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1. INTRODUCTION

A, Historical.

In 1898 Molengraaf discovered the Leeuwfonteln Alkaline
Complex and gave a description of a "nepheline-svenite frox the
farm Leeuwfontein (320) (ng.89). In the same year Henderson
(1, p.45) gave a description of the soda-syenite uncer the nane
of "hatherlite™, but 1n 1904 Nolengraaf (3) proposed the nanme
""anorthoclase-amphibole-pyroxene-syenite ° for Henderson's

hatherlite.

In 1903 Hall (4, p.33) discovered the foyaite plug on
Franspoort (426) and in the same year gave a pore dctailed
account of the alkaline rocks from Leeuwfontein. He again dis-

cussed the alkaline rocks in 1932 (5).

In 1909 Brouwer (6) gave a very detailed petrographic des-
cription of the alkalinc rocks of this area. The names he

attached to these rocks have been referred to by Shand (8).

However, it was not until 1920 when Professor Shard (8;9)
embarked on hls self-imposed task of mapping all the larger, and
many of the smaller, occurrences of alkaline rocks in 3outh
Africa, that the true nature and extent of these outcrops be-

.cane known,

Van Biljon (10) in a recent paper, has commented on the
origin of the syenites and foyaltes in the upper part of the

Pretoria series.

The diabases, hybrid rocks, hornfelses, and sediments of
the area investigated received 1little more than mention from the
various authors who described the alkaline rocks.  However,
van Biljon in his recent paper describes some of the rocks in
this area. Hybrid rocks, similar to some of those r‘ound in

this area, have been described by Lombaard (15) Daly (17) and
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Kynaston (18) in an area near the Premier Mine five miles to

the east.

Method of nmapping.

The area to be described was mapped during the winter
nonths of 1950 on aerlial photographs on the scele of 1/20;000.

A printed base map on the scale of 1/25,000 showing the
centres of the aerial photographs was enlarged to 1/20,000 with

the aid of a pantograph, and the data transferred on to ut.

General Description of the Area.,

The investigated area, which 1s about 15 miles north-east
of Pretoria, measures approximately 5 miles by 2% miles and is
dralned by the Leeuwsprult which rises in the south of Frans-
poort, flows north through the centre of the area and joins
the Plenaars River immediately north of the area investigated,

The general strike of the hybrid rocks, "diabases" ond
sediments is east-west, the dip varies between 18° and 450
north, with an average of about 30°. The alkaline rocks of
Leeuwfontein and Franspoort are transgressively intrusive
into the country rocks, the alkaline dykes usually run in a
north-south direction.

The area may be divided into two fairly distinct regions:

1. The Franspoort Area in the south, and

2. The Leeuwfontein Area in the north.

The Franspoort Area,

a) Physiography .

The Franspoort area stretches from south of the
Magaliesberg or M; quartzites (4714' )to the Leeuwfontein or
M. quartzite horizon (43731). The area between the ridges
1s usuvally between 200 and 50C feet lower.

The Leeuwspruit; which rises in the south of the

farm Franspoort passes through the gap 1n the Magaliesberg
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quartzites, 1s jolned by the Ecendalespruit south of the
3avieanspoort or MZ quartzite horizZom, and then passes through
a narrow gap in the Leeuwfontein quartzites south-west of lir.
Braak's house on its way to the north.

On either side of the Leeuwsprult the land rises gently
to the east and west. The foyalte dyke in the aast of the . -
areé Torms the watershed between the Plcnaars River and the
Leeuwspruit. The watershed detween the Bynespoort River
and the Leeuwpoort-Edsendalesprult lies to the west and just
outside the arca investigated.

The Franspéort area, with the exception of the quartzite
ridges and a small area in the north of the farm Franspoort and
north-west of Nooitgedacht, is devoid of any bush. The area

that is covered with alluvium is suitable for agriculture

and grazing.

b) General Geology.

The geological succession going from south to north will
be described briefly.

Below the lMagaliesberg, or Ml’ quartzites there are a
few isolated outcrops of typical Pretoria series shales and
granophyric norites . - A dyke of porphyritic syeno-diorite

was found in the Leeuwspruit.
The Magaliesberg quartzites have been recrystallised

fairly intensely and in sone instances the dip has been alnmost
completely obliterated. Zones of brecciation are common and
usually have a north-south or north-east/south-west strike.
Mineralisation is evident in a few localities viacrce the rc-
crystallisation ahd brecciation have been rogst 1ntense; 2 Limon-
itc-1ike suhstance (gossan?) is found associated ith intcnse
brecciation 500 yards south west of the bridge over the Eden-
dalespruit. Laterite 1s also very comnon.

The quartzites show 2 variation in dip between 35°N and
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ZOON, the average being about 25°N. The exact thickness

is uncertain but it is probably about l;OOO feet. They are
overlain by thin bancs of shale =nd quortzite which outcrop
only in the east of the area and in the Leeuwspruit. Their
dip varies between 15 ane 35° N,

The Franspoort foyaite nlug lies in an open poort
where the strike of the Mogeliecsberg quartzite hill changes
sucdenly from east-west to north-west/south-east,

The geologicnl structure 5f the gop suggests a sag-
ging of the Mngaliesberg together with the sedincents inmediately
overlying 1it. The noximum distoeation appears to be along a
zone running north-esst/south-west to the west of the foyaite
plug, and possibly connected to two major faults shown on the
Pretoria sheet to end on the southern part of Vliakfontein (293)
after running roughly in a ncrth-east/south-west direction for
nany miles. ‘

Professor Shand (9; p.82) concludes that "it is
probable that the dislocntion of the Pretoria beds an the in-
trusion of the foynite are probably connected incidents; and
that the erosion of the unusually wicde and deep poort was favour-
ed by both factors." There must; howevcr, have been a consider-
able time lapse between the faulting of the Pretoria beds; which
are younger than the Bushveld granite but probably pre—LosKop;? _
and the intrusion of the alkaline rocks which arc post-iaterberg.
The foyaite intrusion in the south of Franspoort (436) is of a
transgressive nature ant has been described by shand (Q;p.84)
"as a large plug or very small stock." It has a rudely
elliptical form, with a distinct elongation in & north-east/
south-west direction, an® measurcs 3/4 of a mile by 1/3 of a
mile,

Above the foyaitc plug there i1s a low rubble-covered
ridge consisting of trachy-andesitic rocks that are older than
the fcyaltes. Numcrous dykes cccur in the trachy—andesites;

some of which appear to have acted as feeders to the lavas.
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Syeno-dloritic dykes are the most common alt?ough a few dykes
of monchiquite, and foyalte are also found. Most dykes
have a north-south strike and are poorly exposed. In %he
Leeuwsprult there are numerous dykes and sills of syeno-
diorite, as well as an outcrop of very weathered diabase or
granophyric quartz-norite assoclated with quartzites and
shales already mentioned.

The trachy-andesitic lavas which stretch for about 600
yards north of the foyalte plug are probably only a thin
covering over the quartzites and shales which outcrop in, and
to the east of,the Lecuwsprult. In the western section of
the arca, there arc no outcrops on this horizon, but as there
are numerous sandpits to the west of the Franspoort-Leeuw-
fontein road, where good quélity huilding sand is obtalned, 1t
does not seen likely that alkallne rocks occur near the surface.

North of the trachy-andesite outcrop there is a strip of
brack-looking soil which is rich in Nagco3 and N=cl and 1is
probably underlain by an alkaline rock. This strip of soil
1s bordered by foyaites in the north and east .

The two foyalte outcrops shown on the map in the north of
Franspoort (farm) may bc connected just beneath the surface.
The outcrop in the river appears to be a small oblong plug and
is about 75 yards in diameter and is intrusive into quartzites.

The foyaites on the west bank of the Leeuwspruit strike
gast-west for about 500 yardg?gie nowhere more than about a
100 yards wide.,

The foyaites on the west bank of the Leeuwspruit are in-
trusive into a lava similar 1n many respects to that found
north of the larger foyalte plug in the south.

North of this small trachyte outcrop there are a few
Quartzite lenses, and to the north of this there is a large
body of granophyric quartz-norite . The granophyric quartz-

norite, quartzite, trachy-andesitic lava, and foyalte are cut
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by numcrous dykes of sycno-diorite and foyaite.

The granophyric quartz-norite has an east-west strike and
is intrusive into the shales and quartzites immediately below
the MB’ or Baviaanspoort, quartzite horizon.A At the Edendale
Lead Mine it was found to be a transgressive sil. (19, p.95).

The Mz quartzites show considerablc variation in dip;
17°N in the west of Nooltgedacht, 74PN, ncar the confluence of
the Edendalespruit and Leeuwspruit and 550N, in the south of
Lecuwfontein. In the north of Franspoort it 1s only about 30
yards wide and often missing completely due, no doubt, to fault-
ing.

The quartzites arc hard and usually light coloured but
showlng considerablc variation in colour in somc localitiles.
The My quartzites in the north of Franspoort grade gradually
into a finer grained feldspathic quartzites which stretch
as far as the m% quartzites, On Bevlaanspoort, howcver; a
small horizon of altered shale 1s found overlying the quart-
zites . A little galena 1is associatcd with quartzites and
altered shales in the north of Franspoort and in the south of
Lecuwfontein.

Intrusive into the fine-grained feldspathic quartzites
which overlie the Mp quartzites there are numerous sill-like
intrusions of hybrid rocks which contain xcnoliths of quart-
zite varying in size fron less than 1 mm.up to 1% feet in
dianeter. Thecse hybrid rocks have been described as
felsites by van Biljon, (10 p.48-50) «nd similar rocks from
the Premler Mine have been called "intermedliate' rocks or
"Prender Minc felsites'" by Lombaard (15,p.126).

These hybric¢ rocks probably owe their origin to the
assimilation of quartzite by a gabbroic or dioritic magma
connected to the Bushveld gabbros. '

Much brecciatlion has taken place in this arca. LMost
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zones of brecciation have a north-east/south-west trend, and
somc can be followed for almost 200 yards. The brecciation
seems to be younger than the emplacenent of the hyﬁfid rocks;
although not nmuch Gisplacemcnt was noticed.

A few syeno-dioritic dykes are seen to cut the hybrids
and fine-grained quartzites in the centre of the area. 1In
the west of the area there 1s a north-south composite foyaite
dyke 2% miles long, starting immediately west of the Alkaline
Complex on Leeuwfontein and cutting the hybrids and sediments
both north and south of the M5 cuartzite horizon and finally
petering out south of the Ms quartzites.

Measurements made in the centre of the area show that the
Tine-grained fecldspathic quartzites which overlie the M_ quart-
zites have a thickness of about 2;100 feet. The dip; ;here

measurable, is about 20°N.

The Leeuwfontein Area,

(a) Physiography. The Leeuwfontein area is bounded in

the south by the Mz, or Leeuwfonteln, quartzite (4335 feet)
which overlies the fine-grained quartzites of thc Franspoort
area, and has a thickness of about 900 feet anc an average dip
of about 31°N. Petrogrgphically the quartzite is rwuch

the same as the Ml or M2 quartzite though not so recrystallised
or brecciated.

The Leeuwfontein area is donminated by the Leecuwfontein
Alkaline Complex which is eliptical in shape with a north-south
elongation. The north-south axis is about 2 1/3¢. niles long;
and the east-west axis about 1% miles. It lies in a wide
shallow basin drained by the Leeuwspruit (see plate 1). Fast
and west the basin 1s bounded by the rounded divides

| that separate the Leeuwspruit drainage from the
Pienaars River drainage (to the west and from the Louwsbakense-
loop (to the east). ’ To the north of the Complex the Leeuw-

sprult passes through a narrow rocky gorge and finally joins
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the Pienaars River to the north of the area investigated.

The area north of thé trachy-andesite ridge 1s well wooded am.
unsultable for agriculture. However, the area south of the
ridge 1is almost entirely coverecd by alluvium and is therefore
arable. Some of the commonest variecties of trees occuring in ih
the north of the arca were identified through the

kindness of Lir. Beekink as laclea lanceolata or bosquarri;

Rhus rancea or karecboom and IDbmbeya rotundifolia (E.May) or

dikbas.

General GEology.

The rim of the basin 1s formed by numerous bands of quartzite,
diabases, hybrid rocks and hornfelses bclonging to the upper part
of the Prctoria secries no shales were found. All these rocks
have an easp-west strike, and a northerly dip from 35° - 45°N.
on the eastern side of the Coriplex to 70° - 35° N in the
western scctor. Some of the diabases, however, arc trans-
gressive across the strike of the quartzites. The hybrid rocks
as well as the hornfelses, and some of the diabases, arc con-
sidered older-than the Complex as they are cut by alkaline
rocks and furthernore inclusions of hybrid rocks are found in
- the syeno-diorites.

The quartzites vary in colour from white to light red,
and are fine to coarse in grain. A small pebble conglomerate
was found in a prospecting pit west of the trachytc ridge on
Leecuwfontein. Ripple marks and cross bedding are common. 1In
the Leeuwspruit north of the Complex the guartzites have becn
recrystallised, intensely brecciated and metamorphosed. Van
- Biljon (10, p.8) subdivided the numerous quartzite horizons
that overlie the MS quartzites, but due to the considerable
difference between van Biljon's map and the author's npap, and
the narrow strip ilnvestigated, these different horizons could

not be recognised.
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The hybrid rocks above the Nig quartzites differ from those
below the Lz quartzite horizon, in that they are usually dilabasic
looking and have a grey colour. Thosc below the M3 horizon
usually have a grey or red colour, a mottled appearance and are
fine-grained.

The hornfelses are intensely brecciated and have a light
green colour. They occur near the olé powder factory east of the
Conplex.

In the north of the area there arc nunerous outcrops of
anygdadoddal  lavas which probably have no genctic relationship
to the trachy-andesites of the Leeuwfontcin Coriplcx.

One, or possibly two, Golomitic limestone bands run through
the north of the area. To thc north of the Complex flourite 1is
seen to replace the limestone and quartzite (see plate IX). In
the Leeuwspruit the limestone appcars to have becone plastic and
intrudcd into the brecciated quartzite locally (see plate VII),

A diabasic dyke cuts the Complex and cextends for a short
way out of it (sce map). It may be of Karroo age. . In the
Leeuwfontein Alkaline Complex the exposurcs arc good on the whole

but the wooded slopcs on the ecast side and the cultivated lands in

the south and west, conceal the margin of the Complex in these
parts. A good contaet between the quartzite and soda-syenite is
to be scen in the Leeuwspruit.

The history of the Leecuwfontein Complex commenced with the
extrusion of trachy-andesitic lavas into which were intruded
syeno-diorites, soda-sysnites and umptekites. This was
followed by the extrusion of a phonolitic lava after which
foyaltcés and urtites werce intruded. Late explosive magmatic
vapours were responsible for the nuucrous agglomeratc plugs as
wcll as the presence of flourite and possibly carbonatite, north-
east of Prctoria,

ROCKS OTHER THAN). ALKALINE RCCKS OCCURING IN
LHE FoANSPOORD AnkA.,

4Le  General.
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General,

As has already been rentioned in the introduction av
suitc of rocks occurs in this area which rangcs fron a grano-
phyric quartz-norite through a granophyric quartz-diorite
and an "intermediate'" rock to erlsite”. With the possible
exception of the granophyric quartz-norite all these rocks
mentioned avove contain varying amounts of assimilated quart-
zite, 411 rocks which contain assimilated quartzite have been
napped as "felsltic and other hybrid rocks". For the

general distribution of these rocks see map.

The Granophyric Guartz-Norites.

Diabasic-looking rocks, in which brown pyroxene 1is seen
to stand out on the weathered surface, are intrusive into
shales and quartzites below the M2 quartzites and, as has already
been noted, thcese rocks are probably transgressive sills.

.« few 1isolated outcrops also occur below the Ml quartzite
horizon.

These rocks contain the following minerals;roughly in
order of abundance, altcred plagioclase, nicropegrnatite,
altered orthopyroxene and quartz. Accessories arc ore 1in
skcletal forn, apatite needlcs and calcite, 4 1little clino-
pyroxcne 1s found in thc specimens' collected south of the Mg

quartzites.

These rocks are nedius to fine-graincd and there is
ccnsiderable variation in the rélative quantities of the
various constituents.

The plagloclase is always very altered, and in only onc
specimen was it possible . to determine the composition as
ranging fron labredorite (An 59) to bytownite (An 75).  The
average conposition is about .\n 63, Albite twins arc the
rost coritont, other twins observed werc Roc-Tourne and Carls-

bad. The fcldspar is slightly zonally built and occurs as
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felrly broad crystals between C.4 and 0.5 nm. wide,

The feldspar crystals are often surrounded by falrly
coarse micropegizatite which ray contain, or grade into, homo-
geneous quartz individuals. In onc slide a graphic inter-
growth between pyroxene and quartz was notlced.

Quartz occurs interstiti=slly to the other minerals, and
often contains small liguid inclusions showing Brownian move-
rent. Sonme of the mlcropegmatite may have been formed by the
replacement of feldspar by quartz.

Orthopyroxene occurs as large anhedral to subjjedral
hypcrsthenc crystals. In almost all the specimens, except
those taken near/fg%uwspruit, the hypcrsthene is almost conl-
pletely altcrcd to fibrous amphibole, chloritic material and
bibtite (7).

Thc orthopyroxcnc is greenish in colour; 2VeCz 707 %
2° and np = 1.69E. These properties indicatc a composition
0 Ehyn . Fszz (20, p.406).

In some specircns taken frooi below the M quartzites a
little augite was also secn. .

Bccause of the weathered nature of these rocks a .
micro/metfic anhalysis proved very unsatisfactory. For the
results of the chemical analysis sce Table I Coclunn 1II, 3zmple ™
T95. According to van Biljon (10,p.35) this rock may be
callcd a grapophyric quartz-norite.

A4 dark fine-grained diabasic rock sorctimes occurs near
the "felsites" which outcrop just beclow the Nz quartzlites. It
appears to be older than the "felsitcs" and contains only a
little quartz and no ricropegmatite. Its shicf dark silicate
is clinopyroxcne which encloses calcic-plagloclase subophitlc -

ally.

Hybrld Rocks.

1. The CGranophyric guartz-pigrites.
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In the area overlying the M2 quartzite numerous out-
crops of felsitic rock%%ﬂ%hich arc often underlain by a contan-
inatcd granophyric quartz-diorite which is seen to grede into
the "fclsite" through an intermediate rock across the strike.
These rocks are intrusive into the finec-grained quartzite and
hold nunerous inclusions of the latter.

GooG outcrops 6f these contaminated granophyric quartz-
diorites arc to be secen to the east of the Ifyaite dykec an Lecuw-
fontein (farm) and also south of the M3 quartzites on the west
bank of the Lecuwspruit on the same farm.

They oftcn hold quartzite inclusions up to two inches
in diancter, These rocks usually occur as transgressive sills.
One dyke, howcver, occurs south~-scuth-west of the Baviaanspoort
~and Leeuwfontein-Franspoort road junction, This dyke is about
125 yards long and about 25 yards wide, it stretches in a north-
south dircction.

Microscopically the rock is seen to contain wcathered
fcldspar and micropegmatite in roughly cqual quantitics, pyroxene
and 1ts alteration products, quartz and orc. The plagloclase is
largely altercd to saussurite, and in some cases partisldy
replaced by epidote. Occasional unaltered patches were found to
be andesine. The fcldspars are usually tabular and have an
average length of about 0.5 mm. and arc either sinply or poly-
synthctically twinned. Micropcgmatitce usually encloses a feld-
spar crystal, but may alsc occur intcrstitially to the other
ninerals.

The size of the components of the coarser micropegsmatite
units is about 0.012 mnm. Towards the outecr edge of the units
quartz oftcn incrcases and may grade into a homogencous quartz
individual. Quartz 1s secn to replace the feldspar in sone
slides (sec platec XVI) anG occasional quartz grains are adso
fount in the feldspar. |

Quartz occurs interstitially to the other minerals, sone
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of the quartz may be derived fron the sediments. The in-
clusions of quartzite are almost always associated with epidote.
Clinopyroxenc (salitc) is fairly abundant and is the only
primary mafic mincral. The crystals arc anhedral ancé up to
0.46 mn. 1in 1ength.A They often enclose plagloclase sub-
ophitically. The salite has the following optical properties:

ng =1.69%, 2vy = 59%%t 20 2 A c=a50% 50
¢olourless, not plcochrede. The salite alters to chloritic .
naterial, and amphibole, the latter being pleochroic from pale
grcen tolight brown and olive-grecn, and 1s probably a
hornblende.

