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INTRODUCTTI O N.

With the aid of a grant from the Research
Grant Board the geological mapning ol the area was
undertalien in Decewber 1939, and continued intermittently
until July 1941. The investigation of the naterial was
carried out in the Department of Geology, University of
Pretoria, under the aguidance of Prof. B.V. Lombaard.

The present study was un@ertaken in order to
obtain more detailed vetrogranhical data of the Upper
Zone of the Bushveld Complex, and to investigate the
nature of the transition from basic to acid rocks.

I wish to express my indebtedness and
gratitude to: The Research Grant Board, for the above-
mentioned financial assistance; Prof. B.V. Lombaard, for
his guidance and unfailing interest in this work; Prof.
D.L. Scholtz, for nractical advice on the technique of
refractive index determinations; Mr. and Mrs. A.S.
du Toit of Uitkyk No.36, for their kindness and
hospitality; +the Director of the Geological Survey, for
permission to examine rock-sections from the Survey
collection; Mr. C.J. Liebenberg, Division of Chemical

Services, for making three silicate analyses.
? -

II. GENERAL DESCRIPTION OF THE INVESTIGATED AREA.

a. Physiogravhy.

The geological map enbraces a tract of ruggsd
country, about five miles broad, extending parallel to
the 29°945'th Lo., in the north-eastern corner of the
Magisterial district of Middelburg, and 1is approximately
bounded on the east by the Steelpoort river and on the
west by the main transport road to Pokwani,

The area may be divided into two distinct
physiographical parts, namely, an extensive high level

plateau / ...
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plateavof acid rocks lying at an average elevation of
1,000 feet above the adjoining tract of depressed Bushveld
country, occupied¢ by basic rocks of the Bushveld
Complex. This marked difference in tonography arises
mainly from the diffarence in the degree of suscep-
tibility to weathering of the above-mentioned two
nrincinal geological formations, combined with the nore
powerful erosive action of the Steelpoort and Blood
rivers.

1. The Plateau Region: Although on looking

westwards from Roos Senekal this topogranhical feature
gives the imnression of a high range, the escarpment is
in reality the eastern edae of an extensive high level
plateau which embraces Pokwani and a considerable stretch
of the more northerly portion of the kiiddelburg
district. The term Sekukuni’s Mountains is restricted
to the main escarpment which nresents a steen slope
tovards the east and runs roughly narallel to, and at
an average distance of three miles, from the Steelpoort
river, and ends abruptly at Teuteshoogte. Topogranhic-
ally, however, the escarwment continues by turning
sharply tovards the west and keeping along the north
¢ide of the Blood river.

On the whole the crest line maintains a fairly
uniform elevation for considerable distances, but the
continuity is occasionally brolzen by the tributaries
draining the plsteau and joining the main stream fron
the west.

The nlateau region belongs in certain respects

-

to the High Veld tyne of country since its average
elevation is well over 5,000 feel and the growth of
trees ieg generally scanty or cven entirely wanting. It
forns a wide sonewhat monotonous rolling tableland
occasionally diversified by gently undulating bults,
and deeply incised valleys of the larger tributaries,

vhen / ...
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when the resulting relief may become pronounced.

2. The Bushveld Country: Althoush the valley of

the Steelpoort river belonss in »art to the Bushveld
type of country the charscteristic Bushveld scenery is
sorietines want;ng and only becores pernanently established
north of the southeri boundary of DuiXerirans No,l04

The area south of this boundary is usually
aevoid of wmarked relief and sometimes chows for several
square miles notihing but the well-lknown deep reddish soil.
Elscwhere, narticularly nearer a drainage line, the
farmiliar blacl: turf is consnicuous. Such onen country
Torms fairly good agricunltural land.

The further one nroceeds north-eastwards along
the nain valley the more veried does tihe scenery become
and the more rugzed ths country. At tiie samne time the

vezetation increases narkedly with bthe zeneral fall of

country. Froni the right bank of the river the country
rises rapidly and nresents highly diversified Teatures;

short somewhalt irrvegular ridazes 2lternate repeatelly
with derli-coloured, rugged, roushly nyramidsl kopjes,
which lend a sombre aspect Lo the scenery.
b. Drainzce.
The nlateau is sumnwnlied ”ltb abundant »nernianent
surface watar &nd there are favourable indications of a
good uinderground sudply, which could he tadped at no
great denth. It 1s drained by numcrous nerennial strea:ns
which flow into the Steelpoort river. Tihe dissection of
thhe nlateau bpy teege tributarics hags notu nrogressed beyond
the youthful stage. The vigorous streams.follow straisht

“‘r"
courses with gbteen gradients in deeply incised vallevs,

with steen walle which are »nrecinitous in nart and at the
base of wiaich thick accurnilations of telus may occur.
Several of ti:e larser tfibutaries descand to the level

the Steelnocort river by means of one or nore waterifalls.

Patches / ...
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Patches and bLelts of indigenous timber are
wractically confired to the courses of the ninor streans
dreinin~ the sides ef the mesin valleys.

Tire Steelnoort river meanders extensivelv over
this »narticular stretch of its course. 4althouch the
Tollowing descrintion relates to tha meander decignated
by thie letter M on the annended map, bthe same genera
Teatures sre exhibited by the other symrietrical bends in
the river.

This meander i defined alon? 1ts outer nargin
by an arc of nrecinitous cliffs, while the meander snur
conprises a cresent-sheped strin of level country wiich
rises onlvy slightly above the heisht of the river bved
over a distance o7 1,000 vards, whereafter the ground
rises steenly to the generel elevation of the surrounding
country., These relations indicate an exbensive lateral
migration of the river bed over an area, ndw cevoid of
outcrons =znd covered by soll and strewn with waterworn
pebbles. Such meander spurs constitubte the »rincipal
arable tracts in this area.

The wmain meander on Duikerkrans No.1l04 has a
circunference of three miles while the reander neck is
less than a cuarter nile wide.

On Peardekloof No.99 2 roushly oval-shaped

-

depression bounded by steen walls, nrojects for a distance
of one mile from the »resent course of the river. The
interior of this basin is remarlably level, with a slight
the
median ridge extending for a quarter wmile from,river.
These features sugsest that the devression occunies the
gite of an abandoned neander of which the necl: was cut
througih after a lateral migration of .75 miles, resulting
in the formation of a bayou.

¢. General Geologzy.

The weological formations of the area are shown

on the / ...
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on the ma» and comprise the following:

Bushveld Granophyre )3. Bushveld acid ) Rocks of the

Fayalite-bearing )1. Basic rocks
sveno-diorite. )

with Porphyritic ) rocks overlying ) residual
marginal nhase. ) Upper Zone. ) nagma.
Porvhyritic felsite. )2. Fine-grained )
) acid rocks )
Porphyritic fine- ) ) Unper
grained granite. ) ;
) Zone

Olivine-bearing diorite)

Main Zone.

~—

Diallage-gabbro.
Diabase dykes.
Metamornhosed xenolithas,

For the purpnose of describing the general
geology, these formations have been grouped into three
ma jor geological units ag shown in the second column of
the above table.

The zabbros and olivine-bearing diorites
avnearing on the eastern side of the man between the
Steelpoort river and the township of Roos Senekal have
not been investigated in detail other than the examination
of specimens collected along a traverse across their strike.

The remainins dioritic rocks occupy the tract
of denrecssed Bushveld country of the Steelpoort valley
and ascend the escarvment to a heiglit of 5,300 feet, from
where they »droject in tonsue~like fashion up the deeply-
incised valleys of the tributaries draining the plateau.

These rocks are generally well exposed although
the highest horizon is usually covered by the thick
accurulations of talus skirting the precipitous escarp-
ment, but good outcrons occur along the main transport
road ascendinsz Tauteshoogte and a complete succession is
exposcd in the large kloof on Duikerkrans No.l04,

The diorite is traversed by two sets of
prominent joints which approximately coincide with the.
directioﬁs of pseudo-stratigranhical dip and strike

respectively / ...
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Plate.V.- Showing the alignment parallel to the foot

of the main escarpment of the several crescent-shaped
ridges rising above the general elevation ofthe sur-

réunding Bushveld country and dipping towards the west
(i.e. away from the observer) at low angles.
Onverwacht No.56I.
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respectively. The Tormer set strikes 200 east of

north and the latter 14° south of east. Together with
the planes lying in the vpseudostratification these joints
are instrumental in the formation of the rectanzular and
subspheriodal blocks which result from the weathering

of the diorite.

The rocikks exhibit very little macrosconic
variation. Leucocratic bands as well as short granitic
and hornblende veins are occasionally encountered. Thesec
features are unchilled against the snclosing rocks.,
Inclusions of arenaceous, areillaceous and calcareous
sediments completely enveloned by igneous rocks are
freguently met with at all horizons within the diorite.
The xenoliths vary from a few feet to a hundred yards in
diameter and bear evidence of thermal metamorphism.

Speclks of dissewminated sulohidic ore are
macrosconically visibleﬁon freshly fractured surfaces of
some of the metamornhosed xenoliths and also on certain
leucocratic vérie@ies of igneous rociis.

at locality X, the diorite is traversed by a
veln of about a foot in thickness, containine crystals
of nyrite sct in a matrix of calcite and igneous material,

On Paardekloof No.29 and Duikerkrans No.l04
the titaniferous-magnetite is indicated at variadle

listances from the Toot of the escarpment by isoleted

jo])

2]

patcheg of rubble ore.

On Onverwacht No.561 and adjoining portions of

Duilerkrans No.l04 and Luiperslhioel No.53%4l a series of

[q1]

crescent~-shaned ridges, all diponing towards the west at
low angles, risc above the general elevation of the

surrounding couwnbry. Thelr slightly raised rims consist
of mascive magnetite and the relatively depressed inter-

iors exhibit fraements of magnetite enbedded in lateritic

]

soil. Several of the ridges are aliszned »narallel to the

T

escarmment / ...



Plate.VIi.- Showing the steep back-slopes of two ad-
jacent crescent-shaped ridges, marked A and B, separated
by streams draining tlre escarpment. The contact be-

tween syeno- diorite and felsite is represented by
the broken curve. Onverwacht No.561.

Plate.VIi.- Pseudostratified, jointed massive ti-
taniferous-magnetite, composing the raised rims
of the crescent-shaped-ridges and dipping westwards
(to the right in the photograph) at 7. Dimensions
of rock face shown about 3x4 feet.

Onverwacht No.561I.
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escarnment but others occur slightly out of this
alignment. When viewed from a distance the steep back-

slopes exhibit @ Teeble banding conforming to the rius

e¢s were nc doubt sculntured from

usl

of tlie ridges. The rids
a continuous seam of magnetite,. . with a low westerly din,
by the streams now senaratineg then.

These structures furnish tie only evidence of
regionally visible nseuvdostratification in this area, the

angle of dip verving ketween 6° and 89, No detailed
investigation of the relationshins between the magnetite

seams and underlying diorite could be undertaken owing to
the lack of suitable outcrops.

The fine-groined ecid roclis compricing fine-
grained granite-and felsite, extend from the higher
slones of the Selmukuni dMountains westwerds. Thev occupy
the whole of the tableland between the southern edge of
Tauteshoogte and Bavisansnek. The {ine-srained granite
is rostricted to the couthern nortion of this area, but
the felsite continues as a band extending northwards
parallel to the escorpment, with two Longue-lilke
vrojections up the déopiy—incised félleys oir Blandslaagte
No.474.,

Thie colour on freshly fractured surfaces varies
arbitrsrily within each of the tivo varieties cnumerated
above, from dark chocolate brown to reddish brow

Doth varievices frequently exhibit streaks and
irregular patches of nediwi-grained granite wiich are
starply daelfincd from, tuouzl unchilled ageainst the
enveloning roclks. Thc individual ocowwences of mediwa-
grained granite vary Irom nere streaks to outcrops of
300 sguare vards. m

The tvwo sets of vertical joints traversing the
fine-zrezined acid roclis ctrilke 14° eost of north and 30°

south of east respectively and are generally closely

soaced /...
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Plate.V1I1I.- The circular prominence marked by the more
abundant vegetation, resulted from the differential
weathering of an arenaceous Xenolith, enveloped by rela-
tively less resistant diorite. The diameter of the inclu-
sion is approximaetely 50 yards. The Steelpoort river is
seen in the background. Duilkerkrans No,IO4.

Plate.lX.~- Showing the fine scale banding generally pro-
minently displayed on weathered surfaces of the argilla-
ceous xenoliths., Dimensions of rock face shown approxi-
metely 2.x I feet. Uitkyk No.36.

Plate.X,- Showing the superimposed rectangular and sub-
spheriodal blocks characteristically resulting from the
weathering of the Bushveld Granophyre. Uitkyk No.3%6.
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gnaced.
Xenoliths of argillaceous and arenaceous
sediments are occasionally net with, but are less

-

abundant &nd of smallar dimensions than those occurring

'

car ovidence of thermal meta-

<’

in the diorite. They
morphic alteration. Bands of the order of a fraction of
an inch in thiclkness are usually »roainent on weathered
surfaces, and in some instances specks of sulphidic ore
are macrosconically visible on freshly fractured surfaces.
The typical Bushveld Granophyre forms a nelt
of high country extending from the edge of the »nlateau
towards the north-western corner of the map. The area
is characteriged by huwamoclky outcrops of super-inposed
sub-snheriodal blocks, with intervening boulder-strewn
strins. But for veriestions in colour, renging Iroi
brick-red to greyvy the rocis aic renarkably uniform in
annearance.,
Diabase dykes, varying in width from one to
filteen feol, traverss in various directions the three
ma jor geolo~ical units enuncrated above, The width Tor
any one dyke remains.fairly constant over the -/hole 5f
its length. They are gzenerally fine-grained, with
nrominent chilled nerszins, and weather to reddish grey

hexagonal blociks of wiich the major axes are arranged

pernendicular to the walls of the intrusion. The dykes

are traversged by anostomizing veins of nrehnite usually

%+ inch thick, and of “hich the donsgity of distribution
varies rrom nlace to Dlace and may even be entirely
absent.

Thie intrusions occasionally exhibit =minor
deviations in strike, usually naling short’right angle
bends before continuing in their recpective directions

of general strike. They sonctines converge and nay even

coalesce, Subsidliary dylies emaneting fronm the lareger

ones / ...



Plate.XI.- The several prominences indicated by arrows

mark the outcrop of a basic dyke traversing the diorite.

Note the symmetrical bend in the Steelpoort river.
Duikerkrans No,I104,

Plate .XII.- Shows the sheet-like arrangement of the major
geclogical units in the succession exposed along the pre-
cipitous walls of the deep valleys incised by the streans
draining the plateau. Elandslaagte No.47I.
%a.Bushveld Granophyre with
32b.Porphyritic marginal phease.

2.Tauteshoogte Felsite.
I.Fayalite-bearing-syeno-dicrite.
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ones are frecuently encountecred. They either

o

ravidly or return to the narent dykes.

Judging from the gecloglcol man the dykes are
more numerous in the Bushveld countrv than on the
plateau. This difference nav not be real since the dykes
are difficult to detect on the platecu because they
closely resemble the fine-zrained acid country rocke in
respect of colouring on weathered surfeces, suscentibility
to weathering and grain size.

In the Bushveld country on the other hand, the
dykes build »Hrominent tonogranhical Teatures and are
further accentuated by marked aifrercuces in colour on
veathered surfacce ard grain size as compared with the
diorite in which thev occur here.

Several of the larger dykes have, hovever, been

2)

followed continuously from one foriation to anothier
without notable varietions in course or dimensions,

d. Relationehips in space of the thrce
major «eologfical units.

All the tvioes of igneous rocks, other than the
transgressive intrusions, are distributed in sheets
followving the saue strike, analocous to that of a con-
formavble succession of sedimentary rocks.

The contacts separating the fine-grained acild
rocks from the overlving tynical Bushveld acid roclis and
the underlying diorites sometimes traverse highly
dissected country, thus alfording =zood o»portunities for
their study. U»n the steen valleys incicsed pervendicular
to the general gtrike of the roclis, the two contacts are
seen to receds westwords from the seneral strike and to
be inclined to the horizon at lov snzles to the west.

