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1. INTRODUCTION 

A. Historical. 

In 1898 Molengraaf discovered the Lcem"Jf ontein Alkaline 

Conplex and gave a description of a "nepheline-syeni ten fro:ii the 

farm Lceuwfontein (320) (2, p .89). In the sa.G1e ,vear Henderson 

(1, p.45) r:,ave a description of the soda-syeni te W1c:er the nari1e 

of 11hatherlite 11
, but in 1904 Iviolene;raaf (3) proposed the name 

"anorthoclase-8Inphibole-pyroxene-syen i t-e'' for Henderson's 

hatherlite. 

In 1903 Hall (4, p.33) discovered the foyaite plur, on 

Franspoort (426) and in the same ye~r gave a □ore detailed 

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 petroeraphic des­

cription of the alk~lin2 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 saar.d (8,9) 

embarked on his self-imposed task of mapping all the larger, and 

manJr of the smaller, occurrences of alkaline rocks in 3outh 

Africa, that the truE nature and extent of these outcrops be­

crune knmm. 

van Biljon (10) in a recent paper, has commented on the 

origin of the syenites and foyaites in the upper part of the 

Pretoria series. 

The diabases, hybrid rocks, hornfelses, and sedi11ents of 

the area investigated received little more than mention from the 

various authors Tiho 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 found in 

this area, have been describ,ed by Lor:1baard (15) Daly (17) and 
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Kynaston (18) in an area near the Premier Mine five miles to 

the east. 

B. tiethod of mapping. 

c. 

The area to be described was mapped during the winter 

wonths of 1950 on aerial photographs on the scele of 1/20,000. 

A printed base map on the scale of 1/25,000 showir12 the 

centres of the aerial photocraphs was enlarged to 1/2ojooo with 

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

General Description of the Area. 

The investigated area, 7vhich is about 15 miles north-east 

of Pretoria, measures approximatelcY 5 miles by 2¾ miles and is. 

drained by the Leeuwspruit \Vhich rises in the south of Frans­

poort, flows north through the centre of the area and joins 

the Pienaars River immediately north of the area investigated. 

The general strike of the hybrid rocks, "diabasesn cr}nd 

sediments is east-west, the dip varies between 18° and 45o 

north, with an average of about 3o0 • The alkaline rocks of 

Lceuwfontein and Franspoort are transgressively intrusive 

into the country rocks, tl1e alkaline dykes usually rW1 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. 

1. The Franspoort Area. 

a) Physiography. 

The Franspoort area stretches from south of the 

Magaliesberg or M1 quartzites (4714' )to the Leeuwfontein or 

l\~ quartzite horizon ( 4373'). The area between the ridges 

1s usually between 200 and 500 feet lower. 

The LeemYsprui t, Tl'hich rises in the south of the 

farm Franspoort passes through the gap in the t~agaliesberg 
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quartzi tes, is joined by the Ec1endalesprui t south of the 

Baviaanspoort or M2 quartzite horizon, and t11cn passes thru Uch 

a narrow gap in the Leeuwfontein qunrtzites south-\Jest of !vir. 

Braak's house on its way to the north. 

on either sio.e of the Leeuwspruit the land rises gently 

to the east and west. The fofaite dyke in the aast of the 

area forms the watershed bet·1-reen the Pienaars River 2nd the 

Leeuwspruit. The watershed bctvveen the Bynespoort River 

and the Leeuwpoort-Edeadnlesprui t lies to the west and just 

outside the area investigated. 

The Franspoort a,rea, 'wYi th the exception of the quartzite 

rid6es and a s@all area in the north of the farD Franspoort and 

nortt1-west of Nooi tgedacht, is devoid of any bush. The area 

that is covered with alluviwn is suitable for agriculture 

and grazing. 

b) General Geolocy. 

The geolorical succession eoine fron south to north •xill 

be described briefly. 

Belm: th8 Magaliesbert3, or :M
1

, quartzi tes tl1ere 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 l~lagaliesberg quartzi tes liave been recrystallised 

fairly intensely and in some instances the dip has been almost 

completely obliteratede Zones of brecciation are coIDL1on and 

usuallJr have a north-south or north-east/south-vvest strike. 

Mineralisation is evident in a few localities \There tl1c re-

crystallisation aoa bre.cciation 112..vc been Go3t intensG, a Limon­

i tc-lil{c suJJstance (gossa,n.?) is foW1d associated ui tl1 intense 

brecciation 500 yards south ·west of the bridge over the Ec1en-

clalcspr_u1 t. Lateri te 1s also very comri10n. 

The quartzites show~ variation in dip between 35°N and 
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20°N, the average being ~bout 25°N. The exact thickness 

is uncertain but it is probably about 1,000 feet. They are 

overlain by thin banc'Ls of sh2.le tnC qu~rtzi te which outcrop 

only in the e~st of the area and in the Leeuwspruit. Their 
0 . 

clip varies be tween 45 :me: 35° N. 

The Franspoort foy~ite plu£ lies in nn open poort 

w11ere the strik~ of the M~?~liesbcrc qu~rtzi te hill chances 

suc:denly from. ea.st-west to north-rvest/south-enst. 

The eeologic~l structure of the £:C'..P sugeests a s2.g­

gine of the tir,£:aliesber£ tocethcr with the sedioents immediately 

overlying it. The L1~:.ximw] G.isitocr..tion appe~1.rs to be aloflG a 

zone runninc north-e2..st/south-wcst to the ·west of the foyai te 

plU£:, ~m(l possibly connected to two .r:njor f~ul ts sl1own on the 

Pretoria sheet to end on the southern part of Vl? .. kfontein (293) 

after runninc roughly in 2. north-east/south-vvest c1irection for 

many L1iles. 

Professor Sh~_md ( 9, p.82) concluc1es that "it is 

probable that the c~isloc~~tion of the Pretoria bee.ls arr: the in­

trusion of the foy'.:'.,ite are probe .. bly connected incic.ents, and 

that the erosion of the unusu2 .. lly wide anc1 cloep poort was favour-

ed by both factors." There must, however, have been a consider-

able tirae lapse betvvsen the faul tine of the Pretorin beds, wl1ich 

are youneer t:t1an the Bushvelc: crani te but probe.bly pre-Loskop,1 
' 

and the intrusion of the 2.lk2..line rocks uhich a.re pos t-~Jaterberg. 

The foyaite intrusion in the south of Franspoort (436) is of a 

tr2~scressive nature 2nc has been described by Shand (9,p.84) 

"as a large plue or very s□all stock." It has a ruc1ely 

elliptical form, with a c~istinct elonc~tion in a nortl1-east/ 

south-west c1irection, arr1 measures 3/ ~ of a mile by 1/3 of a 

mile. 

Above the foJrai te pluc there is a low rubble-covered 

ridge consistin£ of trachy-J.ndesitic rocks th~t are older than 

the foyaites. Numerous dykes occur in the trachy-~ndesites, 

some of which appe~r to have acted as feeGcrs to the lavas. 
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Syeno-diori tic dykes are the most comn1on al though a few· dykes 
I 

of monchiquite, and foyaite are also found. Most dylres 

have a north-south strike and are poorly exposed. In the 

Leeuwspruit there are nwnerous dykes and sills of syeno­

diorite, as well as an outcrop oi very weathered diabase or 

granophyric quartz-norite associated with quartzites and 

shales already mentioned. 

The trachy-ano.esi tic lavas which stretch for about 600 

yards north of the foyaitc plug are probably only a thin 

covering over th.e quEirtzi tes and shales whicl1 outcrop in, and 

to the east of~ the Lc::uwsprui t. In the western section of 

the area. there arc no outcrops on ·this horizon, but as there 

arc nwnerous sandpits to the west of the Franspoort-Leeuw­

fontcin road, where t3ood quality building sand is obtained, 1 t 

does not seer.1 likel v tllat allcaline rocks occur near the surf ace. 
t.l 

North of the trachy-andesite outcrop there is a strip of 

brack-lookirl[: soil which is rich in Na2co3 and N~~~cl and is 

probably underlain by an alkaline rock. This strip of soil 

is bordered b~? foyai tes in the north and east • 

The two foyaite outcrops shown on the map in the north of 

Franspoort (farm) may be connected just beneath the surface. 

The outcrop in the river appears to be a small oblo11£ plug and 

is about 75 yards in diameter and is intrusive into quartzites. 

The foyaites on the west bank of the Leeuwspruit strike 
and 

east-west for about 500 yards/are nowh8re more than about a 

100 vards wide. 
Ii 

Tl1e foyaites on the west bank of the Leeuwspruit arG in­

trusive into a lava similar in many respects to that found 

north of the larger foyaite 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-

nori te, quartzite, trachy-andesi tic lava, and foJrai te are cut 
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by nuri1crous dJrkes of syeno-diori te and foyL1,i te. 