Accessories are ore in skeletal form or as small
subhsdral erystals, apatite necdles and a little calcite.
according to the chemical analysis, the results of which
appcar on Table I Column III (3ample T.59) this rock may be
regarded as a quartz-diorite that has assimilated a certain
amount of quartzite.  This would account for the fact that
the Niggll values only approach, but do not fall within quartz-
dioritc or normal -diorite (R27,p.349).

L micrometric analysis of the granophyric quartz-dio-
rite analyscd gavc the following results :

Weathered FEldspareseseescecese 00.70.

Micropegratite........ treesress 00,10,

MElaN€S.ueeeeesosanssonansenesse 2145,

Q,ut‘rtzclo-ool.t.l.oo..o.u000000 6072l
Ore, etc..-'...........0.0.0'.. 2‘%‘

.
100.00. ¢

Alongz the strike the granophyric quartz-diorite
1s seen to grade into a fine-grained black rock.  Microscopic-
ally this black rock is scen to consist largely of extrcrely
fine micropegratite in which the quartz and fcldspar often ex-
hibitlparallel orientation, rescrbling extremely fine poly-
synthetic twinning in plagioclase. In sonc specinens the

micropegriatite coulld only be identificd by its incomplete cXx-
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tinction and in some cascs microcherical tests had to be re-
sorted to. The micropegratite individuals are usually about
0.1 mm. in diameter, The only other constituents are long
slender necdlcs of green chloritic material which are up to

1 mn. in lcngth, have a sub-parallel oriéntation and arc set
in the nicrapegmatite. Srmall rcrinants of pyroxene arc also
scen, as wcll as & falr apount of carbonate and epidote.

Abundant small orc specks arc enclosed in the microepegratite.

The "Interpediate" Rocks which have alrcady bcen referred to

werc found at the base of all "felsite" outcrops that appecar
east of the Franspoort-Lecuwfontcin road. They may =1so occur
as scparate intrusions. As onc passes from the granophyric
quartz-diofite across the strike the rocks arc secn to becone
lighter in colour and finer in grain. Microscopically an
incrcasc in the amount of micropcgrmatite is noticed as well as
partial replacement of feldspaz by quartz to form quartz '"need-
les", The amount of dark mincrals decreases considcrably.
The feldspar is probably plagioclase, and is always in an
advancced stage of altcration and often almost completely re-
placed by epidote. The feldspar—s are tabular and have an
average length of about 1.5 mm.

A number of quartz "necdles" often occur parallcl to
each othcr, interstitial to which finc micropegmatitc is scen.
These groups of '"needles" havc the sane size as the plagioclase
laths. Individual“needies”arc about 0.02 mm. wide and it would
appear that each quartz 'needle' repreésents a lamella of
plagioclase. Quartz '"needles" are scldom optically contin-
uous and may be composcd of anything up to tlhiree or four
optical units. However, in these groups of parallel‘ncedles’
neighbouring units extinguish simultancously. Therc arc also
nuricrous smaller quartz 'mecedles" seldom optically honogcneous
and occuring singly or in groups. . '"mccdle"™ may traverse

two nidlcropegmatitc units and be in optical harmony with both,
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thus forning an integral part of both micropcgmatite units.
Necdles" interstitial to nilcropegmatite units arcralso )
frequently not optically continuous. Under the binocular
microscope 1t can bcen scen that the "needles" are not necdles
at all but very flat tabular quartz bodies. Similar phcnomena
werc observcd by B.V.Lombaard (15) in his study of thc Premicr
Mine "felsitcs'" and "intermediate' rocks, the latter closcly
rcsembling the rocks under discussion.

Thc micropcgmatite forms the largest single component
of the rock, but becausc of its fine texture it is often
difficult to distinguish from the alt ercd feldspar.

In some cases a littlce chloritic material and ore arc
the only nclanes, in others, however, small clinopyroxere rch-
nants arc scen almost complctely changed to fibrous cmphibole
and chloritic material. These rcmnants may enclose small
altered fecldspar laths subophitically. A few rennants of
orthopyroxene (?) are also scen, but arc psually complctely
altcred to chloritic material. Accessories arc a little ore
occurring in skcletal form or as subhedral crystals. Sonme
speeimens contain some carbonate, and nost contailn apatitc in
minute quantities.

Some specimens contaln small inclusions of quartzite,
which is always associated with epldote., In some inclusions
epidote and quart® may occur in roughly equal quantities.

The qusartz of the inclusion Goes not seem to have undergone much
replacement by feldspar. However, a few quartz grains do

scern to have been centripetally replaced 4o .form micropegmatite,
The degree of replacenent 1s certainly never as great as in the

9fclsit'lc"r'ocks to bc described below.

3, Thc "Felsites",
These "intermediate" rocks described above grade into

"felsitic" rocks which are in some cases identical to certaln

rocks described from near the Prcmier Minc by Lombaard (15,p.131)
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and before him by Daly (18,0.757) and Kynaston (17,p.5):
Van Biljon (10,p.51) has noted the similarity between the
"felsites" of this arca and those of Premier Nine, Excellent
outcrops of thcse '"felsiticY rocks arc found on the west bank of
theLecuwspruit. They appear to be intrusive into the fine-
grained quartzites eithcr as sills or transgressive sills.
No dykes of these rocks were found althouch a few small veins
of "felsitic" composition cut the "intermediate rocks" des-
cribed above. The "felsite" bedies dip about 20CPN. where
measurable, and the quartzites about 35°N.

' Four main "felsite" horizons occur betweecn the Lecuw-
fontein~-Franspoort road and the Leeuwsprult (see map).
No contacts were found berween "felsite" and quartzite - and as the
the two rock typcs weathcr the same chocolate-brown colour to
somc dcpth, nuch difficulty was experienced in mappins these
outcrops. On followlng thc strike it does sometimes appcar
28 1f the quartzite grades into the "felsite". However,
upon the examination of numerous thin sections and specimens
taken along the strike the author was always ablc to
diffcrentiate bctwecn "felsite" and quartzite, The¢ similar-
ity between "felsite" and quartzite on the weathcred surface is
due to the high sericite content of the quartzitc which was
probably ¢cposited as a fcldspathic sand- or siltstone.

Had the feldspathization been caused by the intrusion
of "fclsite" or by a "transformatory process" which altered the
quartzites into “felsite” (see van Biljon 10, p.131) then it
would have been expceted that quartz grains would have been
partielly replaced by feldspar to forn "pseudo”-micro-pegmatitef
as 1s the case of the quartzite inclusions in the felsite,

(sec plate XIV).
Thc*felsites“?ary in colour from light or dark grey to
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red or light ping,and nost varietics are specklea. A1l are
very fine-grained and contailn quartzite xenoliths of varylng
size which stand out on the weathered surface.

' Micfoscopically the rock consists largely of small
colonies of parallel quartz ''needles, or single 'meedles" all
s€t in very fine micropecgnatite,  Vecry few, or no, feldspar
remnants arc scen.

The" felsite™ horizon just below the Mz quartzitc horizon
and through which the section linc passes;(see map) is underlain
by a sill of granophyric quartz-dioritc which grades into a
grcy speckled "felsite," through the "intcrmediate'" type
alrcady dcscribed.

Microscopically, this felsite is seen to be made up
of quartz "needles" eithcr occuring in parallel, or slipghtly
stellate groups or individually, Individual ‘neeales "are

up to 1 mm. long and 0.02 mii. wide. These quartz needles

which nay be associatced with a 1little saussurite are cnclosed
by vefy fine micropcegmatite individuals. The picropegmatitc is
always associated with very finely disseminated chloritic
material, the unequal distribution of which causes the mottled
appearance, Numerous quartz grains, varying in diamcter from
O.2mm. to 5 mm. are seen, These gralns appear to havc been
replaccd by feldspar about their pcriphery to form "pscudo-
micropegmatite", The feldspar has since been largely altered
to chloritic matcrial and sericite (see plate IV). Similar
phenomena were noted near the Leecuwpoort tin mine by 3Strauss
(21). Accessories are epidote, greenish amphibole (?)

and a 1littlc ore. A similar “relsite" which outcrops in the
Plenaars River near thc Baviaanspoort goal, has been described
by van Biljon (10, p;53). The result cf a chemical analysis
of thils rock appears in Table II Column III.

A reddish grey variety occurs on the western side
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of this outcrop. This variety, desplite the absence of a
mottled appcarance, 1s microscopically very similar to the type
described above, except that the quartz '"needles" may be
partially composed of chloritic material. These ‘needles” tend
to occur singly and not in clusters.

Yet another variety has a brick-red mottled appearance
in which quartz and concentygations of e¢hloritic material can be
seen in hand specimens.  Microscopically the constitucnts of
this type are identical to thosc described above. No feldspar
remnants are secn.,

That felaspar of the pmicropegunatite which has & readish
colour tends to lie in an elliptical or circular pattern giving
the rock a peculiar ringed appearance when viewed under low
magnification.

These well defined rings which are about 0.2 mm wide
enclose areas with diameters of up to 2 mm. The material
enclosed consists entirely of very fine micropegmatite and
Quertz ‘needles’, whereas the enclosing matrix in which the rings
are set 1s very rich in chloritic material and also contalns
some epidcte, amphibole and ore as well as abundant quartz grains.

Two hundred vards south of the outcrop described above
there -is another 1ow“felsite”ridge Which is about midway

.between the Mg and Mg quartzite horizons (see map). Only one
type of felsite is found on this outcrop, and is a pink variety
not unlike the one described above. On the northern side, or
roof, the“felsite”holds many quartzite inclusions that stand out
on thersweathered surface due to differentlal weathering. They
may vary in size from less than 1 mm. up to 18" in Giuceicr
(see plates XI ana XII).

The larger inclusions are usually tabular or oval in
shape and show great variation in dip. Bedding planes can
still be recognised in some of the larger inclusions.

Most inclusions show a lighter reaction border giving
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the xenoliths a vague outline (see plate XII). Other in-
clusions have been almost completely digested and may be
termed "chost™ xenoliths, others again have no reaction border
at all, This varying degree of assimilation may be
attributed to the incorporation of quartzite at different
depths, Similar inclusions have bcen noticed at the Premier
lMine and Baviaanspoort by Daly, Kynaston, Lombaard and van
Biljon.

Microscopically the felsite described above is very
much the same as the red variety already described. The
guartz ‘'needles which usually have a parallel orientation and
are often strained give the rock a trachytic texture. A few
amygdales composed of quartz, exhibiting wavy extinction, are
also seen.

Examination of a quartzite inclusion with a reaction
border showed the following (see plate XIII).- Qqurts.
"needles" V1th a distinct flow structure about the inclusion.
The reaction border has a pink colour due to the enrichment of
iron-rich micropegmatite lying between the quartz grains.

The quartz grains of the reaction rim, which is quite well
defined exhibit an extraordinary replacement or recrystalliz-
ation in that they have squat laths that jut out from the edges.
In some cases the whole quartz grain shows a tendency to be
transformed into a mosaic of squat laths or oblong individuals
all with the same optical orientation, These laths seldom
have straight extinction, 2a phenomendn that would have been
expected had quartz recrystallized. Nevertheless, rcerystalliz-
ation seems to be the only explanation. These laths are
usually surrounded by extremely fine '"pseudo-micropegmatite.”
Towzrds the centre of/%%%lusion very few such laths arc seen.
The feldspathic material, however, 1s seen to replace the

quartz grains to form "pseudo-nicropegmnatite" similar to that

shown on plate XIV.'
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The examination of an inclusion that appeared to be
almost completely digested showed the followlng properties. li
Near the periphery of the inclusion quartz grains tend to
be "fused" to form one unit up to 0.6 nn. in diameter. These
units which occasionally form an bpticél unit always show
undulose extinction with the outer edge, and to a lesser
extent the whole unit, showing a tendency to transform into
short laths or oblong bodies. sSome of the quartz may be re-
placed fo form micropegnatite, Towards the centre of the
inclusion the quartz grains(0.l to'o.z,nmp(diameter) show no
tendency to form one unit; but do howevecr, show a tendency to
occur in clusters, Only a very few grains show any tendency
to form laths. Interstitial to these quartz grains and
individuals there are fine pinkish micropegmatite individuals
and single quartz“needles"identical to those of the felsite”
proper.

About 200 yards south there is anothcr low ridge con-
sisting of various types of "felsitic" rocks undcrlain by ah
intermediate type. The "felsitic! rocks of this horizon
ccnsist almost entirely of very fine micropegnatite with
single quartz ''needles" and grains, The type that forms the
roof of the sill consists of slender laths of feldspar up to
4.5, mm. long, the average length is about 1 mn. and the width
about 0.16 nm., set in very fine micropegmatite.  The feldspar
crystals are usually roundcd at their extremities and simply
twinned, being usually either completely altered or partially
replaced by epidote,. A few transparent patches were avail=-
able and 1t was found that the axial angle varied between
2Vac 80° to 86° with an averege of about 829, np = 1;55.
The feldspar is thus andesine.  Alkall-feldspar pay also

be present.
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Further south on either sidc of the Lecuwsprult just
rorth of the junction of the Edendalesprult and Leeuwspruif
there are numerous outcrops of "Felsite" and "intermediate'" rocks.
The area has been brecciated and faulted although the dilsplace-
ment coes not appear to have been great. Most of the rocks on
the east bank are of the "intermediate!" type, those on the west
dank are "felsitic" and uncerlain by an "intcrmediate" type.
The "felsites" are either light grcy or brick-red in colour, the
latter often containing angular inclusions of quartzite up to
1 inch in diameter. These inclusions exhibit the samc¢ charactcr-
istics as those alrcady dcscribed.

Grey "felsitic" rocks occur south of the Ba§iaanspoort
road near the foyalte dyke on Lecuwfontein (sce map).
Microscopically they are the same as thosc described above.  Hov

ever, the outcrops are poor.

The Sediments.

The fine-grained quartzitcs arc -highly feldspathic and
were probably deposited as a fcldspathic sediment. | The quartz
grains vary in diameter from O.1 to 0.35 rm. with an average
of about 0,18 which makes thesc rocks; according to Wentworth 's
classification (22. p.202),fine to medium-grained quartzites.

A few rounded grains of fairly fresh microcline also occur.
Interstitial to the grains there is nuch fine feldspathic mater-
ial, a little fine quartz and chloritic material is also usually
present. i

Specifiens gathered from near a "felsite" horizon show
varying degrees of alteration. The most altcred spccinens
usually have a reddish colour on fresh fracture, and nicroscopic-
ally they are seen to havc properties very similar to the
centres of the less altéred quartzite inclusions in the "felsite"
described above,

The wri.ter has nothing to add to Dr. van Biljon's
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description of the remaining quartzite and shale horizon
(10,pp. 9 - 13, 304, 57 - 59).

The Berg-cn-Dallirmestonc horizon was cncountered in
the east of Franspoort. It is a light green partly silicified

limestone and has been described by van Biljon (10, p.40).

ITL. ROCKS OTHER THAN ALKALINE OCCURING
IN THE LEEUWFONTELN AREA.,

iA. General.

The relationship between the non-alkalinc rocks in
this area is much morc complexX than in the Franspoort area.
The matter has been furthcr compiicatod by the prcsence of
identical ciabases of diffcrent ages ; the older oncs appear
to have a genetic rclationspip with the hybrid rocks.
Furthernore, an anygdaloidal lava occurs that is probsbly not
genetically related to the trachy-andcsitcs of the Leeuw-
fontein Complex.

The gencral distribution of all rock types in this

area has been described in the introduction.

B. The Hybrid Rocks.

The hybrfd rocks abovc the M quartzites ciffer from
those below them in that they arc norc diabasic looking in
hand specimens. Microscopically they are seen to contaln more
feldspar remnants and have a much higher colour index than

thosc occuring below the liz quartzites.

1. Granophyric guartz Soda-Gabros.

Microscopically these rocks are light grey in colour
and medium-graincd, cften rcseubling a fine-grained diabase.

Microscepically thcse rocks arc scen to consist largell
of micropcgmatite, plagioclase (An 40-70) quartz grains, and

quartz’needles’, pyroxcne and arnphibolc. The feldspar of the
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micropegnetite is always turbid and altered, the pyroxene and
amphibole are largely altcred to chloritic material and ore.
~Ccessories are primary orc, calcite, and epidote in some
specimens.

A micropegiatite individual often contains a tabular
core of plaghoclase (sce plate XVI)Q However, in sone cases
a nunber of nmicropcegmatite units may cnclose a tabular plaglo-
clase crystal.

| The plagioclase is usually turbid and in only two
glides could the composition of the feldspar be deterﬁined. As
a rule the plagioclase was found to be simply twinned according
to the Carlsbad law. Thc plagloclase shows normal zoning; in
some cases from labradorite (An 60 - 68) and andesine (An 40 -
45). The manfles have a refractive index ofrlp - 1,557 £
0.002. The average composition 1is probably in the region of
An 50,

The rock 1s made up of varying quantities of this type
of micropcgratite and a typc that does not enclosc a tabular
plagioclase crystal. Zonal build in the feldspar of the
micropegmatite units, cspecially those with no corcs, is often
seen. The micropegnatite seems to have been forrmed by simul-
taneous crystallization of quartz and feldspar.

Evidence that the plates arc pscudomorphaftcr feldspar,
was obtained in certaln specimens, in that therc are tabular
(altered) feldspars that rcsemble the shape of quartz plates, an
also the fact that quartz is definitely secn to replace feld -
spar in many slides (see plate XV). However, thcre arce broad
(altered) tabular fcldspars of dimcnsions not found among the
quartz‘plates. Evidently any rcplacement of feldspar by quartz
was restrictcd to the slender fcldspars.,

Amphibole, pyroxcne and thelr alteration products com-
prise about 35 per cent of these rocks, they occur as fibres or

needles, or allotriomorphic crystals with serrated edges inter-
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of Tfine quartz Pneedles" up to 0.5mn,in lcngth, very fine nicro-
pegratite and snall quartz grains, In soric varictics snall
turbic¢ feldspars may beé sccn in a host of micropcgnatite. Fine
chloritic material, fibrous amphibole, pyroxcnc (?) and ore arc
also seen. kMclanes make up about 31 pcr cent of the rock.

The rocks rescrible in many ways soic of thc "felsites"
below the MB quartzite horizon.

As dark rmincrals make up at lcast 31 pcrcent of these
"felsites" of the Lecuwfontein arca they may be called '"mesotype
fclsites". North of Lr. Day's house a '"felsitic ™ rock over-
lics the mesotypc "felsite"; it consists largcly of cuartz grains
which appear to have been partically replaced by feldspathic
raterial. Chloritic material and fibrous amphibole arc inter-
stitial to the quartz grains. Concentrations of hornblcnde zand
quartz are scen in hand spccircns ant ncasurc up to 2 ril. across.

The hornblcndc was found to have the following propcrtics

var = 66° * Z~re = 130t
Pleochrism : X = pale olive-green, Y = bright grecn, and
Z = palc green,

This rock is considcred te bc quartzite which was ricta-

norphosed by the intrusion of the "mesotype felsites',.

The Diabases,

The diabases in this area appear to be of two ages, one
type 1s definitely youngcr than thc alkaline rocks and the cther
apparently older.

On the north-wcst side of the Complex a dlabase outcrop
cnds abruptly against alluviur, obviously derived fror the syeno-
Giorite and grcy soda-syenite as large fecldspar Lrvstals are
scen in the light grey soil. .. few 1scolatcd cutcrops of grey
soda~-sycnite werc also found. Becausc of this abrupt ternmin-
ation of the diabase¢ it is considercd oldcr than the alkaline
rocks.

To the north and norty-cast of thc Cuiinlcx therc are
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nunerous outcrops of diabase of rather doubtful age. Just
scuth of the Kameelfontelin road ancé to the east of the Complex;
diabase appears to cut a quartzbearing trachy-andestic rock
which grades into an anmygdaloidal lava, which, however, 1s
probably genetically related to the Dullstroon volcanics (see
Section D).

Imnediately north of the eastern trachy-andesitic ridge
& narrow diabase dyke can be followed intermittently for about
2;000 yards (sce map). JAlthough no contacts are secn aml the
outcrops are usually very poor the dyke is obvicusly intrusive
into the sy¢no-diorite of the Leeuwfontein Conplex.

Microscopically and macroscoplcally.these ‘two ages of
diabasc arc very similar.

The diabase is fine to medium-grained, the younger types
usually are slightly fincr 1n grain. Both types have an
ophitic and subhnnhific texturc.

Augite is the predominating dark silicate which 1s often

twinned and with 2Vy = 46%.3°,24c<33%3C; ng=1.68t,

It is accompanied by fairly fresh Zoned labradorite (An 60 = 65),
quartz and a 1little alkali - fcldspar which is often intergrown
with some quartz to form micropegmatitc. .ccessories are

hypersthene, biotite, chlorite, orc and apatite.

The Amyrdaloidal Lavas.