In otrer words the two contacts are regular planes
dinning westwards.

In izeening with this analozy to a sedimentary

foretion / ...
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formaticon, several of the larger klocfs are floored by
diorite which i3 succeeded =2long the nrecinitous walls by
acid rocks., Similarly, the tongue-like projections of
felsite up the valleys on Elandslaagte No.474 show grano-
phyre resting on felsite with the junction having a low
westerly din.

Further evidence is wmrovided by the low-lying
valley between Tauteshoogtc and Bothasbhbergs to the south.
The down-cutting of thisg country exposed the basic rock
alongz the valley of tlie Blood river and left circumn-
denuded¢ outliers of acid rocks resting on diorite. The
latter feature is well illustrated by the »rominent
landnark named Spitzkon on which stands the corrion beacon
of the farms PsardekloofX No.9¢, Blaauwbank No.35 and
Kaffirskraal No.62.

The distyibution of these rocks near the roof

y

of the complex therefore conformsto the general pseudo-

C

stratification ss indicated in the rocks lover in the

succession by bands of nagnetite, nvroxenite, chromitite,
etc. As stated by Hall (9, ».271)% the neeudo-stratifi-
cation in the sense of being reszionally visible, is very

feeble. As defined by Wazer and Deer (5) the cryntic

layering is, however, excellently develoned.

IIT. PETROGRAFILY .

a. General featurcs.

1

The average rocks® nay ve divided into five
distinct netrogranhicel tynes or units on the basis of
the orderly voriotion in the composition and relative
abundance of the esrcential minerels with height in the
succescion, combined with the sudden apvearance or

lisanneavance / ...

o

b Brao“nucd numbers refer to the Libliogranhy
listved at the onu of the »uper,

X hieg qualification excludos those veowrietles which
contain an abnormal conceptration ol either the

ot

light or heavy constituents.
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dicanpearance ol certain significant mineral onhases at

.

lefinite horizons in the psecudo-stratified series.

i3

*....J
%

The arrancement in snace of the sever:
graphical units conforns to the gerdzrsl pseudo-stratifi-
cation; the laterzl variation 7ithin eacr unit is
relatively insignificant, The sub-division into petro-
graphical tynes ig illustrated gravhically in Tigure 14,
vhich renrecents a generalised diasrammatic section
across the strile of the »nseudostratified succession
from below the Main Magnetite Horizon at Roos Senelial

to tirc granonhyre oun the Sekukuni Platesu. The modal

ition of avers~se rocks characterising significant

r
O

comno
norizons and the commosition of certain of their essential
zinerals are summarised dlagrammatically in fizure 1B
which illustrastes i.a. the doaninantly centinuous
character of the vari-tion resulting in the »roduction of
roclt types vhich are transitional into one another.

The rocks craracterising the lowest band are
diallage-sanbros of a tyne exbensively sncountered in the
Main Zone of the Bushveld Complex. They are cucceeded by

olivine-bearing diorites of a type hitherto unreported
from the Complexr. The major variation in the latter unit
comprises the enrichnent of the essgential nminerals in the
less refractory component of their narticulasr solid
solution series with rise in the succession. Orthonyroxene
is restricted to the lower third of this layer and

anatite ocecurs exclusively in ite winer horizons.

N

Ay KO e vy P R PSR, PR [
Allali f\?lSz,l&.L“, guartz and horablende make an

s

(I ~

abrupt apnearance in thoe diorites close to th= basge of the
escarpment and szrve Lo demarcate the lfayalite-bearing
syeno-~dioritec from the underlying olivine-bearing
diorites. These late-stase ninerals continue to be »nressnt
in small quantities in the former rockse up to their
Junction with the overlying finec-¢rained acid rocks.

Aote a2
AU CHILLS / a0 o
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4t this stage an abrupt change occurs in the
trond of the curves dépicting veriations in modal
cormnosition of the roclis. Quartz and allali felspar
becone the dominant constituents te the virtual exclusion
of hasic nlagioclase and a notable decrease in fenic
constituents. The fine-grained acid rocks are fairly
homogenuous throughout and arc succeeded by the tynical
Bushveld Granonhvre witlhout notable changes in modal
composition. In the latter rocks a Ffurther increase of
allzali felspar and quartz takes nlace, mainly at the
expense of femic minerals and no plagioclase more basic
than albite is »presept

b. The component ninerals.

1. Olivine.

This minersl does not occur in the diallage-
gabbro but apvears abruptly on an horizon lyinz about
1,000 feet vertically above the Main Magnetite llorizon
due west of Roos Seneckal. There is 2 slight increase
in quantity with rise in the succession followed by a
steady decrease in thc Tayalite-bearing syeno-diorite
unit. Olivine also occurs sporadically in tiie overlying
fine-grained acid rocks in quantities not exceeding 3%
by volume.

Figure 2 is a graphical renresentation of the
variation of the axial angle of the olivine with height
in the succession. In each case the encircled points
represent the rost prevalent values of BYL’ while the
extremities of the lines drawmn through these vnoints
indicate the maximum variation in each section. It will
be noticed that the varietion of 2V, in any one section
does not exceed 20 in the olivine-bearing diorites but
becomes more pronounced after the appeerance of the late
stage nminerals, quartz, alkali felswmar and hornblende,
when variations of up to 5° are obtained. Even in such

extrene / ...
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extreniec case the most prevalent value can be selected
without much difficulty.

The most notable feature of the variation is
the general enrichment of the olivine in the less
refractory component, Fe,Si0,, with rise in the

e of enrichment is, hovever, not

j$+]
cr

succession., The r
constant and increases.in the iron-content are generally
followed by smaller decreases resulting in the zig-zag
course of the curve. The general tendency towards the
formation of fayalite is hovever well narkec,

The olivine 1s characterised throusghout by well
developed cleaveages and cracks parallel to the »nrincipal

sections of the indicatrix as follows:

(010) (001) (100)

Clea- Digtinet, resularly Poor, irreg- Not develoned

vages and closely spaced ularly
snaced
Irregularly s»naced Short and Rarely devel-
Cracks| but generally straizht or oned and at
straight and lonsz and hest compar-
nutually narallel curved able only to
those narellel
to (001).

Z. Orthonyroxene.

his mineral is constantly »resent in small
though variable quantities in the dillage-gabbro and
lower third of the oliviane-bearing diorite unit. Above
the latter horizon hynersthene is rarely encountered and
was detected in only two sections, Sp. B. Nos. 79 and 81,
in which the orthonvroxene is intimately associated with
olivine, which it is seen to replace. The resnective
compogitions of the two newmbers of the reaction pair
are listed in table 1.

TADBLE 1. / ...
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TABLE 1.
Sp.B.No. | Commosition Composition of
of olivine replacing ortho»nyroxene
81 87% Fa. 73% Fs.
74 75% Fa. 65.5% Fs.

The digapvnearance of orthoovroxene in the lower
horizons of the olivine-bearing diorite unit is not
preceded by a gradual decreage in cuvantity, This value
disnlavs rapid oscillations, which mav be attributed in

vpart to the fect that the mineral occurs i.a. as rare
interstitial watches of counsiderable dimensions,which
nay be partly or completely nmissed in sectioning.

Figure 5 is a granohical renrescntation of the
variation of the axizl sngle of the ortlonyroxene with
height in the succession; the corres»nonding variation in
composition is presented in figure 4. Differences in the
value of 2\, Tor pyroxenes occurring in a single section
are Trequently encountered and mav amount to as nuch as
39,

Owing to the lack of avnpropriate curves some
difficulty was exverienced in deducing the chenical
compogition froa the owtical »wroperties. The curves
furnished by Henry (1, p.— ) indicate a minimum value
for 2V, of 519, which is higher than the value realised
by tiie majority of the pyroxenes under consideration.

The curves sunnlied Ly Hess and Phillivs (2, ».280) and

Winchell (3, ».218) do not include the iron rich varieties

In one instance the composition of an ortho-
nyroxene as deduced Trowm its deterimined values of 9&
and ny respectively with the aid of Winchell's curves

-

did not nearly lead to the same result as is evidenced

1

by the Tolloring deta:
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Deterniined wvelues Deduced Compos 1tion
av, = 47° 62% Fs
ny - 1.721 34% Fs

A relevant curve compiled by Hess and Phillips
(2, p.282) indicates that the axial angle of an ortho-
pyroxene having n, = 1.721 should equal 46° which is in
close agreenent with the determined values listed above.

The curves depicting the variation of the
axial angle and deduced chemical composition display
much oscillation whereby the tendency towards the en-
richient of the pyvroxene in the less refractory compon-
ent, FeS10g, with rise in the succession, is largely
obscured althousil it is well manifested in the two
highest »yroxenes. The following results were obtained
Tor refractive index determinations by the immersion

method in Na-light:

Sp.B. Stratigranhical Refractive Average value
No. heisht in feetX index for 2Ng
81 + 5,184 ng > 1.745 640
79 + 5,028 ng = 1.745 590
+1.664 Ny = 1.721 470
122 + 973 ne < 1.721 49°

The orthonyroxenes occurring in the lowest
horizons of the olivine-bearing diorite unit frequently
exhibit inclusions of clinonyroxene, which assumel the
form of fairly accurately narallel-sided sheets, with
minor uvhdulations and rarely breaking u» into rows of
Tlattened blebs., The sheets are arranged in sets of -
which the individual nmembers are mutually narallel and

ontically continuous. More than one set is but rarely
developed /

X Being the most conspicuous marker in this area the
Main Magnetite Horizon has been emvloyed ag reference line
for all stratigraphical heights quoted in the text.
Positive and ncagtlve valueu refér to swmecinens collected
above &nd below this horizon.



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

3

/ o
/
[S580Y o e(i11)
o
\

Aaﬁ&o

o

e(111)

(111)e
¢ (101)
(110 ) 110

i

|

Fig.5. IlTnstrates the positions of the contact planes between
ineinsions of clinopyroxere end hosts of orthopyroxene, rela-
tive to the ether axes and principel crystallorraphic faces

- the orthopyroxere.
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Iliustrates the positions of the contact planes be-
and hosts of orthopyroxene

RN
tween inclusions of clinopyroxene
relative to the ether axes and principel erystallograpiic

faces of the clinopyroxene ineclusions.
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develoned in a single host. The sheets comprising a set
occasionally ertinguish simultaneously with a large
ad jacent crystal of clinonyrocxene, which may be »nresent.
At sttennt hes been nade to determine the
position of the sheets within the host, 2s well as the
relative orientation of their respnective indicatrices.
The method adopted is briefly as follows: The co-
ordinates relating to the contact plane as well as those
vertaining to the indicatrices of both hosts and in-
clusiong were determined with the aid of the universal
stage, and plotted on tic same plate, The crvstal-
lographic c-axic of esch component was then transferred

D)

in turn to the centre of the stereomram and thie contact

! Dt

plane and ether axes trans

L
)

crred &ccordingly. Two c-axes
were nrovigionally constructed for each clinonyroxene on
the assunaption that the extinction angle zZac equalled
449:  one possible c-axis would then lie 44C from Z in
the one direction to X, and the other at the same angle
in the onposite direction from 2 to X.

In order to obtain a clearer revresentation of
the results obtained collective diagrems were constructed
illustrating:

1. ©The nositions of the nlanes of contact hetween
the inclucgions of clinopvroxene and the hosts of ortho-
nyroxenes, relative to the wnrincinal crystallographical

faces and etiier axes of the orthopvroxene (figzure 5).

@

2. Tiie sanme Tor the clinopyroxenes for each of the two
coastructed c-axes (Ffisure 6.)

3. The wositions of the axial vlanes of tiie inclusions
relative to the ether axes of the host (figure 7).
The »nrincipal cryvstallogranhical Taces were inserted in
the respective diagrams as deduced from the known owntic
orientation of the mincersls concerned and with the 2id
of Goldechmidt's "Winkeltabellen™,

The tendencies oo
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The tendencies shown in each dieagram nay be
sumizarised as follows: In figure 5 the contact nlanes
do not indicateany tendency either to cluster or to
coincide with the pole to any crystallographic face of
the host. In figure & the contact nlanesexhibit a
marked tendency to be assembled around the nole of
either the basal ninacoid or the (501) done.

It stands to reason that with the method

m

donted of constructing a nair of positions renresenting
the c-axis in each case, only one vosition could be the
correct one. It is bhelievel that each incorrect position
falls near the dome (501) and each correct position
coincides with the base (001). The reasons for this
belief are as follovrs:

a. In those instances where the sets of
inclusions were in ontical continuity with adjacent
crystals of clinonyroxene exhibiting traces of the
prismatic cleavaze, the c-axis was constructed according
to the method described by Burri (4). 'In such case the
contact plane after transference invariably approached
the pole of the basal pinacoid.

b. The clinopyroxenes are characterised throughout
the succession by the »sresence of minute rods of an
obhaque substance arranged in closely snaced sheets which
were invariably found to he aligned parallel to (001).
In each of the investigated examples tihese structures,
exiiibited by the inclusions, were found to coincide with
the contact »lane.

Figure 7 illustrates that while a large per-
centage of the inclusions have their axial »nlsunes orient-
ated approximately nerpendicular to that of tihe host, a
nuniber bear no rational relationship towards the latter.

From tlhe enumerated relationshipns it may be
concluded that the inclusions of clinonyroxene are in

the nature / ...
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the nature of sheets elongatcd parallel to their basal
Teces and that their oricntation within the host is

arbitrary.

Thece deductions arc corroborated by the rare
aggoclatvion off the two nyroxeinon showun 1o fisure 8. The
orthonvyroxene host exhibits the characteristic striations
varallel to the oxic) plance (10C), whici. are genn o coln-
cide with the comnmosition plane (100) of thie adjacent
herring-tone twin of whieh the o coaponents resnoctive-
ly occur in optical continuity with an adjacent set of
sheot inclusions contained in too host. lience the c-
crystallogravhic axis of the host and the inclusions are
narcllel to coch ot»or, and thelr recpective axial nlanes

are verpendicular to one another. The mutually pa;allel
contact vlancs of the inclusions are secn to be .colnci-
dent with the ribs of their resnective counternart in the
bhering-bone twin, and hence coincide with the basal plane
of the clinopyroxone. At the sane tlﬂn they are

inclined at on ansle ol 170 to the basal plane of the
host, and consequently do not coincide vith any known

e

crvs stallogranhic Toece of the lattor.

A sinsle instance vas encountered of a different

-

association of the two »vroxenes, i.e. in which the
clinopvroxene acted as host to sheet inclusions of ortho-
nyroxene., The relative orientation of the respective

indicatrices after transfereince of thelr resnective

~n

crystallogranhic c-axes to the centre of the stereogran
and their remaining optical constants throush the same
dngle, is presented in firure 9

The diegrem illustrates that the £, of the
orthopyroxene (£,) and the A of the clinopyroxens (f,)
coincide, while the other vibration directions occur in
a planc to which the directions of £, ond B, are nornal.
It further indicates thet the nlane occunied by the
inclusions is coluncident with the basal ninacoid of the
clinonvyroxene host but does not corresnmond to any
crystallogranhic Tace in tine orthooyroxene. The rvelative
orientation oi the indicetrices ol the two pvroxenes 1S
identical to thet quoted by Nel (10, ».49) Tor instances
where hypersthenc wos surrounded by clinonyrozene.

The pleochroism of the hyoersthene ig variable

though generslly distinet in sections marallel to (100) as
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follows: «£ = pale pink, ¥ = greenish. The striations
varallel to the axial plane, which characterise the
orthopyroxenes of the Bushveld type are less »nrominently
displayed by the pyroxenes under consideration than by
those occurring in the lower zones of the Complex.