The granopl1yric quartz-nori te has an east-west strilce and 

is intrusive into the shales and quartzites imrnediately below 

the M2, or Baviacillspoort, quartzite horizon. At the Eclendale 

Lead Mine it was found to be a transgressive siL. (19, p.95). 

The M
2 

quartzites show considerable variation in dip, 

17°N in the west of Nooitcedacht, 74°N, near the confluence of 

the Edendalespruit and Leeuvvspruit and 55°N, in the south of 

Leeuwfontein. In the north of Franspoort it is only about 30 

yards wide and often missing completely due, no doubt, to fault­

ing. 

The quartzites arc hard and usually light coloured but 

showing considerable variation in colour in some localities. 

The 112 quartzitcs in the north of Franspoort grade gradually 

into a finer grained feldspathic quartzites which stretch 

as far as the Ii::, quartzites. On Bc:_viaanspoort, however, a 

small horizon of altered shale is found overlying the quart-

zites. A little galena is associated with quartzites and 

altered shales in the north of Franspoort and in the south of 

Lccuv1f ontein. 

Intrusive into the fine-erained feldspathic quartzites 

which overlie the M2 quartzi tes there are numerous sill-like 

intrusions of hybrid rocks which contain xcnoliths of quJ.rt­

zi te varying in size froL1 less than 1 m. up to l½ feet in 

diameter. Tl1cse hvbrid rocks have been described as 
V 

felsites by van Biljon, (10 p.48-50) and similar rocks from 

the Premier 1:ine have been called "inter.mediate" rocks or 

"PrcL~er Mine felsites" by Lor1baard (15,p.126). 

These hyiJric~ rocks probably owe their origin to the 

assimilation of quartzite by a gabbroic or dioritic magma 

connected to the Bushveld gabbros. 

1:uch brecciation has taken place in this area. 1Iost 
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zones of brecciation have a north-east/south-west trend, anc1 

some can be followed for almost 200 yards. The brecciation 
· 1 

seems to be younger than the emplacer.1ent of the hybrid rocks, 

although not much displacement was noticed. 

A few syeno-dioritic dykes are seen to cut the hybrids 

and fine-grained quartzites in the centre of the area. In 

the wost of the area there is a north-south composite foyaite 

dyke 2i· miles long, startine iL1111ediately west of the Alkaline 

Complex on Lceuwfontein and cuttine the hybrids and sediraents 

both north and south of the 1~ c.uartzite horizon and finally 6 .. 

petering out south of the M2 quartzites. 

Measurements made in the centre of the area show that the 

fine-grained feldspathic quartzites which overlie the M
0 

quart-
. hJ 

zites have a thickness of about 2,100 feet. The dip, where 

measurable, is about 30°N. 

2. The Leeuwfontein Area. 

(a) Physiography. The Leeuwfontein area is bounded in 

the south by the M3, or Leeuwfontein, quartzite (4335 feet) 

which overlies the fine-erained quartzites of the Franspoort 

area, and has a thickness of about 900 feet and an average dip 

of about 31°N. Petrographically the quartzite is much 

the sar.1c as the M1 or M
2 

quE}rtZite though not so recrystallised 

or brecciated. 

The Leeuwfontein area is do□inated by the LeeuwfontGin 

Alkaline Complex which is eliptical in shape with a north-south 

elongation. The north-south axis is about 2 1/3 ·· :·_ miles long, 

and the east-west axis about l¼ miles. It lies in a wide 

shallow basin drained by the Leeuwspruit (see plate 1). East 

and west the basin is bounded by the rounded divides\ 

that separate the Leeuwspruit drainage from the 

Pienaars River drainage (to the west and fror:1 the Louws:bakense-
, 

loop (to the east). To the north of the Complex the Leeuw-

sprui t passes through a narrmv rocky gorge and finally joins 
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the Pienaars River to the north of the area investigated. 

The area north of the trachy-andesi te ridge is well wooded arr~ 

unsuitable for agriculture. However, the area south .of the 

ridge is almost entirely covered by alluviw-J and is therefore 

arable. Some of· the commonest varieties of trees occuring in t.rt 

the north of the area were identified throurh the . 

kindness of 111:r. Beekink as lac lea lanceolata or bosquarri, 

R11us lancea or kareeboorn and llimbeya rotundifolia (E.May) or 

dikbas. 

b. General GeoJogy. 

The rim of the basin is f oroed by nwnerous bands of quartzite, 

diabases, hybrid rocks and hornfelses belonging to the upper part 

of the Pretoria series no shales were found. All these rocks 

have an eiast-vre st strike, and a northerly dip from 35° - 45°N. 

on the eastern side of the Cooplex to 30° - 35° Nin tho 

western sector. some of the diabases, however, arc trans-

gressive across the strike of the quartzites. The hybrid rocks 

as well as the hornfelses, and soQe of the diabases, are con­

sidered older than the Cor;1plex as they are cut by alkaline 

rocks and furthcrcore inclusions of hybrid rocks are found in 

- the syeno-diorites. 

The quartzites vary in colour from white to light red, 

and arc fine to coarse in grain. A seall pebble con6lomerate 

was found in a prospecting pit west of the trachyte ridge on 

Leeuwfontein. Ripple marks and cross bedding are comraon. In 

the Lecuwspruit north of the Conplex the quartzitcs have been 

recrystallised, intensely brecciated and metamorphosed. van 
Biljon (10, p.8) subdivided the nwnerous quartzite horizons 

that overlie the M3 quartzites, but due to the considerable 

difference between van Biljon's map and the author's map, and 

the narrow strip investigated, these different horizons could 

not be recognised. 
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The hybric: rocks above the :M3 quartzites differ from those 

below the M3 quartzite horizon, in that they are usually diabasic 

lookinc and have a £rey colour. Those below the M
3 

horizon 

usually have a crey or red colour, a mottled appearance and are 

f ine-c:rained. 

The hornfelses are intensely brecciated and have a lisht 

green colour. They occur near th8 old. powder factory east of the 

Complex. 

In the north of the area there arc nw11crous outcrops of 

e.r.wgdalo1.d8.;.i lavas rvhich probably have no £(mctic relationship 

to the trachy-mdesites of the Leeuwfontcin Complex. 

One, or possibly t 1.vo, :.lolo.oi tic limestone bands run through 

the north of the area. To the north of the complex flourite is 

seen to replace the limestone and. quartzite (see plate IX). In 

the Leeuwspruit the limestone appears to have becoDe plastic and 

intruded into the brecciated quartzite locally (see plate VIIl 

A diabasic dyke cuts the Complex and extends for a short 

way out of it (see map). It r:1ay be of Karroo age • In the 

Leeu;vfontein Alkaline Cor:1plex the exposures arc good on the whole 

but the wooded slopes on the east side and the cultivated lands in 

the south and west, conceal the nargin of the complex in these 

parts. A good conta:ct between the quartzite and soda-syenite is 

to be seen in thG Leeuwspruit. 

The hi8·tory of the Lceuwfontein Complex conlf11enced with the 

extrusion of trachy-andesitic lavas into which were intruded 

syeno-diorites, soda-sy2nites and Wilptekites. This was 

followea by the extrusion of a phonoli tic lava after VJhich 

fovaitGs and urtites were intrucled. u 
Late explosive magmatic 

vapours ·wvere responsible for the nw-:icrous aggloraeratc plugs as 

well as the presence of flQµrite and possibly carbonatite, north­

east of Pretoria. 

:1=1 ,, r<OCK3 OTHER THAN]~ ALKALINE HOCKS OCCUR.ING IN 
THE F'fUNJPOORI' AREA. 

11.. General. 
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A. General. 

As has already been mentioned in the introduction a 

suite of rocks occurs in this area which ranees froB a grano­

phyric quartz-norite through a rranophyric quartz-diorite 

and an "inter.wediatG" rock to "felsite". With the possible 

exception of the granophyric quartz-noritc all these rocks 

uentioned above contain varying at1ounts of nssifrlilatcd quart-

Zite. All rocks which contain assiwilatcd quartzite have been 

Dapped as "felsitic and other hybrid rocks". 

general distribution of these rocks see map. 

B. The Granophyric Quartz-~~ori tes. 

For the 

Diabasic-lookine rocks, in which brown pyroxene is seen 

to stand out on the weathered surface, are intrusive into 

shales and quartzi tes below the M
2 

quartzi tes and, as has already 

been noted, these rocks are probably transgressive sills • 

. :~ few isolated outcrops also occur below the M1 quartzite 

horizon. 

These rocks contain the following mincrals,roU£hly in 

order of abundance, altered plagioclase, nicropegr:1atite, 

altered orthopyroxene and quartz. Accessories arc ore in 

skeletal forr:1, apatite needles ancl calcite. t~ 11 t tle clino-

pyroxene is found in the spec1Dens· collected south of the M1 
quartzites. 