Thiree bands of amygdaloidal trachy-andesitic lavas
occur in the Leeuwfontein arca (3ec map).

Macrcscopically it is a densc black rock which carries
nuerous anygdales, never more than a few milimetres in diameter,
which stand out on thc weathercd surface. To the east of the
Complex ahd about 120 rards south of the Kapcelfontein road this
amygdaloidal lava is seen to grade into an cven-grained non-

amysdaloidal quartz-bearihg trachy-andesite, which, although no

.
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contacts are seen; appears tc bc cut by the syeno-dilorites of
the Leeuwfontein Coemplex and a younger (?) cCilabase (See map).

Microscopically the sround-mass of the lava is seen to
conslist of small feldspary laths (plagioclasc predominating))
fibrous hornblende, glass, and quartz. .. little pyroxene nay
also be present. .alteration products like carbonate, chlorite
and zeolites are abundant, The anygdales are conposed of a
mosalc of quartz grains which is often associated with some
carbonate. _

F.C.Truter (28;p.lxv) is of the opinion that these lava
may bg Corrclated with certain andesitic lavas which occur in
the Ruolberg and Stavoorn tin riining areas, and which in turn

are correlated with the Dullstroen volcanics.

The Hernfelses and Altered Quartzites,

Some of the rocks described below as hornfelses should
strictly specaking be classed as hybrid rocks. Howevcer, the
term hornfels, used by van Biljon has beén reteined as & means
of distinguishing between contaminated magmatic rocks (the
hybrid rocks) and certain altered ghartzites (the homfelses)
which have rcceived additions from the alkaline rocks and
pyroxenites in the form of feldspathic material and ferro-
magnesian minerals.,

To the east of the Cumplex there is a prominent ridge
composed of hornfels (sce map). ., few smaller outcrops are f
found further south. Only one small outcrop was found
to the west of the CociplcX.

The largest outcrop is intimately associated with the
anygdaloidal lava cdescribed above. Tc the south of this
cutcrop the hornfels passes gradually into almost "normal"
quartzite through a moderately gneissic quartzite.

The hornfels itself is a brecciated rock having a pale
greenish colour on fresh fracture. It has a very rough pltted

weathered surface cue to differential weathering. The rock

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



- 28 ~

appears to be a brecciated quartzite that has rccelved certain
additions from the alkaline rocks and pyroxenite of the Complex.

Microscoplcally the rocK is seen to consist of quartz
grains varyings in diameter from 0.2 nm. te 0.02 . These
srains are often cracked, contain many liquid inclusions, and
have wavy extinction. Intcrstitial to these quartz grains
there is a fair amount of fresh,slightly green pyroxene (Ciopside
Chloritic material, feldspathic material, biotitcpcalcite and
ore arc also present in varying quantities. Larse concen-
trations of small circular grains of pyvroxenc give the rock a
mottled appearance. 3Semc specimens have small veins of alkali-
fcldspar.

Further scouth, immcdiately south of Lir. Day's Louse,
there 1s a fine-orained banded hornfclsic rock which is probably«
hornfels in the true sensg of the word; 1t is not brccciated and
is composed of small quartz grains intimately associated with
biotite, ore and semi-opague naterial.

In the Lecuwspruit, near the contact between the
soda-syenite and quartzite (see plate viii) to be described later
the quartzite is highly altered, ¢ may contain up to about 50
or 60 pcrcent of added naterial. This rock consists largely
of cracked quariz grains, nicropegnatite, pale green slightly
pleochroic pyroxene, amphibole, biotite, ore and chlorite.

Some of the micropegmatite seems to have been formed by the re-
placement of quartz by feldspar. Other quartz grains have
undergone no replacement and are surrounced oy small pyroxene
inGivicduals. Crucks in the gquartz grains are in many cascs
filled with dark silicates.

S5imilar altered quartzites are found north of the
Complex in the Leeuwspruit. They aprcar to have become So
plastic that they rave intruded intc the morc normal quartzites,
To the north and intimately associated with the sygnite

near the fluorite horizon on Zcekoerat (267), the Qquartzite is

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



- 20

very orecciated and often has a gnelssic texture and varies in
colour from white to pink. Microscopically the quartzite is
seen to contain abundant grains and veins of carbonate. .
orownish mineral, probably an alteration product of some dark
silicate, which is also seen in the aplite, was found to be
present inthis altered quartzite. 1. mﬁaition; fluorite 1is
nresent.

Uncerlylng the limestone, to be described below;,there
1s a cherty band consisting of hands of black, white or green
Tine-grained quartzite, lMicroscopically these rocks arc seen
tc contain a fair amount of small pyroxcne "droplets" and are

similar to the altered brecclated quartzite described above,

Limestone and Fluorite Horizon.

Inmediately north of the sycnite-aplite to the west of tl
Leeuwspruit, there is an outcrop of a greyish cdolomitic lime-
stone striking east-wcst and dipplng tcwards the north. Small
wavy bands composed of a green sudstance stand out on the
weathered surface (wee plate ix). They have the same dip and
strike as the linmestone,

Microscopically the rock is seen to consist of angular
carbonate grains, usually about 0.06 rm. in diameter . The
greenish wavy chloritic (?) bands are seen to be riddled with
small inclusions.

Puirple fluorite 1is secn to replace the limestone ex-
tensively (see plate ixj,and to a lesscr extent the quartzite.,
The wavy chloritic (?) stringers scem to resist replacement.

Although the outcrop is fairly extensive, mining oper-
ations have long since ceasea, Gue, no Goubt, to the impurities
obviously present.

Veins of coarse linestone, having idiomorphic crystals
of calcite up to 2 cms. long, cut both the linestone and the
fluorite. ‘then 1t cuts the limestonc it 1s often seen to carry

some fluorite.
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In the Leeuwspruit; ané further east; coarsc-grained
white limestone 1is seen to outcrop; it 1s probably an extension ¢
the horizon described above. Plate VII shows how the limestone
has become plastic anc¢ intruded into the brecclated quartzitgs
and hybrid rocks. The limestone has a pure white colour anid is
nade up of large rounded and interlocking crvstals which micro-
chemical tests have shown to consist of a mixture of dolomite and
calcite, the latter predcminating.

The angulsr inclusions, and the adjoining rocks,
consist largely of altercd quartzites or quartzitic limestones.
A4 border of impure limestonc usually surrounds an inc¢lusion and
consists largely of coarser carbenhate, a greenish, almogt
isothropic mineral,possibly chlorite, and a greenish or colour-
less mineral having yellow or grey interfsrence cclours
(wollastonite?) and some ore.

To the east of the Leeuwspruit numcrous outcrops of &

similar limestone occur, and have becn quarriced at one time or

. another. Van Biljon (10,, p.86) quotes the results of a

chemical analysis of the "limestone taken ncar the right bank

of the Leeuwspruit on Zeckoegat'" which contains :

5105 11.35
IJBOS 2.74
e 0 1.76
2 93
FeC 29
Ccao 49,62
Mg0 1.49
H20 (neg.) .02
HZO (pos.) 24
30 » 70
"3
Ti02 trace
P205 .09
MnoO «15
CO2 3167
100.12
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Analyst : (.J.Liebenberg, ¢hmpical Services,

bepartment of Agriculturc, Pretoria.

The quartzites.

A8 regards the quartzites, the author has nothing to
atd to what has alrealCy been sald in thc introduction and in

van Biljon's recent paper (10,pp.10-11).

IV. GENESIS OF THE HYBRID ROCKS,

The author has come tc the conclusion that the hfelsite"

and to a lesser extent, the granophyric quartz-diorite, con-
solidated under special and complex conditions that involved .
both magnatic Gifferentiaticn and assimilation of quartzites,
and possibly som€ limestonc or shale locally.

Bain (23,p.509), in his study of certaln hybrid rocks
of the Sudbury Complex, edncluded that the material assimilate
approachecs the mass of the original nagma itsclft, Bowen

_(24;p.827), quitc rishtly states that "assimilation of such
gagnitude pust assurecly sive uijﬁﬁuse." The present
author will attcmpt to show that/ratlo between clorite and
quartzite is in the region of 3.5 : 6.5 (by weight).

Similar abnormal rocks have been describca hy Daly
(RS, p.R45), from the Lioyie sills. He came to the con-
clusion that assimilation of quartzite accounts for the
abnormalities in the sills;_and points out "that dif feren-
tiation may partially mask the dircct evicence of assinilation

Hall anG du Toit, (26, pp.82-85) came to the con-
clusicon that certain grancphyric rocks ncar the Hartebecst-
poort ﬁam owe their origin to thc assimilaticn of quartzite
and shales by gabbro.

It has 2lready been peinted out that no conclusive
evidence was found in support of the theory put forward by
van Biljon (lo;pp.57, 130, otc.,); in his rccent paper.
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Furthermore, as the granophyric rocks are scen to
grade into "felsitic" varieties across the strike, and ‘as the
former occasionally occur as dykes, it must be concluded that
the "felsites" are also intrusive. In addition 1t nwust be
borne in mind that when the coarse granophyric quartz-diorite
occurs at the base of the sill, it makes up a very small part
of the sill, and it therefore appears unlikely that the
"felsitic" rocks coulé have been changed by emanations from the
granophyric quartz-diorite.

Lombaard (15;p.140), in discussing the origin of
almost identical rocks from the Precmier Mine, states "4S
Gifferentiation in depth proceeded so the generated portions of
the parent magma became more acid, bui the nmixing of the magmas
of various stages rcsulted in hybrid magmas,™

The present author belicves that the mixing of magnas
may have played a ninor rolc, but that the dominating feature
was assimilation going hand in hand with differentiation;
and thus accounting for thc abnormaliies in these hybrid rocks.

The following sequcnce of cvents nay be postulated -
In a gabbroic magma sill in 1ts journcy towards thc surface,
aifferentiation and assimilation of quartzites was taking
place simultaneously. Duc to crystal scttling the basal
part of the sill would be more melanocratic and would contailn
little or no dissolved quartzite, This basal part is
represented by the granophyric quartz-norite (T.95, Table 1,
Column 11),

The middlc rcgions would be more leucocratic and
slightly more contaminated by dissolved quartzite. This
middle region would bc reprcsented by the granophyric quartz-
diorite (T.59, Table 1, Column 111), and Lombaard's "inter-
mcdiate rock" (Table 1, Colurn IV). The top of the sill would
contaln a great deal of dissolved quartzitc in a dioritic

nagma. As will be shown thc ratio of quartzite to diorite
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was probably in thc region of 4:6 or 3:7 (by weight), and
1s represented by the "felsites". (Table II.)

Volatile constituents, which may have aided or hastene
the dissolving of the quartzitcs, and most certainly affected
the alteration of the mincrals in the rock by auto-pneumatolysi
would be concentrated in the uppcr regsions of the sili.

The rock types described above may cither occur as
sills or transgressive sills, eithcr associatcd with cach
other as 1s the case towards Prcmier Minc, or scparatcly as on
Baviaanspoort, Lecuwfontcin and Byncspoort. It is; therefore,
concluded that they represcnt successive intrusions hardly
separated by a time interval.

Tewards the end of the crystallization of this hybrid
magma $fclsite"), the feldspars would finG themsclves out of
equilibrium, ant bc partially or completcly rcplaceda by silica,
acpcndinz on the amount of quartzitc assimilatcd. The
norite is thought to have diffcrentiatcd at lecast as far as
dloritc as the plagioclase in the intcrmediate rocks are andesir

On the advice of Professor Lorbaard, the graph (fig. 1,
was drawn, uslng the Niggli values. By comparing this diagram
(up to si 500) with the typical differcntiation dlasrans from..tr
Bushveld, Pldgeon Post, Duluth, the British Tcrtiary Province,
etc. which arc all fundanentally thc same, very little
similarity is noticed, Taking this and the nicrescopie and
field evidence, alrcady discusscd, into account we may safely
conclude that the "felsitcs" Co not owc their origin to simple
or stralghtforward diffecrcntiation, dut rathcr to the
assimilation cf quartzites. The qucstion now arises as to
how much assimilation and how'auch differentiation actually
took place.

From thc graph (fig. 1) we may conclude that these
"felsites" were not formed by simplc assimilation of a quartzite

by a noritic magna. If this had becn the case then the Niggli
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values of the "fclsite™ would have fallcn on, or near, the

red lines of the graph. Furthermorc, as has already veen

stated, as the plagioclase fcldspars.of the "intcrmediate"

rocks are oftcn andesine it may bc concluded that the magma
Cifferentlated at least as far as diorite or possibly cven

grano-diorite.

It 1s possible to postulate thc composition of the
truc magmatic portion of the "fclsite", as it may be assumed
that the Niggli values of thc "felsite" havce values. somewhcre
between where they would have been had only assimilation taken
place, and where they would have been had only differcntiation
taken place.

It was founG that if in the "felsite'' the ratio
of megma to quartzite was 7 : 3, then the magma would have the

following Niggll values

si = 328
al = 28
n - 36
¢ = 11
alk = 24

These valucs fall into rmclanocratic quartz-
Glorite and compare very favourably with a type of felsite from
the upper zone of the Bushveld Complex which has the following

Nigell values

si = 516
al = 28
i = 32
C = 15
alk - 25

(See Lonbaard, 15, pp.l55 and 161).
It compares 1l€ss favourably with a grano-aiorite frou

ardnunurcman (27, p.430), which has the following values
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si = 336
al = 36
n = 26
C = 14
alk = 24

It is thercfore concluded that the "felsites" are
composed of about 6 or 7 parts of quartz-Gioritc anc 3 or 4
parts of feldspathic quartzite by weight. It can also be
calculated that the postulated nagma fraction would have an
s.g, of 1 2,677, anc that the vclumetric ration between
magma anG quartzite 1s about 26 : 11.5, or roughly specaking
g:1.
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fig. I (for explanation see text)

I. Spotted norite (table I No: 1.)

I1. quartz-bearing granophyric norite (table 1 No: II)

III. Granophyric quartz-diorite (table I, No: III).

IV. "Intermediate" rock from Premier liine (table I, No: IV).

| V. Average of g felsite from Premier Mine and Baviaanspoort
(table II, Nos: II and III).

VI. Average of fire srained feldspathic quartzite from
Leeuwfontein (table III No: 1V.).
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V. . THE LEEUWFONTEIN ALKALI COMPLEX.

General.
The Lecuwfonteln Alkali Complex, the physiography of which

has already been described in thc introduction, covers an
area of about 2.9 squarc miles, the north-south diameter being .
about two and three-eighth miles, and the vast-west dlanmcter
about one and a quarter miles.

The rocks appear to have consolidated in the
following order ;

1. Trachy-andaesites and porphyritic dykes of
syeno-diorite,

2. Syeno-dioritc (whitc syenitc cf Shand) and
dykes of porphyritic sycno-dioritc.

3. Grey soCa-sycnite (included in Shand's
red-sycnite), porphyritic syenitic dykes,
coarse pegmatite, and aplite,

4, Red soda-sycnites, and hostonite dykes.

5. Pyroxznites (and jacupirangitcs).

6. Phonolites.

7. Foyaites and foyaitic Cykes.

8. Urtites and urtitic aykes,

9. lonchiquite dykes.

10. Latc magmatic vapours, containing CaF, and
possibly CaCO., which caused nuch brecgiation.

1. The Trachy~-Andesite Ridges.,

Two prominent trachy-andesite outcrops occur in the
middle of the Ccmplex, the strike is cast-west and the dip,
where measurable, varies from 20° to 29° north. These two
ridges cover an arca of about onc square nilc, and are Cco-
pletely surrounded and cut by dykcs of sycno-diorite (see map),

Two varieties of trachy-andesitc arc found on the
ridge% and thcre appears to ¢ a slight diffcrence in age
between the two. The distinction betwecn thesc two types
is mainly macroscopic. The older and rnore comron variety

consists of sub-parallel phcnocrysts of white feldspar up to
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0.75 cm. long eet in a fine-grained brown-grey groundnass in
which a few small crystals of dark minerals are seen. The rock
weathers to a reddish or light grey colour.

The younger variety is a bé&saltic-looking rock,
weathering black. On fresh fracture the small phenocrysts of
grey feldspar, which are up to 0.5 cm. long, can hardly be
distinguished from the fine-grained dark grey groundmass.

Microscopically these two varieties differ from each
other only in that the older 1s often very weathered, while the
younger is remarkably fresh. The older variety also contains
less alkali-feldspar, and the phenocrysts are seen to consist
of andesine (An 40 * 5) usually having a narrow mantle of
anorthoclase (2Voc = 66°t ). The plagioclase is usually
twinned according to the Albite or Carlsbad laws. The follow-
ing twinning laws.were also noted : Albite-Ala, Pericline and
Albite-Carlsbad. The plagioclase has mantles of alkalli-feldspa
which have serrated edges and vary in width between 0.1 - 0.25
mm., They contzln rmany small inclu-ions of amphibole, ore and
biotite, which range in size from 0.0012 rui. or even smaller to
about 0.025 mun. A few larger inclusions are also found; the
plagioclase contalns very few inclusions. A few spaller an-
-hedral phenocrysts of alkali-feldspar riddled with inclusions ar
seen in the younger variety. The mantles nf alkali-feldspar
may often be absent in the older variety.

The groundmass consists of anhedral alkall-feldspars
(anorthoclase),with an average diameter of 0.06 .. |
andesine may also be present in some cases. In tle older
variety, an olive-green hornblende (probably barkevikite),
biotite and ore are the chief mafic constituents. In the
younger variety pale green augite, identical with that of the
syeno-diorite is more abundant, and is seen to alter into an
olive-green or brown hornble-wde which 1s probably barkevikite.

Ore which often has a mantle of crystalline sphene, 1s more
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plentiful in the younger variety, and usually occurs as
inclusions in the amphibole or pyroxene.

Accessories are quartz, apatite and bilotite. Calclte,
chlorite and zeolites are common alteration products, The
texture 1s trachytic,

The results of an analysis, made by Professor Shand
(8, p.237) and shown in Table IV Column 1, appears to be of the
younger variety, and falls into normal "larvikitish" which
includes the trachy-andesites, according to Niggli's classific-
ation (29, p.364).

Shand, (ibid) has ealled this rock a soda-trachyte
(Pretoria type), and then more recently (30, p.397), a
trachy-andesite,

It is not possible to calculate the mode because the
precise composition of most of the minerals 1s uncertain.

Shand (8, p.238), points out that "alumina probably enters into
all six of the principal minerals; and socés, potash, lime,
magnesia and iron appear in three or fo''r minerals each". The
norm shows olivine but this mincral is not present in the rock;
1t is probably represented by biotite. The following
proportions were ascertained by Shand (ibid):-

ANOrthoClase suiveeessesaees 65 = 70 per cent by volume.

P13€10C1laSEesnvenenrsearaass 12 =15 M 1 " "

Melanes .ieeeeveenesnenenns 20 moon " "
(of which hornblende; say 12 per cent; augite 2% per cent;
biotite 2 per cent; titeno-magnetite 2% per cent; apatite

1 per cent). The anorthoclase contains about 60 per cent

of the albite molecule.

Inclusions in Syeno-Diorite.

Numerous inclusions of trachy-andesite are found in the
syeno- Clorite (see map), thus proving conclusively that the

trachy-andesites a~c¢ older than the syeno-diorite, although
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chemically they are more closely related to the grey soda-

syenites (see graph, figure 2).

Brecclated Variety.

To the west of the trachy-andesite ridge there are
numerous outcrops, often having a brecclated appearance, and
weathering to a brick-red or grey colour. These rocks closely
resemble certain trachytic rocks north of the foyaite plug on
the farm Franspoort.

Mlcroscopically these rocks are seen to consist of
small feldspar laths up to 0.4 mm. long, but usually about half
that size, and showing a distinct flow structure. These laths
are associated with a falr amount of chloritic and carbonatitic
material, the latter velng more abundant in the more intensely
brecciated varieties. Some contain fair amounts of brownish
amphibole., Ore i1s abundant and generally occurs as minute
individuals, although a few larger individuals are found
occasionally. The feldspar laths consist of twinned plagio-
clase and untwinned alkali-feldspar, the latter often having a
reddish colour due to haematite cCust. These rocks which ar
probably the same age as the trachy-andesite described above,
are cut by a composite foyaite dyke (see map).

Chill-Phase of Syeno-Diorite,

Light grey trachytic-looking rocks occur as stringers
in the quartzites at the contact between quartzite and syen-
ite in the north and north-east, and also in the extreme south
of the Complex, Although these rocks have a faint trachytic
texture, they are obviously a chill-phase of the syeno-diorites
or grey soda-syenite, They are intruded by dykes and stringers
of umptekite in the southernmost occurrence.