5. Clinonyroxene.

This mineral occurs in all the rock tynes
excluding the granonhyre. The variaticn in the axial
angle of the unzoned clinopyroxenes with height in the
succession is presented graphically in figure 10. The
curve is characterised by alternate gradual increases
followgg/decreases with nminor oscillations. Variations
in the value of the axial angle in a single section are
frequently cencountered and usually range from 1© to 39,
although a variation of 7° was obtained in S».B. No.33
which yielded the following values for aVy :  53°9, 539,
529, 51°, 51°, 50.8°, av®,

The refractive index ng for Na-light was determined for
the nyroxenes of five snecimens which were regarded as
reasonably renresentavive of the whole range in the
succession., The results obtained are arranged in pseudo-
stratigranhical order in table 2, to which the corres-
ponding compositions of the nyroxenes as deduced frou
their optical properties with the ald of the curves
compiled by ‘ager and Deer (5, »p.79-80) have heen
appended.

TABLE 2,

- o

e R T TP
" . e e s Averape
SB58° Roclz type ng Comnosition |yaius“for 2“?
17 Fine-srained 1.733 | WopgEiy gFesg 540
granite
85 Fayalite-bearing | 1.717 | WogaBneaFsag 580
syene-diorite
72 :(DliVil’l@—bCaring 1.717 &VOEVEQF’]_FSAB 439
diorite
125 -do- 1.696 | WopgEnaaFsyy 450
327 Diallage-gabbro 1.694 | WonnEngsTson 470

A werusel / ...



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Bushveld Granophyre.

Fayalite-Pearing syenc-dlorites.

5

i

|

i

!
4+

i

i Olivine-tearing
31

| diorites.
2~

P
o
o
&~
9
o
[2)
L=
g
123
3
Qo
<
e
3
;
8
-t
©
=
9
©
-t
<
&
&
i
b
o
5
+
%]

Diallage-gabbros.

lain Magnetite Horizon.

Dimllage-nabbros.

e e e
7c 0 50 40 30 20 10 9]
Fi;.11. Veriation ef the Anorthite con-

tent. of the plegioclase felspars along

profile across the Upper Lone.



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

)
L]

50

e e g o i et e

G0 X 40

poreave s v v e s e

~ T

vl

9 X

-

LN

TOXVO[%0
T, e xr

TOLTU L | WD

.”,.‘_.H A._.-J.kd N u.AtrJ M

RO A A
COX Q0 0" T L OXN T
0

XU CO0TTT[9 00X ol e T X we] 20X e
SRl eOXTT[YO0XLO[OTY S 40X T

,ﬁ'.'.’dv! —

i e e oo w—— e s i w v v

e

SoIq(esr—-esu T LeTq

BOIJ=-OUTATTO

s o B B W | N W e W~ o o 7 - 0

0TI ETA[ETX8 R

T
2l 40X
0

(0N F Ol 90T XTI ST0E 80

G e o ey

TN TU T EEEECIN

e e e L e e . e s w—

ST

STTEE TN

TV ILESSE

-l B PO p———

IATTO

[rs

(SR

gL 0 NIVIME £0

‘N

o e o row S W SRS T e e agresmr e S

R et 1

FTTT X

NI

0

OIS

s rn

*T

T

LG

YL UoT®E

Ia

]

e e s s

o rim i ey s  — —

gel 1

R

P19

B vsoywm——

@46

n“...l‘

684

S e vt

A

Ul qQuE ey
TS5 TACING

o8l
al
TuoTH S

DU —— e r————— s e P o s e b e e
T it TR D P T R o B - -

mﬂaﬁo TYO T TI L - 0N Sd

MOMTINT

LY

TIITY T

¢ TOTITAY

\li\v\.‘n‘\!‘\ —

TTELEAL



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

&
g

(21,

The salient feature exhibited by the curve
relates to the general enrichment of the plagioclase in
the less refractory component, NaAlssoa, with rise in
the succegsion. The change in composition is alternately
orogressive and retrogressive and less nronounced than
in the enumerated ferro-magnesian solid solutions.

Zoning is an exceptional feature in the lower
horizons but as the top of the fayalite-bearing Syeno-
diorite is anproached it becomes a general feﬂture and is
universal in the case of the phenocrysts of the fine-
grained acid rocks.

c. Avorafe dimensions of certain of the

e s -

ssential minerals.

The maximum, minimwa and average dimensions of
certain of the essential ninerals at various heights in
the succession are listed in table 3. Since the plagio-
clase laths exhibit an extensive range in dimensions and
elongation in each section it was deemed desirable for
the purpose of the compvarative table to classify them
according to their most wnrevalent ratior of elongation.

A perusal of the data contained in table 3 will

that
serve to indicatc i.a./whereas the olivine and plagioclase
exhibit a gradual and considerable deérease in grain-size
from the base to the ton of the succession, the dimensions
of the diallage crystals remain fairly constant throughout
with the lowest valuves reallsed at the base of the
olivine-bearing diorite unit.

The latter feature can be ascribed to the
tendency of the diallage at thig marticulsr horizon to
occur as a large nuaber of small crystals, frecuently
assembled in clusters, whereas the clinopyroxenes
characterising the higher horizons occur as less nurierous
but larger individuals.

d. Petrography of the averagc rocks:

i L a1 B0 s e e amana

1. Diallaze-gabbros.
The /
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The bed-roci: overlying the liain Magnetite
Horizon at Roos Senekal is obscured by a thick mantle of
red turf, for a surface distance of 1.5 miles. A specimen
collected from a solitary outcron (5».3. No.l23) shows
a much closer agreement with the diallage-zabbros under-
lving the nagnetite than with the overlying olivine-
bearing diorites and has therefore been referred to the
former group although it is customary to regard the Main
Magnetite Horizon as the natural boundary between the
Main and Unvner Zones of the Bushveld Complex.

Table 4 contains the data relating to this
specimen and three others collected below the magnetite.

TABLE 4

Pofepviuy i A

DATA PERTAINING TO THE DIALLAGE-GABBROS.

PRI - L e S S A 5. B A, TS o7 Pt

S».B. | Strati- [lodal composition by volune and nost prevelent
No. graph- corposition orX certain of the csgontial nincrals
i Cal e s i s 1+ T s, 0 vt v (-. e S A o i OB T O e e B B Sk - ol AR e L b A s bl o Seih)

height Plagioclase Pyroxenes

in feet ‘ _ O thQ~ | ¢1ino-
Vol.% 1An.% "[Vol.% | Fs.% | quartz]|

123 + 614 57 60 12 62 21 -
127 - 154 63 80 3 63 29 .5
128 - 1,126 70 o8 ) - o -5

b
L]
o8
—

Ore

10

>

ol
alla

121 - 1,207 59 63 14 55 26 1 X X

Note: A cross (X) indicates tlie presence in quantities not
. o A ~
exceeding .9%% by volurne of the mineral concerned.

Under the microscope the diallage-zabbros are
csecen to be comnosed of:

Plegioclase laths which exhibit an extensive
range in dimensions and elongation. The mineral is
usuallvy unaltered and with faint monal structure. In
some of the larger crystals the zonine is more marlked
with differcnces in composition bevween core and mantle
amounting to 4% 4An. The zoning is of tha normal tyne

with the core and mantlc not sharnly defined. Regmular

cracks lined with green material of whiclh the i1dentit

&

v
is uwncertain, occasionally traversc the cryctals.

Clinonyroxene / ...
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Clinonyroxene 1i& the dokinant femic mineral
and occurs ag large iaterstitial crystals with arn-like
projections between Telsnar latheg, or as small grains
weGged between adjacent laths, or assembled in clusters
with little or no mutual interpenetration. Broad bands
of lesser birefringence are vrominent in sectionsg annrox-

1ately perpendicular to the plane of the ontic axes.

and

The bands are of variable lengths, /do not traverse the
whole crystal, nor do they eztinsuich simmultaneously
with the host and frecuently contain hair-like inclusions
of an o»acue material orientated pervendicular to the
valls of the individual bands. Lombaard §,.164) suggests
"that the lamellac owe theli low birefringence to the
geparation of the opague material, which seeng to be
iron oxide.V

Zoning is & conspicuous feature and is best
seen on rotating crystals around the control (or east-
west) axis of the universal stasge after having brousht
their ontic norntls to coiacide with thics axis. The core
gradually wor-es into the antle ondé bhe axial angle of
the latter crcesds tlat of the Formier by as much as 10°
in extrenc cases, indicating o wHrosressive enrichiaent in
¥eSi0; frow core to mantle.

The clinonvroxene occasionally exhibits
incipient alteration in which case 1t becowmes slightly

turbid and clouded by flakes of hornblende and soveceis oF

ore.
Orthopyroxeonc occure in two distinet forme
as follows: Subtiedral crystels of woderste dixensions

comronly extinguishin~ in grouns: also in larger intor-
stitial »natchies, resching dimensions of 12 ¥ 8 ma, in
extrens cascs, and partially or completely enveloning
felspar laths resulting in a sub-onhitic teuture. In

e . -~ wey ey =t e e Y - W . Je -
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characterising the Bushveld Gabbros in general and
described by Lombasrd (6, p.26) as follows: "Hyner-
sthene sometimes also exhibits a uniform orientation over
large areas. OSuch areas of hypersthene, however, are

not markedly ownhitic or sub-ophitic ..... The relation-
ship of felspars to Lhypersthene mostly conforms to his
(Krokstrom's) definition of sub-doleritic texture.®

A poikilitic texture results from lamellar
and rounded inclusions of diallage embedded in ortho-
pyroxene. Interpenetration of the two varietiecs of
pyroxene is much in evidence.

Quartz occurs spcradically in small quantities
as angular grains wedged between Telspar laths and
generally ertinguish in groups. The silicate minerals
frecuently exhibit incinient alteration in the proximity
of quartz grains.

Hornblende occurs cexclugively as snall flakes

associated with clinopvroxene which it is secit to

replace. In the sabbros wnderlying the Main Magnetite
embedded in diallaze. Above this horizon iron ore is
well represented as irregular grains, partially en-
closing felspar laths and "growing round™ ferro-
nagnesian ninerals.

2. Olivine-bearing Diorites.

o

The topoeraphical depression extending west-
vards from the extensive dinslopes of the lain liagnetite
Horizon at Roos Scnekal is toriinated on Danlisloot Wo.
119 by a promninent nortlhi-south trending ridze aligned
parallel to The zcneral direction of striXke in this
area. The roclg commosing the ridge are renderced macro-
scopically distinguishable from the underlying diallage-
gabbros by thelr relatively clogar grain, the darker

colour of their femic constituents and by the nresence

of / ..



of yellowish grains
the olivine-bearing
Bushveld country extending westwards for a distance of

7 miles from the above-mentioned ridge to the foot of

&
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of olivine.

diorites, which occupy

They nark

the main escarpment of the Sekulcuni's Mountains.

Table 5 contains the data pertaining to

(25

the base of

a

the tract of

average

rocks from significant horizons within this petrograph-

ical unit.

DATA PERTAINING TO THE OLIVINE-BEARING DIORITES.

TABLE 5.

Sp.B.| Strati- |[Modal composition by volume and most prcvalent
No. §€:Eh— composition of certain of the escscential minerals \
height Plagioclase afyroxenes Oliv%ﬁg Ore %?%é
in feet |Vol.% | An.% Ortho- Clino~ Vol.%| Fa.%|’
Vol.% | Fs.%
72 + 4,659 53 48 - -~ 14 18 75 | 11| 4
13 + 2,943 | 47 45 - - 27 15 63 8( 3
14 +2,700 | 48 43 - - 29 15| 61 8 -
3 +1,166 | 59 52 17 |7 63 12 5 - 71 -
122 +973 | 50 52 11 59 16 17 49 6 -

The rocks comnosine the upner nine tenths of
this unit contain andesine felspar and are hence diorites
(7). Although the underlying one tenth contains labra-
dorite (and hence composed of gabbro) it is linked to the
rcest by the prescnce of olivine, thus forming a unit.

For convenience of refercnce this unit is referred to as
composed of dicritec in spite of the gabbro contained in
its basal »nortion.

tilcroscopic investization reveals the olivine-
bearing dioritcs to be composed of:

Olivine which in the lower third of this unit
exhibits a distinct tendency to occur as relatively few
but large crystals, with occasional marginal indentations
due mainly to interference with plagioclase laths. Less

frecuently / ...
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frecuently small laths of plagioclase are completely
enclosed within the warginal portions of the larger cry-
stals. These relotionshins suggest that the orthosilicate
is of relatively early crystallization but that at least
small nlagioclace latlis were available for incornoration
towards the cessation of olivine crystallization.

In the upver two-thirds of this unit the olivine
occurs in a different way, i.e. as & larger number of
smaller crystals, which occasionally form clusters of
interlocking cryvstals, of which the total arca is apnrox-
imately equal to that of the individual crystals occcurring

in the lower horizons. In addition, the ferro-horton-
olite bears a distinct interstitial relationship towards
the andesine, and pcenetration of olivine by diallage is
nmuch in evidence. These relationships indicatce & relative-
ly late »neriod of crystallization for the ferro-
hortonolite.

Diorites with a low olivine-content furnish
evidence of resorption and repair of olivine by ortho-
pyroxene. In suci cases the latter either occupies
embayments in the olivines or comnletely envelons theril.

A decrease in the olivine-content is however not accom-
panied by a corresponding increasc in the amount of
orthonyroxene,

The orthosilicate is zenecrally unaltered and
free from inclusions, and the cracks are dusted with iron
ore. The intencity ol the plceochroism incrceases with the
tenor of iron, aund becomes distincs iu the ferro-
hortonolite in the following tints: lﬁ - orange yellow,
da § o nale yellow.

Thers is closce agreencnt in resvect of the

nature and range of zonal structurc, the prescuce of

D

lite

re
1
o

bands of lesser rcfraction and the developrient of

\

structure between the cglinopyroxenes oceurring in i

5
1

t
0]

lower / ...
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lower 1/8th of the olivine-bearing diorite unit and those
of the underlying diallage-gabbros. Whereas the last
feature is common to the clinopyroxenes throughout the
succession, the first two are peculiar to the diallage
occurring in the lower horizons. In addition, the clino-
nyroxene of the lower 1/8th of this unit shows a narked
tendency to be assembled in clusters of interlocking
grains of varying shapes and sizes.

From Spnecimen B. No.3 (+1,166 ft.) upwards the
diallage assumes a different habit: clustering diminishes
as the mineral tends to form fewer bub larger crystals,
with marked interstitial relationships towards the
plagioclase and pnenetration of olivine. The change in
habit 1is accompanied by 2 change in colour, which, though
feeble at first, ranidly increases in intensity, with the
pyroxenes in the unper half of this unit exhibiting a
distinct pleochroism as follows: &£ = brownish green,

B = ¥ - dull brown,

Plegioclage occurs as regular lath-shaped cry-
stals, exhibiting minor indentatione resulting from
interference with other crystale during the closing
stages of Telspar crystallization. The mineral is
generally unaltered with weak zonal build. Occasionally
the zoning is more marked with differences in the com-
position of corec and nmantle amounting to 6% An. The
zoning is of the normnl type and the core and mantle nmerge
gradually.

Tie Lvpersbheiis occurying i1in the lower thixd
of this unit contains abundant shcet inclusionsg ol clino-
pyroxenc, and generally forms nhysical units vith oro-
jections pevrtially canveloping clinonyvroxene or nenetrating
between adjacent Telsvar laths. Lese frocuently the
mineral occurs as interstitiosl patches enclosing

plagioclase laths, clinopyroxenes and ore grains.
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In the upoer 2/3rds of this unit the Hypersthene
occurs sporadically in small quantitices, and i¢ usually
intimately associatoed writh olivine.

Oxidic ore 1is »resent in small but fairly

constant cuvantitics throughout this unit., It occurs as
irregular grains, partially enclosing felspar laths, and
growing round® ferro-magnesian minerals, indicating a

relatively late period of crystallization. Speglis of

¢

- -

sﬁlghidic ore oécuf snaringly and are usuallv enclosed
by oxidic orc.