These rocks arc L1ediw:: to fine-grain2d anc1 there is 

ccnsiderable variation in the relative quantities of the 

various constituents. 

The plagioclase is alvmys very altered, cyid in only one 

specir.~en was it possible. to C.etern1ine the composition as 

rangirl[; fron labradori te ( An 59) to bytowni te ( An 75) .,, The 

average cor:1position is about .:Jl 65. Albite twins are the 

nost coL1·11on.,. other twins obsE:rved ~Herc Roc-Tourne and Carls­

bad. The feldspar is slightly zonally built and occurs as 



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

c. 

- 11 -

fairly broad crystals between o .4 ancl o. 5 L1m. wide. 

The feldspar crystals are often surrounded by fairly 

coarse 111icropecuati te which may contain, or crade into, homo-

geneous quartz individuals. In one slide a c,raphic inter-

growth lJetween pyroxene and quartz ·:1as noticed. 

Quartz occurs intcrsti U ~;.lly to the other minerals, and 

often contains small liquid inclusions showing Brownian ri1ove-

Gent. Some of the nicropegmati te may have been forr.cied by the 

rcplacewent of feldspar by quartz. 

Orthopyroxene occurs as large anhcdral to subt).edral 

hypcrsthenc crystals. In almost all the specimens, except 

those taken near/t8-5uwspru1 t, the hypcrsthcnc is aln1ost com­

pletely altered to fibrous amphibolc, chloritic naterial and 

bip t 1 t e ( ? ) • 

T:.1c orthopyroxcnc is greenish in colour; 2V ii:.= ?O~J t 

= 1.69:t. These properties incticatc a composition 

of E~7, Fs
23 

(20, p .406). 

In some spccir:tcns taken frofJ below the M quartzi tes a 
1 

11 t tlc augite was also seen. · 

Because of the weathered nature of these rocks a. 

Liicro,nctric analysis proved very unsatisfactory. For the 

rcsul ts of the cher;iical analysis soe Table I Colunn II, s::0.mple •=­

T95. AccordinC to van Biljon (10,p.35) this rock may be 

called a crapophyric quartz-norite . 

• ·"' dark fine-6ra1ncd diabasic rock somct:l.m.es occurs near 

the "felsites" wl1icl1 outcrop just below the M3 quartzites. It 

appears to be older than the "felsitcs" and conts,1ns only a 

little quartz and no cicropeecatitc. Its ehicf dark silicate 

is clinopyroxcne 7vhich encloses calcic-placioclasc subophi tic -

ally. 

Hybrid Rocks. 

1. The nranophyric QuartZ,:JJiorites. 
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In the area overlyinz the lvI2 quartzite numerous out-
occur 

crops of fclsi tic rocks" which arc of ten underlain by a contam-

inated eranophyric quartz-diorite which is seen to greyie into 

the "fclsi te" through an interDediate rock across the strike. 

These rocks are intrusive into the fine-erained quartzite and 

hold nw-Jerous inclusions of the latter. 

Good outcrops c6f these contaninatcd granophyric quartz­

diori tes are to be seen to the east of the f~Jai te dyke run Lccuw­

fontein (farm) and also south of the M quartzites on the west 
3 

bank of the Leouwspruit on the same farm. 

They often hold quartzite inclusions up to two inches 

in dian1c ter. These rocks usually occur as transgressive sills. 

One dyke, hovwver, occurs south ... scuth-wcst of the Baviaanspoort 

. and Leeuwfontein-Franspoort road junction. This d.ykc is c3:bout 

125 yards lone and about 25 yards wide, it stretches in a north­

south direction. 

Microscopically the rock is seen to contain weathered 

feldspar and mieropcgmatite in roughly equal quantities, pyroxene 

and its alteration products, quartz and ore. The plagioclase is 

largely altered to saussurite, and in some cases partially 

replac.ed by epidoto. occasional unaltered patches were found to 

be andesine. The feldspars are usually tabular and have 3.l1 

average length of about o .5 Ii'illl. and are either sir.1ply or poly-

synthetically twinned. Iviicropcgmati tc usually encloses a feld-

spar crystal, but may also occur interstitially to the other 

L1inerals. 

The size of the components of the coarser micropermatito 

units is about 0.012 mm. Towards the outer edge of the units 

quartz often increases and □ay graJ:1-e into a homorenoous quartz 

individual. Quartz is seen to replace the feldspar in some 

slides ( see plate XVI) and oceasional quartz grains are ~so 

found in the feldspar. 

Quartz occurs interstitially to the other minerals, sooe 
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of the quartz may be derived fror;1 the sediments. The in-

clusions of quartzite are almost alwajrs associated Yvith epidote. 

Clinopyroxene (salitc) is fairly abundant and is tho only 

prinnry niaf ic 111ncral. The crystals are amiedral anct up to 

0.46 IillJ. in length. They often enclose plagioclasc sub-

ophitically. The salite has the followine optical properties: 

n~ = 1.69 °!, 2V~ - 59i ±. 2o J Z A C : 450-:!:. 5o , 

CJlourless, not plcochro'ic. The salite alters to chloritic 

□ate rial, anc1 aophibole, the latter beins pleochroic from palG 

ercen to light brown and oli ve-crccn, and is probably a 

hornblende. 

Accessories are ore in skeletal form or as sn.:all 

subhsdral crystals, apatite needles and a little calcite . 

.. ~ccording to the chemical analysis, the results of which 

appear on Table I Colw:m III (Sample T.59) this rock may bo 

rceardcd as a quartz-c1iori tc that has assiDilated a certain 

ar.1ount of qunrtzi to. This would acc,ount for the fact that 

thG Nir,c;li values only approach, but do not fall v:1 thin quartz­

diori to or nornal -dioritc (27,p.349). 

1~ micrometric analysis of the [ranophyric quartz-dio-

ri te an2,1yscd cave the f ollowint: results : 

weathered Feldspar ..•...•.....• 35.70. 
MicropcgGati te .................. 35 .15. 
Ivielane s. . . . . . . . . . . . . . . . . . . . . . .. • 21. 43 . 
Qu---'rtz................. •. . . . . . • 6.72. 
ore , e t c . • . • • . . . • . . • . • . . . . • . • . . 2 • t)t) • 

I. 

100.00. f 

Alone the strike the cranophyric qu~rtz-diorite 

is seen to grade into a fine-grained black rock. N~icrosco pie-

ally this black rock is seen to consist largely of extrcnely 

fine micropeg□atite in which the quarti and feldspar often ex­

hibit parallel orientation, rescGbline extremely f inc polJ7-

synthetic twinninc in plagioclase. In sor.1c speci.c1cns the 

filicropccLatitG could only b8 identified by its incomplete ex-
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tinction and in some ca3cs 1-;:icrocheGical tests had to be re-

sorted to. The Iilieropegnati to inc1i victuals are usually about 

0.1 Lm1. in diameter. The only other constituents are long 

slender needles of creen chloritic material which arc up to 

1 m. in length, have a sub-parallel orient~tion and arc set 

in the nicrmpcgmatite. Small rcr:mants of pyroxene are also 

sGen, as well as a fair anount of carbonate anc1 epidote . 

.i\.bundant srnall ore spcck3 arc enclosed in the micropeo:iatitc. 

2 • .2.. The "Internediate" Rocks which have already been referred to 

were found at the base of all "felsite" outcrops that appear 

east of the Franspoort-Lecuwfontcin road. They may 2;.lso occur 

as sc~arate intrusions. As one passes from the granophyric 

quartz-diorite across thG strike the rocks arc seen to become 

lighter in colour and finsr in crain. 

increase ih the aG1ount cf ml.cropcgmati te 1s noticed as vmll as 

partial replacement of feldspan by quartz to form quartz "need-

le S". The araount of dark minerals decreases considerably. 

The feldspar is probably plagioclase, and is always in an 

advanced sta~ of alteration and often almost co@plctely re-

placed by cpidote. The feldspa~ are tabular and have an 

average length of about 1.5 mm. 

A number of qu:1rtz "needles" often occur parallel to 

each other, interstitial to ·which fine L1icropecmati tc is seen. 

These groups of "needles" have the sar:ie size as the plagioclase 

laths. Individual ''needles•, a.re about o .02 mm. V!ide an1 it would 

appear that each qu2 .. rtz "needle" represents a 1amc11a of 

plagioclase. Quartz "needles" are seldor.1 opticalJ..y contin-

uous and may be composed of anything up to ti-iroe or four 

optical units. 
\ I I 

However, in these eroups of parallcl'ncedles 

nsiehbouring units extineuish simultaneously. 1'he re arc aloo 

nllli~crous smaller quartz "needles" seldom optically hoDO£Cneous 

and occuring sinE;lY or in croups. "\. "ncodle" may traverse 

two Llicropcgrimtitc units and be in opt.:i.cal harmony with both, 
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thus forwing an intceral part of both oicropeematite units. 