Pink medium-grained rocks intermedlate between trachy-
andesite’ and syeno-diorite are found immediately south of the

western trachy-andesite ridge. They closely resemble some of
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the numerous syenit&c dykes found in the area, and probably
represent a chill-phase of the syeno-Giorite against the
trachy-andesite,

Amygdaloidal andesitic or trachy-andesitic lavas,
which are not genetically related to the alkali rocks of the

Complex. have already been described in a previous chapter.

The Syeno-Diorite or the White Syenite (4Aker type of Shand)
(8, p. 238).
After the trachy-andesite lava flows had solidified, the

syeno-Ciorite magma welled up towards the surface, and the
trachyte riége is probably nothing more than a large inclusion
in the syeno-diorites, as shown in the vertical section of the
map (see back).

The syeno-aiorites are composed of large tabular soda-
plagioclase crystals, surrounded by a mantle of anorthoclase,
which often has a pink colour. These rocks seldom contain more
than 15% of dark minerals, the most important of which are augite
hornblende, soda-amphibole and bilotite.

There are three main varieties, all very similar, and
the distinction 1s once again chiefly a macroscopic one.

1. The Pink Variety is the most common (sample T204, Table IV)

and covers hy far the largest area marked as syeno-diorite on the
map. The rock 1s composed of plagioclase crystals up to 1 cm.
long and between 1 and 3 mm, wide. They are usually white, but
may have a very pale pink or greenish-grey tint in some
localities. These light coloured plagioclase crystals ar
surrounded by a mantle of pink anorthoclase usually about 1 mm.
wide. Dark minerals occur interstitially to the feldspars.

The plagioclase is andesine (An 35) and the most common
twinning laws are Albite and Carlsbad. The feldspar of the
mantles is a microperthitic alkali-feldspar. with properties

similar to the anorthoclase of the grey-syenite (see Section D).
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The dark minerals are, in order of abundance, a horn-
blende (probably barkevikite), ferroaugite, and a blue soda-
amphibole, Accessories are biotite, quartz, apatite, ore,
sphene and a little zircon. Although the plagioclase 1isS
usually decomposed the rock is fairly fresh on the whole.

The most important alteration products are : chloritic material
carbonate sericite,saugsurite and epidote,

| The pyroxene is ferrocaugite, it 1is usually colourless
but may have & pale green or pink tint indicating the presence
of a little acmite or titanium respectively. The ferroaugite
has the following optical properties:-
2Vy = 50° - 53° Zac = 380 -44° np = 1.712 % 0.005.

The ferroaugite changes into a hornblende (probably
barkevikite) to a greater or lesser degree which has the follow
ing optical properties :
ova = 720+ 2°, zac = 12° - 18° np = 1.690%0.005.
Pleéchroism; light brown to olive-green.

A lavender-blue fibrous amphibole is also present.

It shows almost stralght extinction and is pleochroic from
bright green to light olive-brown. It is usually associlated

with €pldote.,

2. The Grey Variety occurs on the east bank of the Leeuwspruit

200 yards south of the bridge over the spruit. A few
isdlated 5utcrops also occur about 400 yards north of the
middle of the eastern trachyte ridge, no contacts are seen
between thls and the other varieties of alkall-rocks.
Macroscopically this rock differs from the first
variety in that most of the feldspar has a steel-grey colour.
Pink feldspar is less plentiful and it does not always form a
mantle about the plagioclase. Microscapically, however, the
total amount of alkali-feldspar appears to be about the same

as that of the first variety, that is, equal to or slightly les
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than the plagloclase.

The plagioclase 1s again andesine. It is usually very
fresh and the anorthite content varies between 35 and 40, makir
it slishtly more calcic than the pink variety. The most
common twins are again .i\lbite and Carlsbad.

| The alkali-feldspar enclosing the plagioclase crystals
often shows patchy extinction, due no doubt to incompjete

exsolution. JAccurate measurements are, therefore,not easily

14
made.

The alkali-feldspar has the following optical
properties :

2vecz 70% = 29, np = 1.536% ¥0,0023
¥ and pole of (010) are between 4° and 12° apart.
(3 and pole of (001) .re usually about 10° apart.

The properties are similar to that of the perthite oI
the grey soda-syenite which was shown by chemical analysis %o
be an anorthoclase holding about €C;, of the albite molecule,
The soda-syenites are discussed in the next section.

Quartz is usually fairly abundant and individuals are
up to 1.5 mm. in diaﬁeter. The quartz is clear and contains
many minute inclusions. The contact between quartz and
feldspar 1s usually sharp. However, ocecasional intergrv .5
between both types of feldspar and quartz were noticed.

In samples taken from near the Kameelfontein road the
marfic constituents are the same as the first variety except the
blue éoda-amphibole is seldom present. However; in samples
taken from the area north of the prachy—andesite ridge reddieh-
brown blotite 1s the predominatingsand often the only,dark
mineral. It appears to be an alteration product of the
bakevikite.

It is probable that this quartz-bearing, slightly

more calcic variety represents an earlier phase of the syeno-

diorites.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



- 44 -

3. The Melanocbatic Variety 1is found in the Leeuwspruit at the

S9uthern extremity of the Complex. This type differs from the
varieties described asbove in that it may contain up to 307 or
more of dark minerals. Both fypes of feldspar are usually
white, the plagioclase is oligoclase (An 35).

The chief mafic constituent is again a pale green, faint]
pleochroic ferroauglte with a slight pink tint (2vy = 56°,
zac = 380 - 4405 which changes into parkevikite and ore, The
barkevikite has the following optical properties:

ewc= 74° - 800, Zac = 12°%f Pleochroism:
X =z yellow, Y = dark brown, Z = chocolate brown.

Dark brown biotite is also present. A noteworthy
characteristic of this variety 1s the abundance of slightly
purple idiomorphic sphene crystals which often contain small
inclusions of abatite crystals,

As in the other varieties the melanes occur interstit-
1ally to the feldspars, small inclusions of the dark miner-als may
be pfesent in the feldspar especlally in the anorthoclase mantle.

From the results of a chemical analysis of the syeno-
diorite (TableIV sample T204) :nd from the calculation of the
norm which has a hormative ratio of Or : Ab An. of 15.36 :

45,61 : 15.16. 1t 1s obvious that these rocks have a composition
between that of a syenite and diorite. Acoording to the Niggli
Classification (29, p.364) these rocks fall into "maenaitisch"
which 1s a soda-syenite and includes some of the gkcrites, or
"kassaltisch" (an essexite-dGiorite).Shand, influchced by Brogoer's
work in Sweden, has preferred to call these rocks akerites, the
present author, however, prefers. the more self-explanatory name

of syeno-diorite (see Hatch and Wells '31, p.173 etc).

4, TInclusions.

Many inclusions of trachy~andesite are found 1in the
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syeno-diorite and three small inclusions of hybrid rocks like
those described in ‘Chmﬁtcr I1T.

Inclusions vary in size from less than 1" to 30 yards
or more in diameter. .S can be seen from the map these inclusion
decrease in size and number as one goes north from the trachy-
andesite ridge. Unfortunately the arca south of the ridge is
covered by alluvium. The inclusions are essentially the same as
the trachy-angesites of the ridge and, as a rule, are very fredh.
In certain light coloured variecties near the old dynamite
factory to the east of the Complex sulphide ores can be seen in

hand specimens.

. The Soda-Syenites anc Unptekites,

The intrusion of the syeno-diorites were followed by
the emplaccment of a grey soda-syenite with which 1s assoclated
an aplite and an umptekite pegmatite.

A later, brick-red, extremely altered soda-syenite or
umptekite marks the end of the syenitic phase and the start of a
foyaitic one.  For the distribution of these above mentiored
varieties see map.

Outcrops fail ih a tantalising way near the contact
between syeno-diorite and grey soda-syvenite but the author iscf th
opinion that the one grades into the other within a narrow
transition zone of a few yards., The contact between the
unptekite pegmatite and grey soda-syenite is also gradual.

This 1is seen to great advéntage in the bed of the Leeuwspruit
north of the Kameelfontein road. Nc contacts were observed
between the brick-red soda-syenite or umptekite and the grey soda-
syenite but as the two types occur within feet of each other there
is no Goubt in the author's mind that they represent two separate
intrusions. The brick-red variety _appears to be intrusive int-

the pegmatite,
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4 food contact between quartzite and grey soda-syenite
is to be seen in the Leeuwspruit north of the Kameelfontein
road. 4L poorer contact was observed in the bed of a small

sprult 650 vards to the west (See &S&ction F).

1. The Grey Soda-Syenite weathers very much like granite and 1is

an iceal ornemental building stone.  Good specimens are
obtalnable from a quarry situated at a large tor about 250 Yards
South of the Kameelfontein road.

0a the weathered surface thi§rock has a light grey or
lisht-red colour, but on fresh fractufe the feldspar, which 1is
the main constituent, has a very light grey or buff colour. The
rock is leucocratic and consists largely of perthitic anortho-
qlase inG1lviduals up to 1.5 cm long. A narrow 1ll-defined mantl
of pink feldspar surrounds the lighter cores. Microscopically
the only aifference between the mantle and the core 1s that the
pink mantle is more coarsely perthitic and contains a little
hoepatite dust.,

The dark minerals are essentially the same as those of
the syeno-diorite, in that the most abundant mafic constituent
is a hornblende (probably barkevikite) occurins as large subhedral
crystals holaing numerous inclusions of apatite and ore. Ore
is often seen to ungix along the cleavage planes.

The optical properties are as follows :-
2Vc=80°2% ; zZac = 1%k ; np =1.6757.

Pleochroism is from olive-brown to dark chocolate brown.

.ccessories are brown biotite, a little very altered greenish
pyroxene, some blue soda—amphibolépre (titeanomagnetite) apatite,
sphene, sulphide ore (pyrite (?) )} a little quartz and some
purple fluorite., The chief alteration products of the amphibole
are green epidote, calcite, iron oxide an¢ chlorite. The feld-

spar is usually fairly fresh but may be partially altered to the
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normal alteration products of feldspar, including carbonates.
The results of a chemical analysls appears in Tuble IV
dolumh III (T.239). 4ccording to the Niggli classification
(29;p.264) the magma type is "Kassaitisch" (o essexitesdiorite
vhich includes Brouwer's Leeuwfonteinite), cnd had it an fm.
value of 25 instead of 24.25 it would have been "maenaitisch'.
A3 the rock contains anorthoclase and no plagioclase, as is the
case in the syeno-dlorites, it is proposed to call this rock a
soda~syenite so as to differentiate oetween 1t and the syeno-

diorite,

2, The Pegmatitic Phase.

The soda-syenite develops a pegmatitic phase in the
eastern part of the Complex which can be followed for about
1000 wards (Sce rap). Its relationship to the syeno-diorites
is uncertain, bdt 1t is seen to grade into the grey soda«syenite
in the bed of the Leemwspruit to tle north of the Kameel-
fonteiln road. The red soda-=syenite appears to be intrusive
into the pegmatite.

The Permatite 1s composed largely of anorthoclase
crystals which have a distinct sub-parallel orientation with the
(010) faces lying in a vertical plane. Dark minerals which
are very scarce occur elther interstitially to the feldspars or
as minute inclusionstherein.

There are éctually two types of pegmatites, viz;

a) The Pink Variety 1s composed of pink anorthoclase

crystals up to 6" long (See plate VI). The dark

minerals are highly altered and consist largely of biotite,
epidote and chloritic material and carbonates with a

little amphibole and pyroxene visible in some slides. Other
accessories are apatite, ore flworite,,quartz and sphene.

The quartz may be secondary.
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Professor Shand (8, p.241) was able to obtain fresh
materlal by blasting; the results of his analysis appear in

Table, IV, Column IV.

(b) The Lisht Grey variety which outcrops in the Leeuwspruit

south of the bridge has 1lisht grey anorthoclase crystals,
and, in contrast to the pink variety the dark minerals are
beautifully fresh. On the left bank of the spruit the
dark constituents are concentrated in stringers, which
suggest that differential movement took place in the
plastic mass during freezing. (8,p.235) (See plate V).

In these concentrations the dark minerals are usually

set in very fresh anorthoclase, the former making up about
50% or more of the rock.

Pyroxene which is the most abundant dark mineral,
usually has a parallel orilentation and 1s optically similar to
those found in the foyaites. It is a faintly pleochrric pale-
green acgirinc-augite, slightly zonally built, with a dark green
border. It has the following optical properties !

vyt =80% * 2% zacz m°f | np = L2 L .,
which accordins to Winchell (20, p.415) would give this
byroxene a composition of about 63% diopside and 375 acmite.

The pyroxene changes into a hornblende, probably
darkevikite, with the followlng properties :

gwe= 809% 20., zac=20°% ,np 167 £ .,
Pleochroism is from light reddish-bhrown to dark-brown often having
a border of a green amphibole which is pleochroic from green to
brown.

Next in abundance is brown biotite, 1ron ore occurs as
lnclusions in the amphibole and pyroxene and is probably an alter-

ation product of the latter. Apatite and sphene are the most
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important accessories.

In han@specimens a pink mineral can very often be seen
occuring interstitially to the feldspars. In thin section it
1s seen to consist of fibrous zeolites similar to those of the
foyaltes. The red colour may be due to contamination by iron
oxide from the mafic constituents, inclusions of which, as well
as ore and apatite, are found in the zeolites. These clusters
of zeolites which may be up to Z mm., in diameter probably com-
pose less than one percent of the rock. It 1s 1likely that these
zeolites are alteration products of nepheline, and the pegmatite
ray therefore be referred to as an umptekite, as is borne out
by the analysis of the pink variety which incidentally contains

no zeolites but some quartz, which, however, may be secondary.

3. The aplite.

In the north-west of the Complex there 1s a light red,
fine to medium-grained, soda-syenite aplite (see map). It is
intimately assoclatedwith quartzites and quartz breccias and
itself isbrecciated in parts. From field evidence it appears to
be a sill or dyke that has been injected into the quartzites
prior to the emplacement of the brick-red variety described in
the next section.

The rock 1s equigranular and consists largely of
anorthoclase and subordinate andesine laths (An 35) up to 1 mm.
long. 4s the feldspars are usually stained with hematite dust it
1s often difficult to distinguish the plagioclase from the
anorthoclase. '

Although the rock must be described as leucrocratic,
dark minerals are falrly abundant and consist largely of fine
chloritic material, epldote, and a yellowish-red alteration

Whek
product, which may be derived from barkevikitejis plentiful and
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is often assoclated with the chlorite and epidote.  Jccessories
are quartz and apatite.

A few of what appear to be small amygdales, but may
be inclusions of quartzite, are seen and consist largely of
quartz individuals shewing undulose extinction, and are
usually associated with carbonate.

This rock shows a cousinly relationship towards both
the syeno-diorite and the normal grey soda-syenite, and may be
called a soda-syenite aplite to distinguish it from dykes of
darker fine-grained bostonites and porphyritic soda-syenites,

both of which, unlike the aplite, have a marked trachytic texture

4, The Brick-Red Variety is composed largely of brick-red

perthitic anorthoclase crystals up to 2.5. cm. lorig, showing
a distinct parallel orientation with the (010) faces vertical.
Carlsbad twinning can often be recognised in hangépecimens.
Joint planes are often filled with purple fluaQrite. Good
specimens are to be obdbtained from a quarry just south of the
bridge over the spruit. The rock 1s a good ornamental
bullding stone.

North of the foyaite body (see map) it is intensely
brecciated and the brecciation appears to have been of an ex-

plosive. nature. The rather angular fragments of syenite are

cemented together with carbonatitic material.

In thin section the red colour is not as homogeneous
as 1t appears to be in hand specimens and is probably caused
by the breaking up of the unstable ferri-orthoclase molecule.
Stringers ofhiaematite impregnated anorthoclase are usually
parallel to the (Ql0) face,

In this variety the dark minerals are completely

altered to green epidote, chloritic material, carbonate, soda-
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amphlbole and ore. Zeollte clusters are always present and may
occur elther interstitially to the feldspars or as 1nélusions
theréin. Nepheline was not ldentified for certain but it is
quite possihle that it may be represented by the zeolites.

Unfortunately, no alalysis has been made of this rock,
but 1t may, however, be called a soda-syenite, or an umptekite,
depending on 1ts exact chemical composition.

Between the brick-red variety and the pegmatiteﬂthﬁre
1s a finer-grained red Umptekite or soda-syenite which appears
to be a finer phase of the brick-red varlety. South of the
Kameelfontein road in a small waterhole near the quarry this
finer variety 1s seen in contact with, and probably intrusive
into, the pink pegmatite, North of the road, however, it
appears to be intrusive 1into the normal brick-red variety.

This finer variety is also fairlylcucocratic. There 1is
no parallel orlentation of the feldspars which vary in size from
very small to anything up to 3 cm. in length. The feldspars are
very much 1ike those of the brick-red umptekite already described,
however, exsolutlon seems to have been more complete and this
may account for the more normal optical properties, viz:

2vacz 54°+ , nB = 1.530 £ 0.005.

The dark minerals are falrly fresh and similar to
those of the grey pegmatite, The pyroxene 1s slightly greener
and probably contalns a little more of the acmite molecule.

Interstitial to the feldspars there are many Zeollites
probably pseudomorph after nepheline; 1ike those of thé orey

pegmatites they have a redaish tint, and are often assoclated

with carbonate.

4 Detalled Discussion of the Anorthoclase.
The feldspar is elther a crypto or patchy perthite, the
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in textbooks. Furthermore upon consultirig Allingfs tables (52;
p.65) it is seen that an anorthoclase having about 50 = 60
percent of the albite molecule woulc have 2Vo¢ = 740 - 80°,

The seemingly abnormally high refractive index 1s more
difficult to explain, but is probably due to the high albjite -conten

and the presence of some anorthite in the molecule

wb

According to Alling (32,p.66) this mineral
should be called a hyperperthite as this is the term he suggested
for soda-rich anorthoclase. The author, however, proposes to
follow Bellankin (quoted by Alling 32, p.66) by simply calling this
mineral perthitic soda-anorthoclase.

Mr. Game (personal coimmnicationd of the British Museum,
has recently 1nvestigdted an anorthoclase from Central Nigeria whicl
is very similar to the anorthoclase described above. It has the
following properties : 2va = 52°8 O, nﬁ = 1.5349. The angle
between pole of (100) and 0L = 80; and that between pole of (010)
andé% - 59, On cleavage fragments the extinctlon of (001) on
(010) = 5.9° 0.8°.

9°, and of (010) on (001) = A part of Mr.

Game's analysis 1s subjoined;

Cal 1.50

13.55

This feldspar from Nigeria differs from that of Leeuwfontein in that
it 1s not perthitic and is polysynthetically twinned. It 1s v ery

fresh .

The Contact between guartzite and Soda-syenlite.

The only good contact 1s in the Leeuwspruit north of the

Kameelfontein road (see map) «inere a very good contact 1s seen
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between a pinkish phase of the grey soda-syenite aﬁd quartzite
(see Plate VIII).

The syenite forms a narrow dark grey chill zZone which
consists of small fresh perthitic feldspars usually about 1 mm.
in diameter interstitial to which there 1s a little pyroxene,
biptite; amphibole, ore and quartz.

The contact between this chill zone and the syenite 1s
rather abrupt; little stringers of coarser grey soda-syenite
cut this chill zone.

The contact between the chill zone and quartzite is not
easilly pinpointed and seems to be rather vague.

The quartzite immedlately next to, and up to 25 yards
away from the contact 1s highly altered and in some cases may
contain more than 50% of added material in the form of
feldspar, micropegmatite; pyroxene, amphibole and ore.

Similar altered quartzites are found a little further north in

the Leeuwspruit and have already been described.

Foyaltes, Urtites and Related Rocks.

—ee

1. General: The main foyaite-urtite body (see map) lies above

the Kanmeelfontein road and 1s elonagted in a north-south
direction. It measures about 1000 yards by 300 yards. The
urtites outcrop in the northern half of the body, which 1s
bordered on the south, east and north by red soda-syenite whereas
on the west it is bordered by the grey'éoda;sycnite. Only one
poor contact was found in the north-east of the body, for the res
the actual junction is obscured hy overburden,

The foyaites and urtiteés hold numerous inclusions of
jacupirangite (plensarite) and phonolite as well as being cut

oy numerous foyaltic and urtitic dykes.
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Brouver (6, p.37 - 76) in his study of .outh .frican
alkaline rocks devotes no less than 39 pages to tﬁe foyaites
of Leeuwfonteiﬁ and describes then under the fbllowing head-
ints :~ aegirine~foyailte, aegirine-amphibole foyalite,
pienaarite (jacupirangite) and tawite (sodalite rock).