Kelypkhitic borders aboub ore srains are a
nrominent feature in the lower half of the olivine-bHearing
diorite. In contact with felspars the corona iﬁ'composed
of stroazly pleocgroiqrbrovwg@@ga, or. feathory geaction
products or both, with the latter fbrming the outer fringe.
Loabaard (8, p,héé) observed analogous structurés in a
nagnetite-noritic and states that the feathery rims, where
sufficiently coarsce to be delermined, were conposcd of
intergrown felspar and pyroxenc. In commentingiupon the
very snoradic develonrent of Teathery reaction }ims
between iron-orc and felspar, Wager and Deer (35, »-96)
state that althouzhi no conclusive cevidcnce oanﬁbe siven
the coronas werc nrobably produced aﬁlnoderately Lovwr
temperatures at points where volatile constituents hannen-
ed to be concentrated.

In contact with pyroxene, esvecially ortho-
nyrozene, the rine erc composed of small olivine orystals

of variable orivntetion. In sowe insvainces wherde an ore

[&]

grain abutts against both pyrozenc and felsnar, @an olivine
rim may occur against the forzer snd & compositd biotite

and feathery corona against the latter. Thoe arrangenent
is sometiaies remsrkably uniform, although the olivine

.

rims occasionally.overlap into the felspar contact.

. R} . > Q- 22 " 4 al
Anatite wiirst appcare in 8».B.13.7(+2,943 t.)

:;Iﬁ@'!ﬁl" o
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and continues to be well represented inthe upward

succession, The idiomornhic crystals neasuring 0.1 x 0.1

4

., 1n cross-sgsection and 0.3 x 0.1 mm. in longitudinal

T

-

c‘f'

section exhibit a taendcency to be restricted to the marginal
portions oif the andesine and ferro-hortonclite. The
diallage and ore usuvelly coatain avatite from corc to
#nantle. The apatite therefore apnears to be relatively
late in the crystallization seguence from the moment of

its first appearance.

ite-bearing Sveno-diorites.

Desnite their being cuantitatively subordinate
to the rocks comprising the various other units, these
diorites are of special significance in vicw of the
rena keblw ferriferous nature of their fenic constitucnts
and.the apnearsnce of the late >tune mincrals, cuvartz,
alkali felsnar ~ud hornblende. They represent a signi-
ficant stage in the differentiation and herald the develon-
ment of granitic rocks, at a Junction when the ferro-
magnesian minerals have been thorouvghly enriched in the
less refractory commonent of theilr resmnective solid
solution series,

Table 5 contains the data relatias to shecimens
collected reswmectively froii the basc, centre and roof of
this unit.

Investiration wiith the microscone reveals the
following:

The anvearance of the late stage minerals,
cuartz, allzali Telsnar and hornblende is accommanied by
higher degrece of alteration end renlacenent of the
relatively nmoive zafractory wniinerals, than that charactsr-—
ising these silicates in the lower horizons.

Zoning of the »lagioclase in two rather special

vays 1e a nrominent feature:in the more nrevalent tvne

the laths are [or thelr greater part hooogenuous (AnCAO)
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with narrovi, sharply defined mantles of less basic
material (Anmsy) separating them fron interstitial cuartz.
A number of »narticularly large cyrstals are composed of
three layers of which the core and mantle of annroximate=-
ly identical compositions (An 53) are separated by a more
basic median layer (Angm). Decomposition is irregular
and not very intense .

Olivine occasionally occurs ag large subhedral
crystals, but more freguently as small crystals, exhibit-
ing a tendceancy to form clusters. Thc orthosilicate was
evidently affected by late stage reactions with the

residual nmagma, resulting in vartial resorntion and sub-

[ ]
(0]

cquent repalr by either orthopyroxene or colourless
amphibole.

Platy inclusions of an opacue substance, orient-
ated parallel to one or more crvetallogranhic directions
in a single cryvstal are much in evidence, particularly
towards the coresg of the largcer crystals. The inclusions
are most frecuently arranszed parallel to the ninacoids |
(001) and (100).

Although tha2 pleochroism 1s to sowme extent
masked by the presencs of owaque inclusions it is never-
theless distinet with P= orange vellow and ¥ - L -
pale yellovw.

The occasional unaltsred crvstals of clino-
byroxeine exhibit a brown colour and distinct pleochrolsn
as followe: ¥ = A= dull brown, A= brovnish-green.

“The majority, however, occeur iu various steges of replace-
ment by hornblendc whereby the colour and pleochmism are
obscured., The dominantly subhedral character suggests

a relatively early »neriod of crystallization.

Quartz and picronerthite are constant con-
stituents, »resent in small cuantities and variable pro-

portions. The former occurs nmainly as ansuler grains
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vedged between the nore refractory silicates =nd in optical
continuity over considcrable sreas.

The microperthite occunies the interstitial
arees and completely cnvelops various silicates of
earlier crystellization. 1In addition the minsral fre-
cuently forme protective mantles 2bout the nlagioclase
laths, particularly when the laths are bordered by quartz,
when it may frequently be granhically intergrown with the
latter. The intergrowth of alkali felspar is on a very
fine scale and exhibits a turbid rcddish apncarance.

The green hornblende originated largely by
alteration of clinopyroxene. The replacenent is selective
being more intense =zlong the margins, where the uralite
comonly Torms a continuous rim, with disconnected pro-
jections towards the interior. The various disconnected
patciies of hornblende replacing & single crystal of
pyvroxene extinguish sinwuwltaneously and are orientated in

such a way that the resocective optic axial wnlanes of the

4

;eactipn pair are parallel to each other. In addition one
optic axis of tihe hornblende invariably coincides with a
similar ontical dircction in the clinopyroxene, but the
respective remaining vectors arc inclined to one another.

A small provnortion of the hornblende occurs as
interstitial matches enclosing felspar laths and apatite
crystals, without there being dircct evidence of the
derivation of this tvne of hornblende from diallage.
Although such patches are. occusionally in ontical contin-
uity with wralite, it is »robable that they renrcsent mat-
erial precipitated direcctly from thc =magna. All the
green hornblende 1is strongly nleochroic as follows: K=
pale brown, A= brovnish green, ¥ = darlk green. The
axial angle 2V, varies between 58%°and 60°.

When present in relatively larse cuantities the
biotite occurs as large interstitial patches "growing

around™ / ...
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around® olivine and pyroxone;/éontalnlng inclusions of
andesine, apatite and ore, In the higherhorizons this
mica is sparingly represented as interstitial flakes and

scaly ageregatces associated with rods of iron ore. The
mineral is strongly pleochroic as follows: &« = pale
brownish vellow, p = reddish brown, ¥ = deep red brown.

Orthownvroxenc 1is restricted to the lower
horizons where 1t occurs snoradically in small cuantities,
largely associated with olivine in a reaction relation-
ship. The rsnlaccnent is markedly selective, thus
whereas a considerable percentage of olivine crystals
were probably not involved in the late staze reactions
others have boen extensively resorped. The remnants of
orthosilicate cbedded in the replacing pyroxene are
frequently clouded with iron ore, probably liberated
during the reactions.

A considerable vercentage of the hypersthene
occurring as interstitial patches bear no evidence of
their derivation from olivine and have nrobably been
directly vrecinitated from the magnma.

Ore is uniformly distributed ag small grains,
with a greater tendency towards idiomorvhism than in the
lower units.

The apatite is concentrated mainly in the late
stage minerals, ie fcirly abundant in the olivine and
pyroxenes and is occasionally enclosed within the nargin-
al nortions of the andcsine laths.

Colourless ammhibole

|
e i L BA O A AN st e o

attains its strongest

&

o

]

development in the lover horizons, where it is commonly

o

associated with olivine in one of the following wavs:
As a partial or complote marginal selvedge; as a ground-
mass of wvariously orientated fibres containing remnants

-

of olivine, and finally as isolatad azeresates of part-

ially superiaposed sczles cubedded in olivine. Instances

nt /
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TABLE 11.

A

CHEITCAL ~ANALYSES OF  GABZROS AND DIORITES.

8n. No. L.400 L.410 B.72% B.35%
Text No 1 2 3 4 5
Si02 51.52 50.72 52.48 45.26  49.30
Ti0g 0.44 0.44 0.56 1.70 1.80
Al20% 17.10 16.40 16.95 15.42 13.87
Fe207 2.64 1.35 1.82 4.65 2.38
FeO 5.74 6.65 6 .63 18.35 16.78
1no 0.02 0.02 0.22 0.39 0.43
Me0 10.72 8.55 7.50 4.19 1.77
ca0 10.00 13.30 11.06 3.50 7,49
Ma 20 1.70 2.20 2.50 2.97 3.52
K 20 0.20 0.20 0.30 0.25 1.17
P50s 0.02 0.06 0.10 trace 0.45
H40 0.13 0.40 0.30 0.76 1.2
K20 . 0.01 _ 0.00 0.07 0.03 0.06

.- e s e e Bt s s e e

i

H
(@]
(@]
3
[N

Total 100.06 100.50

L

100.45 100.29
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1.11 1.67
18.34 20.96
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lv..).z,n 8312
8.40 4,90

« o
!

6.68
29.89
18.64

6.74

lDOO

L oo o
DoX
20 20

S (I G gr

—
o
.

(&3]
~d

(SN ad
DO
OO

B =
v = O

~

cu
'_l.
OHGG OO 0O {:uOr;'>:!>OH-‘

RO (0O DU~

3.66 2.77 . 6.33
hy 25. 8.40 15.80 2.21
. 4.313 7.66 'y 13372‘

R

N DU R TTEO

S.22 0.00 0.84
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14, 111, 1z Q9 .47 125.7Q
al 22, 21. 2 17.42 20.33
fm 5 4 & 55.80 48.08
c 2 3 2 20.04 20.32

° o .

= GO0 CO

alk 6.75 10.56

cCoOoNGION W I

3OO MO0
OO0 OLH,O

QOO
OO OO LG

}\. ° 8 . 5 L) 7 OoOG O.].7
g .71 .86 .62 0.25 0.14
o/ fn L A7 74 .65 0.35 0.4%

o~

X enoves new analyses
1. Snotted norite, Schaaplrosl No,442) Lydenburs District.
Analyst: B. Lombacrd (Quotsd from 6, ».18).

. 3
o
)

2. HNorite, ¢ mile cast

townshin of Roos Scenelal.
An81vv“: B. Lonbeaard (5:

e source as 1),

3. Norite, Bon Accorc¢ Quarry, Nortu of Protoria. aAnalyst:
F. de Quervain. (Quoted from 8, 0.185).

4., Olivinoe-bearing diorite, Duilicrlkrans Wo,104, Middel-
burg District. Aralyst: C.J. Liebenbeorg.

(¢}

Fayalite-bearing Syeno-dliorite, Duilzeririnsg No.l04,
Midcelburg District. Arnalyst: C.J. Licbenberg.
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of sruncrite (3, p.244) occurring c¢s intersbitial grains
viedged betwreen felspar laths are rarely encountercd and
afford the onlv evidencc of colourless amphibole not
obviously reclated to olivine.

The colourlazsss non-pleochroic gfunerite encloses
patches of amvhibole cxhibiting the following plzochroism:

B = colourless, ¥ - green. Similarly the above-
mentioned marginal selvedges are occasionslly of a com-
nosite cherecter, with the colourless selvedge cnclosed
by an outer ring of grecn amphibole.

Thc nrismatic cleavazes arc well developed and
pass uninterruptedly from one variety to the other, and
lamellar twininingz on (100) is a conmon Teabure. Owing
to its fibrous nature, small dimensions and repeated

:

twinnin

difficult to obtain more than an ammroxi-

jes]

N VIR

natc idea of the opticzal »nroperties of the colourless
amphibole. The value of 2Vy ranges from 83° to 37°,

o)

the extinction annle Zac from 16° to 18° and the refract-
d

ive indices are Ny = 1.6933 and Ng = 1.6310
c

14 - . L B 1~
4. The Tinc-g 14 rocks.

This groun comprises fine-zrained porvhvritic
granophyric granite and vorphyvritic grenonhvric Telsite.
The former variety is restricted Lo the soubthern nortions
of the Selrukuni's Mountoins where it is scen to separate
tire diorite from the overlyins felsite by which it is
succeeded ratiicr abruntly after becomins slightly nore
fine-grained. Traced northwards alonsz the escarnucnt the
oronite 1o coen to toper oubt o Do wWig No.Og

ter which tiic dlorite is scen in direct contocet with the
felsite which continues as a band nerallel To the cscarH-
nent. A tonsue-lilie wrojection of ~Zranite extende down

the valley of The main stroer Uiclkvis No.36 shoving

e
O
=
)

Tfelsite resting on granite. The enuwicrated Teatures
indicate that the granite occurs in the form of a &

li'ze // o oo
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Diag.1l. Comparative representation of the
varietion in grein-size of the essential

ninerals, excluding phenocrysts, compo-

the acid rocks.

-—-- Trend in the felsite.

Trend in the grenite.
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li¥e body separating dioritce fron felsite and tenering out
towards the north.

Thie crystalline character of the gzranite is
readily scen in hands)ecinen; the average dinmensions of
its essentisl constituents being .09 = 1.1 rm. It is
therefore too coarsce to be termed a felsite, and 1s best
deseribed as a fine-grained granite.

The felsite closely resembles the Bushveld
Feleite in resvect of gensral anpearance in handsneciwen,
and grain-size which averages ,05 x .07 rm. Under the
microscope the felsits occasionally exhibits sub-ordinate
stresks and irregular natches of relatively coarse grained
material havians a grainsizce comparable to that ol the
fine-grained granite.

Diagram 1 is a comparative represcntation of

the veriations in grain-size of the esscntial ninerals,

[

excluding phenocrvsts, composing thes felsite and fine-
grained granite respectively., The nmajor and minor
diamoters of 30 consecutive grains of cach constituent
encountered on traversoes 1 mm. apart were determined in
units ecualling .02 mm. and the percentage frecuency
calculated for intervals of 9 scuare units. The results
obtained are embodied in thce diagram which illustrates
the following featurcs: he Telsite is not only more
fine-grained but also more even-graincd then the granite;
the dominant zrain-size of the letter oxhibits a greater
range, and the total range 1s similarly more extensive
than in the folsoite.

Other minor differences relating wainly to the
relative abundance of various phenocrysts iill be noted
in the following microsoopic desecyiption, which will be
given collectively for both varicties in order to avoid

unnecessary repetition.

Plagioclage occurs czclusively as phonocrysts

vhich / ...
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r

vhich are gonerally thoroughly deCCcompo
unaltered crystcels exhibit normal zoning witihy the corc

and mentle not gharnly defined, (AngsshAnpmps), and are
cnclosed by cxtensive selvedges of micronertiite which
freguently occupies ceen enbayments., The phenocrvsts

arc relatively morc abundant in the granite where they
exhibit a tendency to cluster, wiereas in the Telsite

they occur &s unifornly distributed individuals.

Clinonvrozene occurs in the matrix as small
subhedral cryvstals. Close scrutiny of thecir contacts with
guartz end nicronerthite reveals minor irregularitics
indicating an overlap in their resnective neriods of
crystallization.

Large crystals of clinonvroxene associated with '
the clusters of nlagioclase »nhenocrysts, to which they
bear an interstitial relationship, are encountered in
the granite. Long blade-lilke individuals with ragged

margins and physicel discontinuilties are excenticnally

o

seen to traverse the groundaass. The »nyroxzenes enclos

small ore narticles end occasionally exhibit a moderats

replacement by hornblende. The clinonyroxenes are

charactericsed throuskout by a grecen colour and the

following pleochroisi: = yellowish green, B - greon,
¥ = green.

The snall snd variable gquantities of hornblende

occur in various stages orf replacement of nyroxene., The
several dicconnected patclhies of uralite revlacing a
gingle crvetal of »nyvrowene geonerally eoxtincuish simul-
taneously, more rarely, the replacement yields an

gregate of variously orienteted, wmarvially superimnosed

agg

scales.
icronerthite oocecurring as anhedral sgrains,
with sinuous nmargins, is the dominan®t constituent and in

conjunction with quartz and subordinate clinonvroxene

acte/ ...
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acts as matrix to plazioclase phenocrysts. Individual
grains of microperthite rarely attain such dimensions as
would Jjustify their designation as phenocrysts and would
moreover be macrosconically indiscernible in the general
ground-mass. The alkall felspar is characterised by a
turbid red colour.