"Needles" intcrsti tial to ri11cropegmat1 te uni ts arcralso · 

frequently not optically continuous. Under the binocular 

microscope it can been seen that the "needles" arc not needles 

at all but very flat tabular quartz bodies. SiL1ilar phenomena 

were observed by B.V.Lombaard (15) in his study of the PrefiliGr 

Iv~ine "felsitcs" 8I1C1 "intermediate" rocks, the latter closely 

rcsemblinc the rocks under discussion. 

The rnicropcgr;iati tc foni1s the lareest sincle coL1poncnt 

of the rock, but because of its fine texture it is often 

difficult to distinguish fro.ril the alt crod feldspar. 

In some cases a little chloritic material and ore arc 

the only rJclanes, in others, however, small clinopyroxerJ.e rem­

nants arc seen almost completely changed to fibrous nrnphibole 

and chloritic material. These remnants may enclose small 

altered feldspar laths subophitically. A few rcr.mants of 

orthopyroxene (?) a~e also seen, but arc usually completely 

al tcred to chlori tic material. ;;.ccessorie s are ·a little ore 

occurring in skeletal form or as subhedral crystals. some 

specimens contain some carbonate, and most contain apatite in 

minute quantities. 

Sowc specimens contain small inclusions of quartzite, 

which is always associated with epidote. In some inclusions 

epidote and quarts filay occur in roughly equal quantities. 

The qw-~rtz of the inclusion cloes not seem to have undergone much 

replacement by feldspar. However, a few quartz grains do 

sec□ to have been centripetally replaced to 1form micrope£matite, 

The decree of replaceoent is certainly never as great as in the 

tfclsitic
1

rocks to be described below. 

3. The "Felsites". 

These "1ntcrIJediate" rocks described above grade into 

"felsi tic" rocks which are in some cases identical to certain 

rocks described from near the Premier Mine by Lombaard (15,p.131) 
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• 
and before hir;1 by Daly ( 18, p. 757) and K~rnaston ( 17, p. 5). 

Van Biljon ( 10, p. 51) hEts noted the similar1 ty between the 

"felsites" of this area and tl1ose of Premier Mine. Excellent 

outcrops of these "fclsi tic'1 rocks arc found on the west bank of 

t.i.e Lee uwsprui t. Thsy appear to be intrusive into the fine-

trained quartzites either as sills or transgressive sills. 

No dykes of these rocks were found althourh a few small veins 

of "felsi tic" composition cut t11c "intermediate rocks" des-

cribed above. The "felsite" bodies cup about 20°N. where 

measurable, and tho quartzites about 35°N. 

Four main "felsi to" horizons occur between tre Lccuw­

fontein-Franspoort road and the Leeuwspruit (see map). 

No contacts were f ounc1 borween "felsite" and quartzite - and as the 

the two rock types weather the same chocolate-brown colour to 

some depth, much difficulty was experienced in nappin= these 

outcrops. On following the strike it does sometimes appear 

OB j f the quartzite grades into the "felsi te". However, 

upon the exar.1ination of numerous thin sections and specimens 

talcen alone the strike the author was always able to 

c1iffcrcnt1atc bctvrecn "fclsite" and quartzite. The sirailar-

i ty between "felsi te" and quartzite on tho weathered surface is 

due to the high sericite contsnt of tho quartzite which was 

probably deposited as a fcldspathic sand- or siltstone. 

Had the feldspcithization been caused by the intrusion 

of "fclsite" or by a "transformatory process" which altered the 
\l ,~ 

qu.Etrtzites into felsite (see van Biljon 10, p.131) then it 

would hate been expected that quartz grains would have been 
. ,, 

partially replaced by feldspar to foro "psoudo'-micro -peemat1te, 

as is the case of the quartzite inclusions in the felsite, 

( sec plate XIV). 

Tho ~felsites'' vary in colour from light or dark• grey to 
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red or lieht pink and most varieties are speckled . 
• I 

very fine-crained and contain quartzite xenoliths of varying 

size which stand out on the weathered surfacG. 

Microscopically the rock consists largely of small 

colonies of parallel quartz ''needles, or single "needles" all 

set in very fine micropcgnatite. 

remnants are seen. 

very few, or no, feldspar 

The'' fclsi te" horizon just below the 1v13 quartzite horizon 

and through which the section line passcs,(see map) 1s underlain 
J 

by a sill of granophyric quartz-dioritc which grades into a 

grey speckled "fclsite," throueh the "int8rnediate" type 

alrGady dGscribed. 
,. ,, 

1acroscopic3,lly, this fclsite is seen to be made up 

of quartz "needles" either occurine; in parallel, or slifhtly 
I 

,, I! 

stellatc groups or indiviGually, Individual needles are 

up to 1 mm. long and o. 02 mG. Yvicle. These quartz needles 

which nay be associated with a little saussurite are enclosed 

by very fine micropccoatite individuals. The olcropegmatitc is 

always associated with vGry finely dissen~inated chlori tic 

material, the unequa~ distribution of which causes the mottled 

appearance. Numerous quartz erains, varying in dia1nctcr from 

0.2mm. to 5 mm. are seen. These grains appear to have been 

replaced by feldspar about their periphery to form "pscuclo­

micropcemati te". The 1'eldspar has since been largely altered 

to chloritic material and sericite (see plate XIV). Sinilar 

phenomena were noted near the Lceuwpoort tin mine by Strauss 

(21). Accessories are Gpidote, greenish amphibole (?) 

and a little ore. A similar "!e1s1te" which outcrops in the 

Pienanrs River near the Baviaanspoort coal, has been descr~bed 

by van Biljon (10, p.53). The result of a chemical analysis 

of this rock appears in Table II Column III. 

~".,_ reddish grey variety occurs on the vmstern side 
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of this outcrop. This variety, despite the absence of a 

mottled appearance, is microscopically verys:iJililar to the type 

described above, except that the quartz "needles" may be 

partially composed of chloritic material. 

to occur singly and not in clusters. 

,, ,., 
These needles tend 

Yet anothsr variety has a brick-red mottled appearance 

in Which quartz and concen~ations of ihloritic material can be 

seen in hand specimens. Microscopically the constituents of 

this type are identical to those described above. 

remnants are seen. 

No feldspar 

Thut feldspar of the uicropeg;:ia.ti te which has a reddisl1 

colour tends to lie in an elliptical or circular pattern c;iving 

the rock a peculiar ringed appearance when viewed under low 

ma_enification. 

These we--l-1 defined rines which are about 0.2 mm wide 
I 

enclose areas with diameters of up to 2 mm. The material 

enclosed consists entirely of very fine micropegmatite and 

qunrtz ''needles'', whereas the enclosing matrix in vJhich the rings 

are set is very rich in chloritic material and also contains 

some ep1<lote, ?JTiphibole and ore as well as abundant quartz erains. 

1·wo hundred :rards south of the outcrop described above 

there ·is another lovv''felsite" ridge \vhich is about midway 

between the M2 and Ni3 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 the~weathered surface due to differential weatherine. They 

may vary in size from less than 1 I:illl. up to 18" in di:.u;~etcr 

(see plates XI and 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 bonier givin[; 
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the xenoli ths a vague outline ( sec plate J:11). Other in-

clusions have been almost completely digested and may be 

termed "chostn 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 been noticed at the Premier 

1iiine and Baviaanspoort by Daly, Kynaston, Lombaard and van 

Biljon. 

Microscopically the felsita described above is very 

much the same as the red variety already described. The 

quartz ''needles a-which usually have a parallel orientation and 

are often strained give the rock a trachytic texture. A few 

amyedales composed of quartz, exhibiting wavy extinction, are 

also seen. 

Examination of a quartzite inclusion with a reaction 

border showed the following (sec plate XIII):- qu2~t~. 

"needles" vith· 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 ri□, which is quite well 

defined eXhibit an extraordinary replacement or recrystalliz­

at~_on in that they have squat laths that jut out from the edges. 

In some cases the whole quctrtz erain 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, a phenomenon that would have been 

e~pected had quartz recrystallized. Nevertheless, rccrystalliz-

ation seems to be the only explanation. These laths are 

usually surrounded by extremely fine ''pseudo-IJicropegriiati te ." 

Tow:1rds the centre ot;IB~1usion very few such laths ::1re seen. 

