Where fresh the minor acid intrusives are usually grey or greyish-
green in colour and in the porphyritic types, phenocrysts of plagioclase

and sometimes ferro-magnesian wminerals are conspicuous. All types may
contain xenoliths or microxencliths, wsually of a fine grained basalt or do-

larite, but in the vicinity of the gabbro intrusions, this rock type may
also be present. With a marked increase in the amount of included material,
these rocks grade into the hyhrid cypes described in another sectiom.

(i) Aphyric and Porphyritic Microgranite Dykes

Porphyritic dykes contain phenocrysts of feldspar and occasionally pyroxencs,



sot in a groundmmss similar to thac of the aphyric microgranite dykes. The
feldapar phenocrysts, where identiliable, consist of plagioclase crystals
up to 5 mm in length often showing signs of corrosion. Slight normal
goning is usually developed. Another mineral forming phenocrysts is pyro-
xane, partly altered to chlorite. Irom ore may also form large irregular
graina, 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.
Datermination of the composition of the groundmass minerals is difficult
due both to the fine grained nature of the groundmass and to persistent
clouding of the feldspar crystals occurring im 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 intergrowth of orthoclase and quactz,
often optically continuous in small patches centered around plagioclase
erystals. Scattered corroded phenocrysts of pale green clinopyroxene and
irregular grains of irom ore constitute the rest of the rock. The phano-
erysts typically show reaction and resorbtion effects, the plagioclase
commonly being embayed and riecmed with orthoclase, while the pyroxena
crystals are usually irregular corroded remmants, marginally altered to
hornblende and magnetite.

(iii) ®hyolite Breccias

Rhyolite breccia dykes are confined to the rhyolitic lava sequence and
are particularly well exposed in the gorge the ¥omati River has cut
through the Leboobo range. The larger dykes (1 to 10 m in width) have a
roughly north-south strike, but the smaller intrusives tend to be highly
frregular. These range [rom a centimeter to a meter in width,

The dykes consist of subangular blocks of rhyolite ranging from less than
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] em up to | m in diameter, set in a fine grained, pale pink te buff co-
loured rhyolitic matrix. They are normally crowded with angular fragments
of rhyolite, but in some cases relatively few blocks are present, and the
dykes become difficult to distinguish from the surrounding rhyolitie 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

Hineral data for the major rock forming minerals of the minor acid in-

trusives are listed in Table 17
(ch Modal Compositions

Most of the dyke rocks are too fine grained for satisfactory micro-
metric determination of modal compositions. The relative propertioms 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
investigation. Lowbaard (1952) has analysed a specimen of the Causeway

dyke, a granophyric microgranite and the results of this analysis together
with the CIPW Norm, Higgli Values and magma type as caleulated by Lombaard

are shown in Table 19.



TABLE 17

Hineral Daca for the Minor Acid Intrusives from the Feomatipoort Area

Hinaral Eoning Composicion Rafractive 2V | Alceration |Crain Colour
Indices Slza
A FPlagisclase
i} Phemoctysts Elight normal-cormon lm.m - l.n35 Hot decermined - Often I=3 ma
Oscillatory =race turhid
{il) Croundmass Slight pommal-common Ang, = An,, Oftan
i turbid 0,01~
Hote: Anorchoclaas 0;2 m
and orthoclase posaibly
alsc present in some
specinens
¥ Cluoopyroxens s ﬂl
(i) Pheaccrysts Hot observed 30 25 45 1,705 Altersd to
Range (3, 33 45 | My Mange() ', ::n chlorite in| I=3 mm |Pale Green
places
€ Quares
{i} FPheancryars =:0 =
{ii) Grounds=ss 0,01 =
D1 o=
U Ore Hinerals
{i) Mzpgnerite 0,2 =2, O
{ii) PBe=atice 0,2 m=
(iif) Pyrite 0,2 m
T Accessory Minerals
Zircom
Chlorite
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TARLE 1B

Modal conposition of acid dyke rocks (volume/percentage)

Hineral Bample CL5I1 Sampla CL5Z Sample CL5) Sanple CL3A

-4 2 S

Groundmass 15 i d 13

Plagioclase

Porphyritic 7 0 o

Plagioclase

Intersticial 23 47 L]

Haterial

Pyroxens ) 15 ]

Ore 3 13 5

Quarts 2 3 1

L5l : Causeway dyke, granophyric
Q52 : Torphytilic microgranite

CL%) : Gramophyre

CL5& : Aphyrie microgranite




TANLE 19
Analysis of an acid dyke tock from the Komstipoort area
(after Lombaard, 1952)

CIFF Rors Riggli Values
slo, 68.£9
Al,0, 13.46 a 27.57 =i 99.50
Fe,0, 3.0 Oor | 25.04 si .50
Fed 5 Ab | 26.22 = 17.40
HgO 0.63 L 0.55 alk iy . B0
cag 2.83 | Di En 0.20 k 0.47
H.I.iﬂ 3.08 Fe 0.40 mE 0.5
Hﬂ; §.27 | Hy En k.4l clim o.49
0,0 1.12 Fs 2.64 ti 1.80
Hiﬁ_ D.45 Mz &.40 P 0.6
Mol 0.15 &n 10,29 € 13.30
Tm.t 0.54 n 1.0%
'ID! 0.15 Ap 0.3
-I:d-! 0.24 o 060
!iﬂ 1.57

Causwway dykes Eomatipoort, porphyritic gravophyric mierogranite.
Magma type: sormal gramitie.
Analyst @ M.H. Berdsman.
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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 in turn overlain by the Karroo
sod iments,

(ii) The Dasal Intrusion - a composite intrusive mass occurring at the base
of the voleanic succession just above the Karioo sediments.

{iii) The Xomatipoort Intrusion - a large composite intrusive mass emplaced
in the upper part of the basalt succession.

5.7.] The Crocodile River Intrusion

The Crocodile River Intrusion forms the southern extension of a lime of basic
intruesive masses, {requently showing well developed layering, that stretch
southwards from the Letaba and Olifants Rivers wvhich lie some 140 km to the
north of Komatipoort. These may be traced along a roughly morth-south trending
line from the Letaba River as far south as Pretoriuskop in the Kruger Ma-
tional Park (sec fig 5, p 60), from where they swing eastwards and pass beneath
the Karroo Sediments oo the north bank of the Crocodile River in the Komati-
poort area, (Saggerson and Logam, 1970).

A Form of the Intrusion

Hear Komatipoort the intrusion forms a discontinuous outcrop which 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 wvertical, dyke-like nature of the intrusion
is suggested by the lack of variacion in its strike with changes in relief, and
its independence of structural controel by the enclosing Precambrian rocks, until
the Komatipoort area is reached. Contacts are not well exposaed, however, and no
further evidence of the form of che intrusion is available.

B Age of the Intrusion

The age of the intrusion could not be determined with any certainty. Clearly
two possibilitics ewist:
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(a) The intrusion may be of Karreo or post-¥nrroo age intruded into
the Precambrisn basement rocks bencath 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. Saggerson and Logan (1970)
anpcountered similar difficulties in the Olifants River area to the north,
where the Karroo sediment-gabbro contact is again obscured. Between
thesa two points, the line of intrusives lies some distance to the west of
thae position of the present Karroo sediment ocutcrop (see fig 5, p @),
and it was not found possible to determine relative ages by this means.
The roughly north-south strike of the line of intrusives between the
Lataba River and Pretoriusl.op sugpests that the intrusion may be related
to the Lebombo tectonie zone. For this reason Saggerson and Logan (1970)
have suggested an early Stormberg Age, however, it may be significamt
that the Lebombo belt is located parellel to the Mozambique mobile belt
and volecanic activity may have been spread over a considerable period of
geological time; in 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 tha 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 ic, therefore,not younger than Stormberg, and the ter=
mination of some of the dykes against the major intrusive suggests they
mzy have been transected, supporting the possibility of an early Stormberg
age.

Exposures providing supporting evidenee such as the metamorphism of the
dolerite dykes by the Ciocodile River Intrusion are, however, lacking and
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the aga of this intrusion cannot beé regardad as proven,

In summary available evidence indicates that the line of
intrusives could possibly be of early to middle Stormberg age and a
deseription of this intrusive has therefore Foen included in the present

worl.
c Patvography

At Komatipoort the bulk of tiue intrusion consists of a relatively homo-
geneous medium grained 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 gabbro and the granitic country rock, the amount
of interstitial micropegmatite present inecreases in abundance and this ic
accompanied by a marked decrease in the grain size of the constituent
minerals. Plagioclase and pyroxene crystals decrease in length from 2 to

3 mn near the centre of the intrusion to less than one millimeter

within a meter of the contact.

More 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, p62).
Here rock types ranging from olivine norite (clivine-orthopyroxene-clino—
pyroxene cumulate) to normal pabbre (plagioeclase-clinopyroxene cumulate)

OCCur,
(i) Petrography of the Differentiated Series

The most basie rock cccurring in the Crocedile River Intrusion, is an
olivine-orthopyroxene-clinopyroxene cumulate, that consists of cumulus
olivine, hypersthene and lesser amounts of augite set in large intercumulus
poikilitic plates of plagioclase, or less commonly, sugite. Occasionally,
amaller olivine crystals are enclosed by the hypersthene or aupite crys-—

tals which in turn are set in the plagioclase plates, although this tex—

tural relationship is not common.
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The olivine erystals in genoral vary in size from 2 to 3 mm and the
poikilitic plagloclase and pyroxens plates are of the order of 10 mm

in dizueter. The cumulate subhedral augite erystals that are also found
enclosed in the poikilitic plagioclascs are about 2 mm in diameter. Ac-
cessories include opaque ore minerals and a Lrown pleochroic biotite, and
these two minerals frequently appear in close association, with the
biotite forming patches occassionally reaching 2 mm in diameter, surroum—
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, € m
above this point the intercumulus plagioclase and auvgite plates disappear
and the rock becomes equigranular, consisting of euhedral to subhedral
plagioclase,orthopyroxens and to a lesser extent elinopyroxene crystals.
The grain size of all of these minerals is between 2 and 3 mm. Accessory
minerals are again, brown pleochroic boitite, which is present in reduced

amounts, and smaller guantities 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 augite, pigeonite and plagioclase crystals that
are usually subhedral and 2 to 3 mm in length., Green pleochroic biotite
occurs in yet smaller quantities, and there is a slight increase im the
iron ote content. Interstitial micropegmatite content increases sharply
and there is some evidence of reaction between the micropegmatite and
the pyroxene in the form of embayments in the pyroxene crystals,

To summarise, passing uvpwards 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 clinopyroxeme content of the rock
et the expense of olivineand to a lesser extent, biotite (see fig7,p65 ).
Subsequently, plapioclase and clinopyroxene content increases relative

to the percentage of orthopyroxene, which in turn decreases to vanishing
point, Textural evidence suggests that the cvder of erystallisation of the



bgaapa gl

Flagiocfags

Cllnepyrovena

Orihapyrcreem

Elnapytearne

0w
Sempla b Sospl
. s Bkl §
Approsimahe Crogs  Bacliss Agprozimaie
Elsoiden Inm ohis Elawalben In & f:u:
Lowest Haposires 5 L-nuq § Expesuy
ol s
W= =3
T ﬂ ¥
LB 5 =
=0
t-r,..-‘ B E 1 = Bilwing Frew
L/ ~ “Biffsrentichs
Bilwine rich ,-"'r F L i i [} [ L [} L = T L B L
b e i ¥ F Cumubabes
a
e =
%hdn b w-r;_ - s o =4n"h An i
Plioglocinge 8- f_:'____..-— Irn I'|'|r|'\| L“—"-._______________-rm ]-" P AT
-/ = -
Figure 7 Disgrams  showing:
1 ‘Worlobions in model propertions  along a eropt-sectlon of the Crocodile
River Entrusien,
i Diogrammelsc eross-seciion  of the Intiusion
4 VYoriotions in plogkselose compoeiion  olong The  eress-seclion of 18 Tnirusich



-ﬁ_&u

major rock forming minerals was olivine, hyperathene, augite, plagic-
clase.

(ii) Petrography of thoe Contact Zone

As showm on the map in fig 6, p 62 . , the most basic rocks in the in-
trusion are exposed near the southern morgin 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 approximately horizontal layers. The most basic
rock in the intrusion, the olivine-orthopyroxene-clinopyroxene cumulate,
(described above) first cccurs at a distance of some 14 m from the south-
orn contact and in this intervening |4 m wide contact zone the rocks
show a rapid variation in both the texture and abundance of the major
mineral phases, even in sawples 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 crthopyroxene, encloses crystals of intermediate plagio-
clane, 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, [irstly as the large plates noted in the clivine-orthopyroxene-
clinopyroxene cumulate and sccondly as small (? to 3 mm in length) sub-
hedral erystals, which are fregquently emboyed 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 glo-
meroporphyritic aggregates. Hypersthene occurs as large irregular
cryatals 4 to 6 pm in diameter which encloze mot only the smaller em—
bayed plagioclase crywstals, but similer clinopyroxene crystals and cuhe-
dral to subhedral olivine crystals. Clinopyroxene in the form of augite
i present Iin subordinate amounts as the small crystals penticned above
but for Cthe most part [orms extensive plates enclosing olivine or
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sccasionally the small embayed plagioelases. Olivine is present in
gubhedral and euhedral erystals of reduced size (1 to 2 ym in diameter},
and these erystals are included in all of the other mineral phases.
Accessory minerals, as before, are bietite and opaque ore minerals,
although liexe the biatite in places grades [rom a core of the brown

pleochroic variety inta a rim of the green pieochroic type.

At a distance of 9 m from the contact the large platy plagioclase
crystale have disappeared, and plagioclase occurs only in the form of
small subhedral to anhedral crystals, | to 3 mm in length. They are
usually included in orthopyroxene crystals, which, in addition to for-
ning larpe irregular plates (3 to 6 mm in dismeter), enclosing the
plagioclase and augite, also ooccur both as smaller (1 to 2 mm in
length) subhedral grains and as cores to the augite crystals included
in all the major mineral phases. From this point there is a sharp
increase in olivine and hyperschenc contoent and the rock grades rapid-
ly into the olivine-orthopyroxene-clinopyroxene cumulate described at

the beginaing of this section (p 63 ).
n [lineralogy

Plagioclasge

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 mm in diameter , and commonly
show slight normal zoning, with the range in composition of the zening
being dependent on the vertical position of the plagioclase in the in-
trusion. In the lowest and mosc basic rocks, the plagioclase composition
ranges [rom A“ﬁﬂ to Hﬂiﬂ whareas in the highest parts of the intrusion

Ea An -

in which the platy crystals occur, the range is from Anﬁz 45
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geronger zoning of the type: core - oscillatory zoned mantle = rim is
usually shown by smaller cumulus crystals, with typical plagioclase
crystals from the base of the plagioclase~hypersthene-augite cumulate
having cores with ; composition of Ang o mantles oscillating between

Ang . and An_,, and rims which grade rapidly from An, . to An,e. Higher

in the intrusion the plagioclase is slightly more sodic with the fol-
lowing average composition: core .!|.|:|.5:1.I oscillatory zoned mantle, between
An,, and Ang, rim Angqe The variation in the anorthite content of these
feldspars, together with a cross-section of the differentiated portion
of the intrusion is showm in fig 7 , p 65.

In the contact zone there is a mariced difference in the composition of
the two textural modifications of plagioclase that are present. Tha
large platy crystals have a composition of about Ang o that is aimilar
to the composition of those occurring in the adjacent hypersthene-
olivine-augite cumulate and the smaller corroded plagioclases have a
composition in the range An_. to An_“. that is almost identical to those

50
occurring in the plagioclase-hypersthene-augite cumulate.

The medium grained gabbro that forms the undifferentiated portion of the
‘intrusion contains subhedral, normally soned crystals of plagioclase,
zoned from A.njﬂ in the cores of these crystals to hi! at the margins.
No oscillatory zoned plagioclases were noted in these rocks.

Pyroxsne

In the differentiated portion of the intrusion, both orthopyroxene and
clinopyroxene are present in almost all rocks, the avgite-plagioclase
cumulate being the only exception. This rock [orms the uppermost part
of the intrusion and in places apparently contains clinopyroxene only.

(1) Orthopyroxene

The orthopyrowene, hypersthene, initially shows a steady decrease in
quantity upwards through the differentiated vocks. It normally appears



as a cumulus phase crystallising before the clinpyroxene in which it is
frequently included. The composition of the hypersthene showe a steady
change upwards through the intrusion as may be seen from the diagram in
fig 8 , p 70 , with extreme variations ranging from En?ﬁ to Bnﬁ& . Ex=
solution of cliwopyroxene was not observed in hypersthene from any level
of the intrusion.

(ii) Clinopyroxenc

Aupite is present in all rocks, rapidly increasing in quantity from a
minimum value in the olivine-orthopyroxene-clinopyroxens cumulace 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 avgite may form ophitic or even poikilitie erystals.
Bxsolution of orthopyrozene is common, but the orthopyroxens usually
takes the form of irregular, randomly arranged blebs rather than
erystallographically orientated lamellae. Simple twinning on (100) is
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 magnesium. Extreme va-
lues were found to range from H‘iﬁ EIH th in the most basic rocks,

to HE.’M EHH Fuu for augitas from the upper parts of the intrusion.
Variations in pyroxene composition are shown in the diagram in fig 8,

P 70.

(iii) Diotite

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, Maximm 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 moted 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 intrusiom, its occasional
mode of occurrence as a corona around pyroxeae crystals and ore mineral
grains suggests the biotite is probably a subsolidus reaction product
in the uppermost rocks, as puggested by Mash (1976) for biotite in che
Skaergaard Intrusion.

(iv) Ore Hinerals

Minor quantities of ore minerals consisting of one or mere 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 graine either inter-
stitially, or concentrated along alteration ecracks in olivine crystals.

Chalcopyrite, however, is never present in more than accessory amounts.

Pyrite

Most rocks contain minor amounts of pyrite, although in peneral the
mineral appears to increase in abundance upwards through the rocks of the
differentiated series. It is also present in small quantities in the un-
differentisted medium-grained gabbro swhich 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
Erytatala.

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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in the undifferentiated medium grained gabbro, Although ilmenite may
occur as tiny needles (lemgth 0.3 wm), irregular interstitial grains
are more common and , in these, orientated exsolution lamellae of
magnetite are occasionally present.

Magnetite

Magnetite is the commonest of the ore minerals present in all the rocks
of this intrusion, and is usuvally present as irregular interstitial
grains up to 1.5 m in diameter. In the wore basic rocks of the differen-
tiated series, a fow euhedral octabedra were noted, but these are not
widespread. Partial martitisation of the magnatite to hematite is com-
mon but exsolved ilmenite is not present.

E Modal Analymes

The variation in the proportions of the major constituent minerals

along a cross-section of the intrusion is showm in fig 7, p 63,

As may be seen from the diagram there is a rvegular 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 way across
there in 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 owward, however, the
rocks gradually becoms more leucocratic and the changes in mineral
proportions in outcrops may be rtiitnd directly to changes in elevatiom
within the intrusion, as a» consequence of variation in relief. The
plagloelase and clinopyroxene content increases rapidly, their
proportions varying inversely with these of olivine and orthopyroxens
which show a corresponding decrease. 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 opague ore minerals show a
marked increase. The variations are probably best explained as a result
of the development of sub-horizontal layers of various rock types, as
shown in the cross-section in fig ¥, p 65.

F Country Roclk

The dyke is intruded into a medium grained granitic rock comsisting for
the most part of alkali feldspar (orthocluse) and quarctz in grains up to
10 == across, and minoer amounts of wica and ore minerals.

G Contact Metamophism

Near the contact with the gabbro the granite shows both dynamic and
thermal metamorphic effects, that at a distance of 3 m from the contact,
congist of undulose extinction and partial recryscallisation developed

in the gquartz grains. Closer to the contact the quarts grains, in addition
to showing these effects, are surrounded by mantles of graphically inter—
growm orthoclase and quartz. Within | m of the contact, much of the
‘original granitic texture disappears, and the rock consists of a few
irregular, clouded, relict fragment of orthoclase set in a fine grained
recrystallised groundmass of orthoclase and quartz, which are in places
granophyrically intergrown. Carnet in small rounded granules, is common.

H Eheomorphic Veins

Cross-cutting the gabbro itself are numerous light coloured velna of
granitic material, varying from a few millimeters to about 10 em in
thickness. The larger veins appear to have had a metasomatic offect on
the adjacent gabbro which is often paler in colour ovar a distanca of
2 to 3 em.

Close to the gabbro=-country rock contact, the rock forming the wveins
consists of large turbid crystals of orthoclase and plagioclase and
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smaller deformed quartz grains, all set in a fine grained groundmass.
Irregular remmants of pyroxeme erystals pay also be present but these are
extensively altered to hornblende or an aggrepate of chlorite erystals,
Smaller corroded basic plagioclases [ﬁaso} are also present in minor
mmounts. The narrower veins tend to be finer grained, although they are
composed of the same minerals. Minerals present in these narrower voins
include radiating aggregates of prehmite and less commonly euhedral
erystals of sphene, but the remmants of unaitered pyroxene found in the

larger veins are rare.

Adjacent to the veins the gabbro shows extensive alteration of pyroxens
to hornblende and chlorite, the plagioclase is clouded and in part

altered to prehnite. Quartz may also occur in small fine graimed patches.
I Comparison with Similar Intrusions from Other Parts of the Lebombo.

Soggerson and Logan (1970) have presented modal and chemical analyscs of
the northern-most representatives of the line of layered hasic intrusives,
of which the Croecodile River Intrusion forme part. Modal variations for
the layered intrusion they sampled in the Olifants River area are shown

in fig 9, p 75 , whieh 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] difference in the relative proportions of the main ferromagnesian
minerals, olivine, clinopyroxene, orthopyroxema. 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 orthopyroxens the position is reversed with the Crocodile
River Intrusion comtaining over 35 per cent in the most orthopyroxone—
rich rock-type, and Olifants River Intrusion rocke having a maximm content
of some 12 per cent, Maximm clinopyroxene content of the Crocodile

- River Intrusion rocks is also somewhat lower than that of the Olifants
River mass, Whether this differcnce may be related to a change inm
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composition of the magma forming the intrusion or whether this represents
a difference in the degree of diffeventiation of the two intrusions

is not certain. Considering the relatively limited size of the dif-
ferentiated puttiaﬁ of the Crocodile River Imtrusion, the latter expla=-
nation should probably be regarded more favourably. Visser and Verwoerd
{1960) have briefly described 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 oeccurring in the
Crocodile River Intrusion suggests that simple crystal settling would be
adequate to produce the observed rock series, This conclusion is supported
by the strong resemblance between the Crocodile River Intrusion and the
layered body occurring in the Olifants River area for which a similar
origin wan proposed by Saggerson and Logan, (1970)}. In the thickest portion
of the intrusion cooling would appear te have besn sufficiently slow for
the crystallisation and initiel settling out of olivine, but later joined
by erthupyroxens, Subsequently clinopyroxene and then plagioclase
crystallised from the melt as cumulus phases. This order of erystallisation
is confirmed by the fact that plepioclase and augite tend to form inter- i
cumulvs plates in the lower-most rocks of the intrusion, and are clearly
lover temperature phases. The relative abundance of the hydrous mineral
biotite, in several of the rock typas 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
presert, as the oscillatory zoning noted in plagioclases occurring in the
upper part of the intrusion could have resulied from the circulation of
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these crystals in convection currents ( as suggested by Wager and Brown,
1939) which must then have operated at least subsequent to the middle
etages of crystallisation of this intrusion.

The occurrence of lower temperature minerals included in the higher tem-
peracture phases in the contact zome of the intrusiom, that is, an inverse
textural relationship, i{s probably the result of lower temperature phases
erystallising in cooler regions adjacent to the wall-like contact of the
intrusion or pogsibly the roof and subsequently, during settling, drifting
or being carried by convection currents into hotter regioms. Hare these
minerals would no longer be stable and resorbtion and the observed cor-
rosion would result. Some crystals would be complectely resorbed, but others,
although corroded, could be included in the higher temperature mineral
phases as these began to crystallise, Thus protected, they would survive
ag 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, occura close to the base of the
basaltic sequence near the southern end of the Komatipoort area, (see
geological map). The intrusion is 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 producad a fairly decp

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 drainage 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 form narrow morth-south trending zones, the most
westerly of which is composed of olivime gabbro. This zone, at its
eastern margin is in contact with an olivine-bearing gabbro, which in

turn is succeeded to tlc east again by the third rock type occurring in the



intrusion, a feldspar-rich, olivine-free gabbro. Due to the relatively
poor exposures, neither the mutual relationships of the rock types,
nor the attitude of the intrusion could be determined in the field. The
rock ctypes show a ilighl: difference in distribution with the olivine
gabbro confined to a relatively narrow strip extending 1 km north of
Tributary 1, (ses geological map).

The olivime=bearing and olivine-free gabbroa, 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 vock types varies; the
olivine gabbro reaches a maximum 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 respectively. Samples representatrive of two
cross=sections of the intrusion were collected, and these were sup=-
plemented vhere possible by specimens taken from elsewhere in 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
(1) Olivine Gabbro

The olivine gabbro, is a dark, aphanitic , freely weathering rock that
seldem forms outcrops. Where outcrops are available the weathered surfaces
invariably present usually show the development of a reddish brown crust,
as well as pitting due to the differential weathering of olivine. Both
texture and modal proportioms wvary in successive samples collected along

an east-west traverse, across the olivine gabbro, as described below.

At the western margin of the zone the rock is composed of euhedral to
anhedral, altered olivine crystals {approximately & om in diamater) and
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elongated normally zoned plagioclase laths (aroumd 8 mm long) con-
gisting of pyroxene and ore minerals, (see Plate 5 , p 80 ). The
plagicclase shows irregular boundaries with other mineral phases with
which it is in contact and occasionally encloses tiny (about 0.1 mm)
subhedral erystals of clinopyroxene. The elisopyroxens also occurs
interstitially, in two forms, firstly as small subhedral grains si-
milar to those enclosed in the plagioclase, amd secondly as larger

(2 to 3 mm in diameter) subhedral crystals. The smaller grains are
moreé abmdant thanm the larger erystals. Ore minerals are conspicuocus
ag needle-like crystals, occasionally showing signs of developing the
comb=type structure common in the olivine basalts, and usually occur=
ring 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 mm in diameter, and
the tiny pyroxens crystals increase ip abupndance, Pyroxene phenocrysts
also become more common simultaneously showing a small increase in size
and displaying slipht zoning. The olivine crystals, the larger pyroxene
crystals and the needle-like ore minerals are all commonly completely
enclosed in the plegioclase, which forme larger poikilitic plates, but
smaller clinepyroxene erystals, although in places included in the
plagioclase oikocrysts, sometimes tend to be eoncentrated interscitially,
forming closely packed aggregates of tiny crystals between the boundaries
of adjacent plegioclases. Irregular patches of irom ore are usually sub-
ophiticaily enclosed by the plagioclase in contrast to the mode of oec-
currence of the needle-like type. Small pateches of erypto-crystalline
interstitial material are alsoc present and in these acicular crystals of

apatite are usually present.

" Eastwards from this point, plagioclase erystals tend to show a gradual de-

cerease in size, although they retain their platey habit, and elivine,









in places displaying rounded outlines, decreases in abundance. The large
subhedral clinopyroxene become more abundant, and the smaller pyroxenes
increase in size to between 0.3 and 0.5 nm 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 gcouter and the irregular

grains larger. ﬂrﬁ'ptm:ryitalliut.intﬂl‘ltitinl 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 10 m in which no exposures are foumd, intervenes
between these rocks and the first outcrops of olivine-bearing gabbro.

(ii) Olivine-bearing Gabbro

The olivine-bearing gabbro is 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 browmish, glassy to cryptocrystal=
line groundmass in 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 auglte is the wost abundant cryatal-
line phase present, often occurring as diccrete patches up to & mm across.
These patches frequently consist of an aggregate of tiny (0.2 to 0.4 mm)
clinopyroxene gralns, however, larger clinopyroxene crystals form glomero-
porphyritic aggregates of similar diameter, (see Plate 5 , p 80). The
individual crystals have an average diameter of about 3 mm and may shov
signs of deformacion, such as wvith the development of fractures and bending.
The clinopyroxene occasionally shows alreration to aggregates of small
chlorite crystals. Flagioclase is relatively common as subhedral laths

2 to 3 mm in length which occur evenly distributed throughout the fine
grained groundmass. Clouding and alteracion of the plagioclase is common,
but vhere fresh, slight normal roning may be detected. Ore minerals



froequently form relatively large skeletal or needle-like crystals ( 3 =m
by 0.2 mm), although the comb structures noted in the olivine gabbro are
not present in these rocks, The groundmass, although glassy in places, is
more commonly cryptocrystalline, and intimately associated with this
groundmass material are elongated, and [requently curved, crystals of
apatite,Texturally, the olivine-bearing gabbro is relatively umiform,
although alight variations do occur in the relative proportions of

the constituent minorals as described in the section on modes.

(1ii) Olivipne-free Gabbro

The olivine-bearing gabbro is abruptly succeeded by a medium to coarse
groined | leucocratic gabbroic rock. A complete cross-section of the zone

wags not exposed, but available specimens give some idea of the petro-
graphical variations which occur in this zone.ln hand specimen, glomero=
porphyritic aggregates of plagioclase crystals are conspicuous and larger
spacimens 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 these
phenocrysts, in discontinuous layers, usually only a few centimeters,

'in horizontal extent. The dip oo the layering, although somewhat variable,
is apparently close to the dip of the enclosing basalts, that is about

10 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 sctually 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 plagicclase laths range in size form about 1.0 mm co 3.0 mm
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
groundmass are large porphyritic plagioclases which, in places, occur
clustered together im glomeroporphyritic aggregates. Clinopyroxens and more
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raraly altered olivine crystals alsoc form phencerysts 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 zoned mantle-rim, but partial resorbtion and duplication
of any of these zones, except the outermost, =ay occur and many variations
in structure were noted. In the outermost zoue, 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 fluctuatione do ocecur in the amounts of the

various minerals present.
(C) TMiperalogy

(i) Olivine Gabbro

(a) Feldspar

The cioange 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 average composition of approxi-
mately MSI} s but the large platey crystals present in rocks
a few meters from this contact have an average composition of approxi-
mately "’155 s Showing zoning from ‘"‘“H to M.'HI' In rocks further £rom
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 an average composition of MEE' Thesae
crystals are zoned from approximately MH in the cores to a'nnﬂ 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
gtate.



(b) Pyroxenes

Avgite, the only pyroxene occurring in the olivine gabbro forms colour=
less, euhedral to subhedral erystals ranging in size from 0.1 om to
nearly 3.0 mm., The mineral shows a slight variation in composition from
west to east across the zone ranging from Hhﬁt Clag Fll3 near the
western margin of the olivine gabbro to Mg, s Ca,q Feyq im the most
easterly outcrops, as determined by refracrive index and optical axial
angle measurcments. There is apparently no corresponding compositional
variation between crystals of different sizes,

{c) Olivine

Olivine occurs in varying amounts in all specimens collected from the
olivine gabbre zome. 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, Many of these altered
erystals have a perfect evhedral outline, although subhedral and even
anhedval forms are present. A few unaltered olivine phenocrysts occur in
rocks adjacent to the western contact of the olivine gabbro zone, and
these have the following optical properties:

Optically negative, 2v 82°, Beta refractive index 1.75.

These properties indicate a composition of Pﬂ?E F'EE'

(ii) Olivine-bearing Gabbro
(a) Feldspar

Although there is a marked difference in 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 erystals
are lath shaped and much smaller, shoving mo tendency to enclose other
mineral phascs. They have an average composition of about Ansa. display
slight normal zoning, ranging from Ang o in the cores to ““54 at the wmargins
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of the crystals, and are again in an intermediace structural state. Fo
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 were too highly altered for the determination of
original olivine composition. They now consist of antigorite, talc, and

iron ore, predominantly.
(e)  Pyroxene

An average composition of Mg, , Ca,, Fe,, 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 similarly, no compositional
variation was detected between pyroxenes from different samples along the
cross—section. Delicate oscillatory zoming is present in several of the
larger crystals, (Plate & ,p 86;, but differences in composition could not

be determined by optical methods.
(d) Ore Minerals

The majority of the ore minerals present consis:i of ilmenite which forms
needle-like erystals in the comtact rocks. These gradually become larger
eastwards across the zone. Magnetite occurs both as minute exsolved blebs
in the ilmenite crystals or less commonly as scparate somewhat irregular,
elongated crystals. Chalcopyrite and pyrite are present as minute (0.1 mm)
grains with 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 erystals.



PLATE &

I  Olivine-free Gabbro, (Basal Intrusion) = Pyroxene phenocryst composed
of a core of orthopyroxene, (dark grey), surrounded by a mantle
of clinopyroxene, (pale groy), set in a matrix of plagioclase and
clinopyroxene, (Transmitted light, crossed nicols, X96).

2 Olivine-bearing Gabbro, (Basal Intrusion) - Delicate oscillatery

zoning present im a clinopyroxene phenocrysi. (Transmitted light,
crossed nicols, X200). '






- BT =

{(i11) Olivine~free Cabbro
(a) Feldspar

The groundmass plagioelase of the olivine—free gabbro zone occurs as a=
bundant, small (1.0 to 3.0 mm), lath shaped ~rystals showing strong nor-
mal zoning ranging from A“ﬁﬁ in the cores to hn55 at the margins of the

erystals, with an estimated averapge compos.tion of An_.. Ho regular

58
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 both in composition and in the type

of zoning present. Zoning is usvally complex, as described previously, with
the cores of the large phenocrysts having an average composition of near

A“ED , the sscillatory zoned mantles lying in the range An_, to An, . and

T4 70
the rims grading rapidly from about hnﬁa to A“SS . Gmaller plagioclase
crystals which ave 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 erystal, The inclusions are usually a-
round 0.05 mm. They may be spherical although in some there is a sug-
gestion of erystal outlines developing.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 showed that at least some of the inclusions in the plagio-
clase of the olivine-free gabbro now ceonsist in part of pigeonite. The
lack of homogeneity of these inclusions sugpest they may originally have
congisted of a glass, presumably representative of the magma from which

the plagioclase was crystallising.
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[ Pyroxenes

Augite is the most abundant pyroxene in the olivine-free gabbro,
oecurring both as small irregular groundmass crystals (+ 0.3 mm)

and as large phenocrysts (+ & mm}, of two tyres. The most distinetive
feature of the first type of augite phenceryst is the presence of a
corroded core consisting of augite of a slightly more magnesium-rich
composition than the surrounding mantle. These are termed Type |

phenocrysts.