The guartz occurs as clear, sub-apngular grains,
In specimen B. No.32, however, a large pronortion of the
guartz crystals contain & anucleus of opague inclusions.
A variable p»rovortion of the quartz and microperthite
are graphically intersrown.,

The microvesmatite-content of the fine-grained

—— Y

acid rocks varies from zero to 80% and apnears to vary
indiscriminately, although the highest values are
generally attained in the lower horizons. Since the most
prevalent values lie between 10 and 50% the names of
these roclke should be qualified by the prefix "grano-
phyric™,

Anatite 1is sparingly preseat as small idio-
morphic grains. More rarely it assumeg the form of
relatively large blade-like crystals.

Magnetite occurs in two distinct forms: The
relatively anhedral grains are mainly associated with the
clusters of nlagioclase »nhenoccrysts, whereas the smaller
idiomorphic crystals are uniformly distributed throughout
the matrix.

is sparingly representsd asg

[N

3 - ad 4 o -] NN e =] N s
interrunted irresoular shreds and larger anhedral grains.,

Calcite 1is occasionally present as irrepular
stringers end anhedral grains,

The modal composition by volume of average
fine-grained granite and relsite is presented under

columns I and II resnectively of table 7.
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TABLE 7.,

I I
S». B. No. 17 24
Plagicclase 3 1
Microperthite 53 59
Quartz 24 28
Clinopyroxene 9 8
Hornblende 2 3
Ore 4 1
Apatite oD .5
Fluorite X X
Calcite X X

Whilst being indistinguishable in other
resnects from the typical Tauteshoogte felsite one
specimen B. No.28, from Duikerkrans No.1l04 is marked by
containines 3% by volume of fayalite which exhibits no
evidence of 2 derived oriqin, or of having been affected
by late stage reactions. The olivine occurs as subhedral
grains measuring .07 x .08 mm., wifornly distributed
through the general matrix, or as larger crystals
measuring 0.5 x 0.4 mm,., frecuently assembled in groums
and generally associated with the above-uentioned patches
of relatively coarse-grained material.

Although the pleochroism is to some extent
masked by the nresence of platy inclusions of an onague
substance, orientated parallel to one or more crystallo-
graphic directions within a single crystal, and which are

varticularly abundaint towards the cores of the larger
crystals, it is nevertheless distinct as follows:

L= ¥ pale vellow, p = orange yellow. The average
value of BVL for seven deterninations which ranged from
479 1o 49° amounted to 48°, indicating an average composi-
tion of Fajgg which is in accordance with the remarkably

ferriferous character of the ferro-magnesian minerals

characterising / ...
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characterising the highest horizons of the Unner Zone ia
ceneral,
Refractive index tests by the imncersion method

-

in Na-light indicated that ng exzcceded 1.843,
h] tal

Mineralog 1cdlly tﬂ“ fine-grained acid rocks of

Tauteshoogte can be al°bln uished fron the Bushveld

=i

elsites mainly by their relatively nore basic phenocrysts
(Ancg5ﬂnmg5) and slightly lower cuartz content. The
composition of the insets characterising the Bushveld
Felsites arve steted by Lombaard (8, ».138) "o range
from Ang to Anjg and that the fisgure Ans must be very
near the average.”™ In addition, clinonyroxene is the
dominant ferro-magnesian constituent of the Tauteshoogte
rocks which are on the whole slightly wore melanocratic
than the tynical Bushveld acid rocis, of which hornblende
and subordinave biotite are the exclusive fenic minerals.
The chemical analvses listed in Table 12
reveal that the Tine-rsrained granite algo dilTers from

Y

the tvpical Bushveld @«cid rocks by a relatively lower
silica content and hicher content of total iron; the
Tauteshoogte felsite Ciffers similarly though to a lescer
extent.

These distinguishing features characterise the
fine-grained granite, and to a lesscr extent the Tautes-
hoogte Felgite, as being more basic than the tynical acid
rocks which are considered to represent the residusl
magna .

I+t further sowis odvisable bo iuciude thesec

O

slightly less acid roclzs in the Uonper Zone where they

conformn by thelr sheot-lilke dictribution to the general

pseuvdo-stratiified struciure,.
ly
perpendion1ayuucross the

[t

A Tock-secoion cu

N

plane of contact between the Tavalite-bearinsg sveno-

diorite and feleite exhibits the following features: The
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x (Note to Table 12.)

Microscopic investigation of a section cut from the
apalysed rock which is described by Hall (8, ».253) as "a dark
grayish, slightly less compact felsitic rock, thet is fairly
extcecnsive over the highest parts of Tauteshoogte.”, revealed
that it corresponded in every rcespect to a fine-grained granite,
as previously defined in the text. This conclusion is corro-
borated by its chemical charactcristics, which bear a close

resemblance to the analysis quoted under 1.
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TaBLE 13.

CLEMICal  AWALVSES OF 4CID  ROCKS.

Tert No. 1 2 3 4 5 6
Si0s 57.83 88.25 72.60 71.35 70.12 72.50
TiOp 0.45 0.50 0.30 0.30 0.45 0.20
Alo0g 11.10 11.15 11.90 10.15 10.50 12.40
Feo03 5.24 1.95 3.05 3.10 3.90 3.35
Fe O 4.20 8.530 2.30 4,70 3.64 2.15
MnO 0.08 0.00 0.00 0.00 0.07 0.00
Mg0 0.30 0.50 0.40 0.30 0.20 0.25
Cal 1.83 3,40 1.60 2.90 1.80 0.50
Nas0 2.80 3.00 3.05 3.20 3.70 2.80
K205 4,90 4.05 3.65 3.60 3,74 4.70
PoOs 0.10 0.35 0.10 0.00 . 0.10 0.10
Hg0 .75 0.05 0.70 0.30 0.80 0.75
H20 0.10 0.05 0.10 0.30 0.10 0.20
Total 99.68 99.75 99.75 100.20 99.92 99.90
Norms.
Q 28.68 25.98 36.66 32.34 31.68 36 .34
or 28.91 24.46 21.68 28.91 21.68 27.80
ab 23.58 25,18 25,68 19,91 30.39 23.58
an 3. 34 5.00 7.23 2.78 24D 1.67
c 0.00 0.00 0.00 0.00 0.00 2.14
(Wo 2.09 3,94 0.00 4,87 1.16 0.00
di (En 0.50 0.50 0.00 0.60 0.20 0.00
(Fs 1.72 3.853 0.00 4,75 1.06 0.00
hy (En 0.20 0.70 1.00 0.10 0.30 0.60
(Fs 1.06 5,54 1.19 0.79 1.72 0.79
il 0.76 0.91 0.681 0.61 0.76 0.46
mt 7.66 3.02 4,41 4,14 .57 4.87
ap 0.34 1.01 0.34 0.00 0.34 0.34
Ho0 0.85 0.04 0.80 0.80 0.97 0.95
Total 99.689 100.47 99.60 100.40 100.28 100.04
Molecular Values.
si 305 294 385 339 340 399
al 29.50 23 37.5 28.0 33.0 40.0
fm 35.5 32.5 25.5 31.5 30.5 25.5
c 2.0 16.0 2.0 15.0 8.5 3.0
alk 26.0 23.5 28.0 25.5 28.00 31.5
k + 0.54 0.57 0.44 0.42 0.40 0.52
i} 0.06 0.09 0.13 0.06 0.05 0.08
c/fnm 0.25 0.51 0.35 0.48 0.28 0.12
1. Fine~grained granite, Tauteshoogte, Middelburg District.

Analyst:

2. PFine-grained graniteX, Tauteshoogte,
H.G. Weall (Scue sourcc as 1.)

Analyst:

B.V. Lombaard.

(Quoted from 6, p.l1l3)

Middelburg District,

3. TFelsite, Uitkyk No.36, tliddelburg District. H.G.

Weall. (Same source as 1.)

Anglyst:

Purplish grey felsite, Baviaansnek, North of Tauteshoogte.
Analyst: I.G. Weall. (Quoted from 9, p.252).
5. Granophyre, Uitkyk No.36, Middelburg District. Analyst:
B.V. Lonbaard. (Sane sourco as 1.)

6. Typical Bushveld Felsite, Derwent Siding, east of Middelbura.
Analyst: H.G. Weall. (Quotod from 8, p.155).
notc / ...
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felsite retains ite normel characteristics un to avwwroxi-
mnately 2 mm. Trom the lines of junction. Over ©
ad jacent relatively narrow band, extending narallel to
the contact, the felelte is markedly enriched in green
clinopvroxene and micronerthite to the virtual exclusion
of auartz

-

The fevalite-bearing syeno-diorite on the other
hand exhibite no such narainal modification, but retains
its normal features up to the linc of Jjunction, which is
of a slishtly undulatory character with the citbayuents
occunied hy the modified Tfelsite.

These Teatures sugrect that the felsite
crystallized subscoucent to the fayvalite-bearing syeno-
diorite.

5. Iiie Bushveld Granophyre.

The typical granopvhyrs which 1s widely dis-
tributed in the Busnhveld Complex, has been investigzeted
on several occasions, and since tiidt porvion of it
anpearing on the man doss not present notable now

Y descrint

Teatures, only a bricf ¢ ion will be »rescnted.

Micrographic intergrovtihs of cuartz and turbid
red micronerthite are the dominent constituents and vary
frorm rather coarse tc feathery, »ninnate tyoes. A small

ercentare of the ouertz and slleli felsnar ic not
intergrovwn and anneors ag plhcnocrysts in the Tine-grained

-

notrix of microwesnatite. Lenocrysts of albite (4ing_g)

evidently frece from »notash Tels»yar arc occasionally
encounterad,

reen hornblende 1s the
occurs 2s inverctitizl onhedr2l flalies, long needles and
agrresates of »artially sudsrinposed ecal
blotite is either ascociated vwith the hornblende agsre-
gates or occurs as irdividuel flakes. Ore, titanitc and

fluorite are relatively coundant accessories, wiereas

zircon / ...
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zircon and apatite are rare.
The volumetric mode of a selected svwecinmen
of vhich the microvegmatite was of a sufficiently coarse
nature to pernit the senarate measurement of its component
minerals is listed in table 8.
TABLE 8.
VOLUMETRIC MODE OF A4 GRANOPHYRE.

Microperthite .,.... 60 Titanite .. X
QUAETTEZ v.veoveonoocoa OO Fluorite ..vc0e00e X
Melanes ..ceeocenoce 4 Apatite sievveon.. X
Ore s.veveveoooocsns 1 Zircon eeveoesooocs X

The Bushveld Granonhyre is generally senarated
from the Tauteshoogte felsite by an intervening strip of
porphyritic granonhyre of variable thickness, though 100
feet would represent a fair averaze.

The porphyritic rocks are sharply defined from
the underlying felsite, with both varieties retaining
their respective characteristics up to their nlane of
junction, but merge graduvally into the overlying Bushveld
Granophyvre.

The transition can be studied in the field and
takes place as followe: The tynical porphvritic-grano-
phyre succeeding the felsite and choracterising the base
of this unit is composed predominantly of white and flesh-
coloured felspar phenocrysts, contained in a dense matrix
of nmicronemmatite. On apnroaching the granophyvre the
phenocrysts gradually decrease in cuaniity and are acooie
panied by a corregponcing increase in the nicrovegmetite-
content, until the »redominance of the latter eventually
becomes so narlked that the roclks are indistinouishable
from Bushveld Granonhyre.

The relative proportions of phenocrysts and
matrix in seven specimens collected at regular intervals
along the traverse marked RS on the avpended man and

extending / ...
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extending from the base of the vorphyritic varieties to
the granophyre proper, is presented in table ¢. It serves
to illustrate the antipathetic relationshin of the pheno-
crysts and natrix, whereby the transitional character of
the two extreme varieties is fully confirmed.

TABLE 9.

—— - .

AVERAGE DIMENSIONS AND RELATIVE PROPORTIONS
OF PHIEINOCRYSTS AKNKD MaATRIX.

% . . Pornhyritic Transitional Bushveld
esigzna £
lgnation Granophyres Types Granophyre
Sp.B No. 1l 2 ) 4 5 6 7
Phenocrysts 48 48 45 34 28 17 10
Matrix 52 52 35 66 72 33 90

Average dimensions of phenocrysts in mm.

femnmnn - B s S Kl At kdel o S S e

1.7 x11.9 x| 1.6%{1l.5x1.3x|1.2% 1.1 x
| 1.5 | 1.1 § 1.5} 1.3|1.0| 1.0 0.9

The average dimensions of the phenocrysts are
seen to remain falrly constant throushout; such slight
variation asc there is leads to successively lower values
as the granophyre is approached.

Investigation with the microscope reveals that
the phenocrysts are generally thoroughly decomposed,
rendering identification uncertein. They are tyonically
composed of a core, comprising 3/4 of the individual
crystals and exhibit the clouded avnearance of
saussuritized plagioclase, with occasional irregular
vatches and rods of turbid red anpearance, enveloped by a

mantle in which the latter colour predominates.

In a nuaver of insbancss portions of the cores
of the phenocrysts verc preserved in such(a condition as
to render nessible thelr investigation with the universal
stage. The determinations reveal that the anorthite-
content remains constant throughout the succession and
lies between 5 and 7%, and that the turbid red inclusions

are / ...
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Plate,XTII,~ Shows the fine-grained melanocratic nodules in the

porphyritic granophyre., Dimensions of rock surfaces shown about
2 x 1 feet, Llandslaagte No.,474,
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are due to the presence of potash-Ffelspar. The mantle
is occasionally seen to be composed of the same con-
stituents as the core but in more ecuval »proportions.

Fringes of nmicronegiatite, of which the felspar
component occurs in ontical continuity with the micro-
perthite composing the avove-nentioned mantles, are much
in evidence, esnecially about the sraller phenocrysts,

The vphenocrysts ceither occur as single
individuals, or are assembled in clusters, giving rise
to the largs, apparently homogenuous phenocrystes which
are so conspicuous on weathered surfaces.

Quartz grains occasionally act as »nhenocrysts,
but in relatively small though constant quantities. The
components of the matrix, couprise micrographic inter-
growths of ocuartz and micronerthite, subordinate melanes
and several accessories which are identical to those
entering into the composition of thce Bushveld Granophyre
and »resented, Tor exampnle, in table 3.

The close nineralogical similarity and trans-
itional character of the granophyre and porpayritic-
granonhyre sugzest that they represent textural
modifications of the same magnma, and that the latter is
t0 be regarded as a marginal phese of the former.

In addition to the above-mentioned character-

3
istics the porphyritic-granonhyre exhibits one more
feature worthy of corment, althousl it must be emphasised
that it is of extremely local developnent.

Lenticular bodics of nornal porvnhyritic-
granophyre weasuring anvroxiqavely o0 x 10 yards, of
which the major axes are aligned roughly parallel to the
line of junction with the felsite and containing
relatively fine-prained melanocraiie granitic nodules
are rarely encountered and ressrieved to the lower
horizons, immediately overlying the felsite. The

dimensions / ...
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dimensions of the nodules are varlable although 2 inches
vvould represent a fair average. They weather out and are
hence consnicuous on weathered surfaces. In consequence
of their roughly snmherical shave and fairly uniform
distribution there is no evidence of any alignment of the
nodules.

Close scrutiny under the microscope reveals
that the line of junction betiieen the nodules and
enveloping porphyritic-granophyre is of a slightly
undulatory nature though sharply defined and with both
varieties retaining their resvective characteristics up
to the contact.

The modal compositions by volume of a nodule
and enveloping porohhyritic granophyre are listed respect-
ively under columns I and II of table 10, and serve to
indicate that both varieties are composed of the same
mineral assemblages, including accessories, but that the
nodules coatain more hornblende and less microperthite

than the pnornhyritic-granophyre.

TABLE 10.

I II

Microperthite 59 72
Quartz 17 15
Hornblende 22 11
Ore 1 1
Apatite X X
Titanite X X
fluorite X X
Zircon X | X

(A verusal of the relevant data assembled in
tables 8 and 10 will serve to indiceate that the Bushveld
Granophyre contains more quartz and less microperthite
and hornblende than its porphyritic counterpart.)