The feldspathic material, however, is seen to replace the 

quartz grains to form "pseudo-□icropeematite" similar to that 

shmvn on plate XIV.· 
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The examination of an inclusion that appeared to be 

almost completely digested showed the follovving properties. IJi 

Near the periphery of the inclusion quartz_grains tend to 

These be "fused" to form one unit up to. 0.6 on. in diameter. 

units which occasionally form an optical unit always show 

undulose extinction with the outer edce, and to a lesser 

extent the whole unit, showing a tendency to transform into 

short laths or oblong bodtes. Some of the quartz may be ~e-

placed fo form micropegmat~i,te. Towards the centre of the 

inclusion the quartz grains(-0.1 to 0.2 t1L1, (diaL1eter) s11ow no 

tendency to form one unit, but do hovmvcr, show a tendE:ncy to 

occur in clusters. Only a very few grains show any tendency 

to form laths. Interstitial to these qu~rtz grains and 

individuals there are fine pinkish micropegmatite individuals 
\\ 'I i l • 11 

and single quartz needles identical to those of the fels1te 

proper. 

About 200 yards south there is another low ridge con­

sisting of various types of "felsitic 0 rocks underlain by ah 

intermediate type. The "felsitic" rocks of this horizon 

ccnsist amost entirely of very fine n1icropegi:1atite 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 n1fJ. and the width 

about O .16 rnfll.; set in very fine r.1icropegmatite •. The feldspar 

erystals are usually rounded at their extremities and simply 

twinned, being usually either completely altered or partially 

replaced by epidotc.. A few transparent patches were avail­

able and it was found that the axial angle varied between 

2V~ 00° to 86° with an average of about 82°, n ,~ = r 1. 55. 

The feldspar is thus andes1ne .- AJ..kal.L-:-1'eldspar may also 

be present. 
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Further south on either side of the Leeuwspruit just 

rorth of the junction of the Edendalespruit and Leeuwspruit 

there are numerous outcrops of "Fclsite" and "intermediate" rocks.: 

The area has been brecciated and faulted althoueh the displace-

ment does not appear to have been great. Most of the rocks on 

the east bank are of the "intcrr:1ediatc" t~vpe, those on the west 

bank are "felsi tic" ancl. underlain by an "intcr.r:1ediate" type. 

The "felsites" are either liel1t grey or brick-red in colour, the 

latter often containing angular inclusions of quartzite up to 

1 inch in diameter. These inclusions exhibit the same character­

istics as those already described. 

Grey "felsitic" rocks occur south of the Baviaanspoort 

road near the foyai te dyke on 1ccuv1fontein ( sec map). 

Microscopically they arc the same as those described above. Ho·:­

ever, the outcrops are poor. 

c. 1). The Sediments. 

The fine-grained quartzitcs arc -highly feldspathic and 

were probably deposited as a fcldspathic sedi~ent. The quartz 

grains vary in diameter from 0.1 to 0.35 en. with an average 

of about 0.18 which makes these rocks, according to Wentworth ts 

classification (22. p.202) fine to medium-grained quartzites. 
) 

A few rounded erains of fairly fresh microclinc also occur. 

Interstitial to the grains there is much fine feldspathic mater­

ial, a little fine quartz and chlori tic material is also usually 

present. 

S~ctiicns gathered from near a "felsite" horizon show 

varying degrees of alteration. The most altered spcciraens 

usualljr have a reddish colour on fresh fracture, and L1icroscopic­

ally they are seen to have properties very similar to the 

centres of the less altered 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 rerJainin6 quartzite and shale horizon 

(10,pp. 9 - 13, 304, 57_ - 59). 

The Berg-cn~Dallirie stone l1orizon was encountered in 

the east of Franspoort. It is a licht green partly silicified 

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

III". ROCKS OTHER THAN ALKALINE OCCURING 

IN THE LEEtrNFONTEIN J~A. 

A. General. 

The relationship between the non-alkaline rocks in 

this area is much more complex than in the Franspoort area. 

The Ii1atter has been further complicated by the prcsenc:e of 

identical (iabases of different aces ; the otl..c.1.or ores appear 

to have a genetic relationspip with the hybrid rocks. 

Furtherr;.10re, an ar"1y£daloid2 .. l lava occurs that is probt\bly not 

g,..::netically related to the trachy-andcsitcs of the Lceuw­

fontein Conw1ex. 

The general distribution of all rock types in this 

area has been described in the introduction. 

B. The Hybfid Rocks. 

The bybr1d rocks above the 113 quartzites C:iffer from 

those below the□ in that they arc ri1oro diabasic, looking in 

hand specimens. Microscopically they are seen to contain more 

f cldspar remnants .=md have a much highsr colour index than 

those occuring below the Iv:3 quartzi tes. 

1. Granophyric ~uartz Soda-Ga.bros. 

Ivlicroscopically these rocks are light grey· in colour 

and rnediuJit-graincd, often rcset1blinc a fine-r:rained diabase. 

~dicroscopicallJr these rocks arc seen to consist largel~­

of micropcgmati te, plagioclasc (.An 40-70) quartz [rains, and 

quartz~ needles'~ pyroxene and 2..r:1phibolc. The feldspar of the 
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micropegmetite is always turbid and altered, the pyroxene and 

amphibole are largely altcrGd to chloritic material and ore • 

.. ~ccessories are primary ore, calci tc, :,nd epidote in some 

specimens. 

A micropegmatite individual often contains a tabular 

core of plag!h.oclase (see plate XVI). However, in sooe cases 

a nwnber of uicropcgDatite units Day enclose a tabular plagio­

clase crystal . . 
The plagioclase is usually turbid and in only two 

slides could the composition of the feldspar.be detcr□incd. As 

a rule the plagioclase was found to be simply twinned according 

to the Carlsbad law. The plagioclase shows normal zoning, in 

some cases from labradorite (An 60 - 68) and andesine (An 40 -

45). 

0.002. 

An 50. 

The mantles have a refractive index of n p = 1. 557 t 

The average composition is probably in the region of 

The rock is made up of varying quantities of this type 

of micropcgoatite and a type that does not enclose a tabular 

plagioclase crystal. Zonal build in the feldspar of the 

micropcgmatite units, especially those with no cores, is often 

seen. The micropcgmatito seems to have been forr:1ed by simul-

taneous crystallization of quartz and feldspar. 

Evidence that the plates arc pscudomorphaftcr feldspar, 

was obtained in certain spcciL1ens, in that there are tabular 

(altered) feldspars that rcsefilble the shape of quartz plates, an 

also the fact that quartz is definitely seen to replace feld -

spar in raany slides ( see plate 17V). However, there arc broad 

(altered) tabular feldspars of Qimcnsions not found among the 

quartz plates. Evidently any rcplaceocnt of feldspar by quartz 

was restricted to the slender feldspars. 

Amphibole, pyroxene and their alteration products com­

prise about 35 per cent of these rocks, they occur as fibres or 

needles, or allotrionorphic crystals with serrated edges inter-
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of fine quartz 2ncedles" up to 0.5mn.in length, very fine rnicro-

peg[:ati te an.ct small quartz Grains. In sor:12 varieties snall 

turbit feldspars □ay be seen in a host of wicropcgnatitc. Fine 

chloritic material, fibrous amphibolc, pyroxene (?) anct ore are 

also· seen. l\Iel,:-1.nes make up about 31 per cent of the rock. 

The rocks resemble in many wrays soec of the "fclsitcsn 

below the M
3 

quartzite horizon. 

As dark ninE:rals make up at least 31 percent of these 

"felsites" of the Lccuwfontcin arc3., they may be called nmcsotype 

felsi tes". North of r~1r. Dav's house a nfclsitic n rock over-
~ 

lies the mesotypc "fclsitc"; it consists la.r[;cly of quartz grains 

wl1ich app:;ar to have been partically replaced by fcldspathic 

material. Chlori tic r:iatcrial and fibrous amphibolc arc inter­

stitial to the quartz grains. Concentrations of hornblende and 

quartz arc seen in hand specimens anc: ucasurc up to 2 fJL1. across. 

The hornblcnctc uas founc1 to h3.vc the followinc properties 

2V <:iz, = 66° + z, /'-... C- = 13° + 
-j 

Pleochrism X = p2 ... 1e olivc-rrcen 
c.__, ' 

y = brieht 
(._,' 

green, and 

z = pale [I'CCD. 

This rock is considered. to be quartzite which was r.:'lcta­

r11orphosoc1 b~,r the intrusion of the n_mesotypc felsitcs". 

c. The Diabases, 

The diabases in this area appear to be of two ages, one 

type is definitely younger than the alkaline rocks ancl the other 

apparently older. 

On the north-west side of the Conplcx a c~iabase outcrop 

ends abruptly aeainst alluvium, olJviously c1eri vod froe the sycno­

diori te and crcy soda-sycnitc as large feldspar .crystals are 

seen in the lieht {;rey soil. ..'~ few isolated outcrops of ercy 

soda-syonite were also ·found. Because of this abrupt tcrLlin-

ation of the diabase it is considered older than tho alkaline 

rocks. 