Oecasionally, smaller phenoerysts with subhedral to euhedral ocutlines
are preserved within plomeroporphyritie agpregates of plagioclase,
and these euhedral phenocrysts have Mg-tich subhedral 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 form of
increasing Fe—content), from adjacent to the core-mantle boundary,

to the outer margin of the crystal.

Pigeonite was noted in the groundmass in minor amounts, occurring as
crystals of a similar size and shape t3 the groundmass augite, but it

was not ohserved as phenoerysts.

Rarely orthopyroxene in the form of hypersthenme, occurs as irregular

corroded phenoerysts, mantled by clinopyroxene overgrowths, (see Plate 6).
The compositions of the groundmass augite, both types of augite phenc-

eryet, and a mantled phenccryst of hypersthene were determined by

means of an electron microprobe. The results of these analyses are
listed in Table 20 ,

1 Major Element Chemistry of the Ca=rich Clinopyroxenes

The analysis of the groundmass augite shovm in Table 20 indicates that



TABLE 20
Fesults of Electron Microprobe Anslyis of Five Pyroxenss from the Jlivine~free Gabbro, Basal Imtrusicm

Pyroxena | Pyroxens 2 fyroxens 3 fyromene 4 Pyroxene 5
Ei.'EI2 50,63 50,95 51,61 51,13 52,58
Cal 17,51 17,54 17,00 18,84 2,29
H.g.ﬂ 13,48 15,89 17,19 158,25 23,09
T;Dl 0,73 0,98 0,57 035 0,48
Fal 12,40 13,82 11,10 T.25 20,81
A‘lzﬂj | 69 2,34 2. 80 1,18
Total 98,44 101,57 96,91 96,03 100,43

Cotione on the basis of 6 oxygens.

BT, 1,928 1,892 1,939 1,904 1,945
Alg, o,072 2400 G,y P 0,061 200 9,006 2+90 0,055 =00
Al 0,004 0,000 0,002 0,018 0,000
Ca 0,715 0,699 0,685 0,752 0,001
Mg 0,879 2,013 0,879 2,03 0,962 2,014 0,013 2,015 1,273 2,021
Ti 0,021 0,027 0,016 0,016 0,013
Fe 0,395 0,429 0,349 0,226 0,644
Ca

F
35,6 ™uz, 74 T%0.20 %ay,4 Y843, 2 To22.4 a0 MBy7,0 Toye,1 7,5 MEsp,s ™20 ©%4,5 MBg3,0 a2,
Analyst:— Mational Imstitute for Hetallurgy

Pyrowens | Augite - Groundmass

Pyroxene 2 Augire = Hantle of Type 1 pyroxena phenccryst.

Pyroxens 3 fugites = Intermediare Zone of a Type | clinopyroxens phenccryst. -
Pyroxens 4 Augite — Core of Type | phenccryst.

Pyrowens 5 {rthopyroxene — Corroded Core.

o
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the avgite is of an intermediate composition, (t‘-n“.EHa“.?hm'?}.

In fig 10 this composition has been plotted in the pyroxene

quadrilateral of a Ca, Mg, 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-frea gabbro plots wery 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 tha analysed Type | clinopyroxene phenocryst
have compositions of CIJI'SI-!;“JFEIE and c’a&"‘w.n“m.l* respectively.
When these values are plotted in the pyroxene quadrilateral (fig 10 ),
they are found to lie to the Mg=rich side of the Ca-rich fractiomation
trend of the Xomatipoort Intrusiom, possibly defining a parallel but
more Mg-rich trend. More dacta would be needed to confim 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 irom-rich compositions, in a manner
fairly typical of fractionated tholeiitie intrusions.

. Optical properties suggest that the cores of the Type 2 Ca-rich

pyroxene phenocrysts are similar in composition to the cores of the

Iype | phenocrysts, howevar tha strongly zoned mantles of the Type 2
phenocrysts appear to differ in composition from the mantle of the

Type | phenocrysts, This is confirmed by the electron microprobe analysis

of the outer parts of the mantles of the two types of phenocryst,
showm in Table 20 ,

The nature of the compositional differences between the mantle augices

of the two types of phenocryst are illustrated in fig 10 , where points
representing the analyses have been plotted in the pyroxene guadrilateral.
A stromg similarity in the major element chemistry of the Type 2 mantle
augite and the groundmass augite is apparent.
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Figure 10 Anclysed pyroxsnes of the Baosol Intrusion plotled in  the
pyroxere  quadeilateml,

Pxl Groundmoss clinopyroxene = core

P2 Augita phenocryst = monile maleriol

Px3 Augile phenocryst - corroded core

Puk Montled orihopyrodens phenccryst =  core

Px% Augila monile oround orthopyroxens  phendcrysi
=  Kgmalipoarlt Intrusion

= Bushveld Inlrusion

== Skagrgoard [nirusien
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II Minor Element Chemistry of the Ca~Rich Clinopyroxenes

Al and Ti are the only minor elements for which the Ca-rich
clinopyroxenes of the olivine-free gabbro have becn analysed,
however the four analyses of eclinopyroxenes presented in this
gection do show variations in the levels of these elements.

Ti-Al and Si-Al relations are summarised in figs.!l and 12 , and
if analysisPx2 is not considered it may be seen that Al decrcases

with fractionation whereas Ti shows only slight variation,

Type | Augite Phenocrysts

The Type | clinopyroxene phenocryst shows a higher Alzﬂj content

in the core of the crystal than in cthe maatlé,although the Tiﬂ'2
content remaing constant, suggesting a decrease in the Alﬂﬂl3 content
of the pyrozene with fractionation (sce Table 20). This conforms
with the observation of both Brown (1957) and Hwe (1976) who have
noted conatant TiO

values and decreasing Al content in the

a
pyroxenes of the Siaergaard intrusion with ii:geasing fractionation.
In this respect the work of Kushiro (1960) and LeBas (1962) may have
some velevance. They have demonstrated that the n13+ content of
natural Ca-rich pyroxenes varies inversely with the EiﬂE content of
the magma from which 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 explanacion 313+ entering the pyroxene does 8o by
suhstitution for Siﬂ+, thus Cthe Bein is a dominant influence on the
* in the
pyroxene creates a charge imbalance that requires the simultaneous

I+ L+ * + i
entry of Cr~ , Ti , E33 or ﬂla into cctahedral sites. Since the

2 :
ﬁla content of the pyroxene. However the presence of Al

8z commonly increases with a rise in the eoncentration of Einz

; ; - K o LA
during fractionation, the Al™ content and the Tlll‘il content may be

expected bo decrease,
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The abrupt change in Che ﬁlanﬂ cantent of the Type 1 Ca-rich pyroxene
from the core to the mantle therefore wmay have resulted from am in-
erease in the ﬂSiﬂznf the magma in which the phenccryst was crystal-
lising. The abruptfiess of the change and the prescnce of an irregular,
corroded core-mantle boundary sugpests that if so, this increase to
g WAS sudden and not a gradual change due to simple fractionation
of tﬁe 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 TiﬂE value is more difficulc to explain, but muy be the

result of an increase in the Ti0, content of the magma, although

:
Brown (1557) was sble to discount this explanation for the earlier
Ca-rich pyroxenes of the Skaerpaard Intrusion. It is apparent however
from the work of Drown (1957) and dwe (1976) on the pyroxenes of the

Skaerganrd that this steady TiO, content is not incompatible with a

2
change in the magma from a less-evolved te a more-evolved composition.
e
Campbell and Borley (1974), have noted howsver, that 'I'J.Iijr cannot
i * . .
compete with Et3 for octahedral sites in the pyroxene, &85 A conséquance

of the high crystal field stabilisation energy (CFBE), of ﬂr3+ and the

gero CFSE of Tii+. In intrusions svch as the Skaergaard, Cr concentra-
tion is known to decrease from the lesg fractionated to the more frac-
tionated rocks (Hager and Brown 1968) and this decrease in o A
tration would allow inereased substitution of Tiﬁ+ in ectahedral sites

of the pyroxene. However Ti#+ can énter the pyroxene only if the charge
balance is maintained by the substitution of two h13+ians in tetrahedral
gites for every Tiﬂ+ ion occupying am octahedral site. Since, in the
Fe=-rich mantle of cthe Type | phenoeryst of the olivine gabbro there is a
decrease in the fulzﬂl3 content, a4 balance may hove béon achieved between
factors tending to produce am increase and & decrease respectively in
Ti&+ content, resulting in the observed approximately stable T-I.ﬁ+ content
of the pyroxene. Unfortunately Cr analyses of the pyroxene were not
available to coufirm this suggestion. Howewver the Ti:Al ratic (see fig 11},
of less than 1:4 obtained for the core of the Type | phenccrysts could

imply extra components such as R2+ Er34 Sihlﬂﬁ, {Beyd 1971).



Type 2 Augite Phenocryst and ;mum.‘uuﬁ; 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 swee compositional gimilarities, (see Table 20 ). In £ig 10,
there is some suggestion that the groundmass augite and the Type 2 phe-
noeryst mantle compositions could together define a late-stage compo-
sitional variztion trend for the clinopyroxene of the olivine-free
gabbro, i.e. the compositional variation trend of the clinopyroxene of
the olivine-free gabbro afrer the emplacement of this unit in its pre-
sent position, Despite the similarity in major-element composition how-
ever, the 41,0, content of the Type 2 elinopyroxene mantles does not
resemble that of the Mg-rich Type | phenocryst cores, (see Table 20 ).
Differences in .E|.11IEI:l and T“ilflz contents between the groundmass augite
and the Type 2 phenccryst margins indicate thet, if these two pyroxenes
compositions do define a late stage compositional variation trend,
crystallisation of the pyroxene was accompanied by a marked increase
in the ‘uzD} content of the augite and a less noticeable increase ian
‘ﬁl‘.’lz. { compare analyses | & 2, Table 20 ). This is in direct contrast
to the variation of Al 0. and 'l'i.lil‘1 expected in augite on fractionation

23
of & basic magma, (see sarlier discussions).

It is possible Laerefore that the Type 2 augite mantle composition im not
directly related to the groundmass composition, but instead is an original '
outermost zone of the phenccryst formed prior to the onset of crystal=
lisation of the groundmass pyroxens. As mentioned earlier however,

optical data suggest a similarity in major element composition at least,
exists between the cores of the Type 2 phenccrysts and the corroded cores
of the Type | phenocrysts. If this observation is taken into consideration
the possibility arises that the Type | and 2 Ca~rich phenocrysts are
essentially rhoe pame, the Type 2 having been protected ageinst corrosiom
and deposition of a further pyroxene mantle by virtue of surrounding
phenocryst phases such as plagioclase. This would suppgest that the MID]
content of the phenceryst pyroxene decreased slightly as crystallisaciom
procecded, and simultaneously the 'l'i.!;‘.l1 content showed a fairly marked
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increase, (compare minor element analyses of Pyroxene Z and FPyroxene
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 | mantles.

Textural evidence tends to favour the proposal that the Type 2
phenocrysts have been protected from corrosion by adjacent phenceryst
phases, as many of the phenocrysts of this type that have been observed,
are surrounded by plagioclase or other pyroxene phemocrysts. However

in view of the fact that the thin sections provide a two dimensional
view of the three dimensional textural relationshipe,furthar pyroxene
analyses, particularly of cthe outermost zones of the grovmdmass

pyroxenes, will be required to confirm this eonclusion.
ITI Orthopyroxeine

Hypersthene was observed in the form of corroded phenocrysts surrounded
by augite mantles. In some cases corrosion appears to have reduced the
hypersthene 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 phemceryst. The hypersthenas
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
bypersthene phenocryst are shown. This analysis indicates a composition
ﬂfiﬂgﬁj!=31'5ﬂaﬁ.5+ Tha Alzﬂl content of the hypersthene is slightly
lower than that of mantled orthopyroxene phenocrysts from the Nuanatsi
area, (Cox and Jamicson, 1974),but the Tiﬂ1 content is of the same
order or higher than that of some of the mantled orthopyroxanc from

Huanetsi.
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(e} Olivinpe

Olivine occurs as rounded to subhedral erystals almost invariably
forming part of a glomeroporphyritic aggregate with one or more of

the other phenocryst phases, usually plagioclase. These elivines are
usually partially or completely altered to chlorite antigorite and
magnetite. A partial analysis by electron wicroprobe of an unaltered
portion of an olivine phenocryst is shown in Table 21 and indicates
the olivine to be of an intermediate composition ﬂuﬂﬂ.-ﬁl' Tha olivine
phenocrysts are usually around |,5 mm in diameter.

TABLE 2]

Regults of a Partial Analysis of an Olivine Phenocryst
(by Electron-Microprobe).

a0 0,43
MgO 54,43
Tio, 0,01
Fel 19,32
A10, 0,00
Mole I Fo £0,4

Analyst :— Rational Institute for Merallurgy.

{d) Ore Minerals

The predominant ore mineral in the olivine-free gabbro is magnetite,
usually martitised to hematite and containing erystallographically
orientated lamellse of ilmenite. Ilmenite was not ohsarved as a separate
mineral phase. The magnetite prains, which are often irregular, occur
interstitially to the silicate minerals and averapge between 2,0 and 3,0 mm
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in dismmeter. 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 chalcopyrite are also present in minute (0,1 wm) interstitial

grains.
(D) Modal Analysis

The variations in modal proportions and mineral compositions in

samples collected along cross—pections of each of the three =ones are
shown in Figure 13 ,p99 . All three zones show minor variations in the
relative proportiomns of the major mineral phases, snd variations

within one zone do not appear to be related to variations inm other zones.
The olivine gabbro displays a fairly rapid increase in pyroxene content
at the expense of interstitial material close to the contact, but over
the rest of the gone, 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. Imterstitial

material increases gradunlly and ore minerals display a slight decrease.

The elivine bearing gabbro alsoc shows small variations, the most prominent
of these being an increase in the pyroxene and olivine content at the
expense of plagioclase. It is doubtful, however, whether these

variations are greater than the limits of accuracy of the method used

for the modal determinatioms. The most morked variation is showm 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 gabbre and the olivine-free gabbro
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wore collected and submitted for chemical analywes. The results of these
gnalyses are shown in Table 22 , p lhl, together with the corresponding
modes, CIPW norms, and niggli valued. As may be seen from a

comparison of the analyses, the twe rock types have a somewhat similar
composition with the olivine bearing gabbro jossessing a slightly

higher silica and a significantly higher total alkali content, and in
particular higher K.0, P,0 and Ti0, contents than the olivine free

279 2
gabbro.

The higher concentrations of Al,0, and Ca0 present in the olivine free
gabbro would be expected from its higher plagicclase content.

(N Petrogenesis of the Basal Intrusion
(i) Possible relationships between the threa rock types

Although the eastward succession of rock types present in the Basal
Intrusion (olivine-gabbro, olivine-bearing gabbro, olivine—free gabbro),
is suggescive of an eastward dipping sheet differentiated in situ, the
distribution of these rock types, their compesitions, and the textures
described earlier, leave little doubt that the intrusion is composite,
and consists of three seperate intrusive phases. For example the limited
discribution of the olivine gabbro indicates it is unlikely to be a
product of in situ differentiation, and the porphyritic texture of the
olivine-bearing pabbro is suggestive of a small hypabyssal composition
between the olivinz-bearing gabbro and the olivine-rich dyke rock
{olivine clincpyroxenite) described in a previous section (compare
analysis of sample C128, Table 13 , p 42 , with that of sample C130,

Table 22 , plOl ), i.e. intrusives of this composition are present in
the area.

Further evidence against an in situ differentiation origin for these
rocks, may be found in the fact that although the diiferentiation index

Fel + Fezﬂ'3 ) ) i
x 100, of the olivine—bearing gabbro (60,6) is lower

FeD + F=103 + MgO0
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TARLE 132
Chemleal analyses, CIPY norms and Nigpli wvalues for two samples fres tha Basal Intrusiom

CLI0: 0livime-besring Gabbre) | (Analyst @ NDM)

Cimmical Analyses CIPYH Xorms Higgli Values
Sample no. cL29 130 a» | awn €119 CL3C
II.II: 50.01 53.56 q 1:91 1:93 sl 116.89 135.95
-ﬂ-zﬂ‘} 14,31 11.15 o= 2.07 12.69 al 19.74 1 7. 02
hzﬂ, 1.8 .49 &b 1§11 24 .60 f= &5.83 £9.05
Fed 9.43 9.08 in 27.88 11.26 e 20.83 23.15
kgl G403 &.88 B 23.22 21.8) alk 5.63 1G.76
Cal 1.5 B.4F Hy 7156 16.52 5] 0.4%9 6. 54
xlaﬂ .28 .91 He 375 217 effa .63 0. 4T
KIU 0. 34 215 Il 3.20 6.5 E 0.09 0:-33
H,0 0.19 0,16 Ap 0.35 0.92 el .78 5.95
n:n" 0.90 1.29 00 1.18 1.55 . 0.16 046
o, 0.16 0.08 0 7.02 1.0
Tio, .58 3.08
7,0, 0. 16 0.42
MAO 0.10 0.16
Lol G.01 0.01
Cr,0, 0,038 0.047
Total 100,23 100. 08

= 10T =



than that of the olivine~free gahbre (65,0), tha olivine-bearing gabbro
contains more §i0,, K,0, Ti0, and P.0. than the overlying olivine-free
gabbro.

Another possibility is that the three rock types may be the result of the
vithdrawal of magma during successive stages of differentiacion 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 from the latter by crystal
fractionation but not vice=versa. The K.zﬂ content of the olivine-free
gabbro, however, would require to be increased by a factor of approximately
seven, to reach the level present in the olivine-bearing gabbro.

It is not, therefore, considered reasonable to attempt to derive the one
rock type from the other by means of ecrystal frnctionation of the

observed mineral phases. Comparison of the analysin of the olivine=-

bearing gabbro with an olivine-basalt analysis (sample CL25, Table 5 , 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 parental magma similar in composition,
(although probably slightly poorer in Kzﬂ.'ll. to the olivine basalt (CL25).
Sample CL10, on the other hand, does not differ greatly from tha normal
tholefitic basalts (compare with analyses in Table 8 , p 24 ), nor the
tholeiitic dolerites from this area (compare with analysis of sample '
Cl 16, Table 16, p 51 ). '

As will be described later, (see section on geochemistry of the Karreco
volcanics), the basalts themselves can be subdivided into two series,
a high Mg series and a low Mg series vhich are unlikely to be related
by low pressure crystal fractionation. It is considered that the
olivine-bearing gabbre belongs 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 relatiom, in terms of low pressure crystal
fractionation between the two rock types.
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In the absence of an analysis of the olivine gabbre, its relation to

the other two rock types is difficult to define. The presence of ilmenite
needles in this rock type suggest it may be related to the high Mg series,
representatives of which commonly have high 'riﬂ._,_ contents, however, no
firm conclusion could be reached, as the rock could equally well be
considered to e enriched in cumulus olivine; and thus derived by
fractionation of low-Mg tholelitic magma. The olivine gabbro, therefore
could conceivably be genetically related to either of the other two

rock types.

(ii) The nature and origin of the phenocrysts present in the olivine-

free gahbro

The presence of mantled orthopyroxene phenoccrysts in the olivine-free
gabbro of the basal intrusion together with glomeroporphyritic aggregates
of olivine, plagioclase and clinopyroxene sugg=st comparisrm of the
olivine-free gabbro with rocks described from the Nuanetsi area hy Cox and Jami-
eson(1975), vhich 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 mot the Mg-rich series, to which
the rocks described from Nuanetsi belong and the presence of jacketed
orthopyroxenes in rocks representative of the Mg-poor series also suggests
the possibilicty »f a genetic relationship between the two series.

Initial inspection of the compositions of the mantled orthopyroxene and
clinopyroxene phenocrysts indicate these minerals could have been in
equilibriwm with each other, however, examination of fig. 10, in which

the pyroxene compositions have been plotted in the pyroxene quadrilateral,
guggests that the core of the Ca-rich clinopyroxene phenocryst may, in
fact, be too Mg-rich to be in equilibrium with the hypersthene. Follow=
ing Cox (1975), the distribution coefficient of Fe and Mg between the
orthopyroxene and the Ca-tich clinopyroxenes was used to test for
equilibrium between the pyroxenes.



According to Kretz (1961),(1963)

ln{ugtl-'-n] - l‘:mn: Q- 1]':r;sn::}
X {] vxw“]

px

vhere :“'PI and xﬂiﬂl are the mole fractions of Mg in each pyroxene phase.
Results obtained for the distribution coefficient between the Type |
Ca-tich 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 (1961) obtained
wilues in the range of 0,65 = 0,86 from igneous environments and the
values obtained here confirm that while the mantles of both Type | and
Type 2 phenoerysts could possibly be in equilibrium with the orthopy-
roxene the Ca-rich clinopyrozene phenocryst core appears to be too
HMg=rich to be in equilibrium with the orthopyroxens phenocryst core.

Considering the limited amount of analytical data avallable on the
pyroxene at present, several explanations are possible. Olivine and
elipopyroxene and perhaps plagioclase may have erystallised fairly ex~
tensively prior to the formation of the [irst orthopyroxens , a fairly un-
common order of crystallisation, another possibility is thac the analysed

orthopyroxene does not represent the most Mg-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), srd show that sems olivine phenocrysts
in the Nuoanetsi olivine-rich lavas, are in egquilibrium with the mantled
orthopyroxene phenocrysts. The work of those authors indicates that
orthopyroxene and olivine, in equilibrium in magnesisn igneous assem—
blages, have similar Hg:Fe ratios, or that olivine is more magnesian
than the orthopyroxenc. Applying the same eriteria to the phenocrysts
in the olivinc-free gabbro shows that the olivine {H;:lum.“} is more
magnesian than the orthopyroxens [I-'I!-,ll"nu} suggesting possible equili-
brium, however the differemce 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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TAELE 23
Pyroxene Distribution Coefficient. Calculated for Mg and Fe between
the analysed orthopyroxzene and three different clinepyroxenes present
in the Olivine=free Gabbro.

Pyroxene Analysis No. I:Pl I:F KD (g :Fe)
2 67,2 63,0 0,83
3 73,4 63,0 0,62
[ B1,8B 63,0 0,38

"Mole fraction of Mg in pyroxene, where molecular proportiom Mg +
molecular proportion Fe = |

Pyroxene 2 Augite =~ mantle of Type 2 phenocryst.
Pyroxene 3 Augite - intermediate zone of Typel phenocryst.
Pyroxens 4 Augite = core of Type 1 phenoceryst.



composition is, in fact, in the same range as the high pressure olivine
phenocrysts analysed by Cox and Jamieson (1374), from Fuanetsi, which they show
were in equilibrium with orthopyroxene with an lg:Fe ratio of 82 to 92,

far more magnesian than the orthopyroxene analysis presented here. There

is some evidence therefore that the orthopyroxena and the olivine are

also unlikely to have been in equilibriume with each other.

Comparison of the olivine composition with the amalysis of the olivine-
free gabbro suggest that the olivine may in fact be too Mg-rich to have
crystallised from a liguid of this composition.However, olivine-liquid
equilibrium has becp studied experimentally by Roeder and Emslie (1970)
and Roeder {1974), and this work has suggested that the distributiom

coefficient

IR

ey {xmﬁ‘ )

that relates the partitioning of magnesium and iron between olivine and
liquid is equal to 0.30 and ie independent of temperature and possibly
pressure. Roeder {1974) has shown that the composition of the olivine
reflects only the divalent metal cations in the melt, (Wi, g, Ca, Fe, Mn)
and is little affected by other elements in the melt. Mysen (1974) has
produced data whiech conflictswith this eoncluaion, however Cawthorn and
0'Hara (1976) have suggested that Mysen'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 Ky values to Roedor and Emslie (1970) over a wide range of
temperatures and preossures up to 12 kb.

H'.D =

This dictribution coefficient was therefore used to test for possible
equilibrium between the olivine and tha olivine-free gabbro, using the
assumption that the whole rock analysis of the olivine-free gabbro
approxirated the liquid composition from which the olivine crystallised.
Although phenocrynl plases are present in the rock the majority of those
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consist of plagioclase. Since this is an Hg and Fe-frea phase the
absolute omounts of Mg0 and FeD present will be alfected but noC Che
Mg0:Fe0 ratio. Using the relationship

ol lig

Fal Mg0
) v R ) = 0.3 (Roeder 1974)

B "
Mg Fel
and substituting the mole percentages of Fed and Mg0 from the whole

rock analysis in Table 22 it was estimated that an olivine with

Fe0/Ma0 = 0.246 would be in equilibrium with a liquid of this composition.
The analysed olivine has Fe0/Mg0 = 0.243 (using mole percantoges again,
with Eiﬂ2 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 Mg0 and FeD
content of the mugma, and the temperature of the magma. Using this data
and the Mgh and Fel content of the analysed sample of olivine-free
gabbro, recaleulated to allow for the presence of an éstimated 10 per
cent plagioclase phenocrysts, a crystallisation temperature of 1175°C

may be inferred for the olivine.

This temperature may be used in an effort to determine the relationship
of the plagioclase phenoecrysts to the other phenccryst 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:

L 3
()~ Fwaato ' %

. . exp (6100/T-2,29) )
2(1iq)  “Ya(1ig)

vhere RAB(P} is the mole fraction of albite in plagioclase.

HH&AIE : is the mole fraction of Haﬁlﬂz in the magma.
2(1iq)
3 5 . 4
450 is the mole fraction of Si0, in the magma.
510 : 2
2 (liq)

I iz temperature in deprecs K.
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and where ¥XHal 0,5 (1iq) + X AIFIIS (1iq) + X Elﬂziliq} + X cau{liq] = |

If possible effects of volatile pressure can be ignored, it may be
predicted by this method that plagioclase with a composition of about

An ., would be expected to have crystallised from the olivine-free gabbro
magma at the temperature at which the olivine is estimated to hawve
crystallised {It?ﬁﬁﬂj. 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 clivine-free gabbro.
If the plagioclase phenocryst cores had crystallised from a liquid,
similar in terms of plagioclase components to the olivine-free gabbro,
erystallisation may be estimated by the same method, to have commenced

at around ]#ESUE, 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 erystallised in part at least,
simultanzously with the olivine from the olivine—free gabbro. In view
of the intimate textural relationship between the olivine, elinopyroxene
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 reprerznt a later phase to crystallise from
the magma, after reduction of the Fe:Mg ratio of the magma to a suitable

value, by some process such a&s crystal fractionationm.

A further complication is provided by the Fe-rich mantles present around
the Type 2 Ca-rich elinopyroxene phentecrysts, which on the basis of the
major element chemistry, would presumably be expected to crystallige in

the later stages of crystallisation of the magma,



To susmarise, certain Ca—rich pysoxens phenocrysts often apparently
surrounded and protected by other phenocryst phases appear to have
evhedral, relacively Mg-rich cores surrowmded by Fe-rich mantles,
whereas similar phenocrysts in unprotected positions spparently have
corroded relatively Mg-rich cores and Fe-rich mantles that contain
glightly less Fe than the previously mentiened Ca-rich pyroxens
phenccryats, The minor element chemistry of the Ca-rich pyroxencs
indicates that the zoning present in the clinopyroxene phenocrysts
may have resulted from a change, (increase), in the ‘S{{l of the
magma from which it was crystallising.

Distribution coeflicients and other evidence suggests thati-

{a) The olivine crystallised from a magma with an Mg:Fe ratio
similar to that of the olivine-{ree gabbro,

(b) The orthopyroxens is unlikely to be in equilibrium with eicher
the olivine or a magma with the composition of the olivine-free
gabbro,

(c) The orthopyroxene does mot 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 | and type 2).

(d) The middle and outer portions of the plagioclase phenoccrysts
could have erystallised in equilibrium with the analysed olivine
4t a temperature of IIFSD{:.

Textural evidence suggests that the olivine, the Ca-rich pyroxene

phenocrysts and the plagioclase phenocrysts in general terms comstitute

8 co—precipitated three-phasc phenocryst assemblage.

On the basie of this evidence it is suggested that the crystallisacion

history of these phemocrysts involved:-

{a) Precipitation of Ca=rich pyroxene, plagioclase and olivine pheno~
erysts and the formation of glomeroporphyritic aggregates.

(b) Crystallisation of the outer zome of Type 2 clinopyroxene pheno-
crysts and possibly crystallisation of the orthopyroxene in a

more Fe-rich magmatic envirorment, probably with a higher Bein *
2z
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(e} Corrosion of unprotected Ca-rich pyroxene phenocrysts ( and
possibly the orthopyroxene phenocrysts), followed by crystal-
lisation of the mantles of the type | clinopyroxene phenocrysts,
{and possibly the clinopyroxene mantles around the corroded
orthopyroxenes), in a alightly more Mg-rich magmatic enviromment,
such as the olivine=free gabbro magma.
(d) Solidification of thedivine free gabbro in its present position
and formation of the outermost rims (with compositions corresponding
to the groundmass clinopyroxenc) 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 adcupulus zones present around the Ca-rich pyroxenes), which
became caught up in the olivine-free gabbro magma. Prior te the em—
placement of the olivine-free gabbro in its present position corrosiom,
and subsequent meatling of the unprotected pyroxene phenocrysts could
have occurred. The magnetice (mentioned i{n 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 meveral
difficulties, namely the equilibrium between the olivine and the olivine-
free gabbro must be regarded as coincidental and secondly the position
of the orthopyroxene inm the crystallisation sequence is not certain, umless
it is regarded as an intercumulus phase. In the absence of more adeguate
analytical data further speculation on the nature of the phenocrysts
does not however , seem justifiable.

The motive for the examination of the possible origins of these phenccrysts
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 relict crystals from the fractional crystallisation of

an initially wore Hg-rich liquid. This initial liquid may have had a
composition potemtially 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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(6) The Form and Crystallisation History of the Intrusion

Textures and mineralogical variations present in hoth the olivine

and the olivine~hearing 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 gabbre, however,
has a crude layering, each layer being defined by several discontinuous
eélongated patches of large feldspar phenoerysts (described in a previcus
section), and chis 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 comsisting of

small glomeroporphyritic aggregates. Other evidence of crystal fractio-
nation may be provided by the eastward decrease in pyroxens content,
coupled with an inciease in the proportions of plagioclase and micro=
pegmatite. Much of the proundmass of these rocks however does not appear
to be composed of cumulus phases, and instead tends to resemble

cextures 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) ecrystallisation in thin sills takes
place mainly from the floor of the intrusion upwards, at a relatively
rapid rate. If phencerysts were in suspension in the clivine-free gabbro
magma at the time of intrusion, and 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-
eryets could be incorporated in the rising floor bafore the accumulation
of a sufficient numbers of crystals to form a well defined layer.

Noe other process seems adequate to explain the observed textures and
discontinuous layering. Flowage differentiastion for example, as described
by Battacharji and Smith (1964) and Battacharji (1967), could have
orientated the crystals but it also produces a concentration of phenccrysts

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 tha result of the erystallisation of thin
eastward dipping sheet from the bottom wpwards accompanied by the slow
settling of glomeroporphyritic aggregates of plopioclase and other
phenocryst phases. 1f this interpretation of the intrusion as a sub-
concordant sil1l 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 cthat phenocryst phases were also present

in the other two units of the Basal Intrusion. ln the clivine-bearing
gabbre both olivine and the larger Ca-rich clinopyroxenes are considered
to rtepresent phenocryst phases, The presence of oscillatory zoning in
the clinopyroxzenes suggest that this magms 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 phemocryst
phase present in the olivine gabbro but the widespread alteratiom of
the olivine crystals has obscured their composition and the possibilicy
of relating them to phenocryst olivimes in either the clivine-bearing
or the olivine-free gabbro.

The interpretation 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 crrvstal settling were noted either in the
olivine gabbre, or the olivine-free gabbro. Crystal settling may have been
eéxpected to occur in particular, in the olivine-bearing gabbro, that
contained fiirly abundant, large phenocrysts of pyroxene and olivine

on intrusion, however fairly rapid cooling is indicated by the fine-
grained gproundmass of this rock type, and may account for the absence

of crystal fractionarion. The olivine gabbro, if of a sheet-like form,
would possibly have been thin enough far rapid cooling again to have
prevented crystal settling, Textures described in the section of
petrology are mot 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 inteérmediate 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 sugpested, is probably a sub-

coneordant sheet.
(H) Order of Intrusion

The olivine-free gabbro shows least sign of metamorphism and may
therefore; be the youngest of the three magma pulses. Ho furthar
evidence 1s 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 elomgated mass of diver—

gent rock types, representatives of which have been found as far

as 10 km north and 13 km south of the village of Komatipoort. At

its widest point, just south of Kouatipoort itself, the intrusionm
outcrops over a width 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 bhasalt, at about 25° to the east. Ex-
posures of the complex as a whole 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 serics

from the bottom upwards with each successive sheet having a greater
lateraz]l extent than its predecessor, (see geological map).

Evidence presented here svggests that the intrusion is multiple,
and several possible separate intrusive pulses, have beeon 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 the layered structure that comprises the Komatipoort
Intrusion, in that some of the rocks present are considered to
be cumulates.

The major features of the five rock units comprising the intrusion
are summarised in Table 24, p I15.



Table 24
Major features of the Komatipoort Intrusiom

Unit Rock Type Maximum Vertical thickness
Country Rock Metamorphosed Basalt
Intrusive Contact

Top 5 Feldspathic Gabbro 2100 m
Inferred Intrusive Contact
& Granophyre 4 175 =
Infarred Intrusiva Contact
3 Granophyric Gabbro L2 m
2 Clinopyroxene =
Plagioclase Cumulate 250 m
Inferred Intrusive Contact
Bottom | Olivine Gabbro T wmn
Inferred Intrusive Contact
Hornfelsed Basalt
Estimated Maximum Total Vertical Thickness = 770 m
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Unit | = The olivine gabbro
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" 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 is normally covered by deep soil. Definition of tha
exact extent of the unit is therefore difficult, but it coatinues
for at least 5 km north of the Ngweti River and 3 lm south of it,
although fleat distribution suggests possible thinning of the zone
in both directions. Reasonably good exposures do occur in the
Townlands running along the north bank of the Ngweti River, and
gomewhat batter 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, containing conspicuous plates of dark pyroxene.
Samples collected close to the estimated position of the basal
contact near the Sihlangula Stream, (see geological map), do

show significant textural differences. Close te the contact the
rock is a mclanceratie aphanitie wvariety, strongly resembling the
adjacent hornfelsed basalt, A fine lineation is apparent at the
contact, and this lineation becomes less distinet in samples
collected away from the contact towards the interior of the

intrusion. In samples collected near the NHgweti River no lineation

was observed.
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Petrography

Because of the textural differences noted between samples collected
adjacent to the Ngweti River, the petrography of samples from both

locations are described.