The nodules are uniformnly medium-grained, with

the / ...
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the dominant constituent, microperthite, occurring as
turbid red anhedral grains easuring .44 x .22 nm. The
quartz occurs as interstitial grains, occasionally ex-
tinguishing in groups, while micrographic intergrowths are
almost entirely wanting. Green hornblende with strong
absorption occurs as anhedral grains and long needles.
Ore, titanite and fluorite are relatively abundant
accessories whereas zircon and apatite are rare.

The enumerated features suggest that the nodules
are in the nature of schlieren developed locally in the
lowest horizons of the porphyritic marginal phase of the

granophyre.

IV. DTIVE SEQUENCE OF TIE AVIRAGE ROCKS.

Most writers on the Bushveld are agreed that
the sequence of consolidation was from the sedimentary
floor upwards. The observation that the component min-
erals vary gradually from relatively high to progressively
lower temperature assemblages as the nseudo-stratified
succession is ascended, furnishes the most compelling
evidence in favour of this contention.

In the following section an attempt has been
made to illustrate, that the average rocks characterising
progressively higher horizons in the Complex, fall close
to an even curve when plotted on a triangular diagram of
which the three corners represent normative amounts of the
more, mediwn and less refractory compounds. The distrib-
ution of the poiants suggests that the pseudo-stratified
series resulted from an orderly process of differentiation
and the trend of the curve indicates that the temperature
of consolidation decreases progressively as the successive
supplies of crystals gradually accwmlated upwards into a
pseudo-stratified series.

The evailable evidence relating to the marginal
modifications exhibited by the granophyre and felsite

relative / ...
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relative to their respective underlying tyves is in har-
mony with this view,

The convergence of these lines of evidence
indicates that for at least the area under consideration
the sequence of consolidation of the average rocks con-
forms to their superposition in space.

V. THE DIFFERINTIATION.

a. General features.

The salient feature of the variation in the
composition of the average rocks in »nassing upwards
relates to the enrichment of the various silicate minerals
which are solid solutions, in their less refractory
components. The change in couposition, however, does not
proceced at a uniforn rate, nor is it constantly in the §
sarie direction, but takes place in step-like manner with
notable interruptions, giving rise to partial repctitions
of the variation.

These features are not veculiar to the rocks
under consideration but annears to be characteristic of
the variation in the Bushveld Complex in general.

Most writers on the Bushveld are agreed that
the observations pertaining to the wvariation in composition
conform best to the idea of two separate phases of
differcntiation., These are, firstly, the differentiation
in a deep-seated magma reservoir, the magma so produced
being emplaced in the form of surges and, secondly, the
differcntiation in situ of the senarate supplies of magma.

b. The differentiation in depth.

This phese of the differentiation has been
forrnulated by Lombaard (8, p.l?%) as follows: "The
differentiation in depth determined the generation of
magmas which ¢éiffered in conposition from time to tine.
As they were gencrated these magmas were emplaced by
successive heaves whereby, normally, each heave of magma

came / ...
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came to rest upon the previous one. ZEach heave of magna
may follow closely on the precceding one, when the latter
is still liquid, or be separated from it by a longer
interval and may only be emplaced after the precceding
supply had already consolidated.®

In viow of thec additional information furnished
by recent investigation the trcnd of the differentiation
in depth will be considered in some¢ detail with the aid
of chemical analyses of average rocks characterising
progressively higher horizons in the Bushveld Complex.

The triangular diagram, figure 12, of which the
three corners represent normative amounts of the more,
medium and less refractory components is constructed
after the method suggested by Wager and Deer (5, p.231).
The group of more refractory compounds is taken as con-
sisting of anorthite, enstatite, forsterite and half thec
wollastonite; the group of compounds intermediate in
their refractory nature compriscs fayalite, ferrosilite,
iron ores and the remaining half of the wollastonite and
the third group of least refractory compounds is taken
as consisting of albite, orthoclase and quartz.

A perusal of the diagram will serve to indicate
that the trend in composition of the average rocks is at
first away from the refractory compounds, mainly towards
the medium refractory, but also slightly towards the
least refractory, and the rocks formed vary from norites,
through hyversthene-gabbros to diallage-gabbros.

After passing through an iron-rich stage
represented by the olivine-bearing diorites, the trend
changes abruptly and is directed towards the least refract-
ory components, rcsulting in a succession of rocks passing
from fayalite-bcaring syeno-diorites, through various
'syenites™ and moderately acid granites to acid rocks
composed almost entirely of quartz and alkéli felspar.

The / ...
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alyses of average Bushveld Rocks plotted on a triangular

1%}

r; the more, medium and less refractory normative com-

Spotted norite, Schaapkraal No.442, Lydenburg Distriet.
Analyst: B, Lobmbaard. {Quoted from 6, p.18). Basal Zonc.

Norite, % mile east of township of Roos Senekal. Analyst:
B. Lombesard. (Same source as l.) Main Zone.

Olivine-bearing diorite, Duikerkrans No.1l04, Middelburg
District. Analyst: C.J. Iiebenberg. (Sp. B. No.72)
Upper Zone.

fayalite-bearing sycno-diorite, Kaffirskraal No.352,
Rustenburg District. Analyst: C.J. Liebenberg. (Quoted
from 11, p.2l).

Fayalite-bearing syeno-diorite, Duikerkrans No.l0%4, Middel-
burg District. Analyst: C.J. Licbenberg. (Sp. B. No.85)
Upper Zonec.

"Upper Norite', Tauteshoogte, Middelburg District. Analyst:
J. Jakop. (Quoted from 8, p.169). Upper Zonc.

Hornblende-rich syenite, Doornpoort No.506, Pretoria Dis-
trict., Analyst: H.G. Weall. (Quoted from 9, p.307). Upper
Zone.,

Hornblende-quartz syenite, Stoffberg, Middelburg District.
Analyst: H.G. Weall. (Same source as 7.) Upper Zone.

Albite Syenite, Hebron Mission Station, Pretoria District.
Analyst: C.J. Licbenberg. (Unpublished data furnished by
Prof. Lombaard.) Upper Zone.

Hornblende-granite, Lisbon No.2366, Potgietersrust Dis-
trict. Analyst: H.G. Weall. (Same source as 7).

Hornblende-quartz syenite, Keerom No.473, lMiddelburg Dis-
trict. Analyst: ZE.G. Radley. (Same source as 7.) Upper
Zone.

Granite, moderately acid, Kaffirskraal INo.352, Rustenburg
District. (Unpublished data furnished by Prof. Lombaard)
Upper Zone.

Fine-grained granite, Tauteshoogte, Middelburg District.
Analyst: B.V. Lombaard. (Quoted from 6, ».1l3) Upper Zone.

Granophyre, Uitkyk No.36, lMiddelburg District. Analyst:
B.V. Lombaard. (Same source as 1l1). Favoured residual magma,
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The obscrved trend of the diffcrentiation bears
a remarkably close rcsemblance to that exhibited by the
average Skacrgaard rocks which the authors have been
led to rcgard as being typnical of the fractional
crystallization of avcrage basalt and on which they
(5, p.307) offer comment as follows: "The trend of the
differcntiation may be cxplained roughly in terms of the
solubilitics or melting point rangcs of the differcnt
mineral phasces. The availablc experimental cvidence
suggests that iron-olivines and hedenbergite pyroxenes
separate from silicate melts approaching basic magma in
conposition at a higher temperature than albite, ortho-
clasc and gquartz and at a lower temperature than the
magnesian-rich pyroxenes and olivines."

The trend in the Bushveld rocks, as depicted
in figure 12 is in harmony vith this, since the
sequence is, firstly, rocks consisting mainly of basic
plagioclase, and magnesian-rich ferro-magnesian nincrals,
then rocks composed of medium plagioclase and iron-rich
melanes and, finally, acid rocks madec up of acid plagio-
clase, quartz and orthoclase, with but little melano-
cratic constituents.

The data contained in diagram 13 (5, p.233)
indicates that the successive residual liquids generated
during the fractional crystallization of the Skaergaard
magma and the trend of the composition of the averasme
rocks follow closely similar courses. Hence, should the
differentiation in denth in the Bushveld Complex be con-
trolled by the fractional crystallization of an orisin-
ally basaltic nagma, it follows that the successive
assemblages of crystals nced not be remelted in order
to furnish mogmas of composition suitable for the
evolution of an igncous serics characterised by a ma jor
variation like that actually found in the Bushveld Com-

plex / ...
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plex, since the fractional crystallization of the
originally basaltic mezma would sufficc to gcnerate
successive residual liquids of the required composition.

The general variation in composition of the
average rocks is presented graphically in figurc 14, by
plotting the percentages of the various oxides against
height in the intrusion. In the prescnt instance it is
not »nracticable to plot the variation diagram against
silica-percentages, sinéo there is scarcely any variation
in this wvalue during the greater part of the different-
iation.

In order to facilitatc the description of the
varietions the diagram has been divided, by an ordinate
passing through the point representing the stratigraphical
height of Sp. B. No.72 into two parts, which will be
rcferred to as the R (right) and I (left) diagrams. In
the L-diagram the variation shown by most of the oxides
is small, except that ferrous iron increascs rapidly,
whereas magnesia falls. In the R-diagram the curves for
iron, lime and magnesia fall steadily and those for
silica, soda and potash rise rapidly.

The most significant feature shown by the curve
for silica is the §mall amount of variation during the
greater part of thé differcntiation, what slight variation
there is leads to successively lower valucs. The silica
content only begins to rise towards the closing stages of
the differentiation.

In the L-diagram the curve for total iron rises
and bears an antipathetic relationship towards the magnesia,
On entering the field of the R-diagram the iron-content
declines rapidly, while the nagnesia decreascs to almost
vanishing point.

On the streagth of the availablc experimental
data relating to thethermal behaviour of the pyroxene =2nd

olivine / ...
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olivine solid solutions in silicate melte apnroichiung
basic magma in comwosition thc causc of the obscrvaed
variations can be asscssed in a goneraol way as the result
of the amount of iron and magnesia precivitated in the
solid phases during the early stages being respectively
less and greater than was present in the magma. Hence
the residual magna is impoverished in magnesia and
enriched in iron. At a later stage, renresented by the
R-diagram the iron-compounds also become relatively
insoluble and are nrecipitated in excess of the amount
contained in the magma, whereby the late residual liquids
are similarly impoverished in iroan.

The curve for Nap0 shows only a very gradual
upward tendency in the L-diagram duve to the enrichment
of the plagioclase in the albite molecule, whereas the
Ko0-content remains fairly constant over this range.
During the closing stages the curves for both oxides
rise rapidly owing to the concentration of the alkali
felspars in the late residual magma in consequence of
the low temperatures at which these minerals solidify.

The curve for lime shows a slight increase,
followed by a steady decrease. Since the wollastonite-
content of the clinopyroxenes in the Upper Zone has been
shown to remain fairly constant throughout, the depression
of the curve for lime, may be ascribed mainly to the
progressive acidification of the plagioclase, combined
with the virtual absence of plagioclase more basic than
albite, clinopyroxene and hornblende, owing to their
relatively refractory nature, in the last fractions to
solidify.

The curve for Al,0z remains remarkably constant
throughout, being mainly controlled by the composition

and relative abundance of the felspars.

be / o..
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b. The differentiation in situ.

This phase of the differentiation involves the
non-selective fraction crystallization in situ of the
magma emplaced writh each heave, whereby the successive
generations of crystalline phases, which are richer than
the contemporaneous liquids in the more refractory
components, accunulate on the inclined floor of the
intrusion uader the action of gravity due to their
density being greater than that of the liquid.

Crystals accunulating as a precinitate in this
way would gradually build upwards into an igneous series
having a major variation like that actually found in
the nseudo-stratified succession, i.e. vary from high to
low temperature varieties as the series is ascended.

The successive surges of nagma fror which the
various diorites crystallized apparently followed closely
upon one another, each evidently being relatively less
basic than the »receding one, as is suggested by the fact
that the Tirst crystals to separate from each heave
(these occupy turning points from high to low temperature
varieties on the curves depicting the trend in composition
of the various silicate minerals) correspond in composi-
tion to those formed during an intermediate stage of the
crystallization of the preceding heave.

The existence of a discontinuous transition
from fayalite-bearing syeno-diorite to fine-grained acid
rocks implies that there has been a considerable interval
between the successive intrusions and that the composi-
tion of the magma generated in depth had changed apprec-
iably during that interval as a result of the progress
made towards the final residual liquid.

The previously enumerated mineralogical,
chemical and stratigraphical relationships relating to
the three principal varieties of acid rocks, which are

individually / ...
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individually homogenuous and cheracteriscd by discontin-
uous transitions are believed to be inter»srctced as
indicating thet the three units resulted from three
successive intrusions of prosressively less basgic megma
generated during the closing stages of the differentiation
in depth and cemplaced after each nroccding supply had
probably alreacy consolidated. The first heavce crystall-
ized to the relatively basic fine-grained granite; the
second gave rise to the felsite, while the third which is
represented by the Bushveld CGranophyre was cmplaced alfter
the differentiation in deptih had finally attained the
conposition of the favoured residual magzma.

The homogeneity of the individual tyves is to
be attributed to the fact that the megma from which they
crystallized had actually or nearly attained thce composi-
tion of the favoured residval magma, vhercby the »nossibi-
lity of extensive differcntiation throuch Fractional

crystallization in situ is erc¢luded.
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VI. PSUEDO-STRATIFIED ROCKS DIFFERING FROM
THE ASSOCIATED AVERAGE ROCKS.

(a) Extreme leucocratic varieties.

Extreme rock types containing an abnormal
concentration of either the light or the dark con-
stituents are common occurrences in the Bushveld
Complex in general, being particularly characteristic
of the Critical Zone, and becoming progressively less
prominent in the ¥ain and Upper Zones. No instances
of rocks markedly enriched in ferromagnesian consti-
tuents were observed in the investigated area bhut
leucccratic varieties, generally oc~urrin; as lenses
of limited lateral extent and disposed in conformity
witlh the pseudo-stratification were encountered at
various horizons., (Sp. B. Nos, 124, 91, 55).

In harmony with the salient features
characterising the Bushveld anorthosites in general
(6, p.36) the plagioclase composing the individual
leucocratic bands encountered at suvccessively higher
horizons in the area under consideration exhibits a
progressive enrichment in the albite-molecule and
correspond in composition to the felsparsventering
into the constitution of the respective associated
average rocks. These features indicate a common
source for the felspars occurring in the anorthosites
and in their associated diorites.

Microscopic investigation reveals ihat the
lcucocratic varieties are composed predominantly of a
ﬁightly compacted collection of prismatic crystals of
andesine with average dimensions varying hetween
2.6 mm, x 1,1 m.m., and 0,7 m.m. X 0,5 m.ie. The
laths occasionally ?Xhibit minor identations resulting

from rutual / .....
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from mutual interference during crystallization,

and evidence of selective though not intense decom-
position. The zonal structure is of the same nature
and degree as that characterising the felspars
occurring in the average rocks. The interstices

are occupied by ophitic clinopyroxene, ore and late
stage minerals.

The pyroxene occurs as extensive ophitic
crystals, as distinct from the granular habit assumed
in the average rocks, and exhibits a turbid greenish
colour and moderate replacement by uralite. The
oxidic ore individuals bear an interstitial relation-
ship towards the felspar laths and are frequently
partially enveloped by variously constituted kelyphi-
tic rims. Biotite occurs as rare interstitial
flakes and quartz is sporadically dev?loped and main-
tains a uniform orientation over considerable areas.

The enumerated minerals are occasionally
traversed by rudely parallel branching veins; occupied
by decomposition products, probably saussurife and
sericite. These structures exhibit minor deviations
and local swells particularly when traversing felspars
and occasionally envelop fragments dislodged from
adjacent crystals .

Leucocratic varieties of a distinctly
different character are occasionally encountered in
the tract of depressed Bushveld country between the
Steelpoort river and the Selukuni mountains (Sp. B.
Nos. 75, 80, 66), They are rendered macroscopically
conspicuous by their sparkling white colour and large
dimensions of thelr component felspars, which approach

5 m.m., in length. Investigation of their regional

eXtent’ / o 8 0 00



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(5l

extent, disposition and contact with the country
rock is, however, rendered impossible by extensive
coverings of surface soil.