Shanad (8; p.242) states that "The distinction of
aegirine-foyaite from acgirineamphibole foyalte is rather a
Gistinction of handspeciriens than one of rock facies."
Furthermore he iaintains that the body consists of a "single
outcrop of aegirine-foyaite in which sodalite and blue soda-
anphibole are variable constituents."

Shand (1bid) also states thatréidspathoids do predomin-
ate in soie varleties, it is these varieties that the author
proposes calling urtites, and it would include Brouwer's soda-
lite-rich aeginminefovaite (see column VI, Table V).

The name pienaarite for certain pyroxene rich inclusions
has been considered uncalled for by Shand (B, p.244) and he

proposes the teri: jacupirangite for these rocks.

2. The Fovaltes occur in the southern and northern portion

of the area marked foyaites and urtites on the map. . small
outcrop; a few paces in dianeter, 1s found 1in the red syenite
on the west bank of the Leeuwspruit just north of the bridge,
The maln constituent is tavbular crystals of perthitic anortho-
clase varying in length from a few mm. to avout 5 cm. with an
average of about 2.5 cil. The feldspars usually have a
parallel orientation with the(010) faces fertical. Subordinate
nminerals are nepheline, sodalite, pyroxene, auphibole, sphene
and ore all of which occur in varying amounts.

Most varietiles are nore or less equlgsranular come,

however, are slightly porphyritic having phenocrvsts of anortho-
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clase and nepheline set in a fine-grained groundmass of small
laths of anorthoclaée and albite along with sodalite sphene
and the usual accessoriles. |
The anorthoclase 1is very similar to that of the light

grey umpteklte pegmatite, . The crystals are twinned according
to the Carlsbad law; the composition plane 1is usually irregular.
The perthite is both patchy and crypto and the optical proper-
ties are as follows :

2ve = 760t 20

ingle between (001) and f = o° - 120

Aangle between (010) and f °

o° - 2°.
n? = 1.528 % 0.002. Extinction on cleavage fragments
are the sane a@s those of the pegnatite.

Thus the anorthoclase probably has about the same con-
position as that of the syenites. The refractive index 1s
more normal; thils may be Gue to a smaller percentage of
anorthite or albite molecules.

The nuepheline, which is often zonally built, may have a
reddish stain and occurs 1nterstitially)and more rarely as in-
clusions, in the feldspar. The crystals are usually idio-
morphic and vary in diameter from less than 0.5 mm. to about
1.5 cm. The nepheline may alter to fibrous zeolites along
cracks anua cleavages, 1n sone specimens the nepheline has
been completely altered to Zeolites which are often associated
with a little carbonate.

The zeolites are either light grey or colourless and .
have yellow, blue or red interference colours. They may be
elther length fast or length slow. They have a small 2%%-
and probably belonz to the natrolite group of zeolites.

Another alteration product 1s colourless in ordinary

light and has a pale yellow interference colour. It 1is uniaxial
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positive and not fiberous. This is probably what Brouwer (6;
p.61) calls hydronephelite.  Dana (34, p.657), however; states
that hydronephelite 1s a mixture of natrolite, hydrargillite amd
dlaspore. Hyvdronephelite is not mentioned in Winchell's
Elements of Optical Mineralogy (1950). Rogers and Kerr (35;
p.254), however, state that it is an alteration product of
nepheline, but apart from saylns that 1t 1s closely related to
cancranite, they give no description of it.  Winchell (20,
p.354) states that cancranite nay be positive or negative (Rozer
and Kerr give it only as positive) and it therefore seers
possible that hydronephelite 1s now considered as a variety

of cancranite.

The sodalite crystals are seldom as large as those of
nepheline and are almost always 1diomorphic. They occur either
as inclusions, or interstitially to the feldspars and
nepheline, The sodalite 1s often very fresh and seems 1e€ss
susceptivle to alteration than the nepheline. In other varietie:
again 1t 1s almost completely altered to zeolltes.

In handspecinens the sodalite has a grey colour with a
vitreous lustre, Under the nicroscope the fresh sodalite is
seen to hold many minute inclusions giving the sodalite a
creenlsh tint under low ma~nification.

The inclusions are often arranged in zones parallel to the
crystal sides. In some cases, however, the inclusions form a
maze usually confined to the centre of the individual. The
aeglrineauglite crystals are often zorally built, and the outer
zZones holc many small inclusions of nepheline; feldspar and
soaalite.  Because of disperslon of' the optic axis in white
light the following properties were ascertained in sodium light.

2V= 807t , Zac =80°% , n@g =1.76
Pleochrism:X ererald. Y‘olive—green.; Z olive- brown
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These properties indicate an aegirine-augite holding 70 or 82
percent of the acmite molecule (20, p. 414).

The amphibole seems to hawe been formed entirely by
transformation og aegirine-augite.* The soda-amphlbole has the
following properties (determined in yellow light because of
dispersion) 2vie = 54 1. i ZAC = 400; no = 1.665 b 0.004
Pleochroism: X = brown-green; Y = blue-green; Z = green-
brown. Brouwer (6: p.él) calls this arfvedsonite but it is
probably kataphorite Which;.nowever; lies in the arfvedsonite
series (20; p. 440).‘ ,

Accessories are sphene (often idiomorphic) apatite;

biotite, titanomagnetite, and purple fluorite.

The only available analysis is obviously faulty (Table
4, Colum 5). _

Shend (8',‘ p.é43) made the following measurements on the
weathered surface of one of the "course-grained; sodalite-rich
foyaites":- Nepheline (and sodalite) 45 volumes percent:

Feldspar 46 " "

Acgirine (and soda-
amphibole) 9 " n

According to measurements made by the present author feldspath-
olds usually made up between 30 and 40 percent and in some

cases as low as 10 percent by volume of the rock.

3. The Urtites,
The urtites occur in the central portion of the outcrop

of alkaline rocks. There are many local variations, and
contacts between urtite and foyaite may be either sharp or
gradual,

The urtites are very coarse-grained rocks; the chief
constituent being large i1dlomorphic nepheline crystals up to
1 en. in dlameter with subordinate anorthoclase; sodalite and

pyroxene. Accessories are sphene and fluorite,
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The feldspar is interstitial to the nepheline and
contains many sodalite inclusions as well as a few of
nepheline., The pyroxene is interstitial to all other
constituents as a rule; but smaller crystals occasicnally may
be found as incluslons in the anorthoslase

The order of crystallizéiion was as follows : sodalite,
nepheline, feldspar, pyroxene,

The nepheline crvstals that are still fairly fresh have &
grey colour with a vitreous lustre on fresh fracture,

Those trat have been largely altered to zeolltes have a dull
red colour. The zeolites have the same properties as those
descrived under the foyaltes, they are often associated with a
little carbonate.

The pyroxene and accessories are remarkably fresh as a
rule. They are the same as those of the foyaltes.

Brouwer's sodalite-rich aegirine~foyaite (see Table
IV Colunn VI) is a typical urtite. The followlng results were
obtained on a Shand integrating stage (reasurcmentson a finer-

srained faciles),

Sample No: 1. Sample No: 2.
Nevheline 53 volumes percent 30 volumes percent.
Sodalite 13 " n %8 " "
Total feldspatholds 66 " " 68 " "
Feldspar 30 " " <5 " n
Dark minerals 4 " " 7 " n

4, Structures Due to Differential Movement in the Plastic Mass.

In the south of the foyalte outcrop there 1s a marked
banding in the foyaltes very simllar to those found in the
grey soda-syenite pegmatite. This banding 1s in a north-
south direction and all minerals have a very marked parallel

orlentation, This concentration of melares gives the more
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melanacratic zones a composition similar to that of the jacu~

pirangite inclusions described below,

5., Inclusions.

Inclusions of Jjacupirangite and phonollte are rather
common in the foyaites and may be angular or rounded blocks of
varying sizes, which have often been partially digested by the
foyaltic magma., R
(&) Phonolite incluslons are fairly common and two of the larger
ones, measuring about 25 yards in dlameter, are shown on the map.
These 1nclusions are almost identical to a phonolite from
Leeuwkrasl 21 miles to the north (see smsller map) and describec
by. Shand (¢, p.91).

These incluslions must represent a lava flow which took
place after the syenites were emplaced, but before the foyait es
erupted. They therefore would have a composition intermediate
to the syenites and foyaltes., This is borne out by the chemical
analysis of the phonolite from Leeuwkraal done by Professor Shanc

The phonolite from Leeuwfontein is a dark grey.rock with
numerous phenocrysts of perthitic anorthoclase, up to 2 or more
cm. long and usually twinned according to the Carlsbad 1aw. The
anorthoclase crystals have serrated edges and contain many small
inclusions of 1liquid or glass, sodalite, pyroxene, amphibole and,
ore assoclated with sphene. These inclusions are more abundant
towards the outer rim.

The groundmass consists mainly of smaller perthitic anortho
clase individuals varylng between 1 and 0.2 mm. in diameter.
Sodalite; aegirh@ﬁugite; soda-amphibole, ore and sphene are als
fcund in the groundmass. Nepheline was not ldentified for cet-
tain, Shand (B;p.244) aid a quantitgtive test for chlorine and
found 1t to be 0.36 percenﬁ%corresponding to 5 percent of soda-
lite in the rock. |
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according to Shand (ibid) this rock is so decidedly under-

saturated that 1t must be called a sodalite-phonolite.

(b) Jacupirangite.

A few small ill-defined inclusilons, seldom nore than
a foot in dlameter are found in the southern part of the
foyaite bocy. These inclusions probably represent an alkilise
phase of the pyroxenite which outcrops on the egst side of the
Complex and 1s described in the next section.

The Jacupirangite is a heavy black rock holcing about
75 percent of melanes often having a parallel orientatior
The main constituent is veautifully fresh pale green pyroxene;
followed by ilmenite and 1dlomorphic sphene crystals, each of
which exceedsten per cent. .J.patite and magnetic iron ore are
also conspicious.

The melanes are set in a groundmass of falrly fresh
nepheline and anorthoclase., .. little sodalite and purple
fluorite may also be present.

The pyroxene i§ zonally bullt, with the cores having a
light green colour and the borders a grass-green colour. It
is only slightly pleochroic. The cores have the followlng
properties :-

zwy=em@-6¢% Zre = 46° - 50% np = 1.7RY.
The borders have the following properties:-
2Up = 94°%; Zac = 75°F 5 np= S 1,725.

some green vorders, however, are very narrow ana differ
only slightly from the core.

These properties inaicate the following composition

(20, p.415):
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cores. Border.
Hedenbergite  (CaFe) 5O percent ——
Diopside (CaligFe) 40 v 40 percent
acnite (Nake): 10 " 60 percent
Brouwer (6;p.45) has called this rock a pienaarite,
the results of an analysis appear in Table IV, Column VII.
Shand (B;p.244) considered the name plenaarite uncallec

for and proposed the term sodalite-bearing jacupirangite.

The Pyroxernlte Body,

A pyroxeﬁite body an the east side of the Complex
(see map) is rather ill-defined and outcrops are poor. It is a
heavy black banded rock and consists almost entirely of pyroxene
and 1its alteration products. '

The broader bands consist almost entirely of fresh,
anhedral, slightly 2Zonally bullt light green pyvroxene crystals.

The narrower vands consist of finer pvroxene that has
been almost completely altered to amphibole)ore and other alter-
ation products. 4 little apatite ore and sphene are also
present. Feldspatholds and feldspar were not identified for
certain.

The pyroxene 1s very similar to that of the Jacuplrangit
the slightly greener boarders)however)differ only very slightly
from the cores.

The pyroxerie has the following properties:
RVp = 62%; Zac=52* ; nf = 1.725 T 0.005.

The chemical composition would therefore be the same
as the lighter coloured cores of the jacupirangite.

The origin of the pyroxinite and Jacupiranglte is dis-

cussed in Chapter VII. Section A.

1. The Last Phase of the Eruption.
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Mlcroscoplically this rock resembles the trachy-andesite
but 1t 1s impossible to say whether it is related to the trachy-
andesite or the syeno-diorite as it 1s never seen to cut either
of the two.

The plagioclase is andesine (4in 35 - 42) and in most
specimens is almost completely altered to the usual alteration
products. The plagioclase crystals are often rounced at the
extremities and the edges are usually serrated. Occasionally
a very narrow band of alkali-feldspar may surround the plagio-
clase phenocrysts.

The groundmass consists of small laths of twinned or un-
twinned anorthoclase. Plagioclase occurs in subordinate amounts
o little ferro-auglite, which may in some cases be almost com-
pletely altered to amphibole or chlorite and other alteration
products, 1s also present, accessories are apatite and some
primary ore.

These rocks may be called syeno-diorite porphyries and
are genetically related to elther the syeno-dloritesor trachy-
andesites (8;p.245). ‘

(b) The Soda-Syenite types are the most common in the Complex

itself. The best outcrops are found in the Leeuwsprult and to
the north of the eastern trachyte ridge where one could be
followed for almost 200 yards (see map).

These rocks are the freshest of all the dyke rocks and
consist of phenocrysts of pale grey feldspar 1 or 2 cm. long and
set in a bright red, fine-grained base.

The phenocrysts consist of anorthoclase which has
serrated edges and holds many small inclusions of dark minerals.
These large anorthoclase crystals often have small cores of
plagioclase.

The groundmass consists largely of coarsely perthitic
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anorthoclase containing much haematite dust and having an
average dlameter of about 0.1 or 0.2 mm,

The dark minerals are the same as}%he more common type

of syeno-diorite that is slightly green ferro-augite (zvyxz 54

ZAC = 4é%f ) largely altered to a greenish amphibole)possib
ly barkivikite)as well as biotite and ore. Accessories are.
apatite and sphene.

Shand (8, p.R245) has noted the similarity between
certain Pllansberg dykes from Bank and those described above,

Shand (1bld) calls these rocks akerite-porphyries but as
they contaln so little plagioclase it would appear more correct
to call them soda-syenite porphyries. As these dykes are
only seen to cut the syeno~diorite and trachy-andesite and not
the soda-syenites it may be concluded that they are later than
the syeno-~diorites, but earlier than the soda-syenites.

The ratio of phenocrysts to groundmass varles con-
slderably. In some cases the phenocrysts may be packed so
close together that the rock resembles the syeno-diorilte or soda
syenite; 1in others agaln the phenocrysts may be sparsely
scattered throughout the groundmass. In some localities small
stringers composed entirely of material 1ike that of the

groundmass are seen to cut the dykes described gbeve.

(2) Bostonites.

Dirty brick-red, fine-grained, soda-syenitic dykes are
abundant throughout the Complex (for their distribution see
map). Outcrops are good but mostly unfresh and the width is
seldom more than a few feet, Good contgcts are not uncommon.

The bostonites cut all rock types except the foyaltes
and are genetically related to the red soda syenite,
Microscopically the rock 1s seen to consist of small

anorthoclase laths from 0.4 to 1.4 mm. by about 0.1 mm. set in

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



- 87 -

a groundmass composed of smaller laths. The feldspar has a red
tint due to haematite dust.

The rock contains much finely dissemninated ore, a reddish
or yellowish-brown alteration proauct possibly of a pyroxene or
amphibole, as well as chloritic material, epidote and much carbon-
ate. The texture is trachytic,

Some of these rocks, however, are not typical bostonites
as they contain a fair amount of dark minerals, whereas the typical
bostonite from Boston, U.S..., contains only 5.9 percent total iror
and magnesia. These rocks, however, are still leucocratic and the
name bostonite (proposed by Shand 8, p.245), therefore, seems the
most sultable, especially as it helps to distinguish them from the
coarser grained porphyritic varieties on one hand; and the aplite
on the other hand.

A variety Jjust west of the western t rachy-andesite ridge
contains a falr amount of guartz and can be called a quartz-

tostonite.

3. Foyaites.

There are three main foyaite dykes in the area:-~
(a) A composite dyke 2% miles long.
(b) A 350 yar¢ dyke of tinguaite.
(c) A small dyke in the south of the foyaite body.

(a) A Composite Foyaite Dyke runs from the western side of

the Leeuwfontein Complex to south of the Mo quartzites, a distance
of about 2% miles (see map).

Parts of this dyke were mapped by Shand (8, p.245) who also
gave a short description of 1it. Hall (4; p.83) has also remarked
on its unusual appearance. Van Biljon's (10) mapping of it is
incorrect.

This dyke consists of two phases; an earlier and coarser

foyalte 1nto which was intruded a later and finer-grained varilety.
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This intrusive nature 1s not always evident and sometimes only
the one or the other variety 1s seen in outcrops.

The coarser variety is much more abundant and is rather
variable 1in appearance. It 1s composed of stellate groups of
tabular feldspars up to 1 cm. in length and having either a red o
white colour. These stellate feldspar groups are set in a fine-
gral grained chocolate coloured base in which small pseudomorphs
after nepheline can be seen;

The finer gralned variety has a brownish-red colour; and
i1s essentially the same as the coarser type; the feldspars are
between 1 and 2 mm. in length. '

The feldspar 1s anhedral perthitic anorthoclase; often
simply twinned and containing small inclusions of dark minerals;
mostly aegirine-augite.

The chocolate coloured base 1s composed of smaller anorthc
clase 1nd1v1duals; alteration products of nepheline; small
ldiomorphic aegirine-augite crystals and a remarkable quantity of
little wedges of sphene,

The nepheline has been completely altered to colourleso
zeolites possibly of the natrolite group, (2V5K~’“ 59 *’,‘n[?==
1.490 £ 0.005) imterference colours are white or pale yellow). Son
‘sections have an opaque or semi-opaque alteration product of
nepheline,

The aegirine-augite occurs as ldiomorphie crystals as a
rule; bup sometimes may be arranged 1in stellate fibres. Its optic
properties are identieal to those of the foyaites of the Complex.

The pyroxene may change into a little blue soda-amphibole and ore.

(b) «# Tinguaite Dyke was found in the north of the foyaite body.

Shand (8, plate XIII) has mapped 1t as bostonite but he does
describe a tinguaite (8, p. 246) from the north of the body which

appears to be the same rock.
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This dyke 1is about 350 vards long and only a few feet
wide. It has a red or greenish colour, with a few grey pheno-
crysts of grey feldspar and many little spots of reddened
nepheline. The dykes are falrly fresh in places and consist of
feldspar laths between 0,035 and 3 mm. in length and aegirinéaugi
needlgs up to about 0.4 mm. long and mlcaceous nepheline pseudo=-
morphs. The feldspar and the pyroxene have a rudely parallel
orientatioh and a faint flow structure, hence the name tinguaite.

Accessories are a little secondary blue soda-amphibole, ore and

purple fluorite.

(c) & Fine-Grained Foyvaite dyke is found in the south of the

foyaite body and except for the fact that it is finer grained

it is identical to the foyaites which it cuts,

Monchiquites (?).

Numerous small cykes, of what may be called monchiguites
are found in the Leeuwspruif just north of the Leeuwfonteln
Complex (see map). They are intrusive into the quartzites and

appear to have intruded after the quartzites were brecclated

These rocks consist of a few 1ll-Gefined phenocrysts
ofi (a) ncpheline pseudomorphs composed of zeolites, carbonate,
chlorite and other alteration products, and (b) fairly fresh
aegirideaugite. These phenocrysts are set in an almost black
groundmass which is composed of highly altered aegirinefugite anc
feldspar. Zeolites are also present and may be an alteration
product of nepheline.

Other highly altered melanocratic dyke rocks occur near
the fluorite horizon, but as the rocks:are so highly altered their
original composition is rather uncertain. They are ®arse-
grained rocks and consist of large dark phenocrysts which may
be pseudomorphs after aeglrii?hgite and are composed of chlorltic

material, carbonate and soda-amphibole. These phenocrysts are
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set in a reddish fine-grained groundmass consisting of the

usual alteration products of feldspar and feldspathoids.

(5) 1Ijolites.,
(a) A Jacupirangite dyke only a few feet long occurs on
Zeekoegat in the urtites of the Complex. It is almost completely

bbscured by long grass and thorn trees. Macroscipally it does
not resemble the jacupirangite inclusions, It is a fine-grained
greenish-black rock with numerous phenocrysts of falrly fresh
light red nepheline crystals; as well as a few clusters of white
anorthoclase and dark green aegirine-augite crystals set in a
greenish-black groundmass composed of small zZonally built
allotriomorphic aegirine-cugite crystals; blue soda-amphibole
(an alteration product of aegirine-augité) nephgline; sodalite
fluorite and calcite. There 1is a possibility that this outcrop
may be an inclusion and not a dyke. ‘

(b) An Urtite dyke; which except for its finer grain, is
exactly the same as the urtite which it cuts. It is largely com-
posed of nepheline pseudomorphs with subordinate amounts of perth:

tic anorthoclase and needles of aegirine-auglte.