In the Ngweti River section textures are reascnably uniform,
however, the texturcs of samples collected from the Sihlangula
Stream section suggest a continuous gradation from a plagioclase~
olivine-magnetite hornfels at the lower contact to an olivime

gabbro near the upper contact of unit 1.
fa) Bihlangula Stream Section

The finely lineated rock found at the lower contact of unit I,

near the Sihlapgula Stream is a microerystalline plagioclase-
olivine-magnetite hornfels. This rock, as described in the section

on petrogenesis is considered to represent a thermally metamorphosed
portion of the olivine gabbre wmit . The average modal composition
of the finely lineated rock is :- plagioclase 54%, olivine 32%,
pyroxene 10% and irom ore 6 %, Over the few centimeters for which
this rock is exposed, however, the modal composition wvaries slightly.
Thus there is a noticeable sympathetic wvariation in the amounts of
plivine and plagioclase and a corresponding antipathetic variation

in the amount of pyroxene present.

The plagioclase occcurs in two generations, firstly in the form of
tiny tabuler laths, about 0,1 mm in length, which make up most of
the groundmass of the rock, and seacondly, as large apparently
relict cryatals 1 = 5 mm in length. These large crystals occur

either alone or as small aggregates.

The groundmass plagioclase crystals may show a fairly marked
preferred orientation in a direction parallel te the estimated
dip of the rock units in the intrusion, (i.e. the lineation dips

at arpund 25° to the east), Where the large plagioclase are present
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as single crystals, rather thon aggregates, a similar orientatiom
of these crystals is apparent.

Olivine forms discrete, subhedral to anhedral crystals varying in
gize from 0.5 mm to 1.0 wm, 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 erystals 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.

Magnetite usually 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 pyroxene is present interscitially as tiny grains of hyper-
sthene and augite, (neither showing ex-solution phenomena), which
range in size from 0.03 mm to 0,05 mm.

Within a few centimeters the finely lineated rock gives 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 the 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 soms



resamblance (on a much smaller scale) to the crescumulus type
growth occurring in the olivines of the Isle of Rhum (Wadsworth
1961, Browm 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 dendritie form. Although this

' extension ' in the Komatipoort rocks has usually occurred im
one direction omly, 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 te the
general lineation in the rock, or less commonly in some intermediate
direction, (see Plate 7 , p 120).

Also presest at this level are narrow lenses free of interstitial
pyroxens, containing olivine in two forms, firstly as tiny inter-
stitial grains, roughly equal in size to the groundmass plagioclase,
and secondly in 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 poikiloblartic

' extensions ', although those around the pyroxene form rims of
fairly constant width and do not have the dendritic form typical

of the olivines. These larpe aggregates also disturb the general
orientation of the plagioclase crystals as moted in the case of the
olivine erystale described previously, although not to the same

extent. Neither plagioclase nor magnetite show any change in their
mode of cccurrance.

Within a few centimeters the texture of the rock again changes, in-
elusions of plagioclase are nmo 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, (ses Plate
7 4 p 120), The habit of the groundmass 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 incressing ahundance. Plagioclase is not closaly
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packed in the poikilitic pyroxene plates, and the pyroxene may be
plagioclase~free over relatively large areas. Tha large plagioclase
crystals, still, however, show signs of partial recrystallisation.

The rock becomes coarser-grained a4 few metres away froo the

lineated zone just described and hore consists of olivime, plagio-
clase and magnotite, set in extensive plates of pyroxeme (oftem up
to 2 em in diameter). The olivine forms crystals (1.5 mm diameter)
with an elongated and frequently a ‘dendritic form (see Plate 8 ,
pl22, fig 1 ). These invariably enclose tiny crystais of plagio-
clase, around 0.2 wm in length. Occasiomally larger plagiocclase
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 lamellae and as blebs in a praphic-type inter-
growth. Uniuverted pigeonite, together with augite, forms similar
plates anclosing the olivine, plagioclase and magnetite. Plagio-
clage not included in the olivine grains has a seriate texture,
grading from tiny crystals less than 0.1 mm in length to laths

2,5 mm long, (see Plate B, 1i1). . Cosmonly ,the smaller plagioclase
crystals consist of a nuhndul.l:uru. {(bazic) surrounded by a mantle
and rim of a different composition, but the larger crystals ranging
from about | mm uvpwards differ. They typically show severely corroded
cores, which in places are reduced to a series of discontinuous ’
patches, similar to those described by Vance (1965). In addition

the mantle Ltself chows a zonal structure, consisting of up to

five oscillatory zones followed by the uwsual relatively acid rim
(Anye at the outer edge). Outlines of the plegioclase crystals, even
whore enclosed by olivine, tend to be irregular and embayed. Smaller
erystals may occur as single units, but the larger plagioclases have
a tendency to form agpregares. Ore minerals appear in two forms,
firstly as small euhedral crystals, and secondly as irregular grains,
filling the interstices between the other mineral phases.
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Plate B

0Olivine Gabbro, Komatipoort Intrusion - poikiloblastic olivime
erystal, crowded with tiny plagloclase grains (upper left gquadrant ),
large relict plagicclase phenocryst (lower right quadrant ) and
abundant smaller, often embayed plagioclase crystals, set in an
extensive clinopyrodens plate, (upper right quadrant ). A relatively
clear, inclusion free recrystallised rim surrounding the relicc
plagioclase phenoeryst is just visible at the right end of the

phenocryst . Lower limit of olivine gabbro. (X48 ). Sihlangula Stream
Sectlion,

Olivine Gabbro, Kematipoort Intrusion =Plagioclase erystals, many
rounded or embayed set in un extensive erystal of olivine. Slightly

hipher in the olivine mabbro than (i) above. (X 96 ). Sihlangula
Stream Jection.
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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 dendritie olivines that occasio-
nally reach 2 cm in length, both set in oikocrysts of augite and
pigeonite about 3 cm across, (see Plates 6 and 9 J. Hagnetite

and sulphide minerals form irregular patches filling the interstices,
.élightly further east the olivine shows a chain texture,(see Piate 9).
Near the contact between unit 1 and unit 2, the plagioclase shows &
tendency to form clusters, ( in places up to | cm across), inter-
stitial to the large pyrozene plates (pigecnite and augite) with
olivine, now forming rounded and embayed, rather than dendritie
erystals, (see Plate 9, p 124 , usually associated with the plagio—
clase rather than the pyroxene, This gives, in hand specimen, the
macroscopic mottled appearance noted in the previous section on
lithology. The range of textural variationms from the base to the

top of the 3asic Unit are illustrated in Plates 7 tol 9.
(b) Mpweti River Section
Olivine Gabbro

No fine-grained lineated rocks were found in the Ngweti River Section
and the lower part of the unit consists of a rock composed essential--
ly of plapioclase and clinopyroxene in the propertions 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
gome 69% of the rock. Locally however, specimens with a troctelitic
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
orthopyrozene is developed, forming patches asssociated 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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Flate 9

(1) Olivine Gabbro, Eomatipoort Intrusion. Extensive dendritic olivine,
composed of several sub—units surrounded by large cumulate plagio-
clase crystals. Upper part of olivine gabbro. (X 96)

{(2) Olivine Gabbro, Komatipoort Intrusiom. Olivine grains and cumulate
plagioclase crystals showing complex zoming set in an extensive
plate of clinopyroxene. Near upper boundary of the olivine gabbro.
(X 96).
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orientation. Small interstitial patches,(up to 2 mm across), of
medium grained micropegmatite were occasionally noted and evidence
of corrosive reaction between the micropegmatite and both clino-—
pyroxene and plagioclase is apparent. The olivine gabbro

in the Ngweti River sectiom, has a fairly uniforn 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 zome

Boulders of olivine gabbro are present at the southern extremity

of this zone and some of these consist of rocks very similar to

those encountered in the Ngweti River section, described above. Soma,
however, are composed of a finer grained variety of olivine gabbro.
These finer grained rocks consist of euhedral to vounded olivine
erystals 0.8 mm to 3.2 mm in diameter, clinopyroxene crystals | to

2 mm in diameter, which may ineclude 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 te 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 alse other, larger
crystals, 1.5 mm to 3 mn in length, which are further distinguished

by the presence of patchy, irregular zoning.
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Hineralogy
Olivine

Near the lower contact the olivine may constitute as much as 32X

of the rock, but the concentration flictuates widely in samples
collected over the rest of the unit. The olivine near the base of
the unit has a composition of around Fe.. Fla# as determined by am
X-ray diffraction method, (see section on methods) and there appears
to be little varizcion in composition of the olivine vertically.
through wnit |, Several electron microprobe 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 zamples collected along the Sihlangula Stream cross—
scction are 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 om) rounded inclusion-free grains

sat 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 succeaded
by irregular poikiloblastic olivine grains of similar size, (sea
plate 7, fig | and Ffig 2 ). In samples collected away from the
contact the clivine successively forms larger grains crowded with
minute plapioclase inclusions and set in a groundmass of coarser
plagioclase, {(see Plate B, fig | , note change in enlargement),
then more extensive grains conteining larger plagioclase inclusions,
which show signe of resovbtion, (see Plate O, fig 2 ). Thesa are
succeeded by extensive dendritic olivines which are largely inter-
stitial to the plagioclase, and in places may consist of sevaral
olivine erystals linked to form a sinuous chain=like unit, (see
Plate 9 ,fig 1, and Plate 9, fig 2 ). Finally close to the
base of the overlying clinopyroxene plagioclase cumulate the
olivines are rounded and ambayed grains containing no inclusions,
(see Plate 9, fig 2 ).
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Electron microprobe analyses were made of a series of olivine prains
fuom the finely lineated rocks present at the western contact of the
olivine gabbro. These elivines occur in a variety of forms, (described
earlier, see P'late 7), including small rounded olivine grains , large
rvounded olivine grains, olivine grains showing poikiloblastic extensions
and large poikiloblantic 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 12B. 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 Fﬁﬁ&,#' and contain similar
amounts of Ni and Mn.

A few olivines from the interior of the olivine gabbro upit ‘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 E‘bﬂ-!'u“. near the western contact of the
wnit, wvhile olivines from the interior of the unit have compositions
in the range Fu“-i‘n“. 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.In view of the fact that the extent of zoning
in the olivines is unknown at this jumcture, 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 onderstood, this interpretation is not
adopred here.

An interpretation of the petrogenesis of the olivine gabbro wnit
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 n significant role.
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Elsciran Hicroprobe kmslyses of 5 Olivines from pha Olivina Cabbro amd
hmalysas of Olivimes from the Clinopyromess Flaglozlsie Condentrats

Oliviae &
Oliviea T
Olivice B
Ollvise §

Olivies 10

Emu_—l!u!ﬂ]l“ wum lata

= mmall subbedral grain — lower concasc of che elinopyroxens=plagioclase eumulacs.
= small subbedral grain - lower concacr of tha elirepyromeno-plagioclsse comulate.
= larger ssbbedral graim - lower oomeace of the clinopyromens=plagioclase cumsilacs,
= jargar sebbadral grais — lower contace of the clinepyromenc=plagiociove owmalate,

larga brvagelar graln - [rom the opper portiem of the elinopyronsns=plagioelase cumalare.

Ailviee | | Blivine 2 | Oilvine 3 | Olivine & | Olivins 5 | Olivine & | Oliviss 7 | Oliwias 8 | Olivies % | Oliviee 10
Ml 0,44 a,43 0,46 0,48 0,4k 0,77 a,n o.1? 0,1 1,10
wio 017 0,13 o018 o, 1B 0,18 0,00 0,00 0,00 0,10 0,00
gl 11,8 M2 13,94 3, 0F 34,19 16,18 15 44 i, T8 17,38 10,59
a0 51,1 13,04 ] 32,05 32,14 53,74 53,00 51,62 51,68 6,54
10y 36, 3] r,01 .10 36,39 36,51 33,53 12,95 33,14 313,85 10,715
Call ., 00 i, 00 a,00 0,00 0,00 0,00 0,04 0,00 0,00 0,10
TOTAL 102,83 104,12 Lo 103,36 103 88 104,23 Lod o oM o3, e L 98
Fs 83,1 83,1 65,5 83,3 85,4 34,9 13,8 16,2 a7 5,73
Fa b T M. 34,3 34,5 3,6 a5,1 B , 2 61,8 62,53 T IT
Cations par & oxyppess
Ei 0, %70 0, 3708 0,766 0. 9671 09639 0, 9804 0, ITHs 0, 9769 P 1,0135
Fai+ 0,718l @, Tewd Q, 005 &, TOBS 0, ToEa 13042 1,3385% 1,294 1,2570 14815
M o, o i, DS o, 10k @,0107 0, el o, 0183 a,0184 80,0193 o,0181 o, 0283
Mg R 1,370 1,J31E 13426 1,554 0, 79%4 0, 583] 0,754 0,7513 0,4995
Ca - = - - - - 0,00l - - 0,003
Mi @,0015 0,0027 a,003E 0, 0008 0, O03E = - - 0, 0004 -
B 3,;0326 1,039 31,0030 31,0326 30097 10192 3,021 3, 0247 J,0152 I, BBl
Oliviea Cabbro
Olivine 1 = largn nem-poikiloblastic olivine = olivine gabbro = linsated some = loweT COMCETD.
Olivine I = mmall non=poikilobloscic olivime - olivipe gabbro = Lineaisd soms = lower comibsci.
Gliviea 3 = npon-pedkiloblastle porcion of & compeund alivine ctystal - seme locaclon s 1 snd 2.
ivine & = poluilleblsseie poretlon of same crystal as alivins 1.
livine % = lacgas pedilloblascic eliviae crystal — same Location as oliviees | Lo &,
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Plagioclase

In the uppermost parts of the olivine gabbro in the
Sihlangula Stream section and in wost of the samples collected
from elsewhere in unit |1, two generations of plagioclase are

pragent .
First Generation Plagicclase

Firet generation plagioclase is distinguished by its large size,
more basic composition, the complexity of the zoning present and

by a tendency to enclose smaller, normally zoned plagioclases
marginally. The large first generatiom crystals consist of three
structural units, a basic unczoned core, am oscillatory zoned mantle
around the core, and a normally zonmed rim surrounding the mantle.
Either of the first twoe units may be repeated, one or more times, in
any one crystal, as may be seen in fig 14, p 130 , in vhich the
compositional variations inm a selection of first generation plagic-
clases are shovn. As showm in fig 14, vhere a umit 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 im the range nn“ to .i.n'z p L.e. bytownite.

The composition of the oscillatory zomed mantles, ranses between
MHI' and Mﬁﬂ + generally being closer to the more sodic extreme,
and plagioclase forming the vims of the crystals commonly grades
rapidly from near ""sa vhere in contact with the oscillatory zoned
mantles to around A’"SD at the margin of the crystal.

Second Ceneration Plagioclase :

These soaller plagioclese crystals display none of the complex zoning
found in the first generation erystals and usually consist of a core
with a composition in the range MH = Ang, which grades progressive-

ly to a margin vith a compesition of JmH to "miﬂ'



- 130 -

i
s
A
[ 8 ] Fif
"l
An
=] | Fum

Figure 14. Compositional zoning present in  firsi-generation  plogiociase

erystals of ftha cliwina iﬂ.h bio



- 131 -

In samples collected along the Ngweti River Section textural relationships
of the plagioclase do not vary, however in the Sihlangula Stream Section
(see geological map) considerable variatione 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 pome plagioclase of both generations may be included in the more
extensive, often dendritic olivine crysctals. These included plagioclases
tend to have an embayed ﬂll.ll'-']'.iil! »(see Plate 8, fig 2 and Plate 9, fig 1 ),
vith the esbayments 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 of the
plagioclases included in the olivine are reduced to small embayed and
rounded remnants,although adjacent plagioclase crystals which may be
either included in pyroxens plates or cccur Interstitially are identical
to  those deseribed 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 mm) embayed grains. These grains tend to ba clouded
and compositions could not be deternined 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 testure results with the plagioclase
varying in size from small embayed grains to large first generation
phenocrysts, (see Plate 3). -

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 mm 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 "‘“55 surrounded by a more Ca=-rich
mantle {composition MHJ which grades into a rim with a composition of
MEI:I' The mantle thus forms a reversed zone. In the largest of the ground-
mass crystals oscillatory zoning may be present in the corms.
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lLarge apparantly 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 grains. The average com-

positior of these large plagioclase crystals is around An 62"

Pyrozene

Augite, pigeonite and hypersthene are all present in the lowermost
parts of the olivine gabbro whereas in the uppermost parts only
augite and pigeonite are found. At all lavels 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 usuvally forms extensive plates, up
to 30 mm in diameter enclosing large olivine grains and plagioclase
erystals, Near the basal contact of the unit in the Sihlanpula
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. In
addition <o these modes of occurrence the pyroxene also occurs as

large porphyroblasts which may show poikiloblastic extensicns.

Orthopyroxens

Hypersthene is the only orthopyroxene identified ard is confined
to the lower parts of the olivine gabbro including



- 133 =

the finely lincated rocks at the basal contact in the Sihlangula Stream
section. In the olivine glhhrn.h]rpunl:helmn 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 plates 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 cccurs (primary in the sense that it does not represent inverted
pigeonite) as small (0.1 mm) groundmass crystals andfor larger porphyroblasts.
The porphyroblasts appear to have an intermediate composition l:lﬁ“} as may

be seen from the results of microprobe analysss 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, {HEH to H;EEL The analysis
also shows that strong compositional similarities are present between the
analysed hypersthene frem the top of the olivine gabbro and that from the
contact zone, (see Table 26).

Augite

Augite is present in variable amounts in all specimens of the olivine gabbro. In
the lowermost parts of the contact zome it occurs both as tiny, (0.1 mm), ground=-
mass crystals and as larger porphyroblasts. Higher in the contact zone it

Cends to form poikiloblastic plates and in the average olivine-plagioclase-
cumulate these increase in size up to about 30 mm in dizmeter,

Exsolution is present in the form of thin crystallographically orientated
lamellae of pigeonite or, less commonly, as discontinuous platelets of ortho-
pyroxene, Abundant randomly distributed blebs of orthopyroxene aras present in

some augites and in places these form narrow trails meandering across the host
augite.
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TAELE 26
Electron Microprobe Analyses of & Orthopyroxenss from the Olivine Gabbro

Orthopyroxens
Analysis Mo, (1) (2) {3 (4)
Eﬂ}z 53,08 52,10 53,33 53,16
Cal 2,11 2,13 1,95 2,10
Med 25,66 23,82 25,04 24,46
Tii::l2 0,65 0,76 0,33 0,67
Fel 20,70 148,80 17,45 19,17
Al 203 0,89 1:29 0,B8 0,93
TOTAL 103,00 98,90 99, 14 100, &3
(1) Large orthopyroxene grain from lower part of the contact zone.
(2} Larjie orthopyroxené grain Erom middle of the contact zane,
(3 Large orchopyroxene grain from uwpper part of comteet zone.
(4 Orthopyroxene "plete' (inverted pigeonite) from wpper part of olivine
gabbro.
Cations per
6 oxygens  Ei 1,913 1,94 1,996 I, 948
ﬂ,ﬂ‘;‘.ﬂj - ﬂ.ﬂ.'i-?} 1,957 D,ﬂﬂﬁ} 2,000 ﬁ.ﬂ#ﬂ} 1,968
Al ﬂ,{lﬂﬂ} a.mnj 'D,H}DL'I} I}I,.t.'lli}"lilj
Mg 1,378)2,102 | 1,322,)2,015 1,371))2,002 1,3361)2,026
Ti B.EHH} 0.012} ﬂ.ﬂlﬁ} D,ﬂlﬂ}
Fe 0,624 0,586 0,539 0,588
L] ] fi & ]
Fa a0, 53 30,17 27,66 29,93
HE 65,59 65,61 68,49 66, 00
Ca 3,88 4,22 1,85 4,07
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Electron microprobe bulk analyses of seven representative augites from

the contact zone and the overlying olivine gabbro are listed in Table 27,
These analyses are shown plotted in the pyroxens 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 Sihlang la Stream section, are however
noticeably more diopeidic and Si-rich and poorer im Fe and Ti, than

the clinopyroxenes of the fine-grained linecated rocks at the basal contact
in the Sihlangula Stream section, and the analysed augite from the top

of the olivine gabbro.Ti-Al and 5i-Al relationships are illustrated 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 [rom the olivine gabbro, The Ca-tich pyroxene from

the uppermost part of the olivine gabbro however plots closer to the
clinopyroxenes of the contact cone than the augites from the lower-

middle parts of the olivine gabbro unit.

Pipgeonite

Pigeonite occurs in a form identical to that of augite in the olivine

. gabbro although it was not noted in tle contact zome. Exsolution in the

pigeonite consists of narrow augite lemellae orientated parallel to the
basal cleavage of the pigeonite itself.

Ore Mioerals

Several ore minerals occur in the olivine gabbro including

magnetite, ilmenite, pyrite, chalcopyrite, bornite, neodigenite and
covellite.

Sarples collected from the lowermost part of the zome contain chalcopyrite
a8 tiny granules less than | mm in diameter and irregular patches of
pyrite and magnetite up to 3 mm across. For the most part these minerals



TABLE 27

Electron Microprobe Analyses of Clinopyroxens from the Olivine Cabbro

CLinopy¥Toxens
Analysie no. (1) (2} {3} (4) (3) (6) {7
Siﬂz 50,55 51,25 50,78 50,77 51,67 52,77 51,16
Cal 18,87 13,70 19,03 18,81 19,62 19,54 18,80
Mg0 15,75 16,16 15,91 15,49 16,29 16,54 15,69
Ti0, 1,19 1,05 1,26 1,25 0,67 0,72 0,93
Fel LH 4% 11,16 11,0 g, LI B,&0 10,33
s 100, 28 10000, & Ch 100,59 &5 ,.67 94,84 100,53 99,12
Fa 19,32 18,566 18,25 18,62 14,27 14,46 17,63
En 53,35 &4, 40 43,67 53,45 55,96 46, 38 i, 15
Ca 37,33 36,94 17,59 17,92 39,78 39,15 18,23
Caticns per
6 oxygens 54| 1,889 1,911 1,889 I, 500 1,931 1,938 1,922

atlojoa? 10998 (a'ae0) 1,098 7100 2,000 |0 1an) 2,000 | thegd 2,000 | aep) 2,000 |0 aog) 2,000

ALl 0,000, 0,000, 0,001, 0,017, 0,027, 0,034, 0,015

Ca ﬂ,?ﬁﬁj ﬂ,?ﬂﬁ} ﬂ.?jﬂ} ﬂ,?ﬁij B,?Eﬁ} D.TEE: 0,761

Mg 0,8781)2,026 |0,696,)2,009 10,082))2,021 |0,064))2,006 |0,907))2,002 |(0,310)}1,996 |0,879

Ti| 0,034¢ 0,030 0,035, 0,035y 0,019 0,020y 0,026

Fe| 0,358 0,347 0, Jih e 0,335 0,263 0,264 0,325

0 6 6 I 6 & 5 & | -

Pyroxenes {1} and (2} lower part of finme-grainsd linmeaced contack rocks.

Pyroxenes (3) and (&) Middle part of fine-grained lineated contact rochs.
Lower part of elivine pabbro
Lower-middle olivine gabbro

Upper olivine gabbro

(5)
(&)
(73

Pyroxene
Pyrozens

Pyroxens

e

= gEl =
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oecur interstitially although in places small amounts of chalco=
pyrite occur together with magnetite along alteration cracks in
olivine.

Slightly higher in the zone, composit: grains of bornite, digenite,
covellite and chalcopyrite are preseni. These composite copper
sulphide granules are gemerally of the order of 0.2 mm in dismeter,
but may reach | cm exceptiomally. Iu addition to the copper sulphides,
magnetite and pyrite are also present in minor amounts; magnetite
in the form of both euhedral crystals and irregular interstitial
patches, and pyrite, aa irregular patches only. The magnatite 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, elom-
gated, subhedral crystals.

Unit 2 = The clinopyroxene-plagioclase-cumulate ( Igneously
lLaminated Gabbro)

Distribution and Lithology

Overlying unit 1,{the olivine gabbre), is the much

thicker elinopyroxene-plagioclase-cumulate, s dark grey, holeerystal="
line, medium to fine-grained, phaneric, gabbroic rock. In plan

the unit has a fairly constant east-vest width of around 500 m and
crops out over & north-south distance of 11,5 km (sea geological
map). The upper part of the unit is deeply weathered, but the Llower
part is apparently more resistant to weathering and frash specimens
are available from ouccrops 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 wnit is 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 occcurs. 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, was noted in recent excavations by Dr. A. Duncan
of the University of Cape Town, (personal communication), and it
thus appears possible that this rock type iz a later intrusive

phase,

The clinoyroxene-plagioclase-cumulate shows a fairly distinet
igneous lamination which results from the preferred orientation
of small platy feldspar and pyroxene crystals. In addition weak
thythmic layering, is present in a few specimens from this unit,
and may be visible in the form of faint bands on the weathared
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-
gloclase=cumulate unit,(see Flate 10, p 141 ). The layers in these
boulders usually have a thickness of from 10 to 25 cm and in most,
a gravity stratification (Buddington, 1936), is developed with a
gradation from a lower, melanocratic, ferromagnesian-rich layer
to an upper, leucocratic, plagioclase-tr-ch layer.

Estimates of the thickness of this vnit 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
Eact that the transition from the pyroxene-plagioclase—cumulate to
the overlying granephyric gabbro, is not exposed. If this transi-
tional zome, 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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FLATE 10

1. Clinopyroxene-plagioclase cumulate, Komatipoort Intrusion, =rhytlmic
layering developed in a boulder of clinopyroxene-plagioclase cumulate,
(diameter of coin spproximately 27,5 mm).

2. Granophyric Gabbro, Komatipoort Intrusion, (Granophyric Gabbro).

Typical picted appearance of weathered outcrop of Granophyric Gabbro,
cut by fine-grained vein of Granophyre.
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Petrography

The contact between Unit | and Unit 2

Samples collected from the sparse outcrops of the contact between
the olivine gabbro and the clinopyroxene-plagiocclase-cumulate in
the Ngweti River cross-section, have a texture in many ways inter-
mediate between that of these two ruck 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 graiued, 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 in lenmgth from around 0,04 mm to about 4 mm, with

some of the largest crystals showing couplex soning similar to

that noted in the plagioclase of the olivine gabbro. Pigeonite

and sugite range in size from small rounded grains (diameter 0,2 mm)
through prismatic erystals 2-3 mm in lemgth, to large platey crystals
around 5 mm in diameter, reminiscent of the platey augites presant
in the olivine gabbro. Textural relationships vary widely. Smaller
plagioclase crystals, show stroug normal zoning and may have as
inclusions irregular embayed remnants of plagioclase crystals or
less commonly small rounded grains of clinopyroxene. Conversely the
clinopyroxene, frequently ophitically or sub—-ophitically encloses ;
plagioclase crystals. The extensive pyroxene plates usually enclose
both large and small plagloclase crystals, but in addition contain
widely scattered corroded remnants of what appear to have been for-
mer extensive plates of clinopyroxene. These pyroxene remnants rre
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 Mg-rich cliropyroxene are often present
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within these prismatic cryntals., Less conmonly the core is composed
of pigeonite and the mantle of augite or vice versa. In addition
to the cores however, randomly oriemtated, irregular grains of
clinopyroxens may also be included in the outer mantle of the pris-
matic crystals,

Minor mireral constituents include olivine, gquartz, ore minerals,
amphibole and biotite. The olivine cccurs either as small rounded
to evhedral grains 0,3 to 0,5 mm in diameter or as extensive grains
several millimeters in diameter. Patches of magnetite and ilmenite
up te 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. Quartsz,
graphically intergrowm with feldspar or associated with needle-
like quartz paramorphs 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 grained. With a decrcase in the amount of
platey pyroxene, oscillatory zoned plagioclase crystals, large oli-
vine grains, and subophitic clinopyroxtnes and a corresponding in-
crease in the quantity of prismatie to tabular pyroxene and plaglo- -
clase erystals without oscillatory zoming, these rocks grade inte
the typical clinopyroxene-plagioclase-cumulate.

The clinopyroxene-plagioclase-cumulate

The clinopyroxene-plagioclase-cumulate consists predominantly of
tabular to prismatic plagioclase and elinopyroxene crystals with
variable amounts of olivine and lesser quantities of ore minerals
and interstitial material. Orthopyroxene is almost completely
absent. In generzl, plagicclase and clinopyroxene contents show
little systematic variation in the lower half of the umit, however
the olivine content decreases steadily from around 5% at the base



- 1hk =

of the unit, to zoro near the middle. At this point fayalitic olivine

appears abruptly in significant amounts, (around 20T), as large
irregular crystals partly enclosing the other silicates. Subsequantly
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 Place 11, fig 2).

Excluding the rhythmic units, (discussed later) overall variations
in mineral proportions are as follows:-

Plagioclase varies from 55X to 657, clinopyroxene from 22I to 30X
and olivine from 0Z to 20%, although in the lower half of the umit
the olivine content is usually less than 5I. In the uppermost part
of unit 2 interstirial micropegmatite comtent reaches BX.

Igneous Laminationm

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 crystals which characterise these
rocks, The feldspars appear to be orientated with their long

axes approximately parallel to the plee of the layering. To
investigate this, the orientations of the normals to the albite
twin lamellae, (i.e. 010 face poles), which are imvariably
present, were measured in two hundred plagioclase crystals in a
section cut normal to the "e" fabric axis. A petrofabric diagram
(fig 18, p 146 ), was prepared after the method of Fairbain (1942)
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

Olivine Cabbro, Komatipoort Intrusiomn, (Olivine) - Dendritic olivine
and sbundant second generation plagioclase crystals, set in an exten-
sive plate of intercumulus clinopyroxene. (Transmitted light, crossed
nicols, X96).

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 clinopyroxens also has a tabular form

and a preferred orientation of these crystals is suggested in

hand specimens. A variation of the elongation ratic of the pyro-
xene from almdst 1,5:1 in sections cut parallel to the plana of

the lamination to about 3:] in sections ~ut perpendicular to the
plane of the lamination, makes this preisrred orientation more
obvious in thin section, A petrofabric diagram was prepared for

the clinopyroxene (fig 19, p 146), and this shows the distributien
of 200 normals 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 symmetry typical of a crystal cumu-
late is present. It was noticed that, in sections cut parallel to
the plane of the igneous lamination, im spite of the preferred
orientation indicated by the petrofabric diagram, occasional large
crystals showed vhat 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 s 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 and again in the centre of the diagram. The X and Z
directions likewige show two aress of concentration, the one along
the perimeter of the diagram and the other at around 45° from the
centre of the diagram. Identical results wsere obtained for 200 X,¥
and Z directions in & section cut normal to the plane of the lamination.

Bince 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 crystal forms; in the one type a large face is
developed parallel to (100) snd in the other, parallel to (010);

ic is on these large faces that the crystals have settled. The forms

are present im about equal propertioms and are composed of both
augite and pigeonite.
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(a) Bhythmic Layering

Rhythmic layars present in the clinopyroxene-plagioclase cumu=
late commonly display more or less well-developed gravity strati-
fication resulting from a comcentration of pyroxene and ore
minerals in the base of each unit. This melanocratic base grades
rapidly upwards into a leucocratic upper portiom that, in turm, is
abruptly succeeded by the pyroxenc-rich base of the following unit.
The thythmic layers are not thick, ranging from around 10 cm up to

about 40 em.

Mineralogical variations in a single 20 ecm 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 comstituents across this layer are
shown in Table 28, p 149, and again graphiecally 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 antipathetic variation between plagio-
clase plus interstitial micropegmatite on the one hand, and pyroxene
plus ore of the other. The ratio of plagioclase to pyroxene changes
from around 1:2 at the base of the unit to 6:] at the top. Mo
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 te the value for

pyroxene, the regular upward decrease in pyroxene content is not
affected.



TABLE 1B
Varlatlons in Modal Proportions and Graim-size in a Gravity-Stratified Rhyth=ic Umit

Posltion of amapla Flagioclasa Pyroxene Interstitial Dpaque ore Actinolive
micropegmatite
"Radius Volime *Radius Volume Volume Volmme Volume
mm I mm z X | I
Base of overlying 33.7 51.2 3.1 B.& 3.4 .
rhythaic unit 4
-
Top i
0 em 0.77 To.8 0.32 1Z2-3 6.7 5.0 6.0
15 em 0.62 &0.8 0.40 1.5 5.9 &.5 7.3
10 e=m 0.73 52.3 0.45 a7 L.6 5.0 6.4
J om .79 &0.5 0.50 6.1 1.8 Tl 6.3
0 em 0.7T1 9.3 .49 33.5 1.2 10.7 Ssd
Bawe
Top of vnderlying
rhytimic unit 65.5 0.2 4.0 6.3 4.0

®Grain slse expressed as radius of a sphere equal in wolume to average for 300 crystals at each level.
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In contrast to the pyroxene and plagioclase crystals of the ig-
neously lmminated rocks, those present in the rhythmically layered
uwnit 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 ovientation, (particularly at the base of the unit), in one
direction within the plane of the layering.

Grain size measurements were made on' the plagleclase 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
pyroxena crystal to be calculated for each selected level within

the rhythmic wunit. For comparative purposes these have baen re-
calculated as radii of spheres of equal volume. 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 tha 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 increase .
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 demsity 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 play a part in the development

of rhythmie layering.Campbell,(1978),discussed certain problems with
cumulus theory and has suggested the possibility that rhythmie units
could originate by a process of bottom crystallisation.



The size distribution of the plagioclase crystals was therefore
examined in more detail, at least | Q00 crystals being measured

at each of the selected levels within the rhytlmically 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 crystale at each level, as the previous measurements have
ghown no advantage in recalculation to the radius of sphere of
equal wolume.