The existing outcrops consist of clusters
of detached rectangular and subspheroidal blocks
occupying areas of about 10 to 20 square yards.

The rocks under consideration resemble the previous-
ly described anorthosites in being composed predomi-
nantly of a tightly compacted collection of prismatic
felspar crystals, but differ from them in respect of
the dcecidedly more basic character and large dimen-
sions characterising their felspars.

The plagioclase occurs in two dominant
sizes averaging 5.1 x 2.1 m.m, and 1.4 x 0.8 m.m,
respectively. The latter individuals are relatively
homogeneous and vary in composition between 50% in.
and 60 An. The larger laths are composed of a
core constituting approximately 90% of the individual
crystals and varying in composition from 70 to 80% An.
whereas the anorthite content of the mantle varies
between 5% and 60%, (The composition of the plaglo-
clase occurring in the average rocks and assoclated
anorthosites characterising this particular horizon
of the olivine-bearing diorite unit averages approxi-
mately 44% An.). The laths are moderately decom-
poscéd and exhitlt subordinate indentations arising
from mutual irterference during crystallization or
minoggembayments occupied by late stage ferro-
magnesian minerals.

The interstitial areas are occupied by
extensive subophitic indivicduals of hornblende ex-

hibiting tapering projections extending between

adjacent laths / ....
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adjacent laths, The amphibole occasionally con-
tains interpositions of calcite, generally associ-
ated with muscovite and chlorite, the latter
occasionally showing radial extinction. Intersti-
tial flakes of intensely pleochroic brown mica, are
rarely encountered and are generally extensively re-

placed by chlorite.

(b) Olivine-free Average Rocks.

The designation of the average rocks
occupying the tract of depressed Bushveld country
between the Steelpoort river and the Sekukuni moun-
tains as universally olivine-bearing is not strictly
accurate, since olivine-free varieties are occasion-
ally encountered.

Thus a series of specimens collected from
the fayalite-bearing syeno~diorite unit at the
southern extremity of Tauteshoogte along the traverse
designated A-B on the appended map, revealed no
traces of olivine; specimens B. Nos 73, 74, 76, 77,
78 collected from the olivine-bearing diorite unit
on Duikerkrans No., 104 are similarly devoid of
olivine,

Althouvgh the regional extent of the olivine-
free varieties could not be accurately ascertained on
account of inadequate outcrops, they appear to be in
the nature of lenticular bodies of limited lateral
persistance, enveloped by olivine-bearing varieties
to which they are quantitatively greatly subordinate.
The transition is abrupt and the immediately under-
lying rocks exhibit no evidence of having been

enriched in olivine,

Data pertaining / .....



Data pertaining to olivine~bearing and
associated olivine-free varieties respectively have
been assembled and contrasted in table 13. They
illustrate the close agreement in respect of their
bulk chemical composition as well as in the compo-
sition of the silicate minerals common to both
varleties, and finally that the absence of olivine
is quantitatively compensated in both ingtances by
a corresponding increase in clinopyroxene.

TABLE 13.- CHEMICAL COMPOSITION, VOLUNMETRIC l{ODE

AND COMPOSITION OF CERTAIN OF THE

ESSENTIAL MINERALS OF OLIVINE-BEARING
AND_ASSOCIATED OLIVINE-FREE VARIBTIES.

Sp. B. No. 72 74 85 10
Designa- Olivine- |Diorite Fayalite-|Syeno
tion bearing bearing diorite
diorite syeno-
diorite

Locality Duiker- Duiker- Duiker- Paarde-
krans krans krans kloof
No. 104 No. 104 No. 104 No. 99

Plagio- 53(Anyg) | 56(Angg) | 5060 35,) |47(42037p)
clase

Clinopy- | 14(p-1.77) 326,-L.77) 8(ns - L717)|126-1717)
roxepe

Horn-

blende - 2 22 25
Quartz - - 7 4
Microper-

thite - - 3 4
Apatite 4 - 1 1
Ore 11 10 3 7
Si05 45,26 46.83 49,30 53.20
Ti05 1.70 2.50 1.80 1.91
A1203 13,42 15.59 13,87 12,53
Fe203 4,63 5.26 2,38 3,29
Feo 18.35 11.90 16.78 14.17
Mno 0.39 0.30 0.43 0.12
Mgo 4,19 3.29 1.77 1.08
Cao 8.50 10.01 7 .49 6.58
Nap0 2.97 3.41 3.52 2,73
K20 0.25 0.40 1.17 2.37
PgOé trace trace 0.45 0.16
H,0 0.76 0.71 1.27 1.68
H50- 0,03 0,02 0,06 0.00

100.45  [100,18  [100.29 99,82
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Consideration of the data assembled in
the triangular diagram (fig. 12, p.46) reveals that
the points representing the above-mentioned olivine=-
free varieties fall close to the curve depicting
the trend in the variation of the average rocks, by
reason of which they are considered to be normal
products of the differentiation.

The development of the subordinate olivine-
free lenses could conceivably have resulted in one
of the following ways: the destruction pf olivine by
reaction with the residual liquid, its segregation
under the action of gravity or the failure of the
magma to precipitate olivine.

The first possibility is considered unlikely
because in the sheet-like body of olivine-bearing
diorite, (where the olivine-free lenses occur) the
orthosilicate shows no sign of resorption. In the
overlying fayalite-bearing syeno-diorites on the
other hand resorpiton of olivine 1s indicated by
characteristic reaction products associated with rem=-
nants of unaltered olivine.

Fayvalite is constantly present in small
quantities in the fayalite-bearing syeno-diorite on
Duikerkrans No., 104 but no bands relatively enriched
in olivine were found to support the second suggestion,

By elimination the third alternative remains,
suggesting the failure of the magma to precipitate

olivine.
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VII., TRANSGRESSIVE INTRUSIVES.

(a) Varieties Genetically Related to the
Bushveld Complex.

1. Granitic veins traversing the diorites.

Leucocratic veins varying in thickness
from 6 to 12 inches and composed predominantly of
alkali felspar and quartz, are frequently encounter-
ed occupying the prominent joints traversing the
olivine-bearing diorites. These are sharply defined
from, though unchilled against the enveloping rocks,
Lack of adeguate outcrops unfortunately preclude
precise statements relating to their lateral per-
sistance.

Whilst being composed of essentially
gimilar mineral assemblages tproughout, the veins
exhibit mpid variations in the relative abundance
of their component minerals, which, in order of
abundance comprise, microperthite, quartz, subordinate
plagioclase, hornblende, biotite and ore.

The dominant constituent, microperthite,
occurs as large individuals exhibiting irregular
boundaries, occasional marginal interpositions of
quartz and rare poikilitic inclusions of small plagio-
clas e laths which appear to have suffered extensive
resorption. The intergrowth is composed of delicate
anostomizing stringers of plagioclase, varying in
éomposition from Anqq to Anlé’ contained in a matrix
of orthoclase with 2V, - 76° and the extinction angle
on (010) against (001) = ¥ 50,

Plagioclase is generally well represented
as uniformly distributed stout individuals. Less

frequently abundant small laths in association with

quartz grains / .....
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quartz grains exhibit a pronounced tendency to be
concentrated in veinlets of marked persistance.

The mineral appears to be zonally built, and the
composition varies between An15 and Angg. Cwing

to the advanced decomposition of the plagioclase,
whereby the determination of its optical constants
is rendered difficult and generally impossible, the
composition quoted above should be regarded as being
approximate only.

Quartz is present as large individuals
exhibiting pronounced undulose extinction and
evidence of cataclastic disruption, or enters into
the constitution of the subordinate coarse micro-
pegmatite,

The melanes, comprising hornblende and
biotite, are generally associated in aggregates of
variously orientated partially superimposed scales
and flakes, and characterised respectively by the
following intense pleochroism: «£ = pale brownish,

B = green, ¥ = dark green and & = pale yellow,

f = reddish brown, ¥ = reddish brown. Both ferro-
magnesian constituents occasionally occur as inter=-
stitial anhedral grains, the mica exhibiting strained
lamellae and the amphibole containing rare remnants
of a colourless, non-pleochroic, relatively strongly
birefringent mineral, probably clinopyroxene.

Oxide ore generally occurs as sagenitic
webs associated with the melanes, and less frequently
as uniformly distributed subhedral individuals.,
Apatite and zircon are relatively abundant accesso-
ries, and veinlets composed predominantly of calcite
are occasionally encountered.

The granitic / .....
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The granitic veins, no doubt, represent
residual magma developed by differentiation in situ,
and available when all the dioritic rocks were solid

and well jointed.

2. Sub-acid varieties occurring in the
Fine-grained acid rocks.

The previously described varieties of fine-
grained acid rocks, comprising fine-grained granite
and Tauteshoogte felsite, separating the fayalite-
bearing syeno-diorite from Bushveld granophyre,
exhibit widely scattered streaks and patches of
quantitatively subordinate medium-grained material
ranging in composition from sub-acid grano-diorites
to sub-acid granites.

Although being of extremely irregular shape,
these bodies are of fairly uniform distribution but
are not characteristic of any particular horizon nor
do they conform to the general pseudo-stratification.

Owing to the lack of adequate outcrops
the following description relating to shape and
dimensions, must be regarded as being approximate
only. The existing outcrops vary from mere streaks
to patches covering 300 square yards in rather
extreme instances. Their contact with the country
rock is sharply defined since both varieties retain
their respective characteristics up to the line of
Junction, This contact is, however, of an extremely
sinuous character in consequence of the frequent
swelling and pinching and the development of subsi-
diary branches projecting in various directions and even
tually tapering out in highly felspathic veinlets.
The mineralogical composition and average grain-size

remains fairly / .....
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remains fairly constant in the individual outcrops.

Their appearance in handspecimen is con-
trolled mainly by the relative abundance of plagio-
¢lase and microperthite and their contents of melanes,
The grano-dioritic varieties in which plagioclase is
the dominant felspar are relatively melanocratic,
even-grained rocks, composed of grey plagioclase
laths, exhibiting a pearly lustre, subordinate pink
microperthite, vitreous quartz grains and greenish-
black hornblende. The granitic varieties are com~
posed of essentially similar mineral assemblages but
in different relative proportions giving rise to
leucocratic rocks, characterised by a dominantly red
colour arising from the presence of abundant alkali-
felspars.,

The data presented in tablel4 relates to
three speciments collected from widely separated
outcrops, and are regarded as being fairly representa-
tive of the whole range in composition.

IABLE 14.- DATA PERTAINING TO_THE SUB-ACID GRANO-
DIORITES AND GRANITES.

Sp.| Desig-| Modal composition by volume and the most pre-
B, na- valent composition of certain of the essen-~
No.| tion. tial minerals,
Plagioclase | Clinopy=- Micro-|{Horn |Quartz Ore
Tox per=- |[Dblende
thite
Vol. A?. Vgl. ap
0 Y
31 | Sub- 16 [35,20p,| 1 {1,738 49 | 20 | 12 2
acid
nite 29 135,20p 1l 1.738 34 19 16 1
18 | sub- 46 [35020m | 7 | 1.738| 17 15 11 4
acid v
grano-
dior-
ite
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In view of the close agreement in their
microscopic characteristics these may be considered
collectively for both varieties.

The felspars, plagioclase and microperthite,
vary antipathetically. The former occurs as stout
laths measuring 1.5 x 1.0 m.m,, exhibiting advanced
selective decomposition, and pronounced zonal
structure, The composition of the cores and
mantles varies from An38 to An27 and from An35 to
An25 respectively; that of the relatively homoge-
nuous individuals varies between An35 and An25'

(It will be noticed that the total range in composi-
tion is very similar to that of the felspars occurring
as phenocrysts in the country rocks). The laths are
generally enveloped by marginal selvedges of micro-
perthite of variable dimensions, which are frequently
partially intergrown with adjacent quartz crystals.
Apart from constituting protective mantles, the
alkali felspar occurs as individual anhedral grains
with average dimensions of 0.8 x 0.6 m.m., of which
the arm-like projections traversing adjacent quartz
grains, break up into angular blebs which extinguish
in group and hence resemble coarse micropegmatite,
The microperthite is occasionally interspersed with
shreds of hornblende.

IMicroperthite is the dominant felspar in
the sub-acid granites, in which several of the larger
individuals generally exhibit cores composed of
coarsely intergrown soda and potash felspars, with
the latter occupying rods and irregular patches in
the former, and enveloped by a delicately intergrown
marginal selvedge.

A considerable / ce...
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A considerable proportion of the quartz
occurs as optically continuous irregular patches
measuring 2.4 x 1.6 m.m, enveloping angular shreds
of microperthite and occupying interstices between
plagioclase laths. Less frequently the mineral
occurs as anhedral individuals with average dimensions
of 0.9 x 0.6 m.m,

The clinopyroxene generally occurs in an
advanced stage of replacement by uralite, to which it
bears an antipathetic relationship. The occasional
unaltered subhedral crystals are characterised by a
green colour and the following pleochroism:

A = yellowish green, p = ¥ = green. The axial
angle 2Vy varies between 54Y and 58° and the refrac-
tive index Np = 1,738, indicating an approximate com-
position of Wo38 Eng F354. The remarkably ferri-
ferous nature of the clinopyroxene is in agreement
with those characterising the higher horizons of the
Upper Zone 1n general,

The extensive replacement of clinopyroxene
generally results in the production of optically con-
tinuous individuals of uralite, and less frequently
yields aggregates of variously orientated partially
superimposed scales of hornblende associated with
biotite and ore. The markedly interstitial patches
of amphibole which bear no evidence of their derivation
from clinopyroxene, evidently represent primary horn-
blende. The biotite is greatly subordinate to the
uralite and exhibits the following pleochroism:

& = pale yellow, B = ¥ = grass-green.

Although no olivine was actually detected

the rare aggregates composed of feebly pleochroic

vibrous amphibole / .....
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vibrous amphibole and sagenitic webs of ore bear so
close a resemblance to the assemblages of reaction
products observed in the fayalite-bearing syeno-
diorites and which clearly resulted from the resorption
of early formed olivine crystals as is evidenced:by

the remnants of orthosilicate preserved in them, as to
suggest an analogous origin for the structures under
consideration.

Apart from the rods and sagenitic webs of
oxldic ore associated with the above-mentioned scaley
aggregates, subhedral crystals of fairly uniform dis-
tribution are well represented, Peculiarly decom-
posed, weakly birefringent zircon and apatite are
relatively abundant accessories; fluorite and tita-
nite are rare, all of which exhibit a distinct tenden-
cy to be concentrated in the ferromagnesian constitu-
ents.

These sub=-acid varieties have no sheet-like
equivalents disposed in conformity with the general
pseudo-stratification in the area under consideration,
but bear a close similarity in respect of quantitative
and qualitative mineralogical composition to average
rocks, stated to occur as sheets in the pseudo-
stratified succession and to characterise the highest
horizons of the Upper Zone, immediately underlying
the composite granophyre-granite roof, at widely
separated localities in the Bushveld Complex of which
some examples are presented in table 15. In other
words, the sub-acid trangressive intrusions of this
area have their petrographic equivalents in other

localities in the form of pseudo-stratified bodies.

Table 15 / .....
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The data contained in tables 14 and 15
indicate that the rocks concerned vary considerably
but that the range in composition shown in table 15
overlaps that contained in table 14.

Information yielded by the investigation of
microscopic slides of the Lisbon and Stoffhberg rocks
(kindly loaned by the Director of the Union Geological
Survey) and assembled in table 15 indicates that the
rocks concerned conform to Niggli's definition of @&
granite and grano-diorite respectively. It may be
added that their microscopic characteristics corre-
spond in detail to those previously described for the
relevant Tauteshoogte rocks (p, bz )

Consideration of the information presented
in the triangular diagram (fig. 13, p. L\ ) reveals
that the normative values pertaining to the specimens
listed in table 15. fall close to the smooth curve
depicting the trend in gomgogition during the closing
stages of the differentiation, indicating that the
rocks concerned resulted from the same orderly process
of differentiation already described, Further that,
in harmony with their pseudo-stratigraphical position,
they represent a stage intermediate between that
characterised by the olivine-bearing syeno-diorites
and the Bushveld granophyre.

| While the available evidence largely satis-
fies the requirements of a transitional relationship
between the various average rock-types in the pseudo-
stratified succession as far up as the syeno~diorite,
a distinct hiatus exists in this area between the latter
rbcks and the acid varieties representing the residual

magma, Similarly, in other localities of the Complex

the composite / ....
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the composite granite-granophyre roof has been noted
to be sharply separated from any underlying rocks.