To the north and norty-cast of the C:JFl'}lcx there are 
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nwnerous outcrops of diabase of rather doubtful ago. Just 

south of the Karneelfontein road and to the east of the complex, 

diabase appears to cut a quartzbearinc trachy-andestic rock 

which grades into 8l1 anwcdaloidal lava, which, however, is 

probably gGnetically related to the Dullstroo□ volcanics (see 

Section D). 

Immediately north of the eastern trachy-anclesi tic ridge 

a narrow diabase dyke can be followed intermittently for about 

2, ooo rards ( see map). ./~lthoush no contacts are seen arrl the 

outcrops are usu8.lly very poor the dyke is obviously intrusive 

into the sytno-ciiori te of the 1ceuwfontcin conplcx. 

Iviicroscopically and macrosc9pically..:,tbese ·.tim aees of 

diabase arc very similar. 

The diabase is fine to mcdiWY1-grained, the youncer types 

usually are sli[:htly finer in grain. 

ophitic and subn~hit.ic texture. 

Both types have an 

Au[ite is the predominatine dark silicate which is often 

twinned and with 2V~ = 46°~3°,ZAc~33°~3°; n~=l.68z. 

It is accorapanied by fairly fresh zoned labradoritc (An 60 ~ 65), 

quartz and a little alkali - feldspar which is often intererown 

with some quartz to form micropcgmati tc. /,.ccessories are 

hypersthene, biotite, chlorite, ore and apatite. 

The Am,yr.daloidal ½avas. 

Three bands of amygdaloidal trachy-andesitic lavas 

occur in the Loeuwfontcin area ( sec r.:ap). 

Macroscopically it is a dense blac·k rock which carries 

nurncrous an1ygdales, never more than a few milin!etres in dia.n1Gter, 

which stam out on the weathered surface. To the east of the 

Complex and about 120 ?~-<,rds south of the K3.wCGlfontein road this 

amyedaloidal lava is seen to era.de into an even-grained non­

amycdaloidal quartz-bearine trachy-andesite, which, although no 
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contacts arc seen, appears to be cut by the syeno-diorites of 

the Leeuwf ontein Ccr.:plex and a youn[:cr (?) d.iabase (See rJap). 

1:icroscopically the cround-mass of the lava is seen to 

consist of s1:11a11 feldspart: laths (plasioclasc prcdor1inatint;\ 

fibrous hornbl2nde, elass, ancl quartz. ~~ 11 ttlc pyroxem~ L1ay 

also be present. ~~iteration products like carbonate, chlorite 

and zeolites are abundant. The amygdales arc cooposed of a 

mosaic of quartz £rains which is often associated with some 

carbonate~ 

F.C.Truter (28,p.lxv) is of the opinion that these lava 

may be correlated with certain andesi tic lavas wl11ch occur in . 
the Ru0iberg and Sta.voorn tin Eiininc areas, and vrhich in turn 

are correlated with the DullstrooL1 volcanics. 

The Ho1~nfelses and Altered rQuartzi tes. 

Some of the rocks described below as hornfelses shoUld 

strictly speaking be classed as hybrid rocks~ However, the 

term hornfels, used by van Biljon has been retained as a oeans 

or distinguishine between contaminated magmatic rocks (the 

hybrid rocks) and certain altered qmartzites (the hornfelses) 

which have received additions from the alkaline rocks and 

pjmoxenites in the form of feldspathic material and ferro­

maenesian minerals. 

To the east of the C•JL1p1ex there is a prominent ridee 

composed of hornfels (see map)~ ,: .. few smaller outcrops are f 

found further south. Only one small outcrop was found 

to the west of the Cc~plcx. 

The largest outcrop 1s intimately associated with the 

amygdaloidal lava cescribcd above. Tc the south of this 

outcrop the hornfels passes gradually into almost "normal" 

quartzite through a moderately cneissic quartzite. 

The hornfels itself is a brecciated rock having a pale 

greenish colour on fresh fracture. It has a very roU£h pitted 

weathered surface due to differential weatherinc. The rock 
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appears to be a 1Jrecciated quartzite th3.t has received certain 

additions from the alkaline rocks and pyroxenite of the ccmplex. 

1iicroscopically the rock is seen to consist of quartz 

6rains varyin~ in diameter frorn o. 5 mr41. to o .05 r:im. 

crains are often cracked, contain many liquid. inclusions, and 

have wavy extinction. Intcrstiti~l to these quartz crains 

there is a fair amount of fresh, sli[htly t:reen pyroxene (c1iopsidE 

Chloritic material, feldspathic material, biotitc,-calcite and 

ore :trc also present in varying quantities. L::: .. rcc concen-

trations of small circuL.-rr crains of pyroxene r;i ve the rock a 

mottled appearance. Some specimens have small veins of alkali­

fcldspar. 

Further south, irn111cdiately south of M:r. Day' .s ::ouse, 

there is a fine-c,raj_ned bancied hornfclsic rock which is probably< 

hornfels in the true sens.c of the word; it is not 1Jrccciated and 

is composed of small qu~rtz crains intimately associated with 

biotite, ore and semj_-opaque r.1aterial. 

In the Lccuwspruit, near the contact between the 

soda-syenite and quartzite (see plate viii) to be described later 

the quartzite is hiChly altered, and may contain up to about 50 

or 60 percent of added w~terial. T~1is rock consists lar6ely 

of craclmd quar ~z ~j_",1,ins, r.1icro)ccnati te, pale creen slit:htly 

pleochroic pyroxene, amphibole, biotite, ore and chlorite. 

Some of the micropeguatite seems to have been formed by the re-

placement of quartz by feldsparn Other quartz brains have 

undercone no replacement and are surrounCed by s@all pyroxene 

indiviclu.als. Cr0.cks in the quartz crains are in r11any cases 

filled with dark silicates. 

Similar altered quartzites are found north of the 

Complex in the Leeuwspruite They an~car to have become so 
.1. .t. 

plastic that they tP.~c intruded into the □ore normal quartzites. 

To the north and intina tely associated vri th the syeni te 

near the fluorite horizon on zcckoecat (287), tt1e quartzite is 
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very brecciated and often has a sneissic texture and varies in 

colour from wl1ite to pink. rw.croscopically the quartzite is 

seen to contain abundant grains and veins of carbonate. 

brownish mineral, probably an alteration product of some dark 

silicate, which is also seen in the aplite, was found to be 

present 1nthis altsred quartzite. 

present. 

L1 ~:LCii tior .. , fluorite is 

UnGerlyine the limestone, to bG described below,,there 

is a cl1erty band consistinc or' bands of black, white or creen 

fine-grained quartzite. Liicroscopically these roclcs arc seen 

to contain a fair amount of snall pyroxene "droplets" and are. 

similar to the altered brecciated quartzite described above. 

F. Limestone and Fluorite Horizon. 

In~nediately north of the sycnite-aplite to the west oftr 

Leeuvrnprui t, there is an outcrop of a ereyish c~olomi tic lime-

stone striking east-west anc1 dipping tcwards the north. 

wavy bands composed of a erccn substcmce stancl out on the 

smaJ.l 

weathered surface (~ee plate ix). 

strike as the li□estone. 

They have the same dip and 

Iviicroscopically tl1e rock is seen to consist of angular 

carbonate grains, usually about 0.06 nm. in diar.1eter. ThG 

t:;reenish wavy chloritic (?) bands are seen to be riddled with 

small inclusions. 

Purple fluorite is seen to replace thG limestone ex­

tensively (see plate ix), and to a lesser extent the quartzite. 

The wavy chloritic (?) strincers seem to resist replaceuent. 

Although the outcrop 1s fairly extensive, wining oper­

ations have lone since ceased, due, no coubt, to the impurities 

obviously present. 

veins of coarse liL1est.Dn,e, having idiornorphic crystals 

of calcite up to 2 ems. lone, cut both the 11L1estone and the 

fluorite. vnen it cuts the limastonc it is often seen to carry 

some fluorite. 
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In the Leeuwspruit, and further east, coarse-grained 

v1hite limestone is seen to outcrop; it is probably an extension c 

the horizon described above. Plate VII shows ho•.'l the limestone 

has become plastic anc intruded into the brecciated quartzitcs 

and hybrid rocks. The limestone has a pure white colour and is 

nade up of large rounded ancl interlocking cr2rstals which m1cro­

chemical tests have shown to consist of a rnixture of dolomite and 

calcite, the latter predominating. 

The angular inclusions, and the adjo:itniflC rock$, 

consist largely o'f altered quartzites or quartzitic limestones. 

A border of impure limestone usually surrounds an inClusion and 

consists lar[ely of coarser carbcriate, a ereenish, almogt 

isothropic ninc~ral,possibly chlorite, and a creenish or colour­

less mineral havinc yc110-.."J or Grey interf,3rcnce colours 

( wollastoni te?) and some ore. 