TABLE 19

Mean length and dispersion calculated for a minimwm of 500 plagio=
clase crystals per sample, for 5 samples taken at different levels
within & chythmieally layered umit.

Sample Semple no. Hean Measure of
Position Length (mm) dispersion
Top I 2,44 2,00

2 2,21 2,54

3 1,87 2,14

b 1,73 1,65
Base 5 2,10 2,70

2 = 2

(Measure of dispersion = (x, - i]l = xi=(X)

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 maximum in size and dispersion is reached
in the lowest part of the unit, but immediately above this point,
mean length and the other parsmeter, (the measure of dispersion),
drop to a minimum, and then increase upwards through the umit meil
just below the top. In the highest sample in the umit, mean length
reaches a maximum, but dispersion decreases slightly to a value just
below those of the sample occurring in the middle of the wmit.

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 (Irvime, 1963, 1965) and by Roobol himself
from the Vesturhorn intrusion in Iceland. Roobol indicated however,
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 thinmer 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 in accord with the settling of a population of erystals with .

a range of grain sizes from & thin density current moving by laminar
flow.

This proposal does not appear to be adequate to explain the plagioclase
grain size distribution. Confirmation of this is provided by grain
size analyses of water-laid sedimentary graded bedding produced both

by a waning current and turbidity curreat. Depositioan of sediments

by a waning current tends to produce graded bedding in which grain
size decreases upwards and dispersion remains relatively comstant,

on the other hand density currents produce graded bedding in which
grain size and dispersion decrease upwards, (Pettijohn, 1957).
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The plagioclase 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 observed plagioclase grain-size distribution in terms of the
steady addition of large plagioclase crystals omly 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 wiew 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 is 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 marked orientation of the settled crystals in two planes.

An alternative explanation is that continued crystallisation of the
more slowly settling plagioclase accompanied by a nucleation of new
plagloclasa 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 whieh plagloclase crystals reached the
floor of the intrusion first are likely to be, settling velocity
which may be equated with erystal 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 intrusion when crystal
settling commenced.
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In the lowest part of the cimulate layer the largest, most rapidly
sattling plagioclases could therefore be expected to aceumulate 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 population
suspended in the magma, if the crystals were randomly distributed
throughout the magma, If the erystal-charged magma from which the
erystals were settling out was a layer of limited thickness, and in
addition,if crystal growth was either abseat or slow in relation to
the erystal setrling, depletion of the magma in large repidly settling
crystals would eventually occur. Thus the upward decrease in the mean
gize of the plagioclase crystals present in the lowest part of the
.cumulate unit, may result simply from an impoverishment of the magma
in large rapidly settling plagioclase crystals. To account for the
subsequent gradual 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 im
suspension, or to an increase in the rate of erystallisation of the
plapioclase as a result of perhaps a gradual decrease in the tempera-
ture of the magma, the rate of crystallisation of the plagioclase
becomes significant in relation te the rate of settling of the plagio-
clase crystals. The increase in dispersion which accompanies the in-
erease 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 size than the smallar crystals, or

(b} that plagioclase crystals were still
nucleating,homogenecusly or heterogensously.

In the highest part of the unit grain size dispersion decreases and

it is possible therefore that both crystal growth and nueleation con—
tinued until the final stages of formation of the cumulate was reached,
resulting in 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 large grain size and smaller dispersion of
the uppermost part of the cumulate layer.

Thus it s 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, po-
ssibly a magmatic density current. Conditions in this magma layer were
such that grain size distribution of pyroxene crystals were influenced
predominantly by settling rates. Plagioclase grain size distributien
may on the other hand be explained, if both nucleation of new plagio-
clase crystals and growth of existing plagioclase crystals occurred
during the formation of the gravity-stratified cumulate layer.

Mineralogy
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 [lnss].
while the mantle is on average of a slightly more basic composition
I:.&nﬁnl, i.e. it is a reversed zone. The cores show irregular corroded
outlines, and they are unzoned. When considered by themselves it may
be seen that both the mantles and the rims display nornal zoming.
Some of the crystals have a mantle that is not a reversed zoos 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 erystal. Inm
the upper third of the clinopyroxene-plagioclase cumulate,crystals
showing oscillatery-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 the plagioclase. Towards the top
of the unit these included erystals are less common. The large first
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generation phicnocrysts 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 erystals were occasionally cbserved near the lower contact
of the unit,

The plagioclase crystals have in places suffered mild deformation,
evidenced by the development of some cracks, less commonly moTe
severely deformed crystals were noted.

Pyrowens

Augite and pigeonite, the pyroxene commonly present in the clinmo-
pyroxene-plagioclase cumulate, occur as small tabular crystals in
the lower part of the unit. These tabular crystals are not always
homogeneous, ond often comsist of cores of 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 in the
some specimen. In addition, augite erystals mantled by augite with

a slightly 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.
Occasional bent crystals were noted although other deformational
effects were limited to a little irregular cracking in some crystals.
In the upper parts of the mnit, the pyroxene shows alteration along
crystal margins to a fibrous, strongly pleochroic (green to yellow)
hornmblende or to deep yellowish browm iddingsite. In places in the
upper part of the wmit incerstitial micropegmatite has reacted with
the pyroxene reducing it to a few embayed remmants, frequently
darkenad to a brownish colour at the edges and bordered by a few

granules of iron ore.



Results of Slectron Microprobe analysis of 8 Ca=rich pyrozenes and ome Cs—poor pyroxene from the Clinopyrozene-

Flagioclsse Comulare, Eomatipoort Intrusion.

.
Ehmﬂh‘““' D 44 (1) D45 (2) D4 (1) D6 (2} DAT (1) DA&T(D D 47 (3) DAT &) DAS ()
Fo. 1 1 3 & 3 & T [:] 9
51ﬂ= 51,0 31,00 51,19 31,25 O, 54 51,16 =1 50,71 52,02
CaD 16,61 15,9 16,80 17,20 18,30 16,70 17,69 16,93 &, 48
Mgl 14,17 I 0l 14,83 15,75 16,14 14,85 16,34 14,73 19,3)
Ti0, 0,87 0,99 0,91 0,75 0,79 0,94 0,77 0,97 0,60
Feld 15,10 15,52 15,63 13,40 12,56 15,08 12,65 15,82 23,56
ALD, 1,73 1.1 1,84 1,73 2,03 1,70 2,02 1,67 1,03
o 59,48 T, 27 Tor, 10 TO1 .08 101,16 100,43 100, 63 100,08 701,00
* Analyses 2 & 9 represent cosxisting pyroxencs
Cacdions per aix O
Bi 1,938 1, B4k 1,918 1,937 1,910 1,925 1,907 1,912 1,950
Al 00620 24000 5”geg) 2,000 o'aa)) 1,991 o'pce) 2,000 o'nag) 14999 g'ng,) 2,000 o'nggd 1,99 olage) 1,986 gipug) 1,996
AL 0,015, 0,022, 0,000, 0,013, 0,00 0,002, 0,000, 0,000, 0,000,
Ca 0, 5“1 ﬂ.“i} H.Hl} 0, EH} a, ??-7: 'Upﬁ”l:, EI'.?‘I:I?'I.l 'U.Hi= 0,1 T'l}
Hg u.lﬂ:}}l.m ﬂ-?“}}hil‘l ﬂ.l“jﬂl.ﬂll B,“I;.:II,WS '.'I,H-!I]'_li.ﬂlﬁ ﬂ.!ﬂ:}hﬂlﬂ' 'U'J':II}H.EISI ﬂ,l!!l-l'.l'l.ﬂ'ﬂ ﬂ.ﬂlﬂ:}l.ml
Fe 0.4 0,494 0,4 0,416 0,386 0,475 0,395 0,499 0,73
a & s & b -1 1 b & L
Fs 25,45 26,47 29, % 21,93 20,14 24,97 20,49 25,03 37,52
En 40,46 0,57 L1, 04 £3,74 &4, 00 4] ,49 Gh 72 40,62 53,60
Ca N, 32,95 33,42 34,33 35,85 33,54 34,00 33,56 8,88
Anplysis | Auglite mantls = Llower part of the clincpyroxens—plagioclase cunulate.
Analysis 2 Auglee mamtle = lowsr part of the climopyroxens-plagloclase commlars.
Analysis 3 Augite mantle - middls part of the clisopyromwene-plagioclase cumulate.
Analysis & Augite cors ~— wmiddle part of the clisopyrowsse—plagicoclass cumnlsts,
Analysis 5 Augite core = upper-middle part of the climopyromens—plazioclase cumulate.
Analysis & Augite mantle - upper-middle part of the clinopyromene-plagioclase cumulate.
Analysis 7 Acgite core = upper-middle part of the climopyromene-plagioclass cumulate.
Analysis B Augite mantle = upper-=middle part of the climopyromans—plagioclass cumuilate.
Analysis 8 Pigeonite = lowar part of the clinopyroxese-plagioclase cusulate -

comists with anglce of Analysis 2.

- 851 -
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Electron microprobe analyses of eight Ca-rich pyroxenes from various
levels in the unit, togother with a single pigeonite analysis are
shown in Table 30, Thewe compositions bave been plotted in the
pyrozene quadrilateral in fig 15. It is apparent thar inter-grain
compositional variation fs of the same nrder as inter—-grain
variation and that the compoesition of the Ca=rich pyroxene does nnl.'
appear to change vertically through the unit. Noticeable composi-
tional differences are present between the cores and the margins of
the Ca-rich pyroxenc crystals, the cores being distinctly more En
rich than the mantles of these erystals. Al = Ti and Al = 8i rela=-
tions are shown in figsl6,17.In general it may be said that the
mantle gugite is enriched in Ti and 5i 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 avgite is however of the same order

a8 the other core augites, (see Table 30 ),

Olivine

In the western contact rocks of wnit 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 compositioa of around Foggr and these
are interpreted as xenocrysts from the olivine gabbro. Electronm
microprobe analyses indicate the small olivines, in contrast, are
fayalitic in cowpcsition,(see Tsble 25, p12B). Over much of wnit 2
olivine is absent, but where it reappears in the upper part of the
unit, as extemsive crystals partially enclosing plagioclase and

pyroxens, it is more fayalitic than the rounded Brains in the contact
rocks, (see Table 25, p 128).

Ore Minerals

Hagnetite and ilmenite are the most abundant ore minerals present in
the clinopyroxene-plagioclase cumulate, although minor amounts of
pyrite, chalcopyrite, pyrrhotite and pentlandite were also noted.
Both magnetite gnd ilmenite ocour as irregular interstitial grains

up to I mm in length, although magnetite,in the upper part of the
unit also occurs as evhedral graing,
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Unit 3 - The Granophyric Cabbro
Distribution and Lithology

The only location at which good exposures of the granophyric gabbro
are available i{s in the Komati River bed, where in the last west-
ward looping mesnder before the junction with the Crocodile River,
the Komati River twice cuts across the Komatipoort Intrusion, (see
geological map). In the most nnrr.hltigr 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
gone is based, were, therefore, collected from these sections.

The exact position of the contact batween 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, is defined in the field by the most easterly exposures of the
rocks of unic 3, in a strongly outcropping band of granophyric
gabbro.

When fresh, the Granophyric Cabbro is a medium to coarse groined

‘wock, 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 pyrowene give polished hand specimenn of some
specimens of these rocks a glomercporphyritic appearance. Preferen-
tial weathering of the crystal aggregates gives outcrops a pitted
appearance, (sec Plate 10, p 141 ),
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As the conmtact between the granophyric gabbro and the granophyre

is approached the grain size of the gramophyric gabbre decreases
rapidly over a horizontal distance of about 15 m, and at the con-
tact, the gramophyric gabbro is dark, fine grained, and speckled
with sma'i 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 xenolithic
blocks of 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 25° for this unit, (to correspond with that sug-
gested for unit 2), these rocks probably reach a thickness of the
order of 225 m 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 due to an increase in the average size of the plagioclase
erystals and in the amount of interstitial micropegmatite present,
{about 25% at the base of the unit). This produces a more ccarsely
textured rock with an almest porphyritic appearance in places, but
without trace of rhythmic layering or igneous lamination.

The principle constituents of the rock are plagioclase, clinopyroxene,
(augite and pigeonice), and micropegmatite. Modal proportions of the
major minerals fluctuate widely on a local scale, but in additiom
there appears to be an enrichment in interstitial micropegmatite
upuards through the unit. The range of variations of the modal pro-
portions on the scale of a thin section are as follows. Plagioclase
content varies from 30% to 45%, pyroxene concentration ranges from

BI to 181 and the micropegmatite content, varying inversely with the
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plagioclase and pyroxene content varies from 561 to 251.

Other constituents include iron ore (up to 5I), slender needles
of apatite that occur in miner amounts but are distinctly more
abundant than in the uvnderlying rock, and rarely, minute, inter-
stitial, euhedral zircoms. Altered mafics always constitute a
considerable proportion of the rock, ranging from 3 I to 10Z,
(see Flate 12, p 163).

The upper 30 meters of the zone is deeply weathered, but thin
sections of the few available specimens indicate that it is distin-
guished by the appearance of small evhedral 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-
elosing plagioclase laths up to 15 mm in length. Less commonly the
pyroxene forms smaller granules and the texture becomes sub—ophitie
to intersticial although neither of these textures persists over
more than a few cm, as large amounts of irregularly distributed,
fine-graired micropegmatite containing large grains of free quarts
in places occur in the rock. These textures are, however, well
developed in places where a2 minimum of the micropegmatitic material
is present, and the rock in thin section thea resembles normal gabbro
containing 5I to 10I intersticial micropegmatite.

Where the micropegmatite content of the rock increases, its texture

is porphyritic to glomeroporphyritic, and here the plagiocclases,
usually bordered by ragged remnants of brown to greenish pyroxene

crystals, or forming small aggregates sub-ophitically enclosed by
assoclated pyroxenes, occur in a matrix of micropegmatite. The

plagioclases are often clouded and may be partly replaced by the
alkali-feldspar of the micropegmarite matrix. Pyroxenes of these



FLATE 12

|. Granophyric Gabbro, Komatipoort Intrusion. Elongated plagioclase lath
and corroded clinopyroxene crystals (dark grey) in matrix of micropeg-
matite and ore minerals, (black). (Transmitted light, crossed nicols, X06

2.  Granophyre, Komatipoort Intrusion, dark, partly corroded plagioclase

crystals set in s matrix of coarse-grained micropegmatite. (Transmitted
light, crossed nicols, X96). '
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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 scme

differentiated tholeiite sheets.

A distinstive feature of the pyroxenes of unit 3, is that they are
somet imes _bent, as evidenced by the (110) cleavage traces, (see

gection 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 tonpues of micropegmatite projecting
into the plagioclase were noted and the margins of the crystals
frequeatly show a brownish-pink elouding., Strong normal zoning from
core :bnﬁn} to margin ( :Anﬁaj is common, altheugh 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 more exceptionslly bending.
There is zome sugpestion that these deformed crystals increase in
abundance towards the upper contact of the granophyrie gabbro with

the granophyre.
Fyroxene

The pyroxene present in the granophyric gabbre has two distinct

modes of occcurrence.
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(1) Pale brown crystals (up to 10 mm in diameter) occur associated
with the plagioclase crystals in aggregates several cms across.
Textures range from ophitic to intergranular and the pyroxens
shows no sign resorbtion or alteration. The bulk of this pyroxene
{s a Ca-rich variety, however, pigeonite may form the cores
to sume of these crystals, Exceptionally more complex crystals
showing four zones of altermating pigeonite and Ca-rich pyro-
xene were noted.

(2) In micropegmatite rieh parts of the rock the Ca-rich pyroxene
forms irregular grains several millimeters long and small
corroded fragments scattered through the micropegmatite, In
places it occurs graphically or dendritically intergrowm with
the margins of plagioclase crystals, Less commonly the pyroxens

occurs in fan-shaped groups with a single augite crystal splitting

into several curved radiating sub-units., These Ca-rich pyroxenes
show strong compositional zoning from brown cores to green Fe-
rich margins. The margins of these crystals are invariasbly
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
greeni sh brown Ca-rich pyroxene occur set in matrix of micropeg-

matite.

Electron microprobe analyses of 13 Ca-rich clinopyroxenes and one
Ca~poor clinopyroxene are listed im Table 31 . The Ca-rich clino-
pyroxenes may, in general, be termed ferro-augite as their compo-
sitions range from approximately En,, to En,.. The most magnesian
of these ferro-augites (analyses | and 13, Table 31 ) form part of

'gabbroic' textured clusters of plagioclase and pyroxens 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 clinvpyroxene-plagioclase cumulate in the pyroxene



-
[ ]

Eamples 1=

.

INDEX TO TANLE

Core of large pale brown Ca~rich pyroxens crystal from 'gabbroic’
textured plagloclase-pyroxene aggregate - (lover granophyric gabbro).
Core of large brown Ca=rich pyroxene crystal associated with [nter-
stitial micropegmatite - (name sample an analysis 1).

{ 3. Brown Ca-rich pyroxene mantling pigeonite set in micropepmatite

Sample 2= ( matrix = (lewer granophyric gabbro) - the pigeomite compositiem
( is Llisted under smalynin 13,
R. Brown Ca-rich pyroxens sel in micropegamatite matrix -{niddle
{ granophyric gabbro).
Sample 3 : %. Byowm Ca-vich pyroxens set in micropegmatite matrix - (same sample
as analysis &4).
( #. Greem Ca~rich pyromens rimming brown pyroxens - sat in wicropegma-
( cite matrix (same samples as & and 5},
&L Brown Ca-rich pyroxens - sef in micropegmatite matrix - (upper part
¢ of granophyric gabbro).
( 8. Green Ca-rich pyroxena - set in micropegmatite matrix - (samo sample
( a5 analysia 7).
( 9. Creen Ca=vich pyromene = set In micropegmatite matrix - (same smmple
Bample &- ( a8 analyses 7 and B).
:Ill. Crean Ca=vich pyroxena = set in micropapmatite watrix - (sama sample
¢ as analyses 7 -9 ).
f."' Creen Ca-vrich pyromens = set in micropegmatite matrix - (same sampla
( as-analyses 7 - 10).
('3, CGreen Ca-vich pyroxene - set in micropegmatite matrix - (same sample

as smalyses 7 = 11).

——— ,_-l!-. ~Core of large brown Ca-Tich pyroxene crystal from 'gabbroic’

textured plagioclase-pyrouens agpregate (upper granophyrlc gabbrao).

h“ :_ { t‘-l
L

Pale brown Ca-poor pyrezece (pigeomits) - mantled by fa ta
{composition of [erro-sugite mantle listed under amalvsis 3).




TANLE 31

Results of cha slectron microprobs analyses of |4 pyrowsnas Erom the granophyric gabbro, Komatipoort Imtrusion.

Pyrowens Analysis Mo: [ 2 3 I 5 [ 7
sio, 30,24 &%,00 8,83 50,22 49,85 49,74 49,43
Cal 15,28 17,07 17,90 17,38 18,08 19,45 18,24
Hg0 1,9 8,13 6,79 7.77 7,54 3,45 746
Tio, 1,00 0,85 0,53 0,86 0,9 0,25 0,9
Fed 20,38 26,60 22,71 25,26 25,15 27,68 24,47
AL, 1,68 1,19 0,52 1,06 1,21 0,64 1,39
Sum 100,55 100,96 97,68 102,66 102,78 101,14 101,87
ra M, 24 45,35 39,52 i1,89 40,54 47,29 40,88
n M,28 18,40 20,75 22,19 23,38 10,45 21,44
Ca 31,48 36,25 9.3 15,82 35,08 &, 73 37,68
Cations per § oxygems:

o 14930, 5 000 | *%%) 2,000 ["*9%5) 2,000 |"*™%) 1,908 | "+9Y) 1,006 | 1+78% 2. 000 | '*%T) 1m0
Al 0,070 0,055 0,025 0,053 0,055 0,011 0,064

Al 0,006, 0,000, 0,014, u,nm, 0,000, ﬁ.nn, 0,000,

Ca n.iﬂ} n.:u] ﬂ.?ﬂ.‘ l.'.',no] u.‘lﬂ} u.m} HJH}

Hg 0,685,)2,004 | 0,369,)2,003 |0,409,)1,386 ll,ill-‘li.ﬂ'lll n.an}!t.mi 0,206,)1,990 IJ.I-JI}H.IJIH
T ﬂ,ﬂ.ﬂ] l'.\,l:liﬁll ﬂ.m!} 0,025 ﬂ.lﬂl} u.m} ﬂfﬂH}

Fa 0,855 0,BE3 0,768 a,817 0,815 0,924 0,798

- ‘_‘L-—-



TABLE 31

{eont laued)

Results of the electron mieroprobe snalyses of 14 pyroxenes from the granophyric gabbro, Romatipoort Intrusion.

Pycoxens Analysis not B 9 10 11 12 13 Ié
ELDI 48,39 48,35 48,11 449,00 49,19 58,87 50,40
Cal 1E;73 19,26 19,08 19, 14 19,30 3,83 15,10
HgO 340 by i 5 4,39 b, 33 4,26 13,92 10,73
Iﬂﬂz 2,27 0,24 0,26 0, 26 0,13 0,46 0,91
Fel 26,01 28,14 27,8 28,23 26,19 28,07 23,55
Al,0, 0,59 0,52 0,62 0,55 0,49 0,49 1,28
Sum 09, 55 101,98 10,08 101, 5] 99,62 o7, 64 101,97
Fa £3,85 " 44,51 &6, 22 b, B9 44,932 56,88 38,78
En 16,07 13,01 13,03 12,71 12,04 &0 .83 30,63
La 40,08 A0, 48 4, T 40,40 42,14 12,29 30,79
Catiens per 6 oxygenst

i ].9&3] 1,991 1,95ﬁ} 1,081 I.E&ﬁ} 1,986 ].Eﬁ]} 1,987 I,EBH} 2,000 I.ESE} 1,981 1,.'5!35-:I 1,993
Al 0,028 0,025 0,030 0,026 0,012 0,023 0,058

Al D.DUDI ﬂ,ﬂﬂﬂ} D,DDG} n,unn} ﬂ.ﬂil} D,ﬂﬂﬂj G.Dﬂﬂj

Ca 0,811, 0,821, 0,830, 0,821, 0,836, 0,250, 0,621,

kg u,a:shkz,uza 0,264,12,029 | 0,266,)2,057 | 0,258,)2,032 | 0,257,)1,995 | 0,831,)1,986 | 0,614,12,017
Ti 0, 008, 0,007, 0,008, 0,008, 0,008, 0,014, 0,026,

Fa 0,879 0,937 0,933 0,945 0,885 0,941 0,756
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quadrilateral, (see fig 15 ). 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 in association with interstitial micropeg-
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 | and 2, Table 31 ).

In addition, the compositions of the ferro-augites associated with
the micropegmatite commonly show a relatively large compositional

range from brown-coloured cores to green margins, (cowpare analyses
5 and 6, Table 31 ).

Ti-Al and Al1-5i relationships of the Ca-rich pyroxenes are showm
in figs 16 and 17 . Again the pyroxene trepresented by analysis |
plots adjacent to the pyroxenes of the clinopyroxene-plagioclase
cumulate. The rest of the ferro-augites show a range of values with
Ti and Al decreasing with increasing 5i, over a wide range of 5i

values.

The Ca-poor pyroxene analysis has a relatively high Ca content. This
may reflect the presence of undetected exsolved Ca-rich pyroxene
lamellae. The caleculation of Mg:Fe distribution coefficients sugpests
that the pigeonite is likely to be in equilibrium with the Ca-rich
pyroxene repregsented by analysis 1 rather than that of analysis 3,

the ferro-augite mantling the pigeonite. Values obtained were as

follows:

Pyroxenes 3 and 13 ED(Hg'Fe} = 1,675
Pyroxenes | and 13 KD(HE'FEJ = 0,87

Kretz (1963) has shown that for igneous pyroxenes this value lies
between 0,65 and 0,86.
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1 Deformation of the Pyroxene
(i) Bending

Curved crystals of two distinct ordgins are present in the Gramo—
phyric Gabbro; one due to curvature developed during growth of the
crystal, the other to mechanical deformation as a result of stress.
The [irst 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 {eature may be summarised as follows:

| The bent crystals freguently show other deformational effects such
as undulose extinction and cracking.

2 The pyroxene crystals show other deformational effect, such as
vndulose extinction, cracking or what is probably twin gliding.

3 Hany 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 cn 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°C and at S5 kb
diopside shows two methods of gliding.

(i) Translation with T = (100) and t = [001]

(ii) Twinning with T = (001) and £ = [100]

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 confirmmed these results, producing
bent diopside crystals in laboratory experiments he conducted on the
effects of stress on pyroxene-bearing silicate rocks at a hydrostatic
pressure of 5 kb and temperatures ranging from 257 to ﬂﬂﬂﬂ 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 [!Uﬂ] in the negative
pense, and translation gliding on (100) along [ﬂﬂl] as recorded by 1
Griggs, Turner and Heard (1960).

The bent pyroxenes in the granophyric gabbre (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 polygonisation. 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).
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Further, not only does the size of the sub-units vary with the de-
gree of curvature of crystals, as may be seen by comparing figs. 22 ,
23 , and 24 , (p 173 )}, but the size of the sub-units decreases

and their mummbers increase towards the inside of the curve, where
deformation is at its greatest, Since erperimental work failed to
produce the 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, accerding to Turner and Verhoogen (1960) is " ...

a process wherby a single strained grain becomes divided into several,
homogeneous, strain-free sub-grains of slightly different orisntation.
This is believed to involve migration of dislocations (developed
during bending) from an initial random distribution 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 (1365), in both galena and kyanite.
In the latter, the sub-units are usually wedge-shaped, displaying
regular boundaries, the blocks having an angular relationship to each :
other which may be expressed as:

\ e
r'= 2 are sin I

where h = distance between dislocations and

T = angle batween 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 £ig 24, p 173.
In fig 24 , the cleavage traces still form a fairly smooth
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Figure 12 Mildly deformed pyroxene crystal . Relatively few sub=-units are

devaloped.

Figere 23 Moderstely deformed pyrowens cryatal

Figure 24 Scronply deforued pyroxene crystal, Over 60 cub—mits are defined
by dotted lines.



- 174 =

PLATE 13

1. Granophyric Gabbro, Komatipoort Intrusion, (Granophyrie Cabbro) -
bent clinopyroxene crystal. (Transmitted light, X200).
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continuous curve, in spite of 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 may represent the result of granulation of the type Grigor'ev
men tions.

External rotation of the deformed pyroxenes in the granophyric
gabbro is usually made obvious by their curved cleavage traces, but
not all the bent erystals 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 of the sub-grains
reveuals their relationship (see stereogram inm 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. Gzoveky, (in Belousow, 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 in two directions at
both extremities of the deformed portion of the model, while in the
erest of the curve, where tension is at a maximum, 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 maximum stress.
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Figure 25 Stereagraphic projection of optic veclors of five sub-units present in o
ben! pymaene of the Gronaphyric Gabbro, |@-x,4--% A-z] showing
mlalive o eslolion of sub-units.
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Figure 26. Fractures developed in deformed clay model (after Czowsky, in
Belousow, 1962).

Figure 27. Detail of boundaries of sub-units in » beat pyresens crystal from
the Granophyric Cabbro.

L]
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By use of pre~existing (100) exsolution lamellae Griggs, Turner and
Heard (1960), were able to show that in their bent diopside crystals,
no internal rotation of thiz plane had occurred and hence derive

the glide system T = (100) t = [001]. In many of the bent pyroxenes
in the granophyric gabbro, (100) parting is developed which still
shows a rational relacionship to x, y and z (the optic wector)in the
bent crystal in which it occurs, In the stereogram shown in fig 28 ,
p 179, erystal elements are plotted for part of a bent crystal,
showing no polygonisation and it may be seen that the (100) plane
gtill bears a rational relationship to x, y and z, dospite an ex-
ternal rotation of 11° 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
(100) in the direction [001].

The (010) plane is mot 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 cleavage traces are offset relative

to their neighbours, by a fairly comstant figure of approximately
g° 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 wnits along the (100) plane now observable, with
accumulated stress in these large wmits 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
(1962), in his experimental work on the deformation of dumite, 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 develgped 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 wida range of composition in the diopside-hedenbergite
series, but was not observed in Ca-poor pyroxenes. Compositions
range from the Mg rich varieties present in the igneously laminated
gabbro te the green hedenbergitic types typical of the gramophyric
microgranites, and bending followed by block formation may therefore
be expected to be a common response to deformation of clinopyroxenes
in rocks deformed under the correct temperature and pressure condi-
tions, The exact limits of temperature and pressure conditions umder
which polygonisation will occur, have not been accurately defined,
but it is known that at higher temperatures, ahout half way between
absolute zero and the melting point, recrystallisation annealing
gecurs (annealing or Tasman temperature), with unstrained grains
developing from new nuclei, completely replacing strained grains,
(provided sufficient time is available), Some strained grains in the

grancphyric gabbro do appear to be partially replaced by unstrained
grains, suggesting the deformation has ocecurred at elevated temperatures,

or that subsequently the rock temperature has risen significantly.

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 mechanical twins. Undulose ex-

tinction, occurring either alone or in combination with the other
deformastional effects, is commonly observed as bands developed
roughly parallel te the trace of the (001) plane,or, in places, to the
b erystallographic 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 8° in a diree-
tion mnormal te 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 ¢ 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 couprising the
erystals through 180° 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 (196%) however, has pointed out that mechanical twinning by
simple shear displacements parallel to a slip plane can only be
achieved on body centered cubic lattices, and that twinning in
lattices of lower symmetry involves additional displacements.
Mechanical twinning in lower symmetry minerals such as diopside
may be a semi-reconstructive or reconstructive process, (Rzleigh
and Talbot, 1967), and could mot be produced by twin gliding.

Nuclaation of mechanical 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 number of twins then
depends upon the ease of propagation, which in a twin is influenced
by a number of factors including temperature and strain rate (Spry
1969).

Spry (1969), states chat 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 twin plane may move laterally to
thicken the twin.

A variety of twins 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 polysynthetiec twina (up to 6 per mm) are common.
These are normally parallel te the (001) plane but ocecasional (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 the tectonic significance of
microscopically obvious lamellae structure, sSuch as 'deformation
lamellae' i» 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 translacion
gliding in calcite is the most effective mechanism of strain relief

it leaves no microscopical trace.

Visible lamellae along which tramslation appears to have taken
place are occasionally observed in the deformed pyroxene crystals
present in the gramophyric gabbro. Plotting the crystallographic
elements and optic vectors of the crystals stereographically,
togather 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) plape, 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 erystals bent in the plane of a thin section and these are
considered to have the same origin.
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I11  Susmary

It was noted that the pyroxenes in the gramophyric 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 cccurred and various lattice defects accumulated. In some
case this was followed by translation on the (001) plane. In other
instances the accumulated strain (in the form of the lattice defects)
was subsequently relieved by polygonisation, resulting in extreme
cases in a granular aggregate. Where the pyroxenes were suitably
orientated, glide twinning developed parallel to both (001) and
(100}, in other cases, parallel bands showing undulose extinctiom
developed., Where orientation of the crystal was not quite optimal,
irregular pstches of undulose extinction were formed.

{c) Ore Minerals

Magnetite, pyrite, ilvaite, ilmenite and chalcopyrite all occur in
the granophyric gabbre. Of these magnetite is the most abundant,
forming large irregular patches up to 5 mm across, or occasional
smaller (0.15 mm) 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.

¥

Althovgh 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-
bedral crystals (0.5 sm) and occasional large irregular patches

(5 to 6 ma) and is often associated with altered pyroxens.
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Ilmenite and to a greater cxtent chalcopyrite, are uncommon.
Ilmenite forms small irregular patches (0.5 mm) set in the
granophyric groundmass and chalcopyrite is present as minute

irregular grains.

(E) Unit 4 = The Granophyre
(i) Distribution and Lithology

The granophyre forming Unit 4 is a distinctive pink rock, which
outcrops intymmittently over a distance of about 18 km. It is
divided inte a southern and northern mass by a younger, roughly
north=-south trending, microgranite dyke, which cross-cuts the
granophyre approximately 1 km north of Komstipoort (see Geological
Map). From this intersection, the southern mass stretches south-
ward for some 10 km, reaching a maximum horizontal width of 0.6 km
near its southern extremity, although over much of the rest of the
sheet, outcrop width does nmot exceed 200 m. At the southern end of
the intrusion, the granophyre builds a discontinuous ridge consisting
of two low masses offset progressively to the east from the gemeral
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 phencmenom. Mo further evidence could be found and mainly
on the basis of float distribution, the granophyre near tha 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 umit 4 granophyre, is a small roughly norch-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 | km north of Komatipoort until
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the cross-cutting micrograrvite dyke is encountered. Beyond this
minor intrusion, small ocutcrops 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

Hational Park for a further 5 lkm.

Along its eastern margin the northern mass is everywhere in comtact
with the feldspathic gabbro and this rock type also forms lenses
along the western contact. Where these are abseat 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 the microgranite dykes.

At the contact with the granophyric gabbro, the granophyre of the
southern mass is finer grained amd slightly lighter coloured than
normal, as » consequence of more abundant interstitial granephyric
material, Futther,pfrita!nlthnugh present, is not as conspicuous as
in the adjacent granophyric gabbro. This fine-grained rock grades
into typical granophyre over a distance o¢f | 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 blades,
frequently 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 in
polished slabs of hand specimens or in thin sections. Textural varia-
tions do occur end, in places, with an increage in feldspar content,
the rock in handspecimen has a medium grained, equigranular texture.
Variations in colour from pink to grevish brown or grey were also
noted and towards the eastern contact in the Komati River section, a
distinct zone some |0 m wide, consisting of a fine-pgrained 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 structures ranging in length from | em to 10 om,
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FLATE |4

|. Cranophyre, Komatipoort Imtrusicn, typical Granophyre outcrop
showing the development of abundant small "eomb-structure”.

2, Granophyre, Komatipoort Intrusion, "Comb-structures" displayed
in three dimensions in freshly=brokem boulder of Cranophyre.
Length of "comb-structures” approximately 10 em.
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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 irom ore occur associated in
small groups usually forming one of three types of structures.
They may form patches composed of up te 30 units of similar but
variable size closely packed parallel to each other, or they may

form 'comb' structures, (see Plate 14 ).