(6) Carbonatites.
It has already been stated that the intrusive limestone

shown in Plate VII 1s probably a mobilised sedimentary 1mmestone.
However, just north of the area investigated tiiwerw Dr, Truter
has found a small carbonatite dyke which may be related to

the alkaline rocks.

VI, ALK.LI ROCKS OF THE FRANSPOORT AREA.
For a general description of the area see the Introductior

4. The Pranspoort Foyaite Plug.

1. Foyaite., The foyalte plug is intrusive into
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the Magalliesberg cuartzltes aﬁd shales, The actual outcrop
nmeasures aoout three-quart§rs of a mile by one-third of a
mile with a distinct north—east/ south-west elongation.

As the southern part of the plug is covered by alluvium
the southern boundary 1s rather uncertain. However, owing
to the presence of a few 1ll-Cefined outcrops of quartzite
just north of the Cullinan road (sse map) there is some
doubt as to whether the foyalte actually extends as far as the
road as was claimed by Shand (9, p.83).

On the northern side of the plug the contact between
lavas and foyaltescan be drawn in with a falr amount of
accuracy as they often outcrop within a few feet of each other
No contacts were seen but it is falrly certaln that the foyalt
are younger than the lavas.

There 1s very 1little to add to Shand's description of
the foyaites (9, pp.84 - 86) which he describes as "a light
greyv rock of medium-grain composed of white feldspar laths
averaginé 5 mm. in length with grey nepheline crystals (1 to
3 mm.), small black aegirine prisms, and occasional gralns of
purple fluorite."

Shand (ibid) calls the feldspar microperthite but
accoraing to its optical properties 1t holds almost equal
quantities of orthoclase and albite, 1t therefore seems more
correct to use the term perthitic anorthoclase. The feldspar
1s similar to that found in rocks from Leeuwfontein and it is
almost always twinned according to the Carlsbad law and has the

followlng optical properties:

2V =« 72°%
The angle between pole of (OOl)aan = 120 - 14°
n " " moon o (100) "X = 14° - 20°
= OO - 40

" ] " " " (OlO) n/
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For further detalls as regards the petrology of the foyalte
see Shand (9,p.84). The results of Shand's analysis appear
in Table V Column I.

A melanocratic phase of the foyaite, not noticed by
Shand, occurs to the west of the Franspoort-Leeuwfontein road.
It contalns a large amount of greenish-brown hornblende (barke
vikite), and large idiomorpiric sphene cryétals. Feldspathoids
are less abundant than in the more common variety of foyaite,

No pyroxene was observed.

Inclusions,

There are numerous dark inclusions in the foyaite. The)
are usually an inch or less in dlameter and are more abundant
on the northern side of the plug where a few larger ones up to
almost a foot in diameter were found.

(1) The smaller inclusions are made up as follows .

An outer rim composed of small blotite flakes and a little
auglte, which surrounds a larger core composed of chlorite,
serpentine and other alteration products. Usually a 1ittl
fluorite 1s also present. The core of these inclusions

is simllar to the groundmass of the NMonchiquite dykes
described in the next section.

(11) The larger inclusions of 1jolite are composed of roughly
equal quantities of light coloured silicates (feldspar and
feldspathoids) and dark minerals (barkevikite, aegirinegugl
biotite an¢ sphene). In some cases barkevikite, which
1s an alteration product of aegeri@mlgite;is the most
abundant mafic constituent. In others, which are usually
more leucocratic, zonally buillt aegiriﬁéauglte is the pre-
dominaht dark mineral. The aegirirﬁ}aauglte and barkevikite

are subhedral and have an average diameter of about 0.18 mii
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1)

These inclusions probably originated in a similar way to

the jacupirangiteé of Leeuwfontein.

3. Dyke ROCKS.

=

A reddish foyalte dyke is intrusive into the margin of ti
foyalte near the. west bank of the Leeuwspruit. For a detaile
description of this dyke see (9;p.86).

A smaller dyke (about 20 yards in length and only about

one foot wide) was found on the northern side of the plug.
It 1s a fine-grained leucocratic foyalte and petrographically
it is identical to the foyaite which it cuts.

A poor outcrop of a syenitic dyke 1s found on the west
dank of the Leeuwsprult at the northern extremity of the
foyaite plug (see nap). It is a grey medium—grained.rock
consisting of a mosaic of'alkali-feldspar crystals with plagic
clase cores. Set in this groundmass are abundant slightl&
pink idiomorphidferrosalite or ferroauglte crystals which have
an average dlameter of about 0.5 mm., and whlch are seen to
alter to amphibole and chlorite. rAccessories are apaiite,
which occurs &s lnclusions in the pyroxene, and ore which
often has mantles of crystaline sphene. dnterstitial zeolite
are abundant and they may be pseucomorphs after nepheline
although feldsp&tnolds were nct identified. This rock is ver
much the same as certaln dyke rocks further north that cut the

northern foyalte occurrence.,

Lavas North of the Foyalte Plug.

Before describing the fovaites further north it is
proposed to examine the lavas anC dykes immediately north of %
foyalte plug described above; so that this area can be cdealt
with as an entity. Lavas which outcrop just north of the

foyaite plug were noticed by Shand (9, p.87) who described
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them'as "soda-trachytes anc phonolites closely related to the
soda-trachyte of Leeuwfontein." Van Biljon (10; p.34)
regards them as altered shales.

There are two distinct types of lava in this area. The
earlier(?) phase, which is by far the most abundant, is fed
by dykes of syeno-dleorite while a second, and later; phase
seems to be fed by monchiquite dykes.

Most of the lavas have a brecclated appearance; probably
due to the lava being rather viscous or ropey. Near an old
kraal 400 yards north of the foyalte plug the lava holds in-
clusions of quartzite. Near this kraal Shand(9, p.84) found
a prospecting pit which showed qguartzite again. The fact that
quartzites are found in the prospecting pit, and in the bed
of the Leeuwsprult, indlcates that lavas form only a very
thin crust above the quartzites and shales today.

These lavas are all obviously older than the foyaltes and
are probably genetically related to the trachy-andesites from
Leeuwfontein (9;p.87).

(1.) The Darker Variety.

Small intermittent outcrops of a black lava occur (1)
to the east of the Franspoort-Leeuwfontein road, and (ii) on
the west bank of the Leeuwspruit in the s uth-east corner of th
main lava outsrop which occurs immediately north of the foyalte
plug (see map).

(1) Those occuring in the area to the east of the
Franspoort-Lecuwfontein road have a flinty appearance, are
extremely fine-grained anc are composed of blotite or horn-
blende and some feldspar laths set in a fine-grained partly
isotraépic grouncmass. The rock has a distinct trachy-
.tic texture, it also holds numerous small amygdales of carbona
and chloride.

(ii) Further to the east on the west bank of the Leeuw-

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



- 75 -

spruit a similar lava 1s seen to hold a few prenocrysts of
pyroxene pseudomorphs, as well as a few amygdales composed of
quartz, carbonate, chlorite and serpentine (?). The groundmass
consists of small feldspar laths up to 0.2 mm X O.bz e
Intcrstitial to the feldspar laths and making up about one-
third of the groundmass there is much ore (iron oxide) as well
as some chloritic material. A few larger gralns of a sulphide
ore can be recognised in hand specimens.

These lavas; especlally those near the spruit; are cut
by monchiquite dykes which appear to have acted as feeders to

the lava,

(2). The Lighter Variety constitutes almost the whole of the

area marked trachy-andeslte immediately north of the foyaite
plug. It is intimately associated with type (1) in the south
of the area. Macrossopically it is rather variable, it may have
either a reddish colour (usually the case in the brecciated
varieties) or it may be grey. The rock has a pitted surface
due to differential weathering.

Microscopically this varlety 1is seen to conslst of abun-
dant polysynthetically twinned plagloclase (ollgoclase to
andesine) laths about 2 mm. in length, and subordinate anortho-
clase. Interstitial to the feldspars, which are often very
altered, there are numerous small crystals of amphibole (barke-
vikite(?) ) together with some rounded grains of green pyroxene.
Ore 1is abundant with sphene and apatite present in small amounts.
Some varieties are slightly porphyritic and have small plagio-
clase phenocrysts. Carbonate is abundant, especlally 1in the
brecclated varieties. The dark minerals often show a tendency

to occur in clusters, As nelther feldspatholds nor quartz were
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ldentified the rock may be called a trachy-andesite.
These lavas are cut by numerous Gykes of syeno-Clorite

which acted as feeders to the lava (see map).

(3) Dvke Rocks.

A4S has already been mentioned, numerous dykes are seen

to cut the lavas,
(a) Monchiquite Dvkes. Certain dykes termed monchiquites

by Shand (2, p.86) are found on the west bank of the Leecuw-
spruit north of the foyaite plug. It 1s a dense black rock
with ferroaugite phenocrysts up to 1 cm. in dlameter. It
weathers to a reddish-brown colour and little grains of
magnetite are seen to s$and out on the weathered surface.
spart from the auglte the only other primary constituent pres-
ent in any quantity 1s magnetite; 1t forms irregularly shaped
grains up to 1 mm, in diameter, which are often enclosed in

the ferroaugite. The groundmass of the rock is full of mag-
netite dust, serpentine; chlorite and other decomposition
products, so that its original nature 1s not easily determin-
able, 1n parts a little feldspar 1s present. The ferrocaugite
which may alter along cracks to chloritic material with the
exsolution of a little ore 1is almost colourless and not
pleochroic, it may sometimes have a falnt pink colour, It has
the following optical properties:

av p oz a8’ 2°
ZAc = 45°%; nff = 1.705% 0.003.

These properties indicate a composition of hedenbergitezz)
dlopside yg, clinoenstatite 5o and clinorerrosilitezz (20, p.
408).

(b) Syeno-Diorite Dykes are by far the most common dyke rocks

and they closely resemble the syeno-Giorite Cykes from Leeuw-

fontein. Scores of these dykes were found in the lavas
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immediately north of the Franspoort foyalte plug (see map).
They vary in length from a mere outcrop of a yard or less to
about 200 yards in iength and are seldom wlder than a yard or
two. They are seen to.grade into the darker finer grained
trachy-andesites and no doubt acted as feeders to the lavas.

Two sills were also found outside the area marked as
trachy-andesite on the map, they are situated in the Leeuwsprui
one north and one south of the foyaite plug (see map).

Microscopically these rocks are seen to consist of grey
or pinkish tabular phenocrysts of plagioélase up to about 1 cm.
in length set in a light red or grey groundmass.

The plagioclase 1s polysynthetically twinned andesine
(An 42 - 47) and usually twinned according to the .lbite and
Carlsbad laws, 1t 1s often almost completely altered to the
usual alteration products. In some slides the andesine has a
very narrow mantle of alkali-feldspar. In the two sills
mentioned above a few phenocrysts of altered anorthoclase were
found.

The groundmass consists of small laths of reddish feld~
spar (probably an alkali-feldspar) seldom more than 0.4 mm, long
and 0.003 mm. wide and a fair amounf of finely disseminated
carbonate; chlorite; ore; as well as some brown amphibole and
greenish pyroxene, Some of the larger ore crystals have maentles
of crystalline sphene,

Clusters of zeolites were seen in some slides and it is
possible that they may be derived from nepheline, Sphene and
apatite are accessories. Quartz and feldspathoids were not
identified.

The Area North of the Main Lava Orruﬁ%nce.
N\

1. Brack Soil.
North of the outcrop of trachy-andesitlc lavas there is

a stretch of bracklsh soil about 200 yards wide, with an
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approximate east-west trend. It is heavily charged with
salt and 1s almost devold of any vegetation. AN anhalysis
of a sample scraped together on the surface by van Biljon

(10, p.35) rave the followlng results :

Na Co : 10.60
2 3

Na cl : 0.118

Sulphate : tr

H0 at 100°¢C: 7.5%

Insoluble matter : 82.16.
' 100,408

snalyst @ S.Sunkel, Chemical Services, Department of
Agriculture; Pretoria.

This strip of brack soil is probably underlain by foyalte
wnich 1s seen to outcrop to the north and east.

In the Leeuwspruit to the east of the brack soll and about
500 yards north of the main foyalte occurence there is a
small oblong foyalte plug which is about 75 yards in dia-
meter. This outcrop is probably connected to the foyaltes
that outcrop a few yards to the west and extend for almost
600 yards in an east-west direction (see map): This dyke-
like occurence of foyaite is bordered by the brack soil 1in
the south and by trachy-andesitic rocks, in-to which it 1is
intrusive, to the north. The possibility that these
foyaites may be connected to the larger outcrop further

south is discussed in the next Chapter.

2. The Foyvaites (9, p.83. and 10, p.35).

(a) Leeuwspruit, The foyalte in the Leeuwspruit is in-

trusive into quartzites, Unfortunately no contacts are to
be seen and fresh specimens are difficult to obtain .

The foyaite may either have a dirty red or light grey colour
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depending on the colour of the feldspar which is the pre-
dominating constituent. As a rule; the red variety 1is
slightly coarser than the light coloured tyﬁe in which red
pseudomorphs after nepheline can be seen in hand specimens.

Microscopically the foyaite 1s seen to consist of tabular
anorthoclase crystals up to 5 mm. 1ong; interstitial
to which the nepheline pseudonorphs occur., The reddisna
stain of the feldspar and nepheline pseudomorphs (zeolites)
appears to be due to heematite Gust., The chief dark
mineral 1s ferrosalite which occurs as euhedral or sublhedral
crystals up to 1.8 nm, in dlameter, and either interstitially
to; or as inclusions 1n; the feldspar. The ferrosalite
nay be partly altered to barkevikite (?) which in turn
changes into chloritic material and ore., JAccessories are
apatite (which occurs as inclusions in ferrosalite), ore;
sphene and a little secondary carbonate.

The feldspar 1s a slightly perthitic anorthoclase which
often has a small core of andesine (An 30 - 35). The anor-
thoclase has the following properties : 2vi = 770 * 50;
angle between pole of (001) and § = 15° - 16°. The se
properties indicate a composition similar to the anortho-
clase of L:euwfontein,

The ferrosalite 1s slightly zonally built; has a faint
pink colour, and 1is very slightly pleochroic. (The pink
tint indicates the presence of titanium). It has the follow
ing optical properties : EV/ = 60° - 629, ZA C = 440 -
46°, nfi - 1.715 ¥ 0.005.  These properties indicate
a composition equal to that of ferrosallte, with about &
of elther the acmite or Jad®itemolecule present (20,p.410).

The ferrosalite changes into an amphibole which has such

intense pleochroism that the universal stage could not be
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utilised. The following properties were however determined :
pleochrism : . X greenish-brown, Y and Z dark brown to very
dark brown; n$ = 1.69%. The extinction angle is about 20°.

These properties 1lndicate that the amphibole 1s a horn-
blende and probably barkevikite (20, p.44R).

(b) Wwest bank of Leeuwsprult. Here the foyaite that forms

the dyke-like ocﬁuﬁéHCe 1s more leucocratic than the type
that occurs in the sprult. Herc . a coarse grained; brick;
red or light grey foyaite is seen to occur as well as a

light grey extremely leucocratic aplite. Long stringers

of aplite are seen to cut the lavas.

Microscopically the coarser variety on the west bank of
the sprult differs from that which occurs 1n the spruit in
that ¢ (1) the chief dark mineral is not ferrosalite but
zonally bullt aegirié?ugite which usually occurs as small
anhedral crystals seldom more than 0.5 mm. in diameter,

(11) The nepheline is seldom completely altered to
Zeolites and other alteration products.
(111) The feldspar is more coarsely perthitic and has
no core of plagloclase.

The pyroxene alters into soda-amphlibole and ore. Accé%or-
les are small euhedral sphene crystals, fluorite (with which
1s often associated a brownish alteration product) and apatite.

The foyalite aplite (the results of an analysis appear on
Table V ColwnIl) consists of small coarsely perthitic anor-
thoslcase laths up to about 1 mm. iong. They are simply
twinned as a rule and exhibit a distinct parallel orientation.
Interstitial to the feldspars, small; more or less euhedral
nepheline, and sodalite crystalls occur with a maximum diameter

of about 0,3 mn The sodallte contalns many'hinute inclus-
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lons which are not arranged in zones, as is often the case
in the Leeuwfontein foyaites. A few small crystals of
fresh aegirié?ugite occur which 1n some cases may be
partially altered to blue-green soda-amphibole and ore.
accessories are apatite (which occurs as inclusions in the
pyroxene) and sphene. The aplite is remarkably fresh for a
rock of this nature, the feldsparsiand feldspathoids being
only slightly altered to the normal alteration products.

%. The Lavas.

An 11l1-defined outcrop of lavas with an east-west
elongation and measuring about 500 yards by 100 - 150 yards,
occurs just north of the foyaite aplite, stringefs of which
cut the lavas.

The lavas 1n the south of this outcrop are represented
by a black flinty variety which, going towards the north,
grades into a reddish brecciated type which 1s very similar
to those lavas which outcrop north of the main foyalte body
further to the south. according to the Niggli classification
these rocks are normal theralites (see Table V Column IV) but
they may be grouped with the trachy-andesites.

Microscopically this black flinty varlety is seen to
have a trachytic texture. It 1s composed of small, Simply
twinned feldspar laths with which i1s associated many rotnded
crystals of a greenish soda-amphibole (?) which are pleochroic
from dark olive-green to greenish-brown. Jaccessorles are
sphene and ore as well as a little secondary chlorlte and
carbonate,

The reddish brecciated variety is composed of a few small
phenocrysts of very altered plagioclase (andesine) set in a

groundmass of small feldspar laths. Interstitial to the feld-
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Spar laths there 1is much chloriltic maxerial; ore, and also
some isotropic material. There are also large and small
patches of secondary carbonate which are usually
assoclated with chlorite, ore and apatite.

The results of a chemical analysls of this rock appears
in Table V, Column IV, and according to the Niggli classific-
ation (19, p.365) 1t 1s a normal theralite. Van Biljon (10,
p.36 ) meintains it 1s a "highly altered calcareous shale"
and not a lava,

Van Biljon (10, p.37) mentions that a "chocolate coloured
type of 'intermediate' rock suggests a pagsage between shale
and foyalte." But near the spot where foyalte stringers
are seen to cut the lava small dykes of this 'intermediate!
rock are also seen to cut the lavas and will therefore be dis-
cussed under dyke rocks. Chemically, however; this rock 1s
intermediate between the foyaltes and lavas. The results of '
the chemlcal analysis appears in Table V, Column IIT, " Accord-
ing to the Niggli classification this rock,6like the Leeuw-
fontein trachy-andesites is an essexite-dlorite (29, p.364).

The Dyke Rocks.
There are numerous dyke rocks in this area and they can

be divided into two maln groups namely Sy€no=dioritic anad
foyaltic aykes.

To the east of the lava outcrop an lnteresting composite

dyke occurs (see map), which can be followed for about a

135 yards and 1s about 30 yards wide. The southern extremity
1s assoclated with gquartz brecclation. The first phase of this
dyke has a syeno-dioritic composition and consists of light
coloured, highly altered, tabular plagloclase (andesine) crystals
up to 2 cm. in length and set in a fine-grained dirty red ground-
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mass which 1s- composed of reddish feldspar laths arranged in a
- stellate fashion. A4 few large anorthoclase individuals may
also be present. The dark minefals have been completely altered
to chlorite; carbonate; epldote and other alteration products.
accessorles are sphene; apatite and ore. This variety contains
numerous inclusions of quartzite and carbonate up to 1 inch in
dlameter. Identlcal dykes with an east-west strike occur 100
and 150 yards to the north-east. Shand’(g; p.87) called this
rock a camptonite but as it contains alkali-feldspar and no
labradorite 1t may tentatively be called a syeno-Giorite.

A smilar looking, but foyaitic rock, with a finer grain and
a llght red groundmass is intrusive into the rock described above.
Thils rock 1s composed of weathered plagioclase (andesine) 1aths;
often with small mantles of anorthoclase; set in a groundmass com-
posed of small feldspar laths and abundant pseudéfbhs after
nepheline, The dark minerals are almost completely altered to _
chloritic material, epidote, ore and carbonate. .ccessories are
sphene and apatite. Tentatlvely this rock may be called a
nepheline syeno-diorite.

This composite dyke is cut dlagonally by & narrow very fine-
csrained, highly altered . brownsh-s-red foyaitic(?) c¢yke. This
ayke 1s composed of small altered feldspar laths of about 0.1
mm. in length and set in a highly altered and partly isotrepic
groundmass in which small concentrations of zeolites (pseudomorphs
after nepheline(?) ) and abundant carbonate can be seen. '
Occasional pseudomorphs after amphibole (?) as well as a reddish
alteration product also occur,

The foyalte outcrop in the spruit 1s cut by a similar dyke
to the one described above. It 1s composed of small phenocrysts
of almost completely altered plagioclase with small mantles of
anorthoclase., These phenocrysts which are up to 2 mm. in length
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are set in a fine-grained groundmass consisting of small feld-
spar laths with which 1is associated much chloritic material,
carbonate, zeolites and other alteration procucts.