To the east of the Leeuwspruit numerous outcrops of a 

similar limestone occur, ~md have been quarriGd at one time or 

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

chemical analysis of the "limestone taken near the richt bank 

of the teeuwspruit on zeckoecat" which contains • • 

Si02 11.35 

.£.J..2°3 2.74 

Fe 0 1.76 
2 3 

FeO .29 

CaD 49.62 

1ig0 1.49 

H
2
0 (neg.) .02 

H
2

0 (pos.) .24 

so 
3 

.70 

TiO trace 
2 

P205 .09 

MnO .15 

CO2 3l.67 

100.12 
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C. J. Liebenberg, chgc1ica.l services, 

Department of Acriculturc, Pretoria. 

The Quartzites • 

.. ·~s reeards the quartzi tes, the author has nothing to 

actd to w11at has alreac.y been saic.l in the introduction and. in 

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

IV. GENESIS OF THE HYBffiD ROCKS, 

The author has corac to the conclusion that the "felsite" 

and to a lesser extent, the cra.nophyric quartz-diorite, con­

solid9.ted urnter special and cooplex conc1i tions that involved 

both magQatic differentiation and assimilation of quartzites, 

and possibly some limestone or shale locally. 

Bain (23,p.509), in his study of certain hybrid rocks 

of the Sudbury Complex, cmncluc1ed that the rciaterial assimilate, 

approac11es the nBss of the orieinal magma 1 tsclf. Bowen 

. (24, p .827), quite richtly states that "assimil2~t1011 of such 

L12~ni tude 1.1ust assure(ly t·--1 vc us pause." Tho p:ressnt 
""b .. ~- t1ie 

author will attempt to show that/ratio between c.iorlte and 

quartzite is in the recion of 3. 5 : 6. 5 (by vveitr1t ) • 

Similar abnormal rocks have been dcscritt d oy Daly 

(25, p.245), fro~ the Moyie sills. He ca.ri:e to the con-

clusion that assimilation of quartzite accounts for the 

abnormali tics in' the sills, _and points out "that dif feren­

tiation may partially mask the direct eviCence of assinilation 

Hall anc: du Toit, (26, pp.-82-85) carae to the con­

clusion that certain cranophyric rocks near the Hartebecst­

poort ~ owe their orir;in to the assimilation of quartzite 

and shales by gabb:ro. 

It has already been pointed out that no conclusive 

evidence was found in support of the theory put forward by 

van Biljon (10,pp.57, 130, etc.,), in his recent paper. 
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Furthermore, as the granophyric rocks are seen to 

grade into "felsi tic" varieties across the strike, and ·as the 

former occasionally occur as dykes, it must be concluded that 

the "felsi tesn are also intrusive. In addition it QUSt be 

borne in mind that when the coarse granophyric qu~rtz-diorite 

occurs at the base of the sill, it makes up a very small part 

of the sill, and it therefore appears unlil<:ely that the 

nrelsi tic" rocks could. have been chanced by emanations from the 

[ranophyric quartz-diorite. 

Lombaard (15,p.140), in discussine the oricin of 

almost identical rocks froo the Premier I'v~ine, states "As 

differentiation in depth proceeded so the generated portions of 

the parent magma became more acid, bu.t the mixing of the .oagmas 

of various stages resulted in hybrid LJ.aemas." 

The present author believes that the mixing of ma~mas 

may have played a minor role, but that the dom1natin6 feature 

was assimilation goin6 hand in nand with differentiation, 

and thus accounting for the abnoroaliies in these hybrid rocks. 

The rollowing sequence of events may be postulated ;·· 

In a gabbroic magQa sill in its journey towards the surface, 

differentiation and. assimilation of quartzi tes was taking 

plac.c simultaneously. Due to crystal settling the basal 

part or the sill would be more melanocratic and would contain 

little or no dissolved quartzite. This basal part is 

represented by the granophyric quartz-norite (T.95, Table 1, 

Column 11). 

The raiddlc rcc•ions would be more leucocratic and 
'-·' 

slightly more contaminated by dissolved quartzite. This 

middle reg~on would be represented by the granophyric quartz-

diorite (T.59, Table 1, Column 111), and Lombaard' s "inter-

mediate rock" (Table 1, ColuIJn IV). The top of the sill would 

contain a great deal of dissolved quartzite in a dioritic 

As will be shown the ratio of quartzite to diorite 
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was probably in the region of 4: 6 or 3: 7 (1Jy weight), and 

is represented by the "fclsites". (Table II.) 

Volatile constituents, which nay have aicled or hastene 

the dissolvinc of the quartzites, and most certainly affected 

the alteration of the minerals in the rock by auto-pnewnatolys1 

would be concentrated in the upper recions of the sill. 

The rock types described above IBay either occur as 

sills or transgressive sills, either associated with.each 

other as is the case tovvards Prer:iicr Iv1inc, or separately as on 

Baviaanspoort, Lecuwfontein and Bynespoort. It is, therefore, 

concluded that they represent successive intrusions hardly 

separated oy a time interval. 

To"~7ards the enc'i. of the crystallization of this hybrid 

E1agma ~c.fclsi te"), t.r~c feldspars woulC: fine: thcmscl ves out of 

equilibriwn, and be partially or completely replaced by silica, 

do pending on the ari1ount of quartzi tc assinilated. The 

norite is thou6ht to have differentiated at least as far as 

diorite as the pla,eioclasc in the intcroediate rocks are andesir 

On the advice of Professor Lor:1baard, the eraph (fig. 1: 
was drawn, usin6 the NiCCli values. By comparinc this o.iacram 

(up to si 500) with the typical cliffcrcntiation diacraDs fro.o. .. tr. 

Bushveld, Pidgeon Post, Duluth, the British Tertiary Province, 

etc. which are all fundanentally the same, very little 

similarity is noticed, Takinz this and the micrcsccpic and 

field evic~encc, already cascusscd, into account we may safely 

conclude that the "felsitos" c.o not owe their origin to simple 

or straightforward. differentiation, 1:)Ut rather to the 

assimilation of qua,rtzites. The question nor; arises as to 

hov1 much assimilation and how nmch differentiation actually 

took place. 

From the graph (f16 . 1) ~;;c oay conclude that tl1ese 

"1'elsites" were not formed bj' sinplc assimilation of a quartzite 

by a noritic magQa. If this had been the case then the Nicgli 
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values of the "fclsite" woulc'~ have fallen.on, or ncar,_the 

red lines of the craph. Furthcrri1orc, as has already been 

stated, as the plagioclase feldspars. of the "intermediate" 

rocks are often andosine it may be concluded that the magma 

cifferentiated at least as far as diorite or possibly even 

grano-diorite. 

It is possible to postulate the cooposition of the 

true magmatic portion of the "fclsite 0 , as it fi1ay be assumed 

that the Nizgli values of tt1c "felsi te" have values . .sornevvhore 

between where they would have been had only assimilation taken 

place, and where they would have been had only differentiation 

taken place. 

It was founc: that if in the "fclsite" the ratio 

of magma to quartzite vvas 7 : 3, then the magDa lWUlc1 have the 

following Ni££li values : 

si = 328 

al - 28 -
f!i1 - 36 

C = !l 

alk = 24 

These values fall into mc12~ocratic quartz-

c~iori te g,nd compm~e very. favourably ni th a type of felsi tc from 

the upper zone of the Bush veld CoL1plcx which has the f ollowin£ 

Nit:Cli values 

Si = 316 

al = 28 

fm = 32 

C = 15 

alk - 25 

(see Lon.ta.a.rd, 15, pp.155 anc1 161). 

It compares less favourably with a £rano--G.iorite froni 

.. ~dnm.1Urcman (27, p.430), \}hich has the followinc values 
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Si = 33.6 

al = 36 

frn - 26 

C = 14 

alk = 24 

It 1s therefore concluded that the "felsites" are 

composed of about 6 or 7 parts of quqrtz-diorito anc 3 or 4 

parts of feldspathic quartzite by vmit:ht. It can also be 

calculatecl that the postulated m8£ma fraction vwuld have an 

2.677, ant that the volwnetric ration between 

magma and quartzite is about 26: 11.5, or roughly spsaking 

2:1. 
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I. Spotted norite (table I No: 1.) 

II. !cluartz-bearinc; eranophyric norite (table 1 No: II) 

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

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

V. Ave race of a f e 1s1 te from Premier 1i:1ne and Baviaanspoort 
( table II' Nos: II and III). 

VI. Averace of fin= r,rained feldspathic quartzite from 
Leeuwfontein ( table III No: IV.). 
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V •. THE LEEUVvFONTEIN ALKALI COI~IPLEX. 