These comb structures vary in size, commonly ranging from 1 em to
15 cm but exceptionally reaching 30 em in length. Less commonly
they form a rough gridiron pattern with angles between the two

* - o
directions of orientation of the units ranging from 70" to 90 .

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 granocphyre here closely
resembles that just described, but variations, particularly in

grain size are more frequent. Finer-grained, elongated, north-south
trending zones(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 Wational 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 in 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 wisible feldspars, and towards
the centre of the section feldspar phenocrysts are almost entirely
absent.
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Near the sastern margin a pink fine-grained variety is again
present. Thus while textural variations do occur these are not
as common as in the exposures just south of the Crocedile River.

Within the northern mass the rock locally darkens in colour to
hecome almost black, although this is not accompanied by a
variation in texture.

1f, 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.

Petrography of the Southern Granophyre Mass

The granophjre consists of partially resorbed, turbid plagioclase
crystals (exceptionally reaching a length of | cm), and irregular
corroded pyroxene crystals, set in a groundmass of fine to medium=
grained micropegmatite. The pyroxene has several forms, but commonly
pccur  either as prominent corroded blades, or as irregular roughly
equidimensional erystals which may subophitically enclose plagioclase
laths, thus forming small glomeroporphyritic aggregates similar to
those forming the "gabbroic' textured patches in the granophyrie
gabbro. Severe corrosion of the pyroxene blades, has in places re-
duced them to & 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 lenpth. Some of the plagioclase laths are intimately associated
with the pyroxene which occurs as thin stringers along twin planes
ot as granophyric or dendritic intergrowths with the plagioclase.
Corrosion of the plagioclase crystals has occurred and these feldspar
erystals are invariably rimmed by alkali feldspar.

Other conspicucus constituents of the granophyre are opaque ore mine-
rals which occur bhoth 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 em 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 granophyrie 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
erystals producing a thopalophyric 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 graimed, it is
more commonly very fine grained, often showing a plumose structure.
Host of the pyroxene present is altered to chlorite or in part replaced
by ore minerals. The plagioclase is clouded and much replacement by
micropegmatite renders it barely distinguishable from the groundmass
(see Plate 12, p 163 ).

The granophyre close to the contacts has a normal pink colour but con-
tains variable quantities of obvious plagioclase xenccrysts. In addition,
pyroxenes with a blade-like form may be absent, the irregular equidimen-
sional erystals being more common. The plagioclase xenocrysts are
distinguishable from the normal granophyric plagioclases not only by
thelr composition (they are more An—tich) but by the lack of turbidity
in the central portions of the erystals and the frequent presence of
cataclastic deformarional effects in the form of cracking. This in
extreme cases results in fragmentation of the plagioclases. Granophyre
samples crllected 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 em in length,
scattered through the groundmass (see Plate 15, p 191 ).



ILATE 6

1. Granophyre-Gabbro Hybrid. Small quartz paramorphs after

tridymite, developed in intersticial material adjacent to a
fractured crystal of plagioclase. GSpecimen from adjacent

to the Feldspathic Gabbro=-Granophyre contact of the Komatipoort
Intrusion. {Transmitted light, X56,)

2. Felsite—Gabbro Hybrid. Acicular quartz paramorphs after tridymite,
(white), associated with a clouded, roughly rectangular feldspar
crystal, set in a semi-opaque microcrystalline groundmass. Specimen

from the uvpper contact of the feldspathle pabbro, in the Komatipoort
Intrusion. (Transmitted lighr, X200.)
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(iii) Petrography of the Northern Granophyre Mass

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 feldspathie,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 western margin of the iatrusion 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 thin section,
however, these rocks may be seen to be composed of abundant clouded
and partially corroded, feldspar xenocrysts set in a granophyric

matrix.

(iv) Mineralogy

{a) Plagioclase

The plagioclase cccurring in the granophyre typically forms irregular.
elongated crystals {lengthi:breadth ratio of the order of 5:1) varying
in length from 5.1 to 1 cm, which are usually too turbid for reliable
optical determination of composition. Average compositions estimated
from optical measurements on the least altered available crystals
range hetween hnlB and Hnaﬁ, 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 Anﬁu in cores

to between hnli and Auiﬁ at the boundaries. For the most part, however,
it is only by staining of thin sections and polished slabs that the
plagiocclase could be differentiated from the alkali feldspar.
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The plagioclase erystals commonly show a distinctive brownish-

pink turbidity and are frequently partly replaced by micropegmatite.
The replacement is often extensive with the original plagioclase
crystals reduced to a few remnants that are surrounded by micropeg-
matite., The K-feldspar component of this micropegmatite may pre-
serve the initial orientatiomal differences present in the plagio-
clase as a result of twinning. Selective replacement of the more

basie plagioclase cores is not unusual.

Relatively unaltered xenocrysts of plagloclase 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 the adjacent granophyric gabbro
in that core composition averages around Anis. Zonal wvariation in
composition is also similar, although in places reaction with the
granophyre appears to have removed part of the outer zones, and the
¥enocrysts become progressively more altered away from the contact,
making recognition difficult.

NHear the vpper contact, compositional differences between the xeno-
erysts and the primary granophyric plagioclase are not easily .
established, as the plagioclases in the feldspathic gabbro itself

are normally turbid. They possess, however, i distinctive white
turbidity, rather than the pinkish-brown colouration shown by the
typical granophyric plagioclases, and in addition display the effects

of cataclastic deformation.

Alkali Feldspar

Orthoclase, the only alkali feldspar present, occurs in twoe 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 somowhat reddened, it was found possible to measure the
optic axial amgles in places, (from 67° to 74°).

{c) Pyroxene

As mentioned in the section on petrography the only pyroxena 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 micropegmatite-rich
areas in the granophyric gabbro, and as elongated prismatic crystals
with irregular corroded-locking 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 six Ca-rich pyroxenes from the granophyre, which
were analysed by electron microprobe, are listed in Table 13 .
Analyses | 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 snalyses of both the interior
(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 may be seen from fig 15, in vhich the pyroxens compo=
sitions have been plotted in the pyroxens quadrilsteral,

these Ca-rich pyroxenes range from ferrcaugites to ferrohedenbergites,
{I:n" - hEI.E}' Large differences exist between the major elemant
contents of the equidimensional crystals and the blade-like crystals.
In addition analyses | and 2 have a major element composition that
lies within the compositional range of similar pyroxenes from the
granophyric gabbro. In comtrast the composition of the core of the
analysed blade-like crystal (analysis 1) corresponds to the extreme
Fe-rich limit of the granophyrie gabbre Ca-rich pyroxenes. The rest



TABLE 32

Eloctron mieroprobe analysis of 6 Ca=rich pyroxenes frem the Granophyre, Kematipoor:

Intrusion,
Pyroxene
Analyeis He. 1 2 3 & 5 ]
5i0, 48,63 48,43 41,37 46,57 46,92 47,40
Cs0 18,24 19,08 18,28 17,58 18,42 19,18
Mgl 5,78 2,92 3,71 2:92 2,13 114
Tio, 1,00 0,52 1,32 1,19 1,19 0,40
Fel 25,49 18,86 17,97 17,83 0,23 29,96
Al0, 1521 0,72 1,34 1,39 1,29 T
Sum 170,35 100, 50 100,19 97,48 100,20 99,04
Fs 43,5 49,76 49,26 51,06 53,29 53,28
En 17,15 6,83 11,17 9,19 6,52 3,57
Ca 3.0 Al Al ».57 m’.mn 40,18 &3, 15
Cations per
6 oxygens
Bi 1,841 1,566 1,321 1,943 1,527 1,981
M 0,057 11998 glgy) 24000 g gpp) 1:995 g gey) 24000 5 030 1390 g gy 2,000
Al 0,000 0 0,000 0,011 i 0,013
Ca n:m; :ﬂ;‘g I:II:‘-'H-; n:uﬁ; n:m; ﬁ:m;;‘
M n,.'.ul.rhz.m ﬂ,l??:}l,ﬂﬂl n,m,::,m U,IIE}:II.,EIET u.u:]::,uu ﬁ,nhl}t,ﬂl:
T D,I:I!u} I:I'.lltl.:| ﬂ.uﬁﬂ: 1:1.1131']I ﬂ.ua?l.l @01
Fa 0,851 0, a0 £, 00 0,971 1,038 1,02
0 ] L] ] ] g &
Analysis | brovm core of Irregular, equidimensional cryscal, near W margin of granophyvre.
Analysis I Groon margin of lrregular equidimensional crystal, near W margin of granophyra.,
Apalysin 3 Interior of hladed pyroxens crystal, near centre of granophyre.
Analysis &

hnalysis 5 ) Margins of bladed pyroxens crystals, near cenrre of granophyre.

Analyais &
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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 Hnﬂ 5 in the most extreme axample,

Ti=Al and Si-Al relationships are shown in figs 16 and 17, p 138.
Both Ti and Al contents of the 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 analysaes | and 2.

The bladed pyroxenes on the other hand, while apparently similar in

Al content are noticeably higher in Ti.

{(d) Ore Hinerals

Pyrite, magnetite (including martite) and ilvaite vogether with
minor smounts of ilmenite and chalcopyrite,are the most abundant
minerale observed in polished section. The mode of occurrence of
these minerals is almost identical to that of the granophyrie gabbro
{see previous section) and the description will not be repeated
here. One major difference is the tendency for the magnetite to occur
in the form of elongated patches. nnu:imullf ilvaite associated
with vhat appears to be altered pyroxene, occurs in the same form.

(F) Unic 5 - The Feldspathic Gabbro

(i) Distribucion

The feldspathic gabbro forms a continuous band 200 to 250 m wide,
stretching from a point 11km 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 Intrusiom proper, the band
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is still some 200 m wide.

A further small exposure of the feldspathic gabbro cccurs in 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 assocliated spatially with the minor elongated mass
of granophyre exposed 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 separate intrusions
cannot be discounted at this stage.

The western boundary of the unit is not exposed, but rocks occurring
along the ecastern margin may be seen in three places.

(i) In the Crocodile River towards the northerm 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, (hercafter 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 umit were collected at both
localities in the Komati River (ii & iii sbove), 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 railuay
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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 varistions, however,
point rather to 2 subconcordant sheet, inclined roughly parallel
to the lower rock units im the intrusion, (i.e. dipping to the
east at 25° to }ﬂn} as the most probable form. Cenerally, in hand
specimen , the feldspathie gabbro has a distinctive and rather
uniform appearance. It is a fine to medium grained, phanerie,
holocrystalline rock distinguished by the presence of abundant
altered chalky-white plagioclase laths, which make the rock look
more feldspathic than modal analysis reveal. Variations in mineral
proportions do ocecur 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.

Lithology

Railway Bridge Cross-sectiom

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 mmounts of a pink
interstitial material, which although mot conspicwous, is occasionally
vigible in hand specimen. This gabbro often has a mottled appearance,
due either to the presence of black patches of finely disseminated iron
oré 2 cm to 5 ¢m 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



nodules and patches a few millimeters across. Also fairly common are
small patches of zeolites.

A slight decrease in grain size is noted in the few exposures near
the western margin of the sheat.

The upper contact between the feldspathic gabbre and the basalt is
exposed in the Komati River bed at the site of the railway bridge just
outside of Komatipoort. Over about 3 m adjacent to the basalt, the
feldspathic gabbro shows a rapid decrease in grain gize 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 veins and sheets of feldspathic gabbro (0.5 to 1.5 em thick),
intruded the basalt, along joint planes, oftem dowm 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
Flate 16, p 200).

The presence of the pink spots in 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 Niver just downstream from the railway bridge, the
feldspathic gabbro, at the contact actually grades into a pinkish
felsitic zone | 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 sectionm on the upper
margin, p 205).

=

Variations shown in the Sikwawa River section are essentially similar
although the sheet is somewhat narrower at this point.
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PLATE 16

Feldspathic Gabbro, Kematipoort Intrusion, upper contact of
the feldspathic gabbre with basalts.

Feldspathic Gabbro, Komatipoort Intrusion, partly recrystallised
xenolith of basalt adjacent to upper contaet. Dark mineral

concentrated along xenolith contact is magnetite. Relict amyg-
dales are conspicuous in rhe xenolith.
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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 plagieclase crystals set in either large irre-
gular augite plates or a matrix of a brownish pink, glassy to
eryptocrystalline material. This matrix contains tiny crystallites
of iron ore often arrnnged in small "comb' structure. Other inter—
stitial constituents include small irregular patches of irom 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 alceration by sericitisation. The large plates of
pyroxens too, show fracturing although in their case, it is both less
extensive and less obvious. Two pyroxenes occur in this rock, the
clinopyrozene pigeonite,and Buﬁite.. 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-plecchroic serpentine associated with
magnetite occur and here the included plagioclase, though fracturad,

is clear, showing no signs of sericitisation.

The pyroxene plates have an average diameter of 10 mm, but larger
grains do occur. The pyroxeme coatacts with the interstitial material

are irregular, with corroded boundaries and reaction rims similas
to those occurring in the Gramophyric Gabbro.

Radiating aggregates of zeolites are present in 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. The pyroxene
has two forms. It frequently occurs as small aggregates of two or
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FLATE 17

Feldspathic Gabbro, Komatipoort Intrusion, altered plagicclase laths
partly enclosed by pyroxene (black) near the base of the feldspathic
gabbro. Quartz and Zeolites are presant at uwpper right,(X96).

Feldspathic Cabbre, 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 the
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 17, p 202).
Both pyroxenes show the usual reaction rims where in contact with
the reduced amount of 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 crystals 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, Ironm ore occurs interstitially,
partly surrounding plagioclese 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 em across)
plates enclosing the plagioclase, although in places it has a corroded
columar habit, Both augite and pigeonite are again present, the
pigeonite somerimes 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 cm, that occur set in the interstitial material together



- 204 -

with crystallites of iron ore and small clusters of granules of free
quartz, which are uswally associated with patches of chlorite or
zeolite, and in places calcite. Small patches of interstitial material
showing a fine grained granophyriec texture are also present.

The succeeding sample in the cross—section differs from the previous
rock in that it shows a slight increase in the amount of interstitial
material present and in that hornblende, replacing pyroxene marginally,
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-crystalline
material., The usual crystallites of iron ore are present in the
groundmass and quartz paramorphs after tridymite are also present in
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 abundani, The
texture of the rock at the contact changes once more and becomes
intergranular to subophitie.

Textural and mineralogical changes occurring in the Sikwawa River
section are essentially similar, with textures ranging from inter-
sertal near the base of the sheet to ophitic in the upper parts.
Hornblende, however, is not a major conmsituent 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
erystals completely altered to serpentine. Decasionally large irregular
fresh crystals were found in the northern portion of the feldspathic
gabbro.
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Him—

The upper margin of the feldspathic gabbro umit

At the upper margin of the feldspathic gabbro unit of the Komati-

poort Intrusion (see section on major intrusives for descriptiom),

where it is exposed in the bed of the Sihlangula River (see Geolo-
glcal 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 turm,
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 showing a dark, clearly-defined rim against the enclosing
“felgite". In shape and size these nodules resemble amygdales present

in the original basalt. At the contact betwoen the basalt and the
hybrid rock the basalt, in places, has a pinkish clour over a distance
of | to 3 em, 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 the
basalt but becomes coarser in texture and darker in colour as it grades
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 (687),
vhich are ophitically to sub-ophitically enclosed in pyroxene plates
(13%), wich interstitial patches of a brown crypto-crystalline materisl
in which are set apatite needles and crystallites of iron ore, (19%).
The pyroxene is extensively altered to a brownish material or to a
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light yellow fibrous amphilole, 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 irom-ore particlzs
that tend to be concentrated along twin and cleavage planes, and
simultaeously the sargins of the plagioclase erystals 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 an
right up to the basalt-hybrid conmtact.

In specimens collected about 15 = from the basalt contact the pyroxene
is partly altered to green antigorite but closer to the comtact it

shows corroded boundaries and is extemsively replaced by a green
hedenbergitic pyroxene which forms a narrow rim around a core of altered
pyroxene or occasiomally replaces the original pyroxene in vein-like
manner. At the basalt-hybrid comtact, none of the original pyroxene
remains, and the hedenbergitic pyroxene forms small aggregates of
erystals with a mosaic texture. This pyrozene itself is slightly altered
to iddingsite, antigorite or fan shaped aggregates of pro-chlorite.

Simultanecusly, as the basalt contact is approached [ine-grained
interstitial material present in the feldspathic gabbro is progressively
altered to a network 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,

{ sme Plate 15, p 191).
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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 alomg
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 fig3lA is the asymmetrical 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. Intersticial micropegmatite

varies antipathetically with the plagioclase in the western and
central portions of the zone, but like the plagioclase also has a
median value in the fine grained sastern comtact rocks, while the
pyroxene content remains fairly constant throughout.

This is in contrast to the Sikwawa River section, (see fig 318, p 208),
where the plagioclase shows cnly slightly asymmetrical distribution,
although here the pyroxene tontent varies strongly, ranging from a
maximm pear 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 bridge section, reaching a maximum at the centre of the
zone.

Mineralogy
Plagioclase

Mineral compositions in the feldspathic gabbro could not be determined
in the same detail as in the rest of the Kematipoort 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 commonly has two forms. It occurs as large (2 mm) 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 {irst gemeration plagioclase in the
olivine gabbro in that they show a core-oscillatory zoned mantle-rim
structure im many cases. The cores which may be embayed to some extent,
have a composition around Ang, in specimens collected from the
'"Railway Bridge' section but in sampies from the Sikwawa river section
occasional crystals with cores as Ca-rich as M&ﬂ were recorded.
Oscillatory roned mantles usually have a composition of the order

~of l-n“_m and the outer margins of the mantles have a composition
around MH.

The smaller normally zoned crystals included in the margins of the
larger crystals show compositions ranging from near 4!|.::,5";,I in the cores
of crystals to around MH at the margins. Complexly zoned phenocrysts
vith cores of a composition of An,, also occur in the fine-grained
contact rock in the railway bridge section. The smaller groundmass
plagloclases have an intermediate composition around Ang..

(t) 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, im a texture resembling that of the
olivine gabbro. Further to the east it occurs as smaller intergranular
erystals and mear 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 snalyses were made of several pyroxenes from the
feldspathic gabbro and these are listed in Table 33,and have also
been plotted in the pyrowene quadrilateral in fig.15,p.137.Much of
the pyroxene in the feldspathic gabbro is altered and a representative



Electron microprobe analyses of pyroxenes from the Feldspathic Gabbro, Eomacipoor: lncrusion

TABLE 31

Pyroxana 1 Pyroxans 2 Pyroxana 13 Pyromens &
510y 49,25 50,00 51,23 30,64
cad 17,24 17,42 17,08 16,90
HgO 12,10 12,05 B 11,42
Fel 18,99 18,29 18, 89 18,9
Alyly 1,15 L1t 1,25 11?7
Hnl 0,50 0,45 0,58 0,48
amg0 0,35 T 0,27 0,23
Tidy 0,28 0,33 0,35 0,47
TOTAL . 99,56 100,08 Loa, 92 100,28
Fe 30,31 29,46 31,62 31,64
Mg 34,43 34,60 32,74 33,12
Ca 35,25 35,94 35,59 15,23
Cations per & oxygens
gi 1.9171 1,935%0 1,4%90 i 1,951
a1 0,052% { 1.99 0.0545 i L9838 | o'ass2 § 3031 | o 0w I 10137
ca €.715%0 o 7211 0,700 0,6979 \
Kz 0, T0LI3 0,6942 1 0,6447 0, 6562
Fa 0,5128 0,5911 0,6041 0,6112
Ti | 0,0083 19835 | ooogy [ 29961 | otowor ¢ P90 | plonys 0 2OO1LS
¥n 0, 0166 0,0048 0, 0L80 0, 0136
Wa D, 0265 0,0252 ) 0,0200 0,010

All cthe spalysed pyrozenss presented here are from the cestral porviocn of che
Feldspathic gabbro wnit.
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set of analyses were not cowpleted.Prrouenes from near the middla
of the unit are zonod from about “’Irc".ﬁhl! in the cores of
crystals to )l;”l:lxhﬂ at the margins.

Minerals present in the 'Vesicles'

Quartz, chlorite, prehnite, caleite and a variety of zeolitic
minerals were noted in what appear to be vesicles that are found
particularly near tha eastern margin of the feldspathic gabbro.
Amongst the zeolites identified were thomsonite, natrolite and
chabazite.

Ore Hinerals

The usual ¢re 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, conmtains
relict orientated lamellae of ilmenite.

Minor Intrusives

A oumber of minor intrusives, ranging from dolerites to gabbros, occur
associated with Komatipoort Intrusion.

Dolerites

Several small porth-east south-west striking dolerite dykes crosscut
the Komatipoort Intrusion and are particularly consplcuous where they
intrude the Granophyre Zone. They range between ,15 m and | m in width
and as mentioned in the section on dolerites, appear to occupy a
rectangular fracture pattern induced by temsion from the south—east.
At least two generations of dolerite dykes are present. The older
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generation frequently contains feldspar phemocrysts that may be com—
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 previcus'y
described.

Granophyres

Several small granophyre dykes crosscut the granophyric gabbro and the
feldspathic gabbro om either of the main granophyre, and are possibly
offshoots from it.

Granophyric Microgranites

Mear the southern end of the Komatipoort Intrusiom two granophyric
microgranite dykes crosscut the lower three units

of the Eomatipoort 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 grano-
phyre unit of the Komatipoort Intrusion.

Composite Intrusions

An intrusive dyke-like body forms a prominent rockbar crossing the
Komati River 1.5 km upstream from its confluence with the Ngweti
River. The dyke trends approximately N-8 (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 wedge 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 mode of cutcrop 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 hard,
black, fine to medium=-grained rock crowded with xenolithic blocks of
gabbro and large detatched xenocrysts 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 gradatiomal.

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 Imtrusion
(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 approxir-
mately 15 m wide adjacent to the upper contact, in which rocks of the
hornblende hornfels facies are erratically dﬂvalnped,.ln these, plagio=-
clases are clowded 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 in cthe form
of a splintery fracture, due toc baking, and the presence of small glassy

nedules 2 to J mm across, 8re MOTe COMMON.
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Metamorphism Adjacent to the Lower Contact

A band of hornfelsed basalts, is 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 Geological
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 maall browmish patches and streaks, often slightly elongated,
which in thin section are recognisable as palimpsest anygdales.

Even in thin section, the extremely fine grain of many of the basalts

to some extent obscures details of the mineralogical variations across
this metamorphosed zone, however somevhat 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 tie
groundmass is partially replaced by chlorite. Also commson 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 i{s 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 pyroxencs, particularly alomg 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 & km north of this
point, consists essentially of biotite, augite, plagioclase and irom
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 parcly frag-
mented, and in addition it is clouded with minute inclusions of what
appear to be irom ore.

A few meters closer to the contact hypersthene makes its appearance in
patches occurring imterstitially to the plagioclase. Within these
patches of hypersthene, which are frequently finer grained than the
surrounding groundmass clinopyroxens, little or mo irom ore and
magnetite occurs, although plagioclase may be present. Plagioclase
erystals in contact with thesa aggregates of hyperstheme granules

show a narrow, clear,recrystallised rim.0n the inside of this rim a
zone crowded with tiny pyroxene and iron ore inclusions s developed.
imsedistely cdjacent to the contact, the basalt display evidence of
.atrong thermal metamorphism. The groundmass of plagioclase and :
‘F}‘Tﬂlﬂﬂ is completely recrystallised and has a crystalloblastic or

in places & 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 shov complete recrystallisationm.

The amygdales which 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 is approached.
Rocks containing amygdales were collected only within a distance
of a few tens of 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, epldote, chlorite and zeolite, but adjacent to the
contact with the olivine gabbro, a variety of higher temperature
minerals are present (Plate 18, p 217). 1In the most highly
metamorphosed rocks the palimpsest amygdales consist, in their
gimplest form, of a coarse agpregate of augite grains, either
alone or together with hypersthene crystals of approximately the
game size. 1In places a small amount of plagioclase of indeter=-
minable composition may occur in addition. More complex amygdales
retain their original concentrically zoned strurture, typically
consisting from the outer layar inwards, of a surrounding zone
entiched in small granules or iron ore, followed by a layer
composed of an agpregate of coarse pyroxene crystals. This is
succeeded by & 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, however, 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 oarthoclase

and more rarely, the assemblage cordierite, orthoclase and garnet.

{1} Modal variations In 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 wnit. The granophyre shows a macginal concen—
tration of iron ore, plagioclase and pyroxene and a central
high in granophyric matrix material. In the divine gabbro,
modes tend to flu-tuwate, but in the granophyric pabbro compo-
gsitions seem reasonably constant. Modal variations in the Felds-

pathic gabbro are discussed in the section on modes,{szc p207).
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PLATE 18

Zoned Palimpsest Amygdale, Rim of irom ore granules, inmer zone

1.
of clinopyroxene and core of quartz paramorphs after tridymite.

(Transmitted light, X60).

2. Unzoned Palimpsest Amygdale. Aggregate of elinopyroxene, orthopyroxene,
minor plagioclase and ore, becoming coarser towards the centre.
(Several air bubbles are present in the photomicrograph).

ATransmicted light, X60).
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Variation in pyroxene composition in the Komatipoort Intrusiom

As noted in earlier sections, the compositions of the Ca-rich
clinopyroxenes in the Komatipoort Intrusion, vary widely, ranging
from CajﬂﬂaﬁﬁFEIE to Gaﬁjﬁg#Feij. In Fig 15 , the compositions

of thesge pyroxenss have been plotted in the pyroxene quadrilateral,
alloving & generalised Ca-rich pyroxene crystallisation path to

be defined. This closely approximates the generalised crystalli-
gation path of the Ca-tich pyroxenes from strongly iractionated
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 pyroxenss have a tendency to
cluster togather in groups along, or adjacent to, the generalised
erystallisation path. The Ca-rich pyroxenes of the olivine gabbro
and the feldspathic gabbre plot above the crystallisation path

for example, and appear to be slightly enriched in Ca compared

with the augites of the clinopyroxene-plagioclase cumulate. Together
they could be interpreted as detining a sepcrate, 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 feldspathic gabbro
pyroxens compositions are from one sample only. . The Ca=rich
pyroxenes of th: clinopyroxene-plagioclase cumulate and the most
Mg-rich augites of the granophyric gabbro, on the other hand, may
be interpreted 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 _awailable of the most

Mg-rich ferro-augites from the granophyric gabbro.

The Ca-poor minimum in the generalised compositional path (see fig
15 J)» lies approximately wmidway through the compositional range of
the Ca-rich pyroxenes of the granophyric gabbro. In Table 31 , the
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pyroxene represented by analysis no. 3 occurs as a mantle around

a Ca=-poor pyroxene with a composition represented by analysis 14
in the same table. This pyroxens (analyesis 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 tie-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

eguilibrium 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

betwean the Ca-rich pyroxenes of the two rock types is suggested

by similarities in both major and minor element composition, e.§.
compare pyroxene analysis |, from the granophyre (see Table 32 and
fig 15 ), and the ferroaugites of the granophyrie gabbroe, (see
Table 31 and fig 15 ). These compositional similarities plus
textural considerations, however, suggest the possibility that this
pyroxene (analysis | from the granophyre - see Table 31 }, vepresents
a xenocryst from the granophyric gabbro, caught up in the granophyre.
The rest of the analysed pyroxenes from these two rock types

(see Tables 31 and 32 ), differ in major element chemistry as indi-
cated by the fact that the granophyric gabbro pyroxemnss are largely
brown ferrcaugites and the granophyre pyroxenes are mostly deeper
browvn ferrohedenbergites (see £ig 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 is found that the ferrohedenhergites
of the granophyre, (excluding granophyre pyroxene analysis 1) are
relatively enriched Ti and Al, compared with the ferroaugites of the

granophyric gabbro, { compare Tables 31 and 32 , see fig 32 ),

There are certain textural similarities between the pyrozenes 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
analyees 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 browm
pyroxenes in both rock types. GSpecifically the green pyroxenes
tend to have lower Ti and Al contents than the brown pyroxenes.
Differences in major element composition imelude higher Ca,

8i and F= values in the green Ca-rich pyroxenes, (see Tables 31
and 32 ). The intensity of the colour of both green and browm
pyroxenes diminishes with decreasing Fe content and pyroxene 1
from the granophyric gabbro, (see Table 31 and fig 32) is an
intermediate greenishb~browm 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 minor element chemistry, (Nwe
and Copley, 1975) which paralle] those present in the green and
brown pyroxenss of the Komatipoort Intruslon, (see above).

Some of the green pyroxene in the Skaergaard ferrodiorites have
originated 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 crystallisaction path,(fig 33), slightly enriched in Ca.
This path lies close to the sub-solidus’ trend line defined by
Hwe (1976), for Ca-rich pyroxene of the Skaergaard Intrusion,
lying in the Fs-rich region of the pyroxene quadrilateral, which
sugpgests that the green pyroxenas from the granophyric gabbro
and the granophyre could also represent sub- solidus compositions.
The sub-solidus pyroxencs determined by Nwe (1974), however
showed exsolution lamellae of pigeonite, which became finer with
increasing Fe content of the pyroxenes, making subsolidis com-
positions progresaively more difficult to obtain.
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The green pyroxencs from the granophyre and the granophyriec gabbro
contain no microscopically detectable exsolution lamellae. If
pigecnite lamellae of submicroscopic proportions were present,
selidus rather than subsolidus compositions would be expected on
analysis with a relatively diffuse microprobe beam, which again

was found not to he the case. In addition, greén and brown pyroxene
representing pyroxene with and without exsolved pigeonite would be
expected to lie on a coexisting pigeonilte-augite tie line. From the
orientation of the tie lines joining the brown and green ferro-
hedenbergites of the granophyre, (see fig 33 }, thiu does not appear

tc 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 pigeonita.

Another possibility is suggested by the gradational nature of the
transition from the brown to the green pyroxenes in the grancphyric
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 cbservations, 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 compesitions. 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 | = 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 umit, (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 umit, in this section.
In general, the analyses of all these specimens show fairly low
ﬂiﬂz. lzu,, Plﬂs and to a lesser extent Tiﬂ:. and relatively high
HgD, Al,0, 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 Intrusiom, closely resembles that of the
average rock [rom the I.I. of the Skaergaard Intrusion, (a plagioclase-
olivine—cumulate). Differences in chemistry between the two
averages could be explained largely in terms of differences in
plagioclase content. When exmmined individually the analys=s 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 | on the Sihlangula
Stream section, (analysis CL 1 , Table 34, p225 ), has a similar
major element chemistry to the other analysed olivine 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 intrusiom.



TABLE 34

HAJON ELEWENT AEALYSES FOR EICHT SPRCDMENS OF OLIVINE CARBRO FROM THE KOMATIFOORT INTRUSION

cLi! az! ay aa cLs! cLas? cr3s? cLan)
&4 ,435 47,41 66 48,37 47,97 49,11 48,38 48,42 = 1 Analyst - Mazional Insticute
for Metallurgy
17,59 18,87 14,48 16,58 17.42 19,42 18,20 18,00 - 2 Analyst - Universicy of Cape
Town, Professor
ll"" =|:: 1 i:? 21 l" l.ﬂﬂ ?gﬁg ”hirﬂ' !’!E - !:‘llﬂ
10,80 B,06 12,30 5,28 6,76 nd nd nid = 3 Analyst = C. Logan
10,48 7,53 12,08 6,30 9,40 6,75 9.30 9,61 - 4 Total Fe expressed as Fe 0,
0,68 11,52 9,87 10,92 14,10 13,94 12,30 11,83 = % nd = not determined
1,84 1,96 1,73 2,43 1,59 2,13 1,84 1,94 = § LOI = loss on ignitiom
ﬂ,“ ﬂ.“ ﬂ,i:l ﬂ,!! D‘li ﬂ.,l! ﬂ..'!ﬂ D'J 'ml e m El'ﬂll'"ll:tiu‘ﬂ- ¢f r_h‘
olivine gabreo in the
0,19 0,14 0,11 0,17 0,09 0,183 0,055 0,08 §illauguls Seresm
CLl - Ba
1,06 1,08 1,07 0,93 0,88 nd nd nd m"i’:ﬂi} ' ey
na’ od nd ad od 0,005 0,008 nd L35, GL36, CL49~
0,18 0,12 o, 0,20 0,17 nd nd nd
nd et nd nd nz 0,005 0,000 0,007
1,00 0,5 0,48 1,06 0y 52 0y B 0,57 Dub5
0,10 0,12 0,12 0,15 0,03 0,03 0,09 nd
0,16 0,15 0,21 0,18 0,13 0,11 0,14 0.1
100, 24 100,% 100,77 89,43 100,26 100,063 101,434 100,867

= BEE =
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Table 13

Comparison of 1) Average rock (plagloclase-olivine-cumalate) from the
Skaergaard Intrusion LI with 2) Average olivine-gabbro from the
Sihlangula Stream section of the Komatipoort intrusion, {sverage of ama=
lysas CL 1 co CL 5 )

I 2
sio, a5, 48 46,97
Al qu 16,41 17,06
Fe,0, 2,09 1,83
Fed 9,19 9,44
Mgd 11,65 9,76
Cad 10,45 1.2
May0 2,06 1,51
5.0 0,17 0,22
H0° 8,77 1,08
Hiﬂ- 0,26 T, 14
Tio, 0,5 0,80
"z"'; 0,05 0,11
M0 0,06 0,17
Total 99,79 100,65
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(i) Unit 2 = The clinopyroxene-plagioclase cunulate

Major element analyses of six 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 s sample of unmit
2 collected close to the contact with the olivime 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 elinopyroxene-plagioclase
cumulate from the lower-middle parts of unit 2, ( compare analyses
CL6 and CL 37 in Table 36 ). Analyses CL 38 and CL 3% represent
magnetite-rich samples from the upper-middle parts of unit 2, and
this enhanced magnetite content is reflected in the increased irom
and titanium values in these analyses.