Recent investigations (13) and (11),
however, reveal that this hiatus is partially bridged
at any specific locality by the development of sub=-acid
rocks varying in composition from place to place
within the limits stated above. It must be empha-
sized, however, that the complete succession of sub-
aclid rocks presented in figure 12 is not known to be
developed at any one locality in the Complex, where
discontinuous transitions are the rule.

Although the stratigraphical and petrologi-
cal relationships relating to this group of sub-acid
rocks are imperfectly known, owing largely to inade-
quate investigation they appear to be characterised
by discontinuous transitions and "conformable'" dis-
positions. Less frequently they bear an intrusive
relationship to pseudo-stratified rocks, representing
a relatively later stage in the normal crystallization
sequence, as 1is exemplified by the occurrence at
Tauteshoogte. '

It is considered that an adequate explanation
of the origin of all the '"conformable'" varieties of the
Complex is furnished by the same process of differen-
tiation as that suggested for the fine-grained granite
and felsite at Tauteshoogte.

In the case of the transgressive varieties
encountered at Tauteshoogte, their origin is considered
to be slightly different, though analogous. It has
been postulated (p.ul. ) that the normal process of
differentiation in depth produced a.o. a succession
of sub-acid types, emplaced in sheet-like bodies and

composed of / .....
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composed of rocks, which, as a class, closely re-
semble those constituting the transgressive varieties
(p. b)), It is conceivable that relatively acid
residuums could have developed by a similar process
of differentiation operating in situ in the syeno-
dioritic magma after its emplacement and during.its
consolidation. Subsequently the residuums were
injected into the composite roof provided by the
fine~grained granite and Tauteshoogte felsite, where
they gave rise to the sub-acid transgressives in much
the same way as pegmatites.

The transgressive bodies further resemble
pegmatites 1in the absence of chilled margins and a
grain~-size greater that that of the enveloping rocks.
They differ from pegmatites, howevey in being of very
irregular shape. This may be due to the imperfect
development of joints in the country rocks at the
time of the emplacement of the transgressive bodies,
or to their large volume relative to the spaces avail-
able in joints,

In discussing the characteristics of the
Upper Zone in general and at Tauteshoogte in particu-
lar, Daly (15, p. 738) and Hall (9, p. 305) i.a.
express the following views:

"The rocks underlying .the composite quartzite-
granophyre roof and representing the highest
horizons of the Upper Zone are hornblende~augite-
quartz syenites, disposed in conformity with the
pseudo-stratification. At intervals along the
high escarpment of the Sekukuni mountains this

mafic quartz-syenite sub-layer sendsnarrow apo-

physes into / .....
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physes into the felspathized quartzites of the
great Xenoliths and into the base of the over-
lying granophyre."

(The "hornblende-augite-quartz-syenites"
are equivalent to the sub-acid grano-diorites and
granites under consideration and the '"felspathized
quartzites'" comprise the fine-grained granite and
felsite of the present paper).

No instances were encountered during the
present investigation of dykes emanating from and
corresponding in composition to the fayalite-bearing
syeno-diorites which underly the fine-grained acid

rocks.

(b) Post-Bushveld Basic Dykes.

Microscopic investigation reveals that the
equi-granular fine-grained, greenish grey dykes are
composed of zoned, slender laths of plagioclase
measuring 0.6 x 0,1 m.m, The coresand mantles
merge gradually, and vary in composition from An78
to An72 and from Ang, to Angg respectively. The
laths generally exhiblt selective though not intense
decomposition. Subhedral crystals of orthopyroxene
with average dimensions of 0.7 x 0,2 m.,m, are occasion-
ally traversed by slender laths and invariably occur
in an advanced stage of replacement by fibrous decom-
position products, The replacement was apparently
initiated from the margins of the irregular transverse
cracks, in which vicinity the decomposition is marked-
ly intense. The colourless remnants of hypersthene
exhibit no pleochroism and their average value of

2V, for several determinations, which ranged from 67°

tO 720 /ooca-
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to 72°, amounted to 70°, thereby indicating an
average composition of 32% Fs.

The colourless subhedral to anhedral crystals
of clinopyroxene measuring 0.5 m.,m, x 0.2 m,m, are
generally characterised by a marginal yellowish green
tinge, and bear an interstitial relationship towards
the felspar laths, but are not markedly ophitic or
sub-ophitic although their designation as such 1is
perhaps still justified. Subordinate fringes of
diallage are occasionally marginally moulded on
crystals of hypersthene,. The axial angle 2Vy
varies between 42° and 430 and the extinction angle
Zac between 42° and 44°, The irregular patches
of crypto-crystalline igneous material, occupying
the interstitial areas, probably represent late mag~-
matic acid residuums. The uniformly distributed
subhedral grains of oxidic ore and rare flakes of
hornblende, biotite and chlorite are generally present
in very subordinate quantities.

The previously mentioned prehnite veins are
of an equigranular nature and composed of interlocking
anhedral individuals exhibiting pronounced undulose
extinction, but no tendency to be arranged perpendicu-
lar to the sharply defined line of junction with the
parent rock. The mineral i1s characterised i.a. by
the following optical properties: 2Vy = 68°,

T¢ = 1.634, N = 1,613 and By | the plane of the
prevalent cleavage.

The volumetric mode listed in table 16
represents the average of three determinations of
specimens collected from widely separated outcrops,
and which yielded closely similar values.

Table 16 / .....
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TABLE 16.- AVERAGE VOLUMETRIC MODE OF THE BASIC

DYKES.
Plagioclase cee cee 66
Clinopyroxene cee cee 20
Orthopyroxene ceo cee 5
Ore cee cee cee 3

Cryptocrystalline igneous
material 4

Combined hornblende, biotite
and chlorite 2

The dykes are best described as equi-
granular fine-grained allotriomorphic diabases

(16, p. 312),
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VIII. XENOLITHS OF SEDIMENTARY ORIGIN ENVELOPED
BY IGNEOUS ROCKS.

(a) Xenoliths occurring in the diorites.

These comprise, in order of abundance, arenaceous
argillaceous and calcareous varieties, collectively greatly
subordinate to the country rock and becoming relatively more
abundant in the higher horizons as the escarpment is approach-
ed. The isolated individual outcrops vary from a few scat-
tered blocks to measses of several hundred square yards, the
latter generally being of arenaceous character. In all the
investigated instances the enveloping igneous rocks furnished
no evidence of contamination in proximity to the inclusions,
and the latter exhibited no signs of alteration .other than
those pertaining to thermal metamorphism,

The arenaceous varieties may be designated as
medium-grained, moderately pure quartzites, exhibiting the
following microscopic characteristics:

Although the quartz crystals exhibit an extensive
range in dimensions individuals with average dimensions of
approximately 1.2 x 0;9 mm, predominate., The exceptionally
large crystals are fairly uniformly distributed whereas
grains of smaller dimensions are generally assembled in
clusters. Minor marginal interpenetration of adjacent quartz
crystals is much in evidence.

Two distinct varieties of mineral assemblages were
recognized, depénding upon whether various acid felspars or
sillimanite and muscovite acted as ground-mass to the quartz
grains.,

The latter association is frequently encountered.
The‘sillimanite occurs as slender prisms and tapering necedles,
the latter generally arranged in sub-parallel or sheaf-like
aggregates, exhibiting radial extinction. The mineral is
characterised by the following optical properties: 2Vy = 300

Ny = L1.652/0cess
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Ny = 1.652 and Ny = 1,673. The values pertaining to
its principal refractive indices are lower than those
qQuoted by Larsen (14, p.120) and Winchell (3, p.200)
but are in close agreement with the values obtained by
Coetzee (12, p.201)

The muscovite occurs as one or more flakes
intimately associated with the individual sheaves of
sillimanite needles., The optic axial angle 2V, = 3410

No traces of sillimanite and muscovite were
detected in the felspathic varieties. Although the
identity of the felspars is rendered uncertain in con-
sequence of their advanced decomposition and turbid
appearance the presence of microcline, microcline-
perthite andalbite was established beyond doubt. The
felspars occur as irregular stringers wedged between
adjacent quartz grains, and maintain a uniform orien-
tation over considerable areas, despite physical inter-
ruptions.

Ore, zircon and apatite are rare but constant
constituents of both varieties, but biotite extensively
replaced by chlorite, is encountered only in the fels-
pathic varieties.

The evclution of the sillimanite and musco-
vite may be attributed to the thermal metomorphism of
either the decompcsition products of allogenic alkalil
felspars or suitably constituted argillacecus impurities.
Although the former alternative is favoured no final
decision could be arrived at owing to the inadequate
evidence available.

The argillaceous varieties, represented by
cordierite hornfelses of marked purity have suffered
complete reconstitution., Despite the clese general
agreement in respect of texture and mineralogical

ccmposition two/eeeesee
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composition two varieties, which may be designated as
cordierite-hornfelses and cordierite-ocligoclase-horn-
felses respectively, can be distinguished.

The former variety is composed predcminantly
of a mosaic of cordierite crystals occurring in two
distinct sizes measuring respectively about .24 x .0l
mm, and .12 x .06 mm, in longitudinal and .08 x .08
and .04 x .04 mm, in transverse sections. Traces of
incipient decomposition are occasionally encountered,
while multiple twinning is much in evidence. The
optic axial angle 2Vy varies between 75 - 76°, there-
by indicating a high content of iron,

Idioblastic crystals of ore occur in 3 dis-
tinct sizes measuring about .3 x .3 mm., .14 x 12 mm,
and .04 x .02 mm, respectively. The subordinate bio-
tite, exhibiting the following pleochroism:

4 = pure yellow, 2 = reddish brown, ¥ = reddish
brown, occurs exclusively as marginal selvedges about
the smeller grains of ore,

The cordierite-hérnfelses are characterised
by a conspicuous lamination resulting from the alter-
nation of various combinations of the enumerated con-
stituents, in sharply defined parallel lamellae vary-
ing in width from 0.1 mm, to 1.7 mm. The differential-

ly constituted lamellae comprise varieties exhibiting:

(1) Uniformly distributed medium and small ore
grains contained in approximately equal propor-
tions in a granoblastic matrix of relatively
large cordierite crystals.

(ii) Abuncdant small and occasional large ore grains
invariably fringed by biotite and contained in
a mosaic of small cordierite crystals.

(iii) An identical/o cs s
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(iii) An identical mineral assemblage as (ii) but for
the absence of biotite.

(iv) Relatively abundant large and occasional small
ore grains uniformly distributed in a matrix

of large cordierite crystals,

Chains of closely spaced ore grains occasion-
ally occupy the contact between adjacent lamallae., A
rhythmic repetition of a set of lamellae is occasion-
ally met with.

The finely banded arranged is, nc doubt, in
the nature of a palimpsest structure, representing a
clear transcript of the rapid alternation of variously
constituted lamellae which entered into the constitu-
tion of the original sediment.

The lamination is less conspicuous in the
oligoclase-cordierite-~hornfelses and arises mainly from
the alternation of parallel bands composed respectively
of relatively coarse and fine-grained mosaics of cor-
dierite individuals, corresponding in dimensions and
microscopic characteristics to those composing the cor-
dierite-hornfelses. Further diversity is occasionally
introduced by the presence of felspathic layers. The
latter are characterised by a poikiloblastic texture
resulting from the presence of numerous cordierite crys-
tals embedded in the interlocking felspar laths which
exhibit advanced selective decomposition and vary in
composition from Angg to Anog,

The larger cordierite crystals generally ex-
hibit moderate replacement by interlacing micaceous de-
composition products. The replacement proceeds inwards
from the margins. Uniformly distributed idioblastic
crystals of ore appear in 3 sizes, similar to those

previously mentioned/.eeeeee
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previously mentioned. The subordinate biotite oeccurs
as flakes, interstitial shreds and rare fringing growths
about the ore grains.,

The only instance of a calcareous xenolith
was encountered on Onverwacht No.561. The diameter of
the roughly circular outcrop amounts to about 100 yards,

Microscopic investigation reveals the rock to
be a granoblastic forsterite-marble, composéd predomi-
nantly of an even-grained mosaic of calcite crystals,
which evidently resulted from the thermal metamorphism
of an impure magnesian limestone,

The carbonate crystals effervesce vigorously
when treated with cold dilute hydrochloric acid, and
take a violet stain after 5 or 10 minutes con exposure
to a freshly prepared Lemberg's solution, and are hence
concluded to be calcite.

The larger forsterite individuals are idio-
blastic against calcite and largely confined to the
marginal areas of the carhonate crystals. A poikilo~
blastic structure, however, results from the presence
of orthosilicate crystals of inferior dimensions em-
bedded in calcite grains. The olivine occurs in va-
rious stages of replacement by serpentine, the altera=-
tion being initiated from the prominent transverse
cracks. The optic axial angle 2Vy averages 840 and
Np = 1.636, thereby indicating a composition of Fogg,

Pale pink isotropic garnets assuming spheri-
cal and sub-anguler shapes and attaining maximam dimen-
sions of 0.6 x 0.8 mm, are fairly uniformly distributed.

Sub-spherical unidentified fibrous aggregates
typically composed of z semi-opaque dark brown core,
crowded with disseminated ore particles enclosed by

concentric zones/ceeeces
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concentric zones of radially arranged, alternating
colourless and light brown, weakly birefringent fibres
of which Ng = ¥1,570 accounts for a considerable pro-
portion of the marbles. These structures are occasion=-
ally partially fringed by elongated individuals of ore.
The volumetric mode of a forsterite-marble

is presented in table 17,

TABLE 17.- VOLUMETRIC MODE OF A FORSTERITE-MARBLE,

Calcite oo coe 64
Forsterite coe coo 7
Garnet cee cee 1
Ore | oo ces X
Serpentine coe ;.. 11
Unidentified £ ibrous

aggregates vos 17

(b) Xenoliths occurring in the fine-grained
acld rocks.

These are reprasented mainly by subordinate
isolated outcrops of indurated shales, which have appa-
rently suffered little reconstitution. The rocks are
generally ccmposed of alternating bands of essentially
similar quantitative mineralogical ccmposition but
differing in respect of the relative proportions of
their constituent minerals. The relatively leucocratic
bands either alternate with subordinate lamellae richer
in melanes or act as groundmass to melanacratic streaks
and patches of varying shapes and sizes.

The following mineral assemblage accounts for
the leucocratic portiocn: the dominant constituent,

quartz, OCCLII"S/...... .o
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quartz, accurs as sub-angular individuals of fairly
uniferm grain-size. Unaltered, zonally-built, stout
laths of plagiocclase, varying in ccmposition from
Angs to Angg are well represented. Flakes and inter-
stitial shreds of intensely pleochroic brown mica,
occur in various stages of replacement by chlorite,
which is generally crowded with disseminated ore par-
ticles, while uniformly distributed octahedra of
oxidic ore are much in evidence. The abundant pale
green aggregates composed of unidentified strongly
birefringent interlacing micaceous flakes evidently
represent decomposition products, derived from & mine-
ral with pronounced idioblastic tendencies, as is
suggested by their regular prismatic shape. The
melanocratic bands largely result from concentrations
of the above-mentioned fibrous aggregates associated
with relatively abundant biotite and chlorite and sub-
ordinate quartz, plagioclase and ore.

Isclated masses of sediments are conspicuous
features in the higher horizons of the Upper Zone in
general, Hall ( 9, p.222) considers that these did
not form a continuous roof, but are due to their dis-
lodgement frcm the sedimentary floor, and floating up-
wards until arrested at a level governed by density

relationships,
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