The most common dyke rock in this area i1s a fine-grained
grey to brownish-grey rock in which rounded carbonate individ-
uals up to 3 mm., in dlameter are seen in some specimens.  The:
dykes strike north-south as well as east-west and cut the lavas
quartz-norites and possibly also the foyaites(see map). Rock:
of a similar nature, but not holding any rounded calclte
individuals are considered by van Biljon (10, p.37) to be
"intermediate" between the trachytes and foyaltes and that ther
1s *'a serial colour change....from the shale to, and 1nto; the
alkaline rocks across the strike"; but as has already been
noted, this "intermediate" rock was found to be intrusive into
the lavas and possibly also the foyaltes.

Microscoplcally these dyke rocks are seen to be composed
of a few phenocrysts of andesine,'but the greater part of the
rock consists of small ill-defined crystals of plagloclase and
anorthoclase (RV« = 740ir ). The feldspar which is usually
quite fresh may be slightly altered to carbonate and other
alteration products in some cases. The dark minerals, which
make up about twenty percent of the rock, are ferroaugite and
brown hornblence, probably barkevikite, which is an alteration
product of the ferroaugite. The melanes occur as beautiful
i¢iomorphic crystals measuring 0.5 by 0.02 mm, Barkevikite 1s
usually more abundant than augite which forms larger crystals s
some of which appear as phenocrysss.

Calcite 1s extremely abuhdant and some of the larger
patches are assoclated with chlorite, ore, apatite and fresh
barkevikite needles.

Shand called these rocks camptonites (9, p.87) Sut for
the same reasons stated previously;and in the light of the
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results of a chemical analysis of van Biljon's 'intermediste!
rock (Tuble V Column III) these rocks may be called syeno-
dlorites. Apart from the numerous stringers of foyaite
aplite that cut the lavas there are a few fine-grained foyalte
dykes, very similar; but darker than, the aplite, situated
in about the middle of the lava occurrence,

4L small foyalte dyke similar to the aplite was also
found in the Leeuwsprult south of the small plug in the spruit

“IT. DISCUSSION ON OBSERV..TIONS. ‘
A, The Alkali Rocks of the Leauwfonteln Area,

There 1s very little to add to Professor Shand's remark:
(8, p.246) and what follows must be regarded only as an
addition to his observations. The origin of the alkaline rock:
1s discussed under a separate headlng.

From the variation diagram (fig.2) 1t is obvious that we
have to do here with a continuous differentliation series.

Contrary to all expectations it was found that the tract
andesite 1s chemically more closely related to the soda~-syenite
than to the syeno-diorite (see fig.2)., If it were not for the
convinecing evidence that the trachy-andesites are definitely
older than the syeno-diorites there would have been some
Justification in assuming that they were younger than the syenc
diorites and about the same age as the grey soda-syenites.

The difference between the trachy-andesite, syeno-diorit
and grey soda-syenite is, however, so small that there does no;
seem to be any - ground for suspecting any serious abnor-
mality in the trend of the differentiation.

It 1s therefore suggested that the trachy-andesites,
syeno-diorites and grey soda-syenites represent different phase

of the same magma in which the rate of cooling, rather than
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the differentiation, played the major role. Very little
importance is therefore attached to the fact that the trachy-

andesites are strictly speaking chemically more closely relate

to the soda-syenites than to the syeno-diorites.

Furthermore the si value shows a great variation, it

”_1ncreaxes from 192.4 in the syeno-diorite:, to 225 in the ump-
‘tekite after which it drops suddenly to 133.2 in the urtite

On the contrary the &10_ value 1s fairly constant and lies

between 48,36 percent aid 60.24 percent.

The pyroxenite probably owes' 1ts origin to the crystal
settling under gravitational forces of the pyroxene, sphene
ang ore of the soda-syenite . Then with the emplacement of
tnéyroyaite ‘the pyroxenite was broken up andprobably alkilize

giving rise to the peculiar inclusions in the foyalte which

“Brouwer called plenaarite and Shand jJacupirangite.

Figure 3 attempts to show that when the differentiation

reaches godc-syenite the precipitation of dlopside (increase o:

¢ and Im) and sphene (increase of tl1) takes place while the

- residue undergoes differentiation to form the umptekites, foy-

aites and urtites..

This process is very similar to that which led to the
fprmation of the pyroxenite bands in the Bushveld gabbros whicl
have been described by Lombaard (16, p.35).

According to Shand's definition (9a, p.XIX) the urtites,
foyaltes and umptékites are alkaline rocks but not the grey
soda—syenites, syeno-dlorites and trachy-andesites which are

meta-aluminous rocks.

The alkall Rocks of the Franspoort Area.

A8 at Leeuwfonteln wé here have to do with a volcanic

vent and the sgquence of events seem to have been as 10llows ¢
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Firstly, there was an extrusion of at least two varleties
of rather viscous lava which was: fed by Cykes.

after the consolidation of the lavas, foyaites which
are genetically related to the lavas, were injected into the
lavas and underlylng sediments. It is unlikely that any of the
foyaltes penetrated as far as the surface and subsequent
erosion has exposed the foyaites ant sediments that underlie
the lavas,

On the map two foyaite occurences are shown as two
separate outcrops. This conclusion is based on the fact that
ShanC found quartzite below the lavas in a deep prospecting pit,
which 1is now covered in, and also that quartzites outcrep in the
Leeuwspruit between the two foyalte occurences., However, it is
quite likely that these two foyalte occurences are actually
connected not far below the surface as postulated in figure 5,

Flgure 4 shows the trend of differentiation in the
Franspoort area from theralite throﬁgh essexite-dlorite (trach;-

ahdesite) to foyaite.
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VIII.ORIGIN OF THE ALKALT ROCKS.
A, Metesgmitic Origin.

In The Southern Part of the Franspoort Area.

The foyaites appear to be transgressively intrusive into
the Magaliesberg quartzites. Van Biljon (10, p.34) claims
that these foyaites take "up avstratigraphical position com-
parable to the Visserhoek limestone horizon," but even if
this were so one may well ask if this would necessitate the
foyalte belng derived from the limestone? Furthermore.
the Visserhoek limestone has a width of about 25 yards and
the foyaltesa width of at least 500 yards. The author therc;
fore feels that the theory that the foyaltes were derived
from the ¥Wisserhoek limestone horizon may be dismissed withou®
further comment. '

The lavas above the foyaltes are typlcal extrusive lavas,
thls 1s confirmed by the fact that they are fed by nrumerous
Cykes cf a syeno-Gioritic ccmposition. The author therefere
considers it unlikely that they are altered shales 2as

claimed by van Biljon (10, p.34 )

(2) In the Northern Part of the Franspoort .rea.

Van Biljon (10, p.36) maintains that as regards the
lavas "Fleld relations make it almost certain that the dark
compact rock . . . . . . . 1s a highly altered mobillised cal-

" careous shale in which metasomatism played no mean part."

Furthermore, he maintains (page 37) that because the
foyalte outcrop is parallel with and confined to the shale
horizoﬁ.and because "a serial colour change seems to exist
from thé shale to and into the alkaline rocks across the
strike" through an "intermediate' rock, the lavas and foyaites

are altered shales. 1If, what has already been sald about
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this "intermediate" rock in Chapter VI, Sections 3 and 4, and
the fact that numerous stringers and small dykes of foyalte
cut the lavas is taken into conslderaticon, Dr. van Blljon's
conclusions seem a little hasty,

Furthermore the foyalte aplite and the foyalte from
the plug further south are chemlically almost identical,
suggesting that they were not formed by the metasomatism of
such widely different rocks as shale and limestone. It may
also be argued that van Biljon's diagram (10, p.39) proves

magmatic differentiation.

(3) In the Leeuwfontein Area.

Van Biljon (10, p.72) maintains that the trachy-andesite

ridge lies on the extrapolation of the Glfkop quartzites which
lile above the Mz quartzites. As the trachy-andesite ridge
lies to the north of the Gifkop quartzites, van Biljon seems to
imply that they owe their relative position to faulting (see
van Biljon's map).

It may well be asked why only the part that was faulted
away should have changed- into t rachy-andesite, while the Gif-
kop quartzites, which outcrop Just north of Mr. Braak's house;
are of a normal slightly feldspathic type. ‘

Furthermore, van Biljon (10, map) has drawn in faults on
. elther side of the trachy-te ridge, presumably with the in-
tention of implying that that particular part of the quartzite
which ha® been altered to trachy-andesite has Dbeen removed
to the north. The author, however, was not able to find any
evidence of faulting that could have caused a displacement of
at least a thougand yards. To the west of the trachy-andesite
ridge detalled mapping falled to show any sign of a major
fault. On the east the whole area 1is covered by alluvium,

thus making the drawing of any fault here purely hypothetical
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Furthermore, the M, quartzites show no sign of faulting in
the area south of the Complex. Consequently it seems un-
likely that the trachy-andesites originated in the manner as
postulated by van Biljon.

A4S regards the syenites, van Biljon (10, p.14R) states:
"The majority of the outcrops show a tendency to parallel the
regional strike of the sediments". O the foyaites, hé main-
tailns that the larger occurrences seem to be confined to the
limestone horizons. . glance at the map, however, will show
that the syenites and foyaltes cut across quartzites, shales;
hybrid rocks, hornfelses, pyroxenites and diabases. The
author therefore dismisses van Biljon's postulations as in-
correct,

Moreover, had the Leeuwfontein foyalte been formed from
a shale or limestone it would require a band at least 300
feet thick. Such a band 1s nowhere to be found, and in any
case, the foyalte occurs south of the limestone horizon in
the north of the area.

Of the amygdaloldal trachy-andesitic rocks described in
Chapter III, Section D,van Biljon (10, p.157) wurites: "From
their persistent occurrence on limestone horizons or their
close assoclation with metasomatically altered limestone rem-
nants above M, 1t 1s concluded that the alteration or dis-
appearance of the limestone and the appearance of the amyg-
daloidal rock-types seem to be connected incidents, in Short;
the rock strongly sugeests a metamorphic (or metasomatic)
origin."

“Although 1t is admitted that the amygdaloidal lava does
occur near a limestone horizon in the north of the area, in
no other locality is it found near such an horiZon or even a

possible limestone horizon.
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Furthermore; ¥t i1s difficult to imagine an amygdaloidal
andesite or trachy-andesite being derived from a limestone;
and at the same time the trachy-andesite of the Leeuwfontein
Compliex being derived from a quartzite.

Van Biljon malntalns (10, p.109) that all the dyke rocks
ocfur on, or adjacent to, limestone horizons or suspected lime
stone horizcens., The author finds this view completely un-
tenable.for the followlng reasons :-

1) Dyke rocks strike north-south, whereas the lime-
g8tone horizons have an east-west strike.

2) A north-south foyaite dyke; almost 2% miles in
length, cuts shales, quartzites, "felsites", hybrid
rocks; trachy-andesites and dlabase, all of which
have an east-west strike,

3) Dyke rocks are more or less evenly dlstributed
throughout the area.

Concerning the origin of the alkaline rocks van Eiljon
(10, p.1l43) states : "From field relationship, distribution,
siz2 of individual outcrops and frequency of ocecurrences, 1t is
aifficult to postulate a magma in depth from which all the
syenite coulG be derived". But 1t may be argued that a pro-
Cess by wilch syenites, foyaites and related lavas may be de-
rived from the alteration of sediments is much more unlikely;
especially as similar rocks are supposed to form from such
wicely different sediments as quartzites, shaleSand limestones.

The author therefore concludes that the alkaline rocks are
not metasomatic or metamorphic rocks; but are in fact uncon-
teminated differentiation products of a basaltic magma as

deseribed in the next Sectien,
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Be . MACMATIC ORIGIN,
Before disbussing the genesis of the alkaline rocks it

is necessary to inquire into their age.

The alkaline rocks of the "Franspoort Zone', Pllansberg
and Spitskop have been interpreted as a late phase of the
Bushveld petrogenetic cycle by Brouwer (6; p.31) and Shand
(8 and 9).

As most of the alkaline occurrences in the Transvaal are
found either in; or very near; the Bushveld Complex; this was
for some time the most logical explanation of the origin of
the alkaline rocks. Hall (4, p.83) however, pointed out
that this view was not justified because of the considerable
lapse of time between rhe intrusion of the Bushveld Complex
and that of the alkallne rocks.

Strauss and Truter (11; p.118) in discussing this long '
interval state that "after the emplacement of the Bushveld Com-
plex there was a period of erosion prior to the deposition of
the sediments of the Loskop System which contains pebbles of
Bushveld rocks. The Loskop system 1s separated from the over-
lying Waterberg system by & strong angular unconformity . The
alkali rocks in the Pilansberg and in the 'Franspoort Line! are
khown to be post Waterberg, as incluslons of Waterberg rocks
are Tound 1in the Pilansberg eruptives, and dykes of bostonite
and tinguaite assoclated with the 'Franspoort Line' cut across
waterberg sedilments north-east of Pretoria. Boulders of
Pilansberg rocks occur in the Dwyka t1llite, and Karroo sedi-
ments cover the alkall rocks of the 'Franspoort Line' uncon-
formably near Hammanskraal. The alkall rocks of Pllansberg
and the 'Franspoort Line' are therefore post-Waterbderg ant pre-
Karroo". FUrthermore; they point out that at Spltskop there

is no means of dating the Complex "beyond the fact that 1t
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definitely post dates, and clearly has no genetic connection
with the Bushveld Complex".

Daly, (56; p.477) has suggested that this group of rocks
has arisen primarily through the "desilication" of magmas of
normal composition by contact with carbonate rocks.

Shand; (57; p.140) a great supporter of Daly's "desilic-
ation" theory, suggests7that the mass of limestone forming a
core about half a square mlle in area at Spitzkdp; was carried
up by the granitic magma of the Bushveld Complex from the
underlying Transvaal Dolomite,

Strauss and Truter (IT, p.115); however; have ZFound
that the limestone is devoid of any sedimentary characteristics
and also that it contains xenoliths of alkaline rocks.
Furthermore; they state on page 121 that "It seems lmprobable
that small alkall complexes should always succeed so eminently
in mobilising sedimentary limestone; and that consléerably
larger -complexes of non-alkallne composition should equally
invariably fall to do so. It seems much more liKely that the

limestone assoclated with alkali rocks resulted from, rather

than caused the generation of an alkall magmdf'
Professor shand's objection (38, p.497) to a carbonntite
magma was that it would be a "highly explosive 1liquid™, This

statement, however, can be looked upon as proving the exlistence

of a carbonatlite .magma as carbonatites are 1lnvariably
assoclated with extreme brecclation, thus proving 1ts ex-
plosive nature (11, ptlzl)

Thus; in the 1ight of the discov—-erles of Strauss and
Truter ﬁll, PP {14 - 116) as Well as work done by von Eckerman
at Alno, Davies (39) in Uganda, Mennell (40) in Rhodesia and
many others; we are forced to look upon the origin of the

alkali rocks in a totally different light.
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Now that the Daly-shand hypothesis has been more or less
discarded, we have two ways 1in which an -4lkall Complex may be
formed, neither of them contradictory to each other; vViz:

(1) In certain Complexes, such as at Spitzkop (II; p.122) where
the parental magma; which gave rise to the Conplex was of

& peridotitic composition and wherc the carbonAtlites were

developed by differentiation along certain definite lines .
at Spitzkop; the first rocks that were injected were
theralites and biotite pyroxenites . These were followed
by an injection of ijolite; emanations from which fenitised
the granites and the previously injected pyroxenites into
various alkall rocks by the removal of silica and addition
of Na, Ca; All and Fe, Due to the intense metasomatism
concentric sheet structures were developed into which were
injected foyaites, syenites and finally carbonatites.

(2) In the alkali rocks of other areas it is however necessary
Yo visualise a different type of process; one that does
not involve fenitisation or desilication; but straight-

forward magmatic @ifferentiation from a basaltic or peri-

dotitic magma. This appears to be the case at Leeuwfon-

teln, where rocks are seen to range from trachy-andesite
and syeno-diorite through soda-syenite, umptekite amd

Toyaite to urtite. The final phase is represented hy the

phosphorus-bearing fluorite, carbonatite and nuch
brecciation.
That a trachytic rock may be derived from a basaltic mag-
ma has been shown in many instances; for exampie; in a sill
in the Grand Canyon in Arizona a sheet of 200 - 300 metres
thick 1s composed of olivine diabase which graces into a horn-
blende syenite (56; p.467). Furthermore, in the Lebombo

YWountains nepheline-basalts are intimately assoclated with the
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basalts (12, p.284).

according to Bowen (41; pp.238 - 9), trachytic magma may
be produced by the pure crystal fraction of basaltic liquid.
From the analogies of artificial "ary" melts he notes two
possibilities:-

(1) sufficiently slow cooling of a basaltic magma may
"permit the complete resolution of olivine (or excess of
olivine) and thus Cetermine a trachytic differentiate."

(R)"In the typical basalt-trachyte association the
differentiation may proceed still further in the alkaline
dilrection, and give phonolitic trachyte with a deficiency of
510, below that necessary to convert all the alkalis and
alumina into feldspars."

For the formation of phonolites from a basaltic magma,
Shand (30; p.334) has suggested that the following may hold
good : "plagioclase + olivine = nepheline + pyroxene." _
This could also explain the origin of urtites, jacupirgngites;
foyaites and other alkaline rocks.

For a carbonatite to be a differentiation product
~of an 1gneous magma does not seem impossible when the true
facts are examlned. Tomkieff; according to shand (30, p.325)

contends that the greater part of the CO, normally presént in

an eruptive magma escapes during the conzolidation, put under
sultable conditions it may be so concentrated during the last
magmatic stages that '"not only did the carbonates crystallize
out; but they formed an independent carbonatite magma-fraction.
He suggests that the upper zone in the pipe that supplied the
Fen rocks was originally composed of an alkali-pyroxenite magma
rich in coz; and that from it there arose by '"crystalllzation-
differentiation combined with diffusion of alkalis and volatiles'

three main rock series, namely, a series of silicate rocks fron
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urtite to jacupirangite, a series of iron ore rocks; and a
carbonatite series.

Grout (42, p.82) states :"Carbonic acid is-known to be
present in nany magmas; and i1f it is held under pressure while
the magma crystallizes, sorie of it may not unreasonably be
expected to combine with the metals as carbonates as the rock
cools."

As there is definite proof that fluorite 1is present as
a late nmagmatic product of alkali intrusions; as at Pilansberg
anc. Leeuwfontein; it seems quite logical that CaCOz could al-
oe present.

In the Franspoort Zone of eruptions there was an ex-
nlosive release of pressure towards the end of the cycle of in
trusions, and numerous agglomerate plugs; some contalning red
Bushveld granite inclusions; are found in thls area. At Derd-
poort a breccia plercing the Magaliesberg quartzites contains-
much crystalline limestone. Venter (11, p.82) considered it t
be derived from the Transvaal Dolomite formation, while van
Biljon (10, p.42) held it to be from the Visserhoek limestone
horizon. 1In the light of new evidence, however; this plug m=-
be looked upon as a carbonatite plug, genetically related to th
Franspoort Zone of intrusions (see also 12; p.198).

The question arises as to what cycle of igneous eruption
the basaltic magma that gave rise to the alkaline rocks is
connected. There are two possibilities.

1) The alkali rocks are connected to the Waterberg seriec
of intrusions; which includes diabases; gquartz-diorites and
diorites, This, however; is not acceﬁted on the ground that
Waterberg volcanics occur only 1in the Northern Transvaal and not
in the area north-east of Pretorila. It would therefore seem

unlikely that Waterberg volcanics would occur only outside, and
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Never in, the Waterberg series in the area about Pretoria.
Hall (4), howeveﬁ regarded the trachy-andesites from Leeuw-
fontein as a typical Waterberg lava.