{iii) Unit 3 = The granophyric gabbro

Eight major element analyses of specimens of granophyric gabbro, are
listed in Table 37 , p 229, and these fomm a cross-section of unit
3, collecced along the course of the Komati River. The analyses show
relatively mild enrichment in HIJ: and uzu] and are actually slighc-
1y poorer in Fel + F”a“a than the analysed dolerites listed in Table
16 , p 51 . The presence of fairly low Mg0D contents however gives
the rocks distinetly lower Mg:Fe ratios than the analysed doleritces
from the Komatipoort area. In this sense the granophyric gabbro Bamples
could be described as ferrogabbros. They show notable compositional
similarities to the ferrogabbros from the Birds River Complex (Eales
and Robey, 1976) listed in Table 38 for comparisom, which are con-
sidered to have formed by the in situ differentiation of Karroo-age
gabbro. A detailed comparison of the analyses in Tables 37 and 38,
chows that the Komatipoort rocks In general tend to be lower inm

MgO and ‘I'I.IE:I‘z and higher in K,0 and P,0., than the ferrogabbro from
the Birds River Complex.



TABLE 38
HAJOR ELFMENT ANMALYSES FOR SIX SAMPLES OF CLINOPYRONENE-PLAGIDCLASE (UMULATE FROM THE KOHATIPOORT INTRUGSION

ml l.:l.--l'l I:IJ]'! I.T-L]I! EL]'.I'I FI.-H:

8i0, 50,53 49,9 50,52 47,21 47,29 50,8 1 = Analyst:— National Imstitute for
Herallurgy
.u:ﬂ! 13,54 15,40 13,95 Pi 24 s 12,75 2 = Analyst:— University of Cape Town,
" i 4 M Professor Erlank
Fe,0, 1.57 2,81 14,36 20,65 20,10 14,60 3 - Amalyst:- C. Logan
Fa 10,49 a8, Ta nd o nd & — Total Fe expressed as l'ta'ﬂ!
HgO 5,67 5,350 5,67 4,5 & hk 4,38 5 - nd = mot determined
Cal 10,81 11,62 10,61 9,20 0,13 11,90 6 - LOT = loss on ignition
a0 2,46 2,4 2,37 2,26 2,26 2,00
itﬂ 0, Te 0,46 0,79 0,93 0,58 0,88 CLE, €LY, CL50 - lower aiddls clinopyromens=
B0~ 0,4 0,1 0,209 0,220 0,23 0,243 | |Pl:.::ﬂt:.::-ﬂi:: I':,““”“'imf
* plagioclase coslate

L el = g o o CL38, CL}9 - Upper middle elinopyromena=
5 nd? ad 0,017 0,116 0,120 =d BAAELAOLANE SHIRALS
€, . 0,2 0,34 nd ad nd wd
wi®* nd 0,017 0,000 0,000 0,015
Tio, 1,61 1,56 1,51 3,34 3,41 1,65
P40y 0,44 0,25 0,36 0,38 0,41 nd
MaD 0,23 0,120 0.23 0,29 0,28 0,28
TOTAL 100,78 859,82 100,613 100,385 99,997 99, 698

= §IF -
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MAJOR ELEMENT AMALYSES FOR EIGHT SAMPLES OF GRARDFHYRIC GARBRO FROM THE KOMATIFOORT IRTRUSION

e’ aet  ae  aw'  an? cuaz® ces1®  cus2?
sio, 52,88 53,4 52,04 5,88 51,3 51,70 $2,00 53,06 | 1 = Analyscr- Nacional Institute for
Metal lurgy
"'"12"3 14,42 4,53 ih, 34 15,70 14, 31 14,30 14,50 13,67 2 = Analyici= Universicy of Capa Towm,
& & & 4 Professor Erlank
Fe0, 381 4,55 4,49 6,38 16,18 16,14 15,98 16,35" | 3 = Analysti~ C. Logan
FeO 8,86 5,35 9,62 9,79 nd® nd” nd® nd> 4 = Total Fe expressed as Fe,0,
HgD i,72 1,51 1,75 1,9 1,87 2,08 1,76 1,63 5 = nd = not determined
cs0 7,06 1,1 7,67 7,95 7,18 7,62 8,40 7,42 | 6 =101 = 1oss on igniticn
W0 2,85 2,88 2,82 2,91 2,81 2,86 2,98 1,78
L0 LM 1L 1,47 1,43 1,46 1,54 1,79 |, 82
l!l’_ﬂ" 0,.53 6.1 0,44 0,42 0,465 0,452 0,8 8,39
o' 138 1,5 1,47 1,09 . ks od® 'y
8 ad nd” nd? o 0,216 0,105 nd” nd?
o, 045 0,52 08 020 nd nd nd” nd®
wr® e’ Rt nd> nd’ 1,07 0,335 0,76 0,53
O, 1,77 1,50 1,81 2,08 1,93 2,14 1,87 1,82
B0, 0,79 0,62 0,69 0,88 1,81 0,92 nd” nd”
Wa0 0,23 0,24 0,28 0,26 0,24 0,25 0,23 0,24
TOTAL 98,59 99,32 100,03 09,92 100,065 100,442 100,36 99,69

= BEE =



TWD SELECTED AMALYSES OF FERROGABBRO FROM THEE BIEDS RIVER COMPLEX (from Eales and Robey, 1976)

TABLE 3B

1 2
Hﬂl 34,6 52,2
”1“: 11,3 i3,2
r-:n: 8.8 &6
¥ed 6.0 10,1
Hgd 1 | 3,2
Cab 5.0 1,7
Na ,0 2,78 2,99
::n 2,16 1,34
Hiﬂ 2.4 0,8
tm: 2,0 N
B0, 0,82 0,33
el 0,2 0,
TOTAL 29,5 99,1

1  Birds River Complex = Fractionated derivative of the porphyrletle sulte. (Eales and Robay, 1976, p 104,

2 Birds River Complex = Farrogabbro with {ntersciclal masostasls. (Eales and Robey, 1976, p 104, Table 1,

Tabla |, analysis 3)

analyala 4)

= OEE =
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{iv) Unit 4 - The Granophyre
Table 1i9, P H;, lists major element analyses of nine samples
from unit 4. These include an analysis of the 'grey granophyre',
mentioned in 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 bad of the Komati River, provide a cross—section of the
granophyre. Major and trace e¢lement data suggest tha rey
granophyre may represent a metasomatised xemolith of grano-
‘phyric gabbro, or possibly feldspathic gabbro caught up in the
| granophyre (see later) and the sample is listed as such in the

1 | index to Table -iil. P H{. The granophyre of the Komatipoort

' Intrusion is in some respects, compositionally similar to the
more siliczous 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). Texiural differences are apparent,
however, between the 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 various basic intrusives
are listed in Teble 40, p 232, for comparitive purposes. The
Komatipoort granophyre is clearly low in Sin‘.}2 relative to other
granophyres proper, and justification for terming the rock a
granophyre - must be given on textural rather than compositional
grounds, as is the case also for the gramophyric gabbre of unit 3.
Despite generally lower Siﬂz contents, similarities are apparent
in the analyses compared im these tables. Analysis 1, Table 40,
(Birds River Complex), and analyses CL11 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, (Yomatipoort intruaion).



Table 19

MAJOR ELEMENT ANALYSES OF WINE SAMPLES FROM THE GRANOPHYRE UNIT, KOMATTPOORT INTRUSION

an'  em2'  cad cL4s? cLés®  cL4s®  cusa? cuid?  cnza!
810, 55,45 62,71 62,08 54,09 s7.06 61,62 61,52 53,27 54,42
ALD, 1,01 11,46 11,60 15,82 11,85 11,46 11,53 10,76 10,52
fe,0y 4,01 6,79 3,63 13,37 15,67 14,00 14,37 19,75 4,67
5 5 5 5 A
FaO 10,77 6,98 8,49 nd nd ol ad 12,98
Mg 0, % 048 0,40 112 1,15 0.48 0,51 1,35 1,50
a0 5,7 S8 4,07 6,63 4,55 4,05 4,06 5,70 6,18
a0 2,76 3,35 2,86 3,12 2,93 2,77 2,81 2,16 2,59
%,0 2,36 %47 1,30 1,71 2,76 3,60 3,62 1,% 1,718
1,0 0,50 0,27 0,06 0,267 0,500 0,249 0,35 0,400 0,41
. 5 5 s s 5

B0 2,17 0,99 1,15 od ad -5 od od 1,39
s ad> e nd® 0,349 0,05 0,059 od” 0,195 o
o 1,38 0,22 0,20 ol o nd ad ad’ 0.3
ur:‘ Py nd® ad> 1,24 0,093 0.%2 0,08 1,55 =od
o, 1,69 1,08 1,20 1,54 1,78 1,18 1,34 1,97 2,13
PO 0,47 0,20 0,23 0,56 0,57 0,28 o 0,70 0,80
Me0 0,10 0,26 0,28 0,24 0,262 0,25 0,28 0,20 0,35
TOTAL 99,50 100,07 99,95 100,036 99,089 100,30 100,47 99,915 100,02

| = Analyst — Matlonal Inscitute for Metallurgy; 2 - knalyst - University of Cape Town, Professor
Erlank; 3 = Analyst — C. Logan; & — Toctal Fe exprezsed ac Fe 0 _: 5 = nd = not determined

73
6 = LOT - loss on ignition;

= %L -



TABLE 40

ANARLYSES OF FRACTIONATED ROCKS FROM SO0ME THOLELITIC INTRUSIORS

i F ol 3 [ 5 6"
sio, 57,5 66,5 55,10 57,30 64,39 65,0
Al 40, 11,0 11,8 5,90 11,13 12,37 11,8
Fay0y 4,75 5,15 3,41
Fel 15,1 9.1 15,14 11,75 B, 754 10,4
Hgl 1,5 0,7 0,13 0,81 0,4 G,7
Cal 6.1 3.5 7,76 4,83 3,67 3
Na,0 3,3 3,5 1,86 3,51 4,30 3,0
K0 2.3 2.5 1,00 1,83 2,33 3,0
Hy0 1,12 1,42 1,36
Tio, 2,2 1,0 1,16 1,42 0,92 1.4
P,0, 0,8 0,2 0,24 0,35 0,09 0,1
i 0,14 0,28 0,21
Ot har 0,2 0,2 0,2 0,2
TOTAL 180,80 100,06 100,3 59,78 100, 30 160.0

# All P+ expressed as Fel and totals recaleulated to 100X on H,0 and CO, = free basis by BEales and Robey (19768)

!yBirds River Complex - Porphyritic fayalite-bearing derivatives with microcrystalline to glassy groundmass,
2'(Eales and Robay, Table Z, p 105)

3 Traositiomal Cranophyre, Swdrtoppen, Skaergaard (Wager and Brown, 1968, p 158, 4489)

& Ferrodiorire, Sandwich Horizon, Skasrgaard, (Weger and Brown, 1968, p 158, 4130}

5 Helanogrenophyra, U 3G , Sksergaard, {(Wager and Brown, 1968, 5164)

& Fayalire Hedenbesgite Crasophyre, New Amalfi Bheet, (Poldervaart 1544)

- LT -
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These analyses effectively span the full range of compositiomal
variation found in the granophyre of the Kcmatipoort intrusiom.

The analysis of the 'grey granophyre', (Table 39 , p 232 ), is
exceptionul in that it differs from the other analysed Komatipoort
intrusion granophyres in its noticeably higher ﬁlzﬂj and Cal contencs,
amongst other features. The major element composition of the 'grey
granophyre' compares well with the most silica rich of the analysed
granophyric gabbro samples listed in Table 37 , p 229 , (Analysis

cL 9 ).

Unit 5 = The feldspathic gabbro

A total of mix analyses of the gabbro that composes unit 5 are
shown in Table &1 , p 235 . Three of these analyses, (CL 14 ,

€L 26 , and 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 remeining anaiyses ( CL 27 ,
Table 41 ) represents a specimen frclul vhat is considered to be a
large xenclith of feldspathic gabbro, present at the contact
between the granophyrie 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 specimens were
collected along a cross—section of the unit provided by the course
of the Komati River, uvpstream from the Railway Bridge, (see geolo-
gical map). An analysis of a fcldspathic 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
betveen this analysis and some of the analysed rocks of wnit 5, (CL
27 and CL &40 , Table &1 ), despite the fact that the major rock
forming minerals in the feldspathic gabbro Erom the Komatipoort
intrusion show signs of alteration, (see section om 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 AMALYSES OF SIX SPECIMENS OF FELDSPATHIC GABBRO FROM THE EDMATIPOORT INTRUSION (A = F)

A L] [4 ] E F -
an' aw® an' o' o' cue’
Hnl 52, 30,82 52,1% 55,95 57,16 57,60 52,1 |1 Analyst - Matlonal Insticute for Mecallurgy
AL, 19,27 ""3 16,10 18,22 17,70 I!-,HJ 17,0 | 2 Analyse -Eﬁmn:, of Cape Town, Professor
r.lna ot Iz-i‘ MR N 2 l"'.:? e 3 Toeal Fe expressed as Fe 0
Fed 7,30 nd 8,46 5,3 3,89 nd B, 1 2°3
Mgo 1,78 2,75 2,20 1,57 1,68 2,40 4,9 |4 ™ - vet decarnined
Cad 9,74 8,87 6.8 7.4 7,25 6,88 9,9 |3 1T - less on igalcion
u,u 3.4 2,9 3,17 340 3,02 3,26 2,17 | A Eenolich of -::- .:tiu-l h:dﬁtﬁ mabbro
KO L9 1,29 2,56 212 259 3,0 0% :m;:’;hm'“ S SRR
"2“_ 0,36 “'E“' 0,31 0,35 0,3 “'F"’ 1,5 |8 Hedium grained feldspathic gabbro = near western
H,O l.il nd |.fl :.27 l.il.'l nd A margin of the feldspathic gabbro unic
& nd 0,259 nd nd ad 0,056 nd C Madium grained feldspathic gabbro - nesar centre
W, o8 ) o ol W R e bt
s s gl i o 1,39 nd n::-:r:nnml:- P ‘
'ﬂ-ﬂ! 1,23 1,60 1,71 .00 1,00 1,01 ld | g Finar-grained feldspathic gabbro - 5 @ frem the
PO, 0,1 0,43 0,58 0,3 0,28 0,32 0,30 eascern contact
Hnd p.i8 0,8 0,20 0,13 0,16 0,15 0,1 | ¥ Fine-grained feldspathle gabbre — at the sfstern
contact
TOTAL 100,06 100,48 99,29 100,03 100,09 100,49 99,93 G Feldspathlc olivins gabbro, Birds River Complex

(Eaias and Robsy, 1976, p 104)

= GLE =
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present in the samples.

High levels of Eiﬂz and l!ﬂ are present in the annlysed sample of
the fine grained upper contact of the feldspathiec gabbro unit,

(CL 46 , Table 41 ), and it appeare that cthiz analysis is unlikely
to represent the average composition the magma parental to the
feldaspathic gabbro. The explanation for the composition of the
contact rock may be found in the partial hvbridization of the upper
contact rocks with a younger granophyric microgranite intrusive
deascribed in a previous 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 in the rocks of the Komatipoort
intrusion have been illustrated using several variation diagrams:
an AFH diagram, major oxides versus position in the intrusion, major

oxides versus the index IKIU * Fed + r.inj

leﬂ + lzﬂ HgO + Felb + Fe

2%
vhich is recommended for rocks exhibiting relative enrichment in
both alkali and iron by Eales and Robey (1976).

(a) The AFM diagram

In figure 34 , p 236, the snalysis of rocks from the Komatipoort
intrusion have been plotted in an APM diagram, in temms of weight
percentages. The use of this diagram for the portrayal of petro-
genetic relations has been criticised by Wright (1974), however
Barker (1978), has suggested that APM 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 nince the AFM diagram has been
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FesMn
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Figure 34  AFM  diogrom for rocks of the Komatipoort  Intrusion

@ Oliving  Gobbre

@ Clingpyroxene Flogioclkase  Cumulale

= Granophyric Gobbro

& Granaphyre

® Feldspothle  Gabbra

& Granophyre - Granophyrlie Gobbro  Contoet
+ Feldspothic  Gobbro - Upper Contoct  fone
= Rhyolitie  Extrusive

I-16 are CL sample numbers 35-48
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used extensively to portray major element variation in igneous
rock series.

1t is apparent from figure 34 , that the analyses presented here
follow a typical, tholeiitic, moderate Fe-enrichment tremd,
roughly ' comparable to that of the Bushveld Complex (Wager and
Brown, 1968, Fig 217, p 402), and the Skaergaard (Wager and Browm,
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 propertions 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 festures thatr are apparent on this diagram caa be con-
firmed using other diagrams. These include the alkali-rich

nature of the anslysed fine-grained contact rocks of the feld-
spathic gabbro (unit 5), which plot cleser to the reference point
provided by the rhyolitic extrusive analysis, also plotted in
this diasgram, than the analysed [eldspathic gabbro samples from
the interior of the intrusions. Further the Fe-rich nature of the
analysed samples from the contact between the granophyre amnd the
granophyric gabbro is apparent, although perhaps over emphasized,
in Figure 34.

Major-oxides versus position within the intrusion

Major oxide weight percentages have been plotted against position
vithin 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 obviate difficulties over the assignment

of the relative positions of samples collected in 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 gramophyre, ( granophyric gabbro xenmolith), CL 43 ,



E
}z
E
|

2 e MPW |

wag, |

3

:
|
i

:
%
{

= db
i

Tatal

*Fed nh |
i e
e p i

S e 1 e e




= &0 =

are joined to the main trend by dotted lines, in this diagram.

I

I11

The olivine gabbro

Most of the major elements show irregular fluctuations inm
concencration within the olivine gabbro, and these fluctuations
appear to result largely from variations in the proportions

of the discrete olivine and plagioclase erystals and the ophitic
pyroxens plates.

The clinopyrozene-plagioclase cumulate

Variations in major element content between samples of the
clinopyroxene-plagioclase cumulate are dominated by differences
between the magnetite poor, (low Fed + FEzﬂﬂ. and Ti.l?l:'}l and
magnetite-rich samples, (high FeO + Te,0, and TiD,). No meaning=
ful generalised trends in terms of the other major elements
could be detected across the zome. Samples from the upper third
of the zone, vhich displays a sharp increase followed by a

slow decline in olivine content from west to east across the

unit, were however, not availasble for analysis.

The granophyric gabbro

The granophyric gabbro samples in general appear relatively homo=
geneous, although wery slight decreases in l‘zﬂi, Iiﬂz. Ca0 and
MgO from east to west across the zone may be discerned. These
decreases are accompanied by equally slight increases in Izﬂ,
”g‘uj and possibly Eiﬂz. The analysed sample of the granophyre
dyke intruding the granophyric gabbro (CL 48), ehows obvious
similarities in major element content to the analysed granophyre

samples from near the centre of the granophyre umit.

Compared with the adjacent clinopyrorene—plagioclase cumulate

the granophyric gabbro shows a marked increase in siuz and P,0,
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and a smaller increase in &1203. Hﬂ!“ and HED- The amount of TLDE

and Fed + "2“3 present in the granophyric gabbe 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 semples. The Mg0 and CalD contents of the
granophyric gabbro are slightly lesg 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.

The granophyre

In general major element oxide concentrations wary roughly symmecrically,
or in some cases slightly unsymmetrically about the approximate centre
of the unit. Oxides such as MIDT lluzﬂ and possibly Ca0 appesr
exceptional in this regard in that “1‘“3 and uazu show a tendency to
increase slightly from east to west across the unit while Cel shows a
tendency to decrease in concentration. Samples collected from near

the centre of the zone do, however, contain less CaD than any of the

other analysed granophyre samples.

The oxides MgD, FeO + Fe,04, P,0, and Tiﬂz increase in concentration
at either margin. Eiﬂz shovs a wvell-defined maximm near the centre of
the unit and decreases in concentration fairly rapidly towards the
margins. The liﬂ content tends to imcrease across the whole unit
from west to east, although there is some suggestion of a local high

near the centre of the granophyric umit.

The contact of the granophyre with the granophyric gabbro could be
discerned in the field only with difficulty due to the similarity

in the appesrance 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 EiDE and Fel + Feiﬂﬂ'
and to a lesser extent in T‘iﬂi. PED5 and Izﬂ- Relative to the
granophyric gabbro, the gramophyre is notably depleted in
MIDJ' and to a smaller degree in CaD and Ha,zl.'l.

Strong similarities in major element oxide content between the
‘grey granophyre' (granmophyric gabbro xenolith) and the grano-
phyric gsbbro analyses (see Table 27, p228), are apparent in this
diagram, (fig 35). 1In several respects the analysie (CL 43),
resembles some of the analysed feldspathic gabbro samples, however
Al DJ, Mg0 and possibly Ca0 contents are significantly lower than

2
might be expected.

The feldspathic gabbro

In examining variations in 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. Unfortumately, relatively small mmbers
of analyses of these rocks are available.

Some possible variation trends may be discerned in the interior
of the unit if the feldspathic gabbre xenolith from the grano-
phyric gabbro (CL 27), is regarded as the most westerly represent-
ative of this unit 5. These include a tendency for hllﬂ],

MgO snd CaD to decrease from west to east and simultaneously for
Fel + F’zﬂj‘ K,0y Py0g, 'I.'iIEI2 and to a lesser extent Na.0 to

2
increass from west Lo east. 5102 shows a smaller fluctuation in

concentration.

The three analysed specimens of the fine grained contact rocks
also show a distinet variation trend. Siuz. E,0 and FeO + Fe,0,

increase towards the contact whercas M;iﬂj ghows a noticeable

decrease. Mg0, Ca0, 'l:ilfl2 and P,0. contents show little variation.
Petrographic evidenca described earlier, (see p 201), provides
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evidence of the intrusive relationship that exists between the
granophyre of unit & 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-
spathic gabbro ghow much higher .':.111'.}3, Mg and Cal contents and
lower Eluz. FoD + F&IHI. K,0, F.O. and 'I':T.‘.'.'r:1 with no suggestion

2 25
of a gradational transition between the two zoneés.

IKZEI- Fed + ’“1“3
(c) Major oxides versus the index +

Hliﬂ + Kzﬂ Fed # i"l:zlll3 + MgO

I The olivine gabbro

In this diagram (fig 36, p 24 ) the major element oxides such as
Biﬂl:. ‘“:"3* MgO and Cal show a scattering similar to that observed
in the previous diagram, (major oxides versus position). lzﬂ,

Tiﬂz. P,0, and to a lesser extent FeO + hlnl and Na,0 increase

as the index employed here increases, possibly reflecting the
concentration of several of these elements in the interstitial
mesostasis, present in minor but variable amounts in these rocks.

ITI The clinopyroxene=plagioclase cumulate

As in the previous diagram (fig 35 ) compesitional variations
are dominated by the large diffferences in FeD + Fe,0, and Ti0,,
resulting from differences in magnetite and ilmenite content

between the analysed samples of this unit.

IIT The granophyrie gabbro

The granophyric gabbro analyses show a small range of variation
in general, however many of the major elcment oxides do show a
systematic change in comcemtration with an increase in the index
employed here. Further, plots of several of the major element
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FIGURE 36.

For figure 36, see insert in pocket at the end of this thesis.
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oxides versus the fractionation index fit fairly closely to

a straight line. 5i0,, AL,0, and .0 show a distinct increase

with inerease in the fractionation index, apparently in response

to variations in the concentration of the K-feldspar bearing
interstitial micropegmatite. Corresponding decreases oceur in

the concentration of Cal, Tiﬂz, Feld + FEID3 and P2D5. al though

in respect of the last-mentioned oxide,analyses CL10 and CL24 are ano-
malous. The grey granophyre, (gramophyric gabbre xenelith),

plots together with the granophyric gabbro analyses with

respect to most elements, although the Pzﬂﬁ content of this

sample is somewhat lower than would be expected.
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 &8 straight line trending in the
direction of the point representing this reference rhyolitic
extrusive in the fractionation index diagram, (fig 36 ). K,0,
Eiﬂz and to a markedly lesser extent Alzﬂsand Hazn tend to
increase with inereasing fractionation index, and Mgld, Ca0,
TiUE, Piﬂﬁ and Fel + Fe 0. decrease as the fractionation index

1NCT EARES .

The MgD contents of the analysed granophyre samples continue

the trend of the granophyric gabbro samples as do, slighcly

less exactly, the P2U5, Tiﬂz, anﬂ, Cal and che H?D contents.

The Eiﬂi values of the grancphyre 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 Al,0, and Fe0 + Pezﬂj the points re-~
presenting the analysed granophyre samples define trends

apparently unrelated to the corresponding trends shown by the

granophyric gabbro analyses in the same diagram. The MED3
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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
FeD + Fe,0, in that the sum of the oxides decreases with in-
creasing fractionation index, however, the Fe0 + Fe,0, contents
of the granophyre sample with the lowest fractiomation index
considerably exceeds the FeD + Iuiﬂl content of the most

fractionated pgranophyric gabbro.

The analysed sample of the granophyre dyke which crosscuts

the granophyric gabbro (CL &8 ), plots close to the most
fractionated granophyre in the fractiomation index diagrem
(fig 36 ), demonstrating its chemical affinity with the grano-
phyTe.

V  The feldspathic gabbro

Two of the analysed feldspachic gabbro samples from the interior
of the unit have almost identical fractionacrion indices, and
little meaningful information can be derived from this diagram
concerning these rocks. The fractionation indices of the fine-
grained contact rocks on the other hand show large differences,
but there is no indication of a systematic variation in major
elemant 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 insufficient analyses of the
feldspathic gabbhro are available for a reagonably reliable averape
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to be eptimated 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, and although
it is acknowledged that these measurements may not give true relative
ebundances 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, calculoated 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 unrealistie. The average Komatipoort theleiite 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 in the compositions of the two averages, but a major difference
lies in the Ti'D2 contents of the two averages, the average Komatipoort
tholeiite having a higher Tiﬂ: content. Cox, et al (1966), found

gimilar differences between the Ti0, 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 Mg0 content, although a
dolerite with a similar Mg0 content is listed in Table 16 , p 51 .



TABLE &2

Compogsition of average rocks from sones 1,2,3, and 4 of the Komatipoort Intrusion,
{ealeulaced uaing weighted averages of salected analyvees presented in this study).

Average olivine Average clinopyroxens= Average Average Eomatipoort Incrusisn
gabbro, (Unic 1). plagioclase cumulate granophyric granophyrte Average Magma for
(tnic 2) gabbro (Dnie 3) (Unit 4) Baits 2 and 3

80, 47,60 50,20 52,90 58,54 51,40

A0, 14,90 14,70 14,66 11,22 14,68

Fa, b 1,74d 2,60 £,30 3: 25

g | -

Fal %,10 9,60 8,90 15,66 9,28

m ‘I“ snﬁu 1 --'u ﬂ,'5 1#‘?

Cad) 11,60 11,20 7.30 &, T2 9,47

Ilzﬂ 1,50 2,50 1,80 2,78 2,38

K,0 0,30 0,60 1,70 2,88 1,09

Tio, 0,70 1,60 1,70 1,54 1,64

Py0, 0,12 0,35 0,70 0,47 0,51

Hnd 0.17 0,22 0,25 0,17 0,23

80" 1,00 0,91 1,53 1,48 1,19

H’l:l 0,13 0,20 0,40 0,3 0,2%

WI 0, 20 0,25 0,860 0.57 0,451

Fell + Fa 'y

FeD # Fa 0, + g 53,10 64, 50 BE, 60 101,32 76,5

% Torml Fa expressed aa Fe. 0

23

- gY =



TABLE 43

Comparieon of the estimated average composition of units 2 and 3 of the Eomaripoort Ino=

Erusiom with that of the aversge Earroo dolerite (Erom Walker and Poldervaart, 1949), and

the estimaced aversge Fomatipoort tholeiieps, (Ffrom snalyzes presented in this study).

Eomatipoort Intrusion average magma Mverage Fomatipoore Average Karroo

for vnits Z and 3 tholeiite dolerite™
8i0, 51,4 50,62 51,9
41,0, 14,68 12,88 15,5
Fas0, 3,35 3,56 1,0
Fel 9,28 10,34 10,7
M0 3,87 5,33 8,2
Cal 3,47 .48 §,7
ia,0 2,58 2,37 1,8
I:z'n | D% 0,98 0,7
'II'l:I2 I, 66 2,36 1.1
FEUE 0,51 0,56 0,1
Hnl 0,23 0,23 0,2
1,0 1,19
H,0 0,29
mz 0,41
Fel + E':ial:ll3

16,5 2,28 58,79

x 1
I|D+F1103+Mgﬂ MI

*yalker and Paldervaart

{1949) Table 17.

- GYE -
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{viii) Suamary
In general the major &lement Inll];lt representing the rock types for-
ming the various units of the Komatipoort Intrusion temd to form clus=-
ters in the variacion diagrams rather than defining one continuous
series. In addition, within cross-sections of units such as the granc=-
phyriec gabtio and to & lesser extent the clinopyroxene-plagioclase cumu—
late, there is lirtle systematic variation with position in the imtrusionm.
The granophyric gabbro , in fact, appears te 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 fractiomated in situ, they could
be representatives of a fractionation sequence developed at depth,
and intruded separately at their present site. The granophyre resembles
the more extreme fractionstiom produvcts of differcntiated tholeiicic
intrusives in terms of major element chemistry, hovever differences in Al
and Fe contents provide evidence that the granophyre is wnlikely to have
formed part of the same fractionation sequence as units 1,2 and 3, (see
f£ig 37). The granophyre could however, represent an extreme
differentiate of a separate tholeiitic fractionation sequence. Some
of the evidence is soggestive of a hvbrid origin for the granophvre,
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 River 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 Intrusiom have been analysed for 14 differemt trace
elements in addition to major elements. The results of the trace

element snalyses are listed in Tabled4 A and B. Variations in trace element
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TABLE 44 A

TRACE ELEMENT ANALYSES FOR SEVEN SAMPLES FROM THE FOMATIPOORT INTRUSION (expressed as p.p.m)
{corresponding major element analyses are listed inm Tables 3&,36,37,3%, end 41},

Analysc: Universicy of Cape Towm, Professor Erlank.

CL35 CL3G CL37 CL33 CL39 CL4D CL&1

* 1 2 3 4 5 & 7
Ba iy 106 316 395 412 421 &01 CL35 - Qlivine gabbro-
g 301 264 139 154 157 487 P I colinete i iy
b 2,5 4,9 19,5 21,0 2,7 28,9 Y i -yl
T 9,7 12,8 s &4 &5 37 67 BLAT = cpn-phigmcomitate
Zr 2.5 a3 226 306 320 258 &5 western margin
Kb L2,8 3,5 14,7 19,0 19,8 16,3 13 CL3IE - cpr-plag=cumulace
Zn 36 61 102 156 160 55 161 i
Cu  2hyh B0 109 a7 B3 113 3 IO i ol i i e
o A 67 43 48 5 3 8.3 | crap - feldspachic gabbro
i 93 181 67 22,8 19,6 27,4 3,1 |- basze
v 133 115 186 68 40 159 3% CL41 - granophyric gabbro
cr 103 310 152 5.3 1,8 30,0 N
Th ! 0,7440,17 2,1 +0,2 3,0 0,2 3,1 +0,2 3,4 +0,3 5,6 40,2
v na! 0,1340,08  0,4640,07  0,45+0,06  0,46+0,06  0,79:0,09  0,8240,07

b .

nd = not decacted

= Sample nuwbers as given in several of che diagrams.

= IEL -



TABLE 44 B

TRACE ELEMENT ANALYSES FOR SEVEN SAMPLES FROM THE MOMATIPOORT INTRUSION (sxprassed as p.p.m)
[correspondicy major slement analyses are listed in Tables 34,36,37.39 and 41)

Analyst:University of Cape Town, Professor Erlank

142 L3 cLA4 CLaS CLA CLA7 cLAS
8 3 10 1 12 13 14
Ba 621 831 807 1025 753 BT 1243 CL42 - granophyric gabbro
sr 439 480 205 286 401 225 35 = St
b 37 43 53 L T L] 9% ﬁmmﬂéﬂliﬁ}
Y 64 83 B3 8l 54 101 101 AL = s L
Ir 510 334 T4l 887 534 1057 1055 Eabbro contact rock
" 3% 3 54 61 a2 ™ M CL&S - grancphyrs
Za 159 156 170 180 100 158 2 SR ——
cu 121 4 56 38 128 2,2 B e it |
Co 25,1 175 18,86 18,1 57 8,0 BT mAY = aeeecplive - whasaen |
wi 3.6 1,5 1,5 2,1 62 2,1 2,1 =margin
v 60 14,5 4,9 10,7 51 4,4 5,2  CL&8 - gramophyre vain
cr 6,9 5,5 6,3 45 10 4,4 A0 | SEIRCSg SR
T™h 5.5+ 0,2 5,420,2  7,940,3  9,180,3  7,440,3  11,6+0,3 11,6+0,3 '
U 0,89:0,05  1,280,1  1,740,1  1,550,1  1,3:0,1  2,080,1  2,1:0,1

#® = Samples nusbars a8 llated in ssveral of the diagrams.

= £§L -
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content of these rocks in relation to fractionation index

2K.0 FeD + Fe O
_iz_ " 2°3 ¥ (Bales and Robey 1976)
Haiﬂ + Kzﬂ Mg + Fel + FE2ﬂ3

are illustrated in fig 38 A and B . In addition, variations in the

Co/Wi ratio , and the EfRb ratic are shown in fig 39 .

Ba, Rb, ¥, Zr, Nb, Th and U in peneral display the same type

of variation with increasing fractionation index. This involves

a slow increase in concentration of the trace slemént concerned,
from rocks with a relatively low fractiomation index, (olivine
gabbros) to samples with a moderate fractiopation index (feldspathic
gabbro and clinopyroxene—plapioclase cumulate), followed by a
relatively rapid rise in trace element content in passing to

rocks with higher fractionation indices, such as the granophyric
gabbre 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.
kb, Zr, Th, U). These residual elements tend to be excluded from
early formed crystals in tholeiitic basaltic magma, and instead are

preferentially concentrated in the residual fraction.

Variations in the K/Rb ratio are shown in fig 39 . Highest values are
present in the sample of olivine gabbro with the lowest fractioma-
tion index, but the ratio drops rapidly with increase in the Frac-
tionation index of the various samples. The initial high
E/Rb ratios are associated with olivine gabbro samples that contain
extremely small amounts of interstitial micropegmatite. This inter-
stitial micropegmatite is 1ikely 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 wicropegmatite has been reported by Eales and Robey
(1976), from the Birds River Complex. It is reported by these

authors, that in some cumulates, mesocumulys, adeumulus and heterad-
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cumulus growth results in the expulsion of the interstitial residue
to varying degroes. Where 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, wre too low to have a major influence on the whole rock K/REb
ratios 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 rock values. Thus

the high X/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 b (and all the 'residual’
elements) with fractionation index in the 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 ratic as the Eractionation
index increases. This is in accord with the conclusions of Prinz
(1967) 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 in 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 in rocks with higher fractionation indices.