A. General. 

.. 

The Lceuwfontein .L\.lkali Complex, the physioeraphy of which 

has already been described in the introduction, covers an 

area of about 2.9 square miles, the north-south diameter bcinei 

about tvrn and three-eiehth miles, and the east-west dia.r:1eter 

about one and a quarter miles. 

The rocks appear to have consolidated in the 

followinc order: 

1. Trachy-andGsites and porphyritic dykes of 
sycno-diori te • 

2. SyEno-dioritc (white syenitc of Shand) and 
dykes of porphyritic sycno-diorito. 

3. Grey soda-sycnite (included in Shand's 
red-sycnite), porphyritic syenitic dykes, 
coarse peer:1ati te, and apli te. 

4. Red soda-sycnites, and bostonite dykes. 

5. Pyroxsni tes (anc. jacupiranfi tcs) o 

6. Phonolites. 

7. Foyaites and f oyai tic clykes. 

8. Urtites anc~ urtitic dykes. 

9. Ivwnchiqui te dykes. 

10. Late magmatic vapours, containing CaF and 
possibly CaC0 7 ~;l1ich caused nuch brec6iation. 

u 

1. ThG Trac11 -r-AJ1destte Rid?CS ..,, i.. "J • 

Two prornincnt trachy-andcsitc outcrops occur in the 

middle of the CcEplex, the strike is cast-west and the dip, 

where measurable, varies from 20° to 29° north. These two 

ridges cover an area of a:Jout one square ri1ilc, and are cor:1-

pletely surrounded and cut lJy dykes of sycmo-diorite (see map)t 

Two varie.ties of trachy-andesi tc are _found on the 

ridg~ and there appears to be a slieht difference in age 

between the two. The distinction between these two types 

is mainly macroscopic . The older and □ore cor.1.Clon variety 

consists of sub-parallel phcnocrysts of white feldspar up to 
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0.75 cm. long fet in a fine-grained brown-grey groundmass in 

which a few small crystals of dark minerals are seen. 

weathers to a reddish or light grey colour. 

The rock 

The younger variety is a b_~a~ tic-looking roe~-, 

weathering black. On fresh fracture the small phenocrysts of 

grey feldspar, which are up to 0.5 cm. lone, can hardly be 

distin£uished from the fine-grained dark grey groundmass. 

Microscopically these two varieties differ from each 

other only in that the· older is 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 (2V oc. = 66° t). The plac;ioclase is usually 

twinned according to the Albi te or ca,rlsbad laws. The fallow-

ing twinrang laws:were also noted : Albite-A.1.a, Pericline and 

Albi te-cc1rlsoad. Tl1e plagioclase has mantles of alkali-felds~a 

which have serrated edges and vru,,.y in width between O.l ~:.11Ct 0.25 

mm. They contain r:.any small incl .&io~s of amphibole, ore and 

bioti te, which range in size from o .0012 f1Ja. or even smaller to 

about O .0;25 tum. A fff'.V larger inclusions are also found; the 

plagioclase contains very few inclusions. A fe·.·: st1aller an-

-hedral phenocrysts of alkali-feldspar riddled with inclusions ar 

seen in the younger variety. The mantles ~f alkali-feldspar 

may often be absent in the older variety. 

The r:roundmass consists of anhedral alkali-feldspars 

(anorthoclase), with an average diameter of o .06 r..rn. 

andesine may also be present in some cases. In ue older 

variety, an olive-green hornblende (probably barkevikite), 

~Jiotite 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~de which is probably barkevikite. 

ore ·.JJ1icl1 often has a mantle of crystalline sphene, is more 
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plentiful in the younger variety, and usually occurs as 

inclusions in the amphibole or pyroxene. 

Acce33ories are quartz, apatite and biotite. 

chlorite and zeolites are common alteration products. 

texture is trachytic. 

Calcite
1 

The 

The results of an analysis, nade by Professor Shand 

(8, p.237) and shown in Table JV Column 1, appears to be of the 

youneer variety, and falls into normal "larviki tish" ~Jhich 

includes the trachy-andesites, according to Niegli's classific­

ation (29, p.364). 

Shand, (ibid) has salled 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 is uncertain. 

Shand (8, p.238), points out that "alumina probabljr enters into 

all six of the principal minerals; and sota, potash, lime, 

magnesia and iron appear in three or forir minerals each". The 

norm shows olivine but this min2ral is not present in the rock; 

it is probably repre~ented by biotite. The following 

proportions were ascertained by Shand (ibid):-

Anorthoclase • • . . • . • . . • . • . • 65 - 70 per cent b~l volume. 

Plagioclase. • . . • • • • . • • . • . . • 12 - 15 " " f1 " 
:tvie la11e s • • • • • • • • • • • • • • • • • • • 20 " " " " 

(of which hornblende; say 12 per cent; augite 2½ per cent; 

biotite 2 per cent; titeno-maenetite 2J 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- cl.iori t.e ( see rr.ep), thus proving conclusively that the 

trachy-andesites a·"'C older than the syeno-diorite, although 
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cl1emically they are more closely related to the erey socla­

sJreni tes (see graph, figure 2). 

3. Brecciated variety. 

To the west of the trachy-andesite ridge there are 

numerous outcrops, often l1aving a brecciated appearance, and 

weathering to a brick-red or r:;rey colour. These rocks closely 

resemble certain trachytic rocks north of the foyaite plug on 

the farm Franspoort. 

Microscopically these rocks are seen to consist of 

small feldspar laths up to 0.4 mm. lone, but usually about half 

that size, and showing a distinct flov1 structure. These laths 

are associated vvi th a fair amount of chlori tic and carbonati tic 

material, the latter being more abundant in the more intensely 

brecciated varieties. Some contain fair amounts of brovm1sh 

amphibole. ore is abundant and generally occurs as minute 

individuals, although a few larger individuals are found 

occasionally. The feldspar laths consist of twinned plagio­

clase and unt1.vinned alkali-feldspar,_ the latter often having a 

reddish colour due to ·naemati te C.ust. These rocks Rhich ar1 

probably the same age as the trachy-andesite described above, 

are cut by a compo~ite foyaite dyke (see map). 

4. Chill-Phase of Syeno-Diorite. 

Lieht grey trachytic-lookine rocks occur as strincers 

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-pt.Lase of the syeno-diori tes 

or gre:,/ soda-syenite. They are intruded by dykes and stringers 

of umptekite in the southernmost occurrence. 

Pink medium-grained rocks intermediate iJetween trachy­

andesi te· and syeno-diorite are found immediately south of the 

western trachy-andesite ridge. They closely resemble some of 
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the numerous syenitrec dykes found in the area, and probably 

represent a chill-phase of the syeno-diorite 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 s.yeno-Diori te or the White syeni te (JJ<:er type of Shand} 

( 8, p. 238 ) .. 

After the trachy-·andesi te lava flows had solidified, the 

syeno-diori te magma welled up towards the surface, and the 

trachyte ri~e 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-diorites 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 biotite. 

There are three main varieties, all very similar, and 

the distinction is once again chiefly a macroscopic one. 

1. The Pink variety is the most common (sample T204, Table IV) 
and covers by far the largest area marked as syeno-diorite on the 

map. The rock is composed of plagioclase crystals up to 1 cm. 

long and between 1 and 3 mm. wide. The-y are usually white, but 

may have a very pale pink or greenish-grey tint in some 

localities. These l:i.€ht coloured pl?61oclase cr?stals are 

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 ~re 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. hCCessories are biotite, quartz, apatite, ore, 

sphene and a little zircon. 1~though the plagioclase is 

usually decomposed the rock is fairly fresh on the whole. 

The most important alteration products are: chloritic material 

carbonate serici te ,saus.suri te and e pidote. 

The pyroxene is ferroaugite, it is usually colourless 

but may have a pale green or pink tint indicating the presence 

of a little acmite or titanium respectively. 

has the following optical properties:-

2 V /f : 50 o - 53 O ; Z t-. C : 3gO - 44 o ; n \3 = 

The ferroaugite 

1.712 t. 0.005. 

The ferroaugite changes into a hornblende (probably 

barkeviki te) to a greater or lesser degree which has the follow­

ing optical properties : 

ZI\ C = 1.690 :t O .005. 

Pleochroism; light brown to olive-green. 

A lavender--blue fibrous amphibole is also present. 

It shows almost straight extinction and is pleochroic from 

bright green to light olive-brown. 

with epidote. 

It is usually associated 

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

200 yards south of the bridge over the sprui t. J,._ few 

isolated outcrops also occur about 400 yards north of the 

middle of the eastern trachyte ridge, no contacts are seen 

between this and the other varieties of alkali--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 alsays form a 

mantle about the plagioclase. lv1icroscopically, 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 Jes 
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than the plagioclase. 
I