2) A more 1likely connection can be postulated with the
alkall granites of the Parys-V redefort area, Here there are
numerous outcrops of younzer alkaline granites that are intrusiv
into the older gneisses, the Witwatersrand ant Transvaal systems
assocliated with this younger granite are numerous alkali dykes
which may be connected t9 the Pilansberg Complex. It appears
therefore quite likely that these alkall granites of the Parys-
Vredefort area pay be genetically related to the rocks of the
Pilansberg,

Thus it 1is suggested that most, if not all; of the alkalir
rocks are not genetically related to the Bushveld Complex; but
rather to a later post-Waterberg phase of eruption which may
also have given rise to the alkall granites of the Parys-Vrede--
fort area. The presence of the alkall rocks 1n; or near; the
Bushveld Complex can then be explained only as nmere coincidence;
and the nunerous outcrops of alkali rocks in the Pretoria area
(see small map)represent chimneys or vents which are connected
to a large body below the surface which measures at least 30 X
40 miles. Aapart from the 23 known outcrops (excluding dykes’®
which occur to the north and east of Pretorlia inclusions of
foyalte have been found in the Premier line (8, p.99) and in the
Pretoria Salt Pan (44). It wo&ld; therefore, seen more correct
to speak of the "Franspoort Zone"; rather than the "Franspoort
Line",

Lombaard (15, p 127 anc 134) has described a small
occurrence cof albite-syenite from near the Premier Mine whid,
he sugrests, may be related to the norites of the Bushveld,

since 1t is seen to grade into the felsites which in turn, grad-z
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into norites. Similar relaticnships appear to be evident from
syenite ancd fcyalte occurrences near Rayton and Bronkhorst-
spruit shown on the small map. Mappin~ by the Geologlcal
survey 1s still in progress here, and more details will soon
be available. It 1s sugcested that these syenites and
‘foyaltes may in reality be related to the fayallte-diorites of
..the-upper zone of the norites that have assimilated dolomite
or magnesia-bearing shales. The fayalite woulC then be con-
verted to pyroxene, which'may cause some of tne»feldspar to
be represented by feldspatholds i1f the total siiica content is
low enbugh.
The postulation that the albite-syenites may be related
to the fayalite-clorites may be strengthened by the fact that

Professor Lombaard has recently discoveéred the Upper Zone to the

west of the Pfetoria Centroc;ine.
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IX. ECONCMIC ASPECTS.

1. Ornamental building stenes are periodically quarried
in the grey soda-syenite ané brick-red sola-syenite
on Leeuwfonteln, and from the foyaite koppie on

Franspoort.

<. Impure fluorite which occurs to the north of the
Leeuwfontein Complex was at one time mined but

operations have long since ceased,

3. Limestone was also previously quarried to the north

of the Leeuwfonteln Complex on the farm Zeekoegat.

4. The feldspar of the leucocratic phase of the grey

pegmatite may be of economic value.

5. Isolated outcrops of galena are found in old prospect-
ing plts on, or near, the Mz quartzite horizon on the

farms Franspoort ami Lesuwfcntein,

6. Good quality building sand is founc on Franspoort

between the Ml anc ME quartzite horizons.

7. van Biljon (10, p.171) found traces of gold on the _
hornfels ridge to the west of the Leeuwfontein Comple X.

5 b
6

- ————————— -~ -~ -
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Table TI.

NORITIC, DIORITIC, «&ND INTERMEDI.LTE ROCKS.

I 11 1T IV

510, 51.52 54.10. 56.85 65.43
a0, 17.10 16.00 15,61 10.62
Fe 0, 46 1.88 2.95 1,14
Fe0 5.74 6.20 5,46 4.75
Mno 0.02 0.13 0.14 0.14
Mg0 10.72 6.52 4,49 4.11
cao 10.00 7,44 6.50 4.42
Ne.,0 1.70 1.48 2.10 3,46
K0 0.20 1.70 2,08 2.44
PO 0.02 0.09 0.15 0.42
HO + 0.1° 1,90 1.86 2.19
Hy0 - 0.0l 0.16 0.18 0.11
110, 0.44 0.56 0.76 1.11

OO2 n.da 0.90 0.62 nil

Ba0 .. 0,53 0.68 nd
100.06 99,67 100 .41 100,34
5.G. 2.98 2. 88 2.88 2.73

_ Nlggell Vélues. _

s1 114.00 147,80 171.70 242,00
al 22.00 25.75 27.76 23,00
fn 50. 50 45.04 41.06 41.00
¢ © 23.50 22.31 21,01 17.50
alk 4.00 6.89 10.16 18.50
K 0,08 0.43 0.39 0.32
mg 0.71 0.59 0.49 0.56

The magma~type of 1 1s normal-gabbrcid, IT is si-
gabbrodioritic. IIT is not well represented but appoaches
"perléeitisch™ which falls within quartz-dlorite, IV 1s not
wel% r%presented but approaches normal quartz-Giorite (29,
p.359

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



- 104 -

NORMS.
I. 1T, I1T IV,
Q 2.40 9396 14,11 21536
or 1.11 10,07 1.28 14.46
ab 14,15 12,53 17.72 29,34
an 28.64 31.99 26,98 6.12
( WO 4.64? "2.21} 2.52} 5.57“\
di / en 3.30 7 8.86.0,96( 4.45 1.41,4.52 3.30 ; 10.85
2_ s 0.925 l.26f o.79f 1.98J
en 23.5% 15,44 9.44 7.00
hy 50.36 I25.43 } 15.08 11.22
fs 6.86) 7.99 5.64 4.22
mt 3.71 2,72 4,17 1.62
i1 0.76 1.06 2.10 2.13
ap 0.00 1.80 0.34" 1,01
HzoetCA 0.18 2.64 2.66 2.30
100.17 100,63 99.96 100,41
I. Spotted norite, Schaapkraal (442)
Lydenburg District. Trans;gedl.Soc,
S.afr, vol. 37, p.17. .nalyst : B.V.Lombaard.
II. Granophyric-quartz-norite, (T95) Franspoort (426)
snalyst @ A Kruger, Chemical Services, Pretoria.
III. Granophyric quartz-diorite (T.59) Leeuwfontein (320)
4analyst a.Krucer, Chemical services, Pretoria,
IV. =~ "Intermediate rock" Carlsrithe (17) Pretoria District’

Trans. geol. Soc. S.Afr. Vol 3% p.l32,
snalyst B.V,Lombaard,
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TASLE 11
FELSITIC  ROCKS.
I II I1T v

SiO2 77.78 75.13 77.05 72.66
TiOz 0.52 0.:0 0.55 0.45
A120§ 8.81 9.96 10,12 210.20.
Fe,0, 1.12. 1.14 0.64 0.80
0 1.26 1.72 1.44 2.73
MnO 0.06 0.08 0.07 0.07
MgO. 2,78 2,20 2.17 R93
ca0 0,37 1.08 1.74 3.03
Nazo 207 1.89 1.12 1.76
KaO 3.48 .97 5.97 3.45
H20 + 1.10 1.96 1.03 1,23
H,0 - 0.09 0.07 0.04. 0.05
Po0s 0.29 0.12 nil 0.12
COz - 1.22 0.29 0.54
Cro0z -- -- tr tr
S0 - - - 0.72

100.23 100,34 100,23 100,34

Niggli Values

si 472,00 446.00 454,40 380.90,
al 31,00 35,00 35.16 36.03
m 37,00 33,90 32.52 20.90
c 3.00 7.00 10.98 19.49
alk 29.00 24,50 21.32 23,46
k 0.47 0.55 C.69 0.56
g 0,68 0.59 0.59 1.08

These felsitic rocks do not even approach any magma type.
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NORMS
T 11 111 v

Q 44,64 45,72 48.60 40.05
or 20,57 21.13 23.91 20,57
ab 22,01 16.77 9,43 15.20
an 0.28 — 6.39 9,45

c 0.61 2.86 1,53 -
a1 - —-- J— 1.40
ny 7.79 6.48 6,46 8.77
mt 1.62 1.62 0.93 1.16
11 0.91 0.46 1.22 0.91
ap 0.67 0.34 — 0.34
c L - 1.67 0.70 1,10
H,0 1.19 2.03 1,07 1.28
100.29 99.08 100.24 __ 100.23.

.

L. "Relsite", Dornkloof (431), Pretoria District, Trans.ge
Soc.S.4fr. Vol 35, p.l42,
fnalyst : B,V.Lombaard. _

II. "Felsite" 125 metre depth Premler Mine‘, Trans.geol.Soc
S.Afr. Vol. 35, p.142. Analyst B.V.Lombaard. ‘

III.Spotted "felsite" Baviaanspoort, Trans.geol.SoC. S.afr.
Vol. 52‘, p.126. Analyst: C.U.Liebenberg.

IV, Grey "Felsite" near right bank of Hartebcest—sprult
in south of Kameelfonteln, Trans.geol.Soc. S.Afr.
Vol. 52, p.126. '
maiyst D C.J. van der Walt.
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TABLE ITI.

FELDS PATHIC _ QARTZITES FROM LEEUWFONTEIN (320).

I 11 111 IV
s10, 78.84 84.47 78.23 80.51
AleS 10.83 7.39 10.27 9.49
F‘ezO3 2.06 2.24 1.1R 1,97
Fe0 - -- 0.57 0.19
cao 0.8 0.25 0.30 0,34
Mg0 0.75 0.31 0.96 0.67
K50 3.71 2.39 3.71 3.27
Nag0 0.10 0.14 0.46 0.23
HiO +  R.46 2.23 2.50 2.40
HO -  0.16 0.06 0.26 0.16
S04 0.38 0.51 0.41 --
T10, 0.16 0.28 0.16 0.20
on5 0.03 0.05 0.0% -
MnoO 0.04 0.03 0.06 0.05
CrBOB nil nil nil nil
CO2 nil nil nil nil
100,30 100.35 99,26 99.48
S.G. 2.62.
Niggll Values si 735.5.
al 51.1
m 24.5
c 3.5,
alk 20.6
K 0.9
mg 0.37
c/fm 0.14
ti 1,37

I, II, and IIT: Results of analyses of feldspathic quartzites ove
a thickness of 210 feet in the south of Leeuwfontein (320-); IV i
an average of I, II and III, Trans.geol.Soc. S.ifr.Vel.52, p.l26

Aanalyst C.J.van der Walt, Chemical Services, Pretoria.
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TABIE IV. |
ALKALT ROCKS FROM LERUWFONTEIN (320.)

I 11 I IV V., VI VII
510, 58,72 57,51 58,38 60,24 56,12 %5 49,2
o, 1.1l 1,36 1,24 0,94 0.46 0,45 7,1
1,0, 18,49 17.22 17.68 18,54 19,62 23.10. 9.2
FeOz  0.49 2.72 2.48  0.54 2,32 2,48 7.7%
FeO  5.14 4,02 8.25 2,36 0.90 1.89 5.2
MO 0.02 0.21: 0.17 0.0l  =- - --
ca0  3.98 4.08 372 2.29 2,07 2.51 11,5
MeO  1.48 1.88 1.55 0.76 0.13  0.89 1,3t
Nag0 6,10 5,38 5.55  6.59 9,50 13,20  6.2¢
KO 3.37 2,60 3.16 5.4 4,17 5.58  1.9¢
H,O +  0.23 0.92 0.69  0.50
HO = 0,30 0,12 0.12 0.72} 0 B zfzc
PoO5  0.48 0.44 0.36 0.27 nd nd  0.06
F 0.04 nd _nd 0.02  nd nd nd
cl nd nd nd 0.00 0.80 1.49  nd
S0, nd nd nd 0.04 nd nd nd
S nd nd nd 0.07 nd nd nd
co, nd 0.90 0.95 0.43 nd nd nd
Bao nd 0.12 0.46 nd  nd nd hd
ro, nd nd pd  nd onil all nil

99.95  99.48 99.72  99.76 99.59  100.85 99,85

SG R.744 -- -—— 2.638 - -—— ——
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Nlggll Values.
I @ I v v Vi v
st 195.5 192.4 201.30 285.1 198,20, 133.8 163,70
al 36.28 33,96 35.91 40.83 40,83 37,66 15,27

fm 23.10 28,22 24.25 13.16 9.48  13.19 28.93
c  13.89 14.86 14.35  9.16 7.83 745 34.76
alk 26,85 23,66 25.49 37.13 41,89 41,69 20,25
K 0.27  0.24 0.27 ,0.35 0.22 0415 0.17
mng 0,32 0,33 0.33 0,32 0.07 0,28 0.19
C/fm 0.60  0.52 0.57  0.70 0.83 0.56 1.20
ti  2.72 3.42 3,21  2.65 1.23 0.49 15.05.

The magma~-type of 1 1s "Larvikitisch" (an essexite-diorite
which includes the trachy-andesites). The magma type of II an
IIT is either'maenaltisch" (a soda-syenite) or "kassaltisch"
(an essexlte-cCiorite). The magma type of IV is umpteklte;

V 1s normal foyaite, VI 1s urtlte, anc VII is pilenaarite.

(See 29, pp. 364; 263; 356 ),
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NORMS
1 8t 1. IV v VI VII
Q - 4B W2 - - - e
or 17,08  15.36 18.70 32,17 24,60 21.50 11,69
ab 50.59  45.61 46.90  47.56 44.36 14.60  27.26
ne -- -- - 4.20 18.25 45.65 .3,69
an 13.10  15.16 14.00  4.90  -- - -
NagSo - -- - 0.08  -- - -
Najoly - -- - -- 1.30 2,46 -
caF, -- = - 0.02 - - -
wo 1.50 1.16 1.28 1.90 0.36 3.60 3.90
di.{ e 0.45  0.60 0.75  0.86 0.30 2.11  3.36
s 1,00  0.45 0.45  1.06  -- 1.2 --
o { fa. 6,32  -- - 2.24  -- - --
fo  2.96 - - 1.41 - - -
by [ Lo 4oz mel - -- - -
[fs 211 2.0 1.85 @ -- -- - --
ac - - - - .- 1,50 13,9
11 2,12 2.58 2,35  1.60  0.00 0.88  6.83
mt 0,70 .94 3.60 ° 0.76 1.55 2.758 -
hm - -- - - 1.25 - 2.87
1.15 1.0  1.00  0.34  --  -- 1.35
t1 -- - - -- - - 8.63
WO - - - - 14 1,63 13.30
ro - - - 1.20 S — -
HoO etc. 0.53  1.94 1.76 1,63  3.50 2.9  2.20
100,66  99.53 99.87 180,80 99.61 100.74  98.98

::::::
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III.

Iv.

111~

Trachy-andesite Trans.geol.Soc.S.Afr. Vol. 24 p.237
Analyst :S.J.Shand

gyeno-Ciorite (T.204)
analyst: 4.Kruger, Chemical Services, Pretorila.

Grey soda-syenite (T.239) . .analyst: a.Kruger,
Chemlcal 3Services, Pretoria.

Unptekite pegmatite. Trans.geol. Soc.S.afr. Vol. 24,
p.e4l. analyst S5.J.Shand

Foyaite. Trans.geol.3oc.S..fr., Vol. 24, p.243.

Analyst: F.Pisani (the figure for Alao is almost
certailnly too high, for it makes the mglecular proportion
of alumina, exceed that of soda, in splte of the presence
of aegirinaugite and sodalite 1n the rock)

Urtlte (Brouwer's socdalite-rich aegirine-foyaite) Trahs.
geO:L. SOC. S.J&fro Volo 24, p0245o

~«analyst @ F.Plsani.

VII.

Jacupirangite (Brouwer's Pienaarite) Qorsprong en
samestelling Cer Transvaalsche Nepheline-syeniten (1910)
p.500 ¢

analyst: F.Pisani,
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Table V.
ALKALL  ROCKS ' FROM FR.ANSPOORT  (426-).
1 11 111 IV
510, 53,94 56,10. 53.00 43,40
410, 20,70 21,00 18.90. 13.63.
Fe05 2,04 2,60 2.50 4,32
FeQ 1,92 1.40 4,30 7.04
Cr'zo3 . -- - nil
Mno 0.04 0.12 0.28 0.25
cao 1.18 1.70 5.50 8.41
MeO 0.36 0.60 1.80 3.95
K20 5.24 5.50 3.60 2,90
Naj0 9.76 8.90 6.30 4,03
P05 0.01 0.02 0.25 0.54
S0, - -- -- 0,17
HoO +  3.30 2.30 1.30 2,07
HoO =  0.29 nil nil 0.13
Ti0, 0.35 0.40 1.90 3.30
co,, ~-- - -- 5.64
Can 0.55 - -- -
cl 0.17 -- -- --
99.85 ' ’
less Q = ¢l ......0.04 99,64 99.63 99,78
29,81
_ NIGGLI V.LUES.
s1 1663 184.1 156.4 114,0
al 38.48 40,60 32.86 21.08
fm 11.73 13.63 24.99 40.07
c 3.88 5.97 17.39 23,64
alk  43.82 39.81 24.78 15.10.
K 0.35 0.28 0,27 0.32
mg 0.144 0.22 0.32 0.39
t1 0.834 1.24 4,22 6.50,
c/fm 0.34 0.44 0,70 0.59
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The magma type of I and II 1is normal foyaite, III is "Kassait-,
isch", an essexite-dlorite anc may be called a trachy-andesite,
IV 1s a normal theralite, (29, p.363 - 365)
NORMS.
I 1T 111 AU
or 30,58 32.50 21.15 17.14,
ab  26.78 32.82 31.46 15,20
ne 27.55 _23.01 11,93 10.23
8‘1’1 """." lnll . . 12066 10.55
W3 - - -
NagCl, 0.35
Wo -— 1.05 - -—
WO Z 1.742 .50 11.61)
ai{en s 4.61 1.51(3.25 3.51) 12.78 7.53J 22.44
fsJ | - 2.77) 3.30
fo | 0455 — 1.27 3.10)
ol 2.29 ﬂ 4,73
fa --- 1.02 1.63
ac 2.77 -—— ~— --
ot 1.62 3,47 3.50 6.25
11 0.61 0.91 3.60 6.07
hl --- 0.15 — —
ap ——- --- 0.65 1.35
GeF, 0.55
HéO etc6.00 1.30 1.30 7.84
101.91 99.87 . 101,32 101.8C
I, Fpyalte from main body Franspoort (426).Trans.geol,.Soc.
S.afr. Vol 25, p. 85. .nalyst: S.J.Shand _
II. Foyaite aplite in north of Franspoort (426).Trans.gcol.Soc.
S.Afr. Vol 52, p.37. aAnalyst C.J.F. van der Walt, Chemical
Services, Pretoria,

III. Syeno-Glorite dyke (or lava) van Biljon's "Intermediate™ rock
aG jacent to aplite. Trans.deol.Soc.5.afr, Vol.52, p.37.
_analyst C.J.F. van cer Walt, Chemlcal Services, Pretoria,

IV. Lava adjacent to III . (Van Biljon's altered calcareous

shale). Trans.geol. Soc.S.Afr. Vol. 52, p.37..
analyst: C.J.Liebenberg. Chemical Services, Pretoria.
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XIII PLATES.

Panoramic view of the Leeuwfontein Complex looking south-
west and west from a quartzite:ridge east of the Kameel-
fontein road.

T = Trachyte Ridges. My = Mi quartzites.

PLATE IT.

A tor of grey soda-syenite, Leeuwfontein.
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PLATE III.

The quarry in the red soda-syenite, Leeuwfontelin.

PLATE IV,

Trachy-andesite ridge, Leeuwfontein.
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PLATE V.,

Melanocratic bands in soda-sycnite pegmatite, Leeuwfontein.

PLATE VI.

The soda=syenite pegmatite, Leeuwfontein.
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PLATE - VII .

Intrusive limestone in the Leeuwspruit north of Leeuw-

fontein Complex.

PLATE VIII.

Contact between goda-syenite (A), and quartzite (B),
Chill zone of syenite (C).
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PLATE IX.

Replacement of Dolomite
(A) by Fluorite (B),

Leeuwfontein.

Plate X

The foyaite Xoppie on Franspoort, whth the Magaliesbery:

running towards the south-east in the background .
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PLATE 1.

- - y @v‘”m ) _
Quartzite inclusion in "felsite'" on Franspoort showing

rather a vaguc outline in the upper part of the inclusion.
The darker grains in the inclusion are concentrations of

pink micropegmatite.

PLATE XII.

Quartzite xenoliths in "felsite", Franspoort. The large
inclusion which is about 8 inches long has been partially
digested on either side whereas the contact 1s fairly
sharp at the extremities. The bedding plane 1is along
the length of the incluslon.
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PLATE XV.

Quartz (white) (C) replacing turbid feldspar (dark)(B).

A. 1s micropegmatite or myrmekite. X 130.

PLATE AVI.

Mieropegmatite enclosing a tabular feldspar crystal (dark).
Quartz has replaced fcldspar to form myrmekite at A4,
X 130.
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PLATE XV.

Quartz (white) (C) replacing turbid feldspar (dark)(B).

A. 1s micropegmatite or myrmekite. X 130.

PLATE AVI.

Mieropegmatite enclosing a tabular feldspar crystal (dark).
Quartz has replaced fcldspar to form myrmekite at A,
X 130.
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PLATE XVII,

X«ray powder photographs of the anorthoclase of the
pink umptekite pegmatite (upper photo) and that of the
brick-red soda-syenite (lower photo).

O.von knorring.
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