Although ¥b has been shown by Eales and Robey (1976) to concentrate
in the opaque oxides im rocks of the Birds River Complex, in the
Komatipoort Intrusion these cpaque oxides are themselves a late
interstitial phase for the most part, and often occur associated
with interstitial micropegmatite.Probably for this resson 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 'resitiual' elements. Ba distribution
is complicated by a tendency for this element to be preferentially
incorporated in plagioclase of certaln compositions. Thus plagio-
clase in the range oligoclase-labradorite contains wmore 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 enrichment in Ba in the rocks of inter-
mediate fractionation index, that is additional to the increase
caused by a rise in the intersticial micropegmatite contact of

these rocks. This additional inerease in the Ba content of the rocks
with intermediate fractionation indices may be sufficient to
produce the ohserved flattening of the variatiom curve.

Yttrium is also considered by Prinz (1967) and Wager and Brown (196B) to
increase in the late fractionmation stage. This element has &
slightly flattened variation curve simi’ar 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
fracctionation index as this mineral is knowm to contain significant
amounts of Y (Prinz 1967, Eales and Robey 1976).

Strontium shows a variation trend distincrly different to that of the
'residual’ type elements because it is preferentially concentrated
in plagioclase of an anorthite-rich mature. This results in enrich-
ment of Sr in rocks containing sbundant plagioclase, such as the
feldspathic gabbro and the clinopyroxene—plagioclase cumulate, and
relative depletion in rocks of higher fractionation index which
contain increasing amounts of K-feldspar and albite-rich plagioeclase.



Elements Co, Ni, Cr and to a lesser extent V, show a broad zimilarity in
variation trend. The resemblance between the variation trends of
Ni and Cr are particularly marked. This is a consequence of a
tendency for Mi to be incorporated im early formed olivime and
to & lesser extent, ¢linopyroxene crystals, and for Cr to occur
elther in early formed pyroxenecs (particularly augites), or as
Cr-spinels included in early oclivines. This results in the en-
richment of these alements 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 Wi, (see fig 38 ),

In fig 38 [t may be seen that the variation in the Co/Ni ratio with
fractionation index appears to follow two 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/Wi ratio rises sharply
again in the granophyric gabbro, to produce another trend. These
trends are to some degree obscured by the points representing samples -
CL 43, &4, 45, 47, and 48 , |Thowever these samples have Ni contents
below the detecrion limit of the analytical method used. Thus they
could plot closer to the higher clinopyroxene-plagioclase cumulate =
granopnyric 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 fractiomation and it therefore en-
hanced in rocks of moderate fractionation index and depleted in
rocks of higher fractionation index. A distribution similar to
that observed on the Komatipoort Imtrusion was found in the rocks
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of the Skaergaard Intrusion by Wager and Browm (1968).

Sulphur distribution is controlled by two factors. First a tendency to
concentrate in the residual magma and secondly, when the concen-
tration is high enough in relatiom to other wariables, a tendency
te form un immiscible ligquid which settles out of the basic magma.
The solubility of § in the magma is affected by the concentration

of Fezﬂ,, in the magma, the EEE and f0,,{Haughton, Roeder and Skinner,
1974) .
Sulphur concentration in rocks of the Komatipoort Imtrusion is low in the

olivine gabbro, rises in the rocks of moderate fractiomation
index and decreases in the rocks of highest fractionation index.
Scatter of the points is extremely wide however, presumably in
response to the complex variables controlling the § distributiom.

Copper variation is to some extent correlated with that of 5, but this
relationship is disturbed first by the prescnce of abundant Cu-free
Fe=gulphides 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 in the rocks of the Skaergaard Intrusion
and found that Cu tended to increase in the residunal magma until
the late stages of crystallization. In the Komatipoort Intrusion
rocks, Cu content rises until rocks of an intermediate fractionation
stage are teached, and 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) sugpest that Zn
may be concentrated to some cxtent in magnetite. If this is the
case for the Kematipoort Intrusion rocks, the nature of the
occurrenceé of the opagque oxides has allowed a mild inerease in
the concentration of Zn in the residual magma, as was sugpested
for Wh.
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Factor Analysis and Trace Element Content

Prinz (1967) used factor 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 propov:tions of trace elements in these basalts .could be
accounted for by four end members., These end members are calculated
for each basalt analysis using the same thirteen trace elements,
weighted by four series of (thirteen) different factors. The end
members are dominated respectively by 1) Sr, 2) Cr (and Ri), 3) Ba
{with V and Zr), 4) V (with Ba and Zr). Appropriate factors are
supplied by Prinz (1967) to permit conversion of any new analysis
of these thirteen elements inco its corresponding four end members,
{Prinz 1967, p 315, Table V). Using the four end members sach
analysis can be plotted in a tetrahedron, which, as indicated by
Prinz (1967), produces a diagram well sulted 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, Scr, Rb, ¥, 2r, Cu, Co, Ni, V and Cr. Ga, L1 and 5c were
alss 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 significance in accounting for the variations in the propor-
tions of trace elments in the rocks studies by Prinz (1967).

In view of the basalciec character of many of the rocks of the

Komat ipoort intrusion, the four end members proposed by Prinz

(1967) were calculated for the Komatipoort intrusion analyses,
making allowances for the absence of the three elements mentioned.
The points representing the various analyses were then plocted in a
tetrahedron, using the four end members as corners. The projections
of these points onto the four criangular faces of the tetrahedron
are showm in fig 40 . Three dimensional modelling of the tetra=
hedron showed that the real distribution of most points within the
tetrahedron is best represented by the projection of the points inta
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triangle | 4n 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 . Confiruation
of this is provided by inspection of the distribution of points
in triangle 3, fig 40 . Relationships between 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 im 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 is of some significance however that
the analysis of the 'grey granophyre' (CL 43,Table 32 ) plots

within the granophyric pabbro "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 elfect, the points projected into
Triangle |, fig 40 appear to be distributed along two distinet
trends. The first of these trends extenas from the middle of the
triangle, away from cormer 2, (see figd0D , triangle 1), towards the
upper-middle part of side 1-3, in 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", This suggests a drop in ead-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 gabhro and
clinopyroxene-plagioclase cumulate, to the granophyric pabbro.



(N)

- 265 -

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 toe the granophyre.

The first of these trends is likely to result from an observed
decrease in olivine content and in some cases pyroxens content,
wvith increasing fractionation index in the analysed samples of
olivine gabbro, clinopyroxene-plagioclase cumulate and feldspathic
gabbre. In addition it is probable that the Cr and Ni contents of
the pyroxenes in these rocks decreases with increasing fractiomationm
index. Simultaneously, the interstitial micropegmatite content
increases, leading to an increase in end member 3, dominated by Ba
and Zr, and dffectively 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 micrrpegmatite comtent of these
rocks, producing a rise in the "residual element comcentration'.
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.

Thus much of the variation in trace element content displayed in
both diagrams discussed here (fig 3 and fig 40) can be explained
by the removal or accumulation of trace elements in cumulus
erystals of olivine, pyromene, plagioclase, magnetite and to a
lesser extent apatite and zircon, or the accumulation of trace
glements in the residual magma during the fractionation of one or

more of the same crystal phases.

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 ouly available

direct evidence of the attitude of any of the units comprising the
Komatipoort imtrusion. If the other units present in the intrusion



are assumed to have a similar attitude to umit 2, the sequence
of rock units from west to cast scross the Komatipoort intrusion
(elivine gabbro, clinopyroxene—plagioclase cumulate, granophyric
gabbro, granophyre, feldspathic gabbroe), on initial inspectiom,
is suggestive of a cross-section of a tholeiitic sheet which has
fractionoted in situ by erystal settling. It is apparemt howevar,
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 below. The
erystallisation history of the complex is described later, (see
P 274 ).

(i) Unic ) = The olivine gabbro

Several lines of evidence are available to suggest the importance
of ceumulus processes in the formation of the olivine gabbro. These
include the similarities in major element composition betweon the
olivine gabbro and elivine-plagioclase cumulates [rom 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 umit 1. If the finer-grained spe-
cimen described from near the southern extremity of the unit (see

p 125 ), (which 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
wére présent in some abundance im the parental magma at the timo

of its emplacement. Both modal concentrations of the major rock
forming minerals and major element oxides show apparently random
fluetuations along ¢ross-sections across the unit and there is

thus no evidence of concentration of phenccrysts by flowage diffe~
rentiation. The olivine gabbro appears therefore to have originated
initially by the settling of olivine and plagioclase phenocrysts
from a relatively phenccryst-rich magma-body, (probably with a sheot
like form), accompenied by erystallisation of the residual mapma.

The random orientation of the plagicclase cryatals suggests they may
have settled, in part at least, as glomeroporphyritic apgregates.
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Petrographic evidence from samples collected along the Sihlangula
Stream section suggest recrystallisatiom in response to high
temperature contact metamorphism has occurred subsequent to the
formation of the olivine gabbro. The absence of lower temperature
mineral assemblages towards the interior of the Komatipoort in-
trusion, coupled with the presence of cuch 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 mineral textures along the Sihlangula Stream
eross=-section. As is apparent from the section on the petrography
of the olivine gabbro, (p 117 ), and that om mineralogy, (p 126 ),
each of the major rock-forming minerals in unit 1 are first
affected by recrystallisation processes at different points in the
crosg-section. Thus olivine only is affected in the most easterly
parts of the unit, however in the middle of the vnit plagioclase
also shows signs of recrystallisation. Finally in the most
wvasterly parts of the unit pyroxene is recrystallised in addition
to the other two major rock forming minerals. This sequence, oliviae,
plagioclase, pyroxens, 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 |, conditionsr were such that only the
highest temperature mineral, (olivine), was affected and the lower
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 temperaturs
prroxens was stable in its igneous configuration. Finally at the
western contact the entire igneous assemblage was unstable under
prevailing conditions. In view 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 consideredlikely that differences in
temperature, rather than other factors such as pressure, volatile
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concentration, PO, 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, is 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
700°C {pyroxene hornfels facies at low pressures), at the western
contact to yet higher temperatures at the pastern 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.
Unit 2 - The clinopyroxene-plagioclase cumulate

Abundant evidence of a cumulus origin is available for unit 2, the
elinopyroxene-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=
plagioclase cumwlate, suggesting the contact between unit | and
unit 2 iz unlikely to be gradational. Instead the textural evidence
suggests an Intrusive contact between a younger magma, of which

the clinopyroxene-plagicclase-cumulate is a derivative, and a
pre-existing olivine gabbro. Intrusion of this magma after the
formation of the olivine gabbro, eould, 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 granophyrie gabbro
An important factor in considering the origin of the granonhyrie

gabbro is the reiationship of this unit to the other wnits in the

intrusion. Dykes of granophyre have been observed eross-cutting
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the granophyric gabbro and the 'grey granophyre® described earlier,
has been interpreted here as a xenolith of granmophyric gabbro in the
granophyre, The granophyric gabbro is thus comsidered 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 elinmopyroxene—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 gabbrn could be directly related by fractionarion 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 granophyric-gablire just to the east of the
easterly dipping clinopyroxene-plagioclase cumulate, sugpest that
the granophyric gabbro could represent the upper more acid com—
ponent of a single intrusive tholediitic umit, which fractionated

by erystal 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, mentionad 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 zoning to
some of the plagioclase in the granophyric gabbre.

3) Chemical and mineralogical variations between the two units in
general appear compatible with such n genetie rolatienship.
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4)  The similarity in the distribution of the two rock Cypes.

Other features however, suggest a more complex origin for the grano-

phyric gabbro, namely:-—

1)  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 origin
for the granophyric gabbro.

2) Major elements, when plotted against the fractionation index
(see £ig 36 }, tend to approximate a straight line, again
suggesting a hybridization process.

3) A relatively 5i0,-rich average compogition is obtained if the

exposed portions of these rock types are assumed to repreésent

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 beeu made
to use quantitative 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 contenrs of
the rocks of the Komactipoort intrusion, recorded in Table 32 ,
however, shows that both the elinopyroxene—plagloclase—cumulate
samples and the granophyre samples have Cr values higher than that
of the granephyric pabbro analyses, supgesting that the granophyric
gabbro is unlikely to have originated by hybridization of the
clinopyroxenc-plagioclase-cumulate by magma similar “n composition

to the granophyre.

A further point which should be taken into consideration, is that,

for reasons already given, none of the other rock wnits in the
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in the Komatipoort intrusion could represent the upper more acid
component from which the cumulus phases which constitute bulk of

unit 2 have been removed.

In general therefore, the available evidence appears to favour
the interpretation that units 2 and 3 vepresent the lower and
upper portions of a single fractionated tholeiitic sheet. The
evidence suggest however that the granophyrie gabbro either suf-
fered later partial hybridization by a relatively small quantity
of intrusive acid magma, 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.

Unit 4 - The granophyre

Clear evidence is available for am intrusive origin for the
granophyre of unit 4, This evidence includes an intrusive contact
between the gramophyric 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
grancphyre unit, however its comstant position between the feld-
spathic gabbre and the granephyric gabbro, both of which are here
interpreted as sub—concordant sheets,suggests that the granophyre

may be of a similar nature.

Unit 5 = The feldspathic gabbro

As exposed in Che Komati River, the feldspathiec gabbro umit has

a fairly 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 feldspathie gabbro unit, are considered
to indicatz that the feldspathic gabbro is a sub-concordant sheet

which has suffered mild fractionmation by crystal settling.

Xenoliths of the feldspathic gabbro are found in the granophyre and
the granophyric gabbro, and the granophyric gabbro and the clino-
pyroxene—plagioelase—cumulate are considered to have a common
origin, as described earlier. The feldspathic gabbro is ctherefore
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 olivipe pabbro 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 cocntents, (especially Ni, - see Table 44A,B),
pyroxene composition, (although the feldspathie gabbro pyroxen:
compositions were determined in only one sample)and textures present

in some of the rochks.

Important differences, include the high olivine content of the

olivine gabbro and the absence of olivine in the feldspathic pabbro.
Small quantities of olivine were noted in the feldspathic gabbro

unit mear the Crocodile River however, The most significant diffe-
rence between the two units sppears to lie in the fine grained
marginal rocka, The finer grained marginal rocks from the southern
extremity of the olivine gabbro contain large olivine phenocrysts

and smaller oseillatory zoned plagioclase phenocrysts, (see p 125 ).
These phenocrysts are completely absent from the upper contact rocks
of the feldspathic gabbro. The large differences in the composition of

upper and lower contact rocks of what would in effect be a relatively
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thin sheet guggests that the oliwine gabbro and the feldspathic
gabbro are unlikely to be related in terms of simple crystal
fractionation. Tt is possible however that they may be derived

from & common socurce. There is no direct indication of the

relative ages of units 1 and 5, the only indication is provided

by the absence of any evidence of twe phases of contact metamorphism
in 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 involwved:-

1} Intrusion and fractionation by crystal settling of magma parental
to the feldspathic pabbro of unit 5. The unit probably has the

form of a sub-concordant sheet.

2)  Intrusion of magma parental to the olivine gabbro below wnit 5,
again in the form of a sub—concordant sheet, following by
sectling out of the cumulus olivine and plagioclase present

in the magma.

3)  Intrusion of tholeiitic magma between units | and 5 followed
by fractionation {crystal settling) te produce units 2 and 3,

These units alzo form sub-concordant sheoets.

&) Intrusion of the granophyre of unit &, as a sub-concordant

sheet .
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(N} Petrogenesis of the Mematipoort Intrusionm

(i) Unit 5 - The feldspathic gabbro

The available evidence, slight though it may be, (described in a
preceding section) suggests that the feldspathic gabbro msy be

the oldest member of the heterogeneous group of intrusives com—
prising the Komatipoort Intrusion. Formation of the Komatripoort
intrugion 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 (owing 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 variatien 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 comcentrations
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 = & cms in width, penetrate the country basalt along joint
planes for distances of up to 10 m. Further the videspread altera-
tion of the major rock forming minerals to albite,epidote, chlorite
etc., even in the feldspathic gabbro outcropping in the Sikwawa
River a [ew 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 plaploclase with a composition

of the order of An,_ crystallised alone initially, and settled out

to accumulate at tﬁi base of the intrusion, initially together with
more basie plagioclase phenocrysts present in the magma of the

time of its emplacement. The compositirn of the magma was such that
pyroiene did not commence crystallisation until the temperatura of
the magma had dropped significantly, and thus in the lowest parts

of the intrusion, in the railway bridge section, pyroxene occurs

as sub—ophitic te ophitic plates enclesing the plagioclase crystals.
The pyroxene at this point is therefore, considered to be an inter-

cumiulus 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 accimulated to form the rocks
comprising the lover-middle part of the sheet, and it is here that
Faint ignecus 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 stage 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,
ae indicated in the relevant section of geochemistry has resulted
in a Blight upward decrease in alumina, magnesivm and calcium and
an increase in titanium, potassium, phosphorus and iron content.
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 PO, amongst other factors, according to studies

by Osborn {1959 and 1962), Roeder and Dsborn (1966), Hamilton and
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Anderson (1968) and Haughton, Roeder and Skinner, (1974),hovever a
low £0, appears unlikely in view of the probable high H,0 levels present.
The fine grained upper contact rocks show some noteworthy geo-
chemical features, including an increase in the concentratiom of
oxides such as Siﬂz, Fel + ?a:ﬂa and K.0 and a decrease in Mlﬂl
content, as the upper contact of the feldspathic gabbro umit with
the country basalts is approached. In addition the single specimen
of & fine grained contact rock for vhich trace element data is
available, (CL 46 ), appears unusvally rich in Ni, Co and Cr in
relation to its fractionation index (see fig 3I7A,B)Most of the
features of the geochemistry of these contsct rocks cosmented on
here, are in one way or another a reflection of the concentration
of pink glassy interstitial material present in these rocks. The
concentration of this interstitial mesostasis increases towards
the upper coantact, and in view of the presence of anm 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 oxide concentrations and, by
raising the fractionation index, asccount for the apparently ab- .

normal trace element concentrations,

Unit | - The olivine gabbro

Following the emplacement of 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 zs rapidly cooled marginal
phases, contain phenocrysts of olivine and smaller oscillatory
zoned phenocrysts of plagioclase, suggesting the magma contained
such plenocrysts in suspension on intrusion.
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The presence of less basic second generatiom plagioclase crystals
and mantles of a similar composition around the oscillatory zoned
first generation crystals, in the coarser-grained olivime 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 amd plagioclase grains followed by crystallisatiom of

the intercumulus pyroxene plates and albite—rich rims to the
plagioclase crystals, As temperatures dropped further hypersthene
wis formed by inversion of clinopyroxene. The bulk of the major
element oxide variarion and some of the trace element variation in
the unit is thus controlled by fluctuatioas 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
teapped Intercumulus liquid present in the rock.

A possible Jbjection to this erigin 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 {ormer 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 | could have been eliminated by stoping,or if
unit | was still in the process of erystalliaing, by simple mixing
of the two magmas. Evidence of the intrusive nature of the contact
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between unit | and unit 2, includes the presence of microxenoliths

of elivine gabbro in the lower part of the clinopyroxene-plagioclase-
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 clinopyroxens-plagioclase cumulate was derived.

In the Sihlangula River section, the olivine gabbro appears to

have suffered high temperature contact metamorphism. Because of

the direction in which the metamorphic temperature gradient in—
ereases and in addition, because of the high-grade nature of the
metamorphism, (i.e. pyroxene hornfels at the lower contact of

wnit 1, risging into the interior of the unit), the heat source is
eonsidered to have been the relatively thick layer of magma, parental
to the clinopyroxens—plagioclase-cumulate, and known to be intrusive
into the olivine gabbro. The absence of contact metamorphic affects
in other parts of the olivine gabbro unit then requires commant,

and it is supgested here, may be accounted for by differences in
water content of the olivine gabbre along the length of unit 1,

or possibly by variations in the temperature gradient aleong the
length of wnit 1, resulting in turn from variations in the

attitude or shape of the lower contact of the intruding magme body.

Units 2 and 3 - The clinopyroxene-plagioclase=-cunulate and

the granophyrie 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 in 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 gabbre 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 gebbro were caught up in
this magma on iatrusion. Sporadic large rounded olivine erystals
that cccur in the lower part of unit 2 are considered to have
originated in 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 present even in the lowest parts
of this unit provides evidence of settling of the erystallising
plagioclase and e¢linopyroxene, 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 erystals commonly contain well-defined cores of a
sliphtly different composition. For the pyroxenes, the compositional
differences are usually in terms of Mg-Fe content, end 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 Lo be any evidence of a phenocryst population in the lower
contact rocks between units 1 and 2. Rather it is supgested, thay
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 alse have been an important factor in determining the
homogeneous character of the lower two thirds of wnit 2, since it
would result in basification of any fractionated residue produced

by earlier crystal sectling.

The upper third of unit 2 is marked by the appearances of abundant
fayalitic olivine, and it is suggested that this provides evidence
suggestive of a gradual evolution of the residuval magma to more
highly fractionated iron-rich compositions. Rapid secttling of the
crystals of both plagioclase and clinopyroxene, which were appar—
ently crystallising from the magma continwously led to an Fe-
enriched residual liquid, and wltimately, in the upper third of

the unit, cumulus magnetite 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, pyroxens
and magnetite crystals, wvhich,possibly by a process similar to that
described by Wager and Brown, (1968), formed magmatic density currents
considered responsible for the development of the pravity stratified
chythmic layers. Evidence provided by grain size measurement however,
suggests that erystallisation of plagioclase at least, comtinued

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 erystals present in the clinopyroxene-
plagioclase—cumulate. As noted earlier, howewer, 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 wnit, coupled with the rveaction 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 ita owm late stage acid
derivatives migrating up~dip during the eastward tilting which

has occorred in this area. A similar up-dip migration of acid
differentiated has been proposed by Ernst (1960}, for the Endion
Sill. Effectively however, differences between the two proposals

are small and the granophyric gabbre still represents the upper
fractionated portion of a differentiated tholeiitic sheet.

Unit & = The granocphyre

Evidence of granophyre dykelets cross-cutting both the granophyric
gabbro and the feldspathie gabbro, indicates that the granophyre
was emplaced between two solidilied sheects, and the presence of
dbundant =zemocrysts 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 alterarion present in the feldspathic gabbro may bhe ascribed
to the effects of che granophyre, 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 upwards from the intrusion through the feldspathic
gabbro, pacticularly since much of the shattering and cracking pre-
sent in the feldspathic gabbro could have been produced during
earlier igneous activity. Thus relatively free passage may bave
been available for volatiles and these may be in part responsible
for the sericitimation of plagioclase in the feldspathic gabbro,
the mild depree 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 wmost cases, symmetrical or
slightly assymmetrical about the centre of the unit. In part this
appears to be governed by the distribution of xenocrysts, however

it is likely that in addition crystallisation occurred simulta-
neously from both margins inwards. The presence of occasional
xenocrysts and xenolichs of feldspathic gabbro at the western con—~
tact of the unit suggest that settling of aggregates of the erystals
may have occurred and that slight crystal fractionation may also
have played a parc.

There are similarities in modal abundances of major mineral phases
and major element chemistry, botween the granophyre of the Komati-
poort intrusion and the fractionated rocks forming the upper acid
differentiates of fractionated tholeiitic sheets.

In view of the strong evidence of an intrusive relationship between
the granophyric gabbro and the granophyre, the granophyre cannot
however be an in gitu fractionation product unless subsequent auto-
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intrusion has ocecurred. The down-dip extent of the intrusiom is
unknown and equally well the volume of rock now eroded off may have
been of comsiderable size. Tectonic movements during the final
stages of development of other parts of the intrusion may therefore
have resulted in the separation of a granophyric fraction and its
intrusion between the feldspathic gabbro and differentiated series
rocks. No copclusive evidence is available, however, and 1t 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 supgests
a sheet-like form (5ee map in £fig 41, p 283 ). Similarly,in the
Kuanetsi 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 Kematipoort may have an origin independent of the other

Komatipoort intrusion rocks.

The above discussion applies te 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

the additional textural variations present result largely from the
intrusion of several smaller acid dykes into the main granophyre body.
The petrogenesis of the granophyre wnit of the Komatipoort Intrusion

is discussed further inm the section on the origin of the acid volcanics,
(see p 320},
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THE GEOCHEMISTRY OF THE KARROOD VOLCANICS TN THE NOMATIFOORT ARIA
INTRODUCTION

Excluding analyses of samples from the mujor intrusives, (described
earlier), twelve new analyses ol volcanic rocks have been presented.
Amongst these are two olivine-rich basalts, three olivine-poor
basalts, (including one inermediate type), one olivine-rich dyke
rock, four dolerites and two rhyodacites. Results are shown in

Tables 5, 8, 10, |3 and 16.

GEOCHEMISTRY OF THE BASALTS OF THE KOMATIFPOORT AREA

The theleiitic 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 Murato diagram shown in

fig 42 , p 2B5 , on which the basalt and delerite analyses have
been plotted. All of the basic voleanics fall into the tholeiitic
field, the boundary of which, in fig 42 , p 285 , is defined by the
line ARCD.

Cox, eL al (1965) subdivided the tholeiitic basalts of the Huanetsi
area into tvo genetically distince, differentiated series, namely

a8 high magnesium series with an Fe/Mg index FeO + Fnlﬂ3 .
A1

PeO + Fe,0, + Mgl

of less than 50, and a low magnesium series with an Fe/Mg index
greater tham 30. The presence of these two rock series has been
subsequently confirmed in general in other studies. Examination of the
analyses of the Komatipoort Volecanics reveals only one analysis

that could be classified as a high Mg basale, that is sample C1 25,
an olivine basalt, (see Table 5 , p 16 ).

Variations in geochemistry have been illustrated by means of several
variation disgrams including a Wiggli diagram, an AFM triamgular
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variation diagram, a Harker diagrom and a wafic index versus major
element diapram,(see figs 43, 44, 45, 46, pps 287, 288, 289, 290).
although in view of the small number of available new analyses the
results will be treated with caution.

Rocently eriticism has been levolled against Harker diagrams, inm
which major elements are plotted against E:T.ﬂ! on the grounds that
because the 5i0, 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. Flotting 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
beon mentioned earlier, (see p 230),

Variations in Geochemistry

The Niggll diagram and the mafic index diagram both show a well-
developed fairly continuous variation tremd, which in the case of the
Wiggli diagram closely approaches a straight line (see figs 43, A6,
pgs 287, 190 ). A similar conmtinuwous differentiation series is
apparent in the mafic index diagram of the same type prepared by

Cox and Hornung, (1966), for“uanetsi basalts. These show a reasonably
good correspondence in the variation occurring in the basalt series
from the two areas,

Siuz content increases slightly In basalts of higher differenciation
index and Al,0, shows a gradual but distinct increase from low te
hiph differentiation index Tocks. Fed + F:zﬂy al though displaying
some¢ scatier is enriched at the low magnesia end of the series. MgD
shous a steady and marked decrease throughout the series and 110,
displays a similar, although wesker, tremd. Cal initially increases
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from the high magnesia into the low magnesia rocks but a noticeable
decrease occurs amongst the less-magnesium rich members of the low
magnesia series. Na,0 shows a gradual but steady increase through
the peries.

The fractionation trend of the bamaltic magma is frequently {llu-
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 represencing
Daly's average basalt, andesite, dacite and rhyolite have been in-
eluded in the diagram. The relatively small number of analyses
appear to define a distinct moderate iron eariclment curve, although
at least two of the analyses fall off this line and instead lie
fairly closc to the curve representing Daly's average volcanics.

This mild iron enrichment trend is again shown by the diagrams in
fig 47, p 292 , in vhich mafic index has been plotted against Siﬂz
content and total iron oxides have been plotted against the same
oxide. Comparisons with diagrams of Osborne (1959) again suggent that
the trend indicates a mild degree of iron enrichment.

{ B) Comparison of the Komatipoort Tholeiites with other Karroo Basalt
Sub-Provinces

Initial direct comparison of the average chemical compositions of
the Nuametsi, 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 4B , p 294 , the averages are compared
with the Komacipoort trend. '1'1l:l2 xzu and to a lesser extent, Piﬂs
decrease southward while Al,0, increases in genoral. These changes
are similar to the differences found by Cox, et al., (1965), te

exist between the Nuanetsi basalts and the Karroo dolerites. The
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Comparlsen of average Kematlpoort tholeiites with average tholeiites from other parts of the Karroo Frovince

TABLE 45

l I 2 3 [ 5 fi
Drakensberg Swaziland Komatipoort Huanetsl Average Upper Victoria Falle
Lebombo Nasalt

E-i.l.‘.f! 31.80 50.47 ad.62 51.63 31 .89 50.513
Tmﬂ 1.L3 I.64 1.36 2,43 2,69 2.94
*"1""3 14.18 1519 i1.88 13.46 12,38 13.96
Fay0y 3.92 L.18 3. 56 k.25 &, 32 3,32
Fed T.16 .32 10,34 8.49 0. 12 9,27
Hald i Q.13 0.23 Q.16 0.33 0.14
Mg0 7.10 8.6l 5.33 5.63 6.38 5.43
Cad 19.57 9.04 B4k #.75 9.03 10.93
Ha 0 2.40 2.85 1.3 2.54 2.04 1.37
li:ﬂ' 0.74 0.9 0.9 =13 0.83 0.76
l‘tﬂi 0.13 0.3 0. 54 0.13 0.7 .30
Bumber of analyses i | 5 5 3 & 3
Fed + Fe0, ;

= = 100 61.15 69,54 72.28 89.52 &8.70 69.87
Fed + ll"1_n! + gl

= [EE -

1. Cox and Bornung (19656) Table 2 Analysia "A" 6. Cox, et al. (1965) Table 35 Analysis 2.

2, WUrie and Hunter (1963) Tablae |

3. Fresent work, including two analyses from de Assunclo, et al. (1967).
4, Com, et al. (1965) Table 35 Analysis |

5. de Assuncio, st al., (1961).
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southward changes in basalt composition within the Lebombo have
been further illustrated in a series of plots of HED versus Mg0,
T'J.CI2

there is some. suggestion of a southward decrease in Tiﬂ2 and Kiﬂ

versus Mg0, and Al,0, versus Mg, (fig 49, p 296 ). Again

and a pﬂssibia increase in Aliﬂj as suggested by Cox et al., (1963).
{C) Comparison of the Komatipoort Tholeiites with other Tholeiitic

Basalt Provinces

In Table 46 and fig 48 estimated average compositions of eight
tholeiite provinces are compared with a calculated averape and the trend
for the Komatipoort rocks, A comparison of these compositions

suppast that the Komatipoort tholeiites resemble im bulk chemistry
both the Deccan and the Iceland tholeiite averages both of which

have gimilar Fe/Mg indices to the Eomatipoort rocks. The Iceland
theleiite average is somewhat lower in K,0 than the Komatipoort
average. Inspection of the other averages shows that the Komatipoort
average tend to be enriched in Tiﬂ2 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 somewhat higher in .|'-'L12132I':il and Eiﬂg, and the Hawaiian
rocks are extremely high in Mp0 when compared with the basic

Komatipoort valcanics.
{ D) Discussion of Major Element Variation

Comparison of the three analyses of olivine-rich volcanie rocks
(Tables 5 , p 16 and13 , p 42 ), reveals several differences in
the geochemistry of the three samples. Although the differences be=
tween gample CL28 and sample CL 23 are those that would be expected
from the disparity in 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 differentiation index sample CL25 has a higher TilL'r2 content,
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Comparison of

TARLE 46

avaragn Komatlpoore tholelite with average chemical cemposicicn of rocks from eight tholeiire provinces

Komagipoort | Karroe Daccan F dncarctica Tasmania Palisadan | Hawaiian 0. ¥. Thingmuli
Izeland
i 2 3 4 ] & 7 B 8
Elﬂz 50,62 51.9 51.50 54,00 533.3 52.2 50.89 51.6 48.75
ﬂﬂz 1.36 [ | .37 0.7 0.6 i3 2.79 2.7 .85
ﬁliﬂ: [2.68 15.5 13.47 16,1 16.6& 15.4 13.22 15.0 13.12
"'lﬂl 3.56 k.0 .10 0.8 0.5 1.6 2.03 3.4 & . 64
Fed 10,3 10.7 16,51 T.4 8.3 8.7 G.12 9.6 9.61
4] .13 0.2 G.18 0.1 0.2 0.1 0. 14 L+ P 0.25
Hgd 5.33 B.2 5.28 7.0 6.7 7.3 B.02 4.9 S5.66
Cad 9.46 9.7 %.79 11.1 11.5 10.0 10.58 8.9 2.7
.‘I-I:ﬁ 1.5 1.8 2.68 i.8 1.6 2.5 217 Zoh 2.85
Rzﬂ 0.58 Q.7 0.81 1.0 0.9 0.4 Q.43 1.1 0.49
IP!'D_,' 0.5 0.1 0.3 - &= 0.2 Q.27 Q.2 0. 4B
Sumber of analyses & 5* | o i g 4" il B pE——
FeD # '.l'vllitl3
W::-Wl I 71.28 38,79 71.04 53.94 56.78 57.1d 58.16 T2.62 ¥1.29
i

- Walkar and Poldervaarc 1949 Table 17
- Malker (1964) Table 2
#8%  Sukheswala and Poldervaart (1958) Table 3 number 2
#e8%  Funo, et al. (1959) Table I0. mumber 1.

#8888 Carmichael, (1964) Table 2

= I6E =
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a higher K0 content and a higher Pzﬁi content and cannot be
related to CL20 by a process of simple crystal fractionation of
olivine, plagioclase, orthopyroxene or clinopyroxene. Comparison
of analysis C120 with those of the olivine-poor basalts listed in
Table 8, p24 vhows a relationship by crystal fractionation may

exist between sample CL20 and the olivine-poor basalts.

This sugpests the presence of representatives of the two distinct
differentiated series initially described by Cox, et al., (1965)
from the Nuanetsi area. Cox, et al., oripinally divided these basalts
inte a high magnesia series, with an Fe/Mg index less than 50, and a
low magnesia series with an Fe/Mp index greater than 50. This, from
the analyses presented here does not appear to provide an altogether
satisfactory eriterion for distinguishing the two series, since

it is clear that rock types such as sample (L2B, 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 would
produce a continuous differentiation series analogous with, but
unrelated to, the low mapgnesia series. If this distinction is

not made, a8 considerable amount of scatter mav be expected to be
shown by the low magnesia tholeiites, and Cox, et al., (1965, pl&7},
report that the low magnesis tholeiites show & much more irregular
behaviour thau 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 shown diagrammatically in fig 50,p 299, In
which K,0 has been plotted apgainst Mp0 for a number of rock analyses.
From this it may be seen that in the Nuanetsi areca, 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, p29%, in which E,0 has been plotted against MgO for a
number of rock analyses, the two distinct trends (high and low Mg),
have been defined for both the Komatipoort basic velcanics, and those
of the Nuanetsi area. Alsc plotted on the diagram are the points

representing samples CL25 and CL2B, the latter sample falling 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 positiom, 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 olivime-rich rock types from
the basalts in Lesotho (Cox and Hornung 1966), plot in the same area
of the diagram. Cox and Hormumg also experienced some difficulty in
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 in

detail, and values for Cu and Cr were determined in only four of the
basaltic rocks, as showm in Table &7 , below.

TABLE &7
Cu and Cr comtents of four specimens of basaltic voleanics rocks

Sample no. Rock type ICu Icr Fe/Mg Index

CL 25 Olivine mormative 0.01 0.16 41,92
basalc

CL28 Quartz normative 0.01  0.045 60.8
basalt

CL31 Quartz normative 0.02 0.034 69.79
basalc

CL33 Quartz normative 0.01 0,007 77.58

bhasalt




(1)

Cu

Clearly few, if any, conclusions can be based on so small a number
of determinations, but it is of interest to mote that the Cu discri-
bution shown is in accordance with that reported by Prinz (1967), in
that & quartz normative tholeiite has the highest Cu value.

Regarding the mineralogical distribution of Cu, Prinz has quoted the
1957 results of Wager and others. vho determined the partition coef-
ficient of Cu bectween sulphide and silicate liquids in the Skaergaard
intrusion. Here, although the original magna contained 50 p.p.m. Cu,
sepatration 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 Gumm, (1971), on Hawaiian basalts,
which on differentiating by the separation of olivine only, show

8 steady increase in Cu content with advancing differentiation. In
addition Prine (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 al.

(1965), found anomalously high concentrations of Cu 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 wolcanics from the Olifants River area. Two basalts are inelu-
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 cne melanephelinite show relatively high concentrations,

i.e. 0,068 and 0.023T respectively; highest concentraticns thus
occur in the limburgite,
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Cr

The Cr content of the basic wolcanics shown in Table 47 , p 300 ,
varies inversely with differentiation index, showing a marked re-—

lationship between fractionation stage and Cr content.

High preportions of Cr are commonly present in early formed olivine
and pyro<ene and fractionation of these minerals reflects a depletion
in Cr content of the magma with rise in differentiation index. The Cr
resules form the Komatipoort area are thus consistent with an

origin by fractionation of basalt by crystal settling, or by varying
degree of partial melting of the olivine-rich mantle rocks, or by
aceumulation 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, however, show large disper—
sion. Cr values in the Komatipoort rocks by comparison appear to

be elightly 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 veleanics are available from the
Komatipoort area; those presented consist of the two new analyses,
an analysis of the Causeway Dyke from Lembaard (1952), and two from
the adjacent area in Mozambique (from ce AssinclBo, 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 5i0,, to-
gether with the analyses of the basaltic rocks, useful for reference
purposes. Variations observed are essentially similar to those des-
cribed by Cox, et al. (1965) involving decreases in Ca0, Wa,0, "‘11“3'
Ti0,, Fe,0, + Fe0, Mg and quj and increases in Kzﬂ. with increasing
Eiﬂz. From its position in relationship to other snalyses, sample CL22
is anomalous in several respects. It contains abnormally low KZIJ and
to & lesser extent NaD, and abnormally high Ca0, possibly as 2 result
of thermal metamorphism by an adjacent intrusive, not observed in the
[ield.

These analyses have also been plotted 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 em-
richment trend of the basalts down towards the K + Ha corncr of the
triangle in the familiar patterm of other differentiated rocks series.
For comparison the acid rocks amalyses by de Assuncio, (1961}, have

been plotted on a similar diagram and show (£ig 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 cthat to some extent,
this gap iz occupied by the granophyres from the Komatipoort Intrusionm.

Southward variations in the geochemistry of the Lebombo acid velcanics
are more difficult to detect than was the case for the basic rocks, but
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Figure 5. AFM diagram for lhe Lebombeo
volcanics of Mozambique, (De Assunchio
et al, 1862)
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Cox et al. (1965), have suggested that the acid volcanics display

a southward decrease in RED and have provided averages to confimm
this. In fig 52 , p 306 , groups of analyses from various points
along the Lebombo have been plotted on diagrams illustrating
variation of K0, Ti0, and PO, with Siﬂz content, and from these it
would appear that, in rocks containing more than 60% silica, there
is a southward decrease in I{z'l:l and PEU_'I- contents but pot in '1']'.'32-
Other major clements display no recognisable variation pattern when

plotted on the same type of diagram.
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PETROGENESIS OF THE KARROO VOLCANICS
Introduction

Although the main object of this work has been a petrological study of
the Komatipoort intrusion, and relatively little data has been collec-
ted on the extrusive volecanics themselves, it is of interest to conbi-
der the signifance of available information on the Komatipoort rockw
in relation to the petrogenesic models that have been proposed for the
Karroo and more specifically the Lebombo volcanics. The problem of

the petrugenesis of the Karroo volcanics in the Komatipoort area should
however, be viewed in the conmtext of its position, not only in the
Lebombo belt, but on the broader scale of its relationship to the
African rift system and its associated volcaniem, since Maud (1962)

and Vail (1968}, have both pointed out that structurally, the Lebombo
belt may be regarded as a southerly extensiun of this rift system. More
recently, age measurements (Wooley and Carson 1970), on alkaline vol=-
canics from the Lupata and Chilwa provinces, suggest that these provin-
ces, together with those of Nuanetsi and the Lebombo, are part of a
broadly synchronous period of vulcanicity (Karrco). Thus, on a large
scale, the southward decrease in the abundance of alkaline rocks, noted
in the Karroo volcanics of the Lebombo itself, is repeated as the
tectono-volceaic rift system extends from the Chilwa alkaline province
of Malavi 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 accompanied by the well-knowm southward
decrease in X, Ti, P and less cerctainly Mg, coupled with a possible
increase in AL content in the low-Mg tholeiite series, (see section

of Geochemistry). Only cthe acid volcanics appear to show relatively
insignificant southward compositional variations.

An explanation is therefore required for the observed lateral petrolo-
gical variations in the Lebombo and in the rift system as a whole, as
well as for the origin of the three major rock groups (viz. olivine-

alkaline, tholeiitic, rhyo-dacitic), and for the tectono-volcanic en-
viroonment in which thoy eccur.
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Previous Hypotheses for the origin of the Lebombo wolcanics

A number of workers have interested themselves in the origin of the
Lehombo belt and its volecanie rocks, and several theories have bam
proposed to account for the known petrological associations. Early
workers on the Lebombo (Du Toit 1929, and E. and V. Gorsky in Frankel,
1960), were diasturbed 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. More recently, others (Urie and Hunter 1963, Stratten 1965,
and Cox et al.l1965), have concluded that the bulk of the acid lavas
were extruded as ignimbrites and subsequently, petrogenetic aspects
of the volcuanics have received more attention. Theories proposed for
the origin of the belt and its woleanie rocks, in approximate chrono=-

logical order, are as follows:

1. Du Toit (192%) 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 assimilation of gramitic 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 [lows over wide areas, suggested that the rhyo-dacites
had resulted from the metasomatic alteration of an originally ex-
tensive, hagic extrusive sequence. The presence of interbedded
tholeiitic basalts amongst the rhyolires, which would 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. Stratren (19G5) 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
granitie erystal rocks.
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4. Cox et al.(1965) argue that neither the vast volume of rhyolitic
material mor the chemical variation found in the analysed mafie
rocks from Huanetsi, can be explained by differentiation of a
gingle magma in terms of crystal settling by the observed pheno-
cryste. 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 phenccrysts, olivine and elinopyroxene, unlikely
as the separating mineral phases. Suggestions of contamination by
gsialic 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
FefMg index, there is no significant difference im the E:'LEI2 content.
They consider the low magnesia tholeiite equally unlikely as a
parental magma, as the high magnesia tholeiites would have to be
gconsidered as cumulative differentiates, which would be at variance

with the known age relations between the high and low magnesia types.

Cox et al, (1965), and Johnson (1966), and again 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 tholeiictic and alkaline lavas once more.

In Cox's 1972 version of the Karroc volcanic cycle in south east
Africa, the cycle begins with a body of potassium—rieh picritic

magma tiging from a depth of at least 500 km. This magma provided

the source for the Karroo voleanies in the northern part of the Karroo
Province., The rising body also generated a peripheral zone of theleiitie
magma which gave rise to some of the nerthern rocks and most of the
southern rocks, including the Karroo dolerites and the basalts of

Lesotho and Swaziland. The early volconic products were followed by
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primitive pieritic 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
n 'waning' stage produced the more salic rocks of the Chilwa province
and Lupata and finally, the Cretaceous kimberlites of Southern
Afriea could represent a terminal stage.

3

7.

Manton (1968) determined the strontium isotope ratics 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 Manton 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.

Saggerson and Logan (1970) have noted the southward decrease in

the quantity of the carly alkaline Lebombo lavas and have attempted
to account for this by suggesting that initial deep fracturing :
associated with down-warping of the cratonic margins would probably
be required for the melting of mantle rocks, which they considered
necessary for the production of the parental magma of alkalipe and
olivine basalts. The southward decrease in the intensity of vift
faulting, then matches the gradual southward eliminacion of the

of the alkaline lavas.

¥oolley and Garson (1970) in proposing a petrogenetic scheme for
the Lebombo-Nuanetsi-Sabi-Lupata-Chilwa provinces have suppested
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 decper faulting associated with
rifting tapped both lower 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 cslc-alkaline rhyolites. For
the origin of the rarer hyperalkaline rhyolites differentiation

of the more alkaline basalts is proposed.

Wachendorf (1971) has puggested an upper mantle origin for the
basalts and derivation of the felsic volcanics from basalt magma
by erystal fractionation. The roughly e¢qual proportions im which
the acid and basic lavas occur, he explains by assming contami-
nation af the fractionating basalr with crustal material.

Cox and Jamieson (1974), in a paper on the detailed petrography

of the olivine-rich basaltic rocks from the Nuanetsi area, suggest
that compositional variations in the lavas are controlled either by
a polybarie fractionation process involving the removal of olivine
and orthopyroxena crystals at pressures in the range of 6 = 12 kb.
Alternatively the variations in liquid composition may have been
produced during equilibration of the liquids with excess harzburgite
wall-rock over the same pressure rang:. Largely on aceount of
difficulties encountered in explaining the simultaneous fall of K
with Mg in this rock series, the wall-rock equilibration model iam
preferred by Cox and Jamieson.
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Origin of the Komatipoort Basalcts

In their investigations on the origin of the New Georgia Group Basaltic
rocks, Cox and Bell (197%) recast their analyses in temrms of normative
diopside, olivine, plagioeclase and quartz, and subsequently plotted
these values in a simple tetrahedral phase diagram for dry theleiitie

magma at one atmosphere.

Similar values have been calculated for the Komatipoort hésic volecanics,
and projections of the points representing the Komatipoort analyses
into the pseudo=-quaternary system Ol- Cpx = Pl - Qz are shown in

fig 53 , p 313 . The method used for converting normative values inte
plocting co-ordinates is that of Cox and lornung (1966) (although here
no atendard Fe-oxidation factor is used ) , and includes on average,
80% of the original 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, b and ¢ are from

Cox and Bell (1972) and the primary phase [ields shown where they
intersect the 01 = Cpx = Pl plane in Fig 2, {d), are from the same

SEOUTCe .,

Three diwensional modelling of the distribution of the points in the
tetrahedron shows that the majority of points, excluding those
representing samples 33, 15 and 19, lie close to the I, Fa, Pg face
of the tetrahedron, and their distribution is therafore, wall
illustrated by the projection from the quartz coign, { 53 s B}, In
this projcetion samples 20 and 25, the olivine basalts, are displaced
towards the clivine corner of the diagram, suggesting contrel by simple
segregation or accumulation of olivine, Sample 2B lies close to the

01 + Cpx + L surface and adjacent samples also plot ¢lose to this
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Figure 53  Plot of the Komatipoort basic wolconies (recost In terms of normotive
diopaide, olwing, plogiocloss ond quartz), in a simple letrahedrol pheose
diogram for iy thelelille mogma o one  oimosphere

Deleritas - CLIE, CLI6, CLI7, CLI@
Andarsila - CLW
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Oliwing - bearing OGablve = CLID
Basalis - C¥ CLY
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surface but progressively closer to the low pressure cotectie. 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 olivipne plus

pyroxene until the low-pressure cotectic is attained.

The relative positions of samples 33, 15 and 19 on the other hand is
best illustrated in the projection from the Fo coign ( 53 , ©)
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 phenocryst phase in these volecanics their compositional
variation trend was controlled by the fractionation of olivine and
pyroxene, which are far less abundant as phenocrysts in these rocks.
This abundance of plapioclase phenocrysts in meny of the basic
volcanics could however, oe related to the relatively small density
contrast which was probably present between the plagioclase and its
parental magma, which could lead to relatively low settling

velocities for the plagioclase crystals.

The pear-cnteoctie
compositions of many of the low-Mg basalts may be evidence of a relatively
low-pressure oripin for these basalts in view of the non—coincidence
between cotectic liquid compositions at high and low pressures. The
significance of the coincidence in basalt composition with the low-

pressure cotectie has been widely debated inm the literature and
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O'Hara (1968) in discussing the Lesotho basalts, has raised the
poasibility of the derivation of the parental tholeiite liquid by
olivine fractionation at high pressures, in 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
ba erupted after slight olivine gabbro fractionation.

Evidence for the latter possibility is found in the work of Jamieson
(1966) who described the olivine-rich basalts of the Huanetsi area,
which although elearly 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 produce

a melt significantly depleted in heavy rare earth elements and little
evidence for its presence has been detected in the study ;J! 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 Karreo Volcanie Cycle in which

the high-g, K-rich serics has a separate origin from the low-Mg secries,
and southward variations in incompatible alements in the low-Mg series,
are explained by some mixing of these two magmas. Cox and Jemieson
(1974) have described phenocrysts of orthopyroxene jacketed by clino-
pyroxene, from the olivine basalts in the Nuanetsi area, and those
orthopyroxencs are considered to have a high pressure origin, Similar-



locking jacketed orthopyroxenes were noted, in the present work, in
the nliﬁ.m:-f.mn gabbro of the Basal Intrusion, in the Komatipoort
area. This rock belongs to the lowMg series and the presence of the
jacketed orthopyroxenes in these rocks suggested either possible
mixing of Cox's postulated two magma series, (low and high-¥g), 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 those described from Nuanetsi
by Cox and Jamieson, (1974). Further, since these jacketed phenocrysts
apparently may have more than one origin, care should be taken to
digcriminate between these origins. Thus it is not possible from the
present work to suggest a high pressure origin for the lowg series,
or o common origin for the low and high-Mg basaltiec rock series.

An examination of fig 50 , p 299 , (Mg wersus lzﬂ 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 lowg treads. Differences of a similar mature
are noted between the two pairs of samples, in 353 {(d), in which
the points representing the two olivine basalts are displaced towards
the olivine corner of the diagram, whereas CL28 and CL30 plot closer
to the low-Mg series rocks, and the low—pressure cotectie.

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-Mg
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 serics affinities
have relatively high Siﬂz values, (see Table 13 , p 42 and Table 22 ,
p 101 ) vhich combined with the other characteristics just discussed

supgests several possible modes of origin which could account for their
intermediate nature. These are:-
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1. Contamination of high-Mg series magma by crustal rocks.

2. Hybridisation of a fairly strongly fractionated lowMg series
magma by a high-Mg series liquid

3. Accumulation of cumulus olivine in fairly strongly fractionated
low-Mg series basalts.

4, Fractionation of high-Mg serics magwa by removal of olivine
crystals,

Contamination of high-ilg series magma by crustal rocks appears un-
likely in view of the high CaD content and low Fel + Fe,0, content
of the two samples, (CL28 and CL 30). Their Cad contents are higher
and their Fed + F*guj contents are lower than many of the high-Mg
series lavas analysed by Cox and Jamieson (1974, Table 9 , p 280 ).
Contamination by Eiﬂz-riuh erustal rocks,which may be expected to be
low in Ca0 and in some cases (e.g. andesitic compositions)high in
Fel + ruiﬂa,uharntnrﬂ appears unlikely. Hybridisation of a fairly
strongly fractionated low-Mg series magma by a high-¥g series liquid
forigin 2, above) appears impossible for similar reasons.

Accumulation of olivine crystals in a fractionated low-Mg series 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 is
mot possible to determine tremds in variation diagrams reliably

and relate these to the wajor 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 sample,

from the Basal Intrusion was caleulated. The olivioe composition

used in this caleculation 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 caleulation are listed in Table 48,together
wvith the olivine-bearing gabbro analysis, (CL 30).
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TABLE 48
Effect of addition or subtraction of olivine on analysis CLIO*
1 2 3
Addition of CL 30 Subtraction of
207 olivine 5% olivine
Eiﬂ2 49,25 52,56 53,44
AL,0, 9,00 11,25 11,84
Total Fe as Fal 10,36 8,12 7,53
Mp0 14,39 6,88 4,80
Ca0 6,82 8,42 8,84
Na,0 2,313 2,91 3,06
EED 1,72 ;15 2,26
Ti0, 2,47 3,08 3,24
PEDE 0,34 0,42 0,44

k Note:= H2ﬂ+, HED . MnO, Eﬂi have not been included in this
caleulation

Examination of the results listed in Table 4B suggests that the
olivine-bearing gabbro is unlikely te have originated by olivine
accumulating in, or being added to a fractionated lew—Mg liguid.
Removal of only 5 per cent olivine from the olivine-bearing gabbro
analysis produces a composition depleted in iron and enriched in
calecium, with respect to the calculacted Siﬂ} content. BSubtraction
of clinopyroxene, the only other observed phenocryst phase present
in the olivine-bearing gabbro, improves the situvarion as far as

caleium is concerned, but reduces the irom content yet further.

Addition of 20 per cent olivine to the elivine-bearing gabbro
anatysis on the other hand produces a composition that closely
approximates that of the Mg-rich series lavae, (compare with Cox
and Jamieson,1974, Table 9, p 280).

Thus fractiopation of olivine in Mg-rich series 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 correspondénce batween the composition

of the low-Mg series 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 zome followed by some low pressure crystal fractionation,

as propesed by Cox, (1972) and Cox and Jamieson, (1974}, One of the
analysed olivine basalts could represent elther a cumulus-olivine
enriched, low-¥g series basalt or an extreme representative of the
high-¥g series trend. The other olivine basalt elearly belonmgs to the
high Mg=scries lavas, which Cox and Jamieson (1974), have suggested
originated by a process Involving partial melting of mantle peridotite
followed by a slow rise from depth, equilibration of theses melts with
harzbhurgite wall rock through a pressure range of 6 - |2kb, 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 migns of fairly extensive olivine fractionation,
suggesting, that in the Komatipoort area, eruption of some of tha
high-Mg liquids, was not as sudden as in Nuanetsi area, and that

cont inuous crystallisation and fractionation of olivine may have
occurred during a slover rise to the surface, producing magma with

a composition approximating the low pressure cotectic.

Other analyred basic rocks from the major intrusives in the Komatipoort
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 genaral thres possible origine have been considered for the acid
voleanics:
(i) Simple differentiation of basic magma.
{ii) Partial melting of mantle material.
{Lii) Parcial 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 cend to form a continuwous series above a
silica content of 61% as indicated in the section on geochemiscry, and
generally there appears little reason why this series of rocks should
not have originated by the Eractionation of the known phenccryst
phases. Acid volcanics derived by crystal [ractionation of the same basic
magma that gave rise to the basaltic rock series could reflect

similar longitudinal wvariations in chemical composition, and as noted
earlier, there is a slight suggestion of a southward decrease in IZI:II
content. In addition the work of Manton (1968), mentioned earlier,
suggests a mantle origin for the acid magma.

Some fairly stromg objections may be raised to chis hypothesls,
however. It has been suggested that the volume of acid magma is too
great to have been genevated by cryscal fractionation and that there
is a lack of a corresponding volume of basic rocks, partieularly
towsrds the southern end of the Lebombo where tholeiitic bapalts
only, occur. Omn a global scale the restriction of rhyolitie out=
pourings (and granitic intrusioms) to continental environments may
be interpreted as evidence against an origin by differentiation.
More detailed objections are the lack of a longitudinal variation
in Ti.ﬂz content to compliment that shown by the Lebombo basalcs
(although fractionation of ilmenite or titaniferous magnetite may
account for this), and the Fact that Manton (1968), found an initial
difference in strontium isorope ratios between the acid and basie

volcanics. The last point according to Manton, discounts rhe
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possibilicy 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 heterogeneous upper mantle.
Alternatively he suggested desp-seated contamination of a large
boady of magma could explain the difference in isotope ratios and
finally, he proposed that the acid nagma may have existed at
depth for some time before extrusion.

It appears therefore, that, in general, the acid volcanics
ware not generated by the simple differentiation of basic magma.
In addition, the evidence of very slight variations only, in 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 is con-
sidered llkely that the rhyolites have originated by partial
melting of either a heterogencous 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 tectvoic 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 cime in order to equilibrate strontium isotope
ratio distribution throughout the length of the Lebombo. Compu-
sitional variations which are present in the rhyodactic series
could be produced either by variations in degree of partial melting of
such 2 layer, followed by cryscal fractionation, or contamination, or by
some combination of these processes,

A major feature of the geochemistry of acid-basic voleanie
provinces such as the lceland province is the hi-modal distribution
of 5i0, in representative analyses of the volcanic series. The
Lebombo province is no exception in this regard and analyses with
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an Hiﬂi content In the range 57-61 per cent, are, to the authors
knowledge, unknown from the Lebombo. The Komatipoort Imtrusion

is thus exceptional in that rocks with an 5i0, 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 EiDE content of 57,6 per cent. As described carlier, however,

(vee p 276), cthere is evidonce that the upper margin of the felds-
pﬁthic gabbro has suffered partial hybridisation during the emplacement
of 8 minor body of acid magma along the upper contact of the felds-
pathic gabbro subsequent to the consolidation of this wnit, (sece p 205).
These particular intermediate rocks are thus considered to have

originated by simple hybridisation.

A more significant occurrence of rocks with incermediate
510, conteénts may be found in the granophyre unit of the Komatipoort
intrusion. The analysed granophyre samples have S{UE contents
extending from around 53 per cent to aboot 6] per cent. A more
detailed examination of those analyses shows an absence of samples with
E:i.'[}2 contents between 57,16 and about 60,2 per cent. This gap
may be a reflection of the relatively low number of samples of
grancphyre smalysed during this investigation, but there are also
other differences between the two groups of samples. The high
Eiﬂ2 pranophyre samples show little varistion in chemistry whereas
in the low sil:l1 granophyres much greater variability in chemistry
is present. Further the low Eiﬂz 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 intrusive
acid phases. The analyses presented here are however, all from
the Komati River cross-section of the southern granophyre mwass
and apart from the peochemical differences, there is little evidence
for the presence of multiple granophyric intrusivas. Purther, an
origin by sultiple intrusion would require the coincidental juxta-
position, in the Komatipoort Intrusion, of the most and the least
Siﬂ?-rich representatives of the basic and acid portions of the
bimodal volcanic series., Similarities in the geochemistry of the
twy granophyres, such as the uniformly low ﬁlzﬂa content would also
require explanation. The low Siﬂ} samples, (see discussion in the

rection on the potrogenesis of the pranophyre unit, p. 280), are
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therefore considered to have formed largely by inward cryscallisation
from the margins of the unit. Thus the low 5i0, granophyres need not be
considered to represent liquid compositions, but an early marginal
erystallisate of the granophyre unit magma. This magma, in turn, may

be represented by the high 5i0, granophyres. Support for this

proposal is provided by the fact that those gramophyres are

extremely constant in composition and secondly by the fact chat

the analysis of a granophyre wein intruding the granophyrie gahbro,

{CL 48, Tahle 39), falls into the high Siﬂz 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 msgmatic liguid. It
in possible that continuation of this marginal crystallisation or
hybridisacion of the early crystallisate by the residual mapgma
could produce rocks with an Slﬂz content between 58 and 60 per cent,
and these may be present in the Komatipoort Intrusion. As discussed
above, it is considered unlikely that these rocks would represent
liquid composicions,

An alternative origin for the two types of granophyre present in
the Komatipoort Intrusion is suggested by differerces 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, Fzﬂ5 and Tiﬂl present in the low Eiﬂz granophyres
and the relatively high alkalies present in the high Eiﬂi group. If an
overall mean chemical composition is caleculated from the average compo-
sition of each group . an average granophyre composition with a silica
content of 58,35 is obtained. That is, a composition with a silica content
almost in the centre of the gap in the bimodal silica distribution
shown by the Lebombo volcanics, (57-61%). Thus if the two variecies
of Komatipoort granophyre did originate by a process involving liquid
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immiscibility, it appears possible that the absence of rocks with

an intermediate silica content could be explained by liguid immisci-
bility, where such intermediate magmas were generated. These magmas
need not necessarily have been abundant im the Lebombo, eince it is
likely they would represent relatively strongly fractionated basie
magma. In these magpmas elements such as K, Fe, Ti and P cend 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 Imtrusion, (p 2B4 and p 224).
This would tend to favour the development of liquid immiscibility.

hs Visser and Koster van Groos, (1979), have indicated, Piﬂﬁ and

TiL‘IE distribution pacterns are unlikely to be able to distinguish
liquid immiscibility from crystal fractiomation. Nevertheless, it is
possible that the Komatipoort granpphyres could provide direct evidence
of liquid immiscibility inm the Lebombo, and further work appears
justified to ascertasin whether the two granophyre types have originated
a5 immiscibleé liquids. Two possible aspects that may be worth
investipating are the distributiom coefficients and the fact that the
basic and acid ismiscible components would be expected to show isotopic

evidence of a common, {mantle), origin.

The bimodal silica distribution in the Lebombo voleanies suggests
that the andesitic rocks discussed in the previous section,(CL 19, Table
B, p 24), with am Eiﬂz

discussed with the acid veleanies. In terms of its major element chemistry

content of just over 61 per cent should be

however, it is not possible to eliminate an origin by the fractionation
of basic magma. Compared with the available analyses of acid volecanics
from the Komatipoort area it appears high in Alzﬂa. MgO and possibly
Na, O and KEH' but as more data becomes available, this analysis may

prove Lo be less unusual than it appears at present.

In fip 36, p 244, analysis CL 22, an acid voleanic from the
Eomatipoort area, (Tahle 10, p 34}, has been plotced, and
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this analysis tends to lie on or close to the extension of the
gtraight 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 variatien in
chemistry of the Komatipoort pranophyres.

Sample CL 21, (Table 10, p 34), on the other hand
displays a distinctly different chemistry, containing higher
levals of Siﬂi, Miﬂj-' total Fe oxides, l.lzl:l and IID. and
lower levels of Mgl and particularly Ca0. Ti0,, P,0, and Mn0
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 fractionatiom of the usuval phenocyst phases
such as quartz, feldspar magnetite or Fe-rich pyroxene. It
could, however, be derived from the andesitic rock represenced
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 fractiomation of representatives of the
basaltic rock series. There is thus some suggestiom of more than
one origin for the acid volcanics in the Komatipoort area,
however very few analyses of these rocks were available during

this stody and chese conclusions must be regarded as speculative.



_3_:.5_

Concluding Remarks,

The Komatipoort area lies approximately mid-way along the
Lebombo volcanic belt and it is apparent From the deseription
given here of the rock types from this area, that there is a
gradual transition from the alkali and olivine Lasale,
tholeiicie basalt, rhyolite succession of the northern Lebombo
to the tholeiitic basalt, rhyolite sequence present in the
southern Lebombo. The high=Mg serles basalts not only decrease
in abundance, southwards from the Nuantsi area, but there appears
to be & change in their nature as well, since fractionated
representatives of this series are considered to be present in
the Komatipoort area. These do not appear to have been des-
cribed from the northern Lebowob and could result from a slower
rate of progress of the high-Mg series lava to the surface,

allowing time for fractionatiom,

The bulk of the basic rocks in the Komatipoort area are
representatives of this series wvhich 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 wore highly
fractionated examples does it appear likely that plagioclasa
has played a significant role. The crystallisation sequence in
the low-Mg series basalts according to the one-atmosphers phase
diagram is olivine, pyroxene, plagioclase, as the composition
af the magma gradvally evolves towards the low-pressure cotectie,
presumably while the lava moves towards the surface. 1f this
is accepted it becomes clear that plagioclase may oaly have-
appeared as a crystalline phase relatively late In the erystal-
Lisation history of the low-Mg voleanies,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 Lhe
relative abundance of phenoceyst plagioclase in these rocks and
for its absence during [ractionacion of most of the low-Mg basalts.
Thus in the fractionation bf the low-Mp 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 ocecurred in high-level intrusive bodles such
as the Komatipoort Intrusion in which plagioclase is an early
erystalline phase in all units. J. Bristow, {personal commumicacion),
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 he alivine, orthopyroxene, clinopyroxena,
plagioclase, closely resembling that expected in the fractionacing
low—Mg basalts., TIn addition the Crocodile River Intrusion Is the
southern-most representative of an extensive line of basic intrusive
masses which volumetrically and in regard to their geographical
distribution, appear adegquate to have made a slgnificant contribution
to the production of the low-Mg series basalts of the northern
Lebombo. Thus the Crocodile River Intrusionm may provide an exsmple
of the nature of the environment in which the fractionation of the
low=Mg series basalts has occurred.
If so these intrusive masses may be expected to show the southward
decrease in Hzﬂ,. TI.\EIz and possibly MgD displayed by the basic lavas,
which in turn may be a reflection of mantle inhomogeneity.

The rhyalitic volcanics in the Karoo province are restricted
to the western and eastern margins of the African sub-eontinent.
This restriction of the rhyolites to the continental margins
provides some evidence that the generation of the rhyolitic magma
eould be associated with the fragmentation of Condwanaland.

Rising temperatures in the lower continemtal crust could be
initiated by downvarping of the continental margin or upwelling
of mantle materlal at the point of separation of Africa and
Antarctica., Upwelling of mantle material could also lead Lo
partial melting of this upper mantle material and thus alternative
modes of genaratlon of the rhyolitie magma are passible.

A more detailed examination of the distribution of the
Lebombo rhyolites shows, however, that spatially they are closely
associated with the Lebombo tectonic = volcanic bele, rather than
the prosent margin of Africa. In the Nunnetsi area for example
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the Lebombo is some 500 to 600 kilometers from the edge of the
contineatal shelf. The Lebombe belt, however, represents the
southern end of the African Rift System which haz developed along
the lines of pre-existing, much older erustal structures,
{(Wooley and Garson, 1970), and it appears possible that this
structure has controlled the geographic distribution of the
Lebombo rhyolitcs 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 sCructure
analogous to that of the southern end of the African rift system
the structure and diseribution of these volcanics differs

widely from those forming the Lebombo belt,
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i. Experimental Methods
1.1. Mineralogical Determinations

Elect lon mleroprobe analyses of selected mineral grains
were made by the National Institute for Metallurgy using an A.R.L.
microprobe analyser with wavelength dispersive erystal spectro-
mecers. Several points on each grain were analysed and averaged
to obtaln the FPinal analysis in most cases. The electron microprobe
data was processed using the program developed by Rucklidge and
Gasparrini, (19639},

Optical estimates of plagioclase, pyroxene and olivine
compositions were made using standard determinative methoda. In
the case of pyroxenc, the methods described by Hess (1960) were
followed and for plagioclase both refractive indices and the
universal stage techaiques described by Slesmons (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 & refractometer, both
before and after use.

Estimates of componition from these optical properties were
made , whore podsible, wsing the curves recommended by Brown (1967).
These include Deer et al., (1963, vol. 1. Figure 11, wvol 2,

Figure 10) and Nrown and Vincent (1963, Figure 5). 1In places,
however, the curves of Poldervaart (1950) and Hess, (1949) were used.
In some instances divine compositions were identified using
the X-ray diffraction method recommended by Jambar and Smich, (1964).

1.2. ANALYTICAL MHETHODS

Whole rock nnnljinl for major elements were performed on
3 Teccron AAJ atomic absorption spectrophotometer using techniques



developed by the Department of Chemistry, Universicy of Natal,
Pietermaritzburg and the Coronation Brick and Tile Company,
Durban,R.5.A. All analyses were performed in duplicate, and
analyses totalling less than 99 per cent or greater than 102 per

cant were rojected.

leZals Dissolution

Two solutions of each sample were made per analysis,
one 8 sodiun hydroxide fusion cthat was analysed for Elﬂl only,
and the other & hydrofluoric acid-perchloric acid process,
that was analysed for all other required elements. A atandard
amount of lanthanum oxlde was added o each sclution to act

AR A Suppressant.

1.2.2. Determinat ions

Quant itative determinations were made by two methods:
{a) Flotting of unknown sample readings on curves prepared
from a series of standards of known composition.
(G1, W1, U.5. Geological Survey Standards, B.C.5. 269
Firebrick Standard).
(b) The method of standard addicions.
In addition the relative proportioms of Fel and r.!n]

were determined by a potassiuom dichromate tlitracion.

Wiwle rock analyses performed by the Matiomal Institute
for Metallurgy were made using standard X-ray fluorescence and
wet chemical mechods. '

1.3 STAINING TECHRIGQUE
Where clouding prevented the identificacion of felds—
pars, (particularly in the acid volcanics), potassium
feldspars were distinguished from plagioclase by
staining of both polished slabs and thin sections,
using the techniques described hy Bailey and Stevens,
(1960) .



1.4, NORMS AND NIGGLI VALUES

caleulations of norms and niggli values for many of che
analyses presented was performed by Dr. J.W. von Backstrlm on
an I.B.M. §/360 model &40G computer using a program developed
by Van Niekerk and Von Backstrlim, (1966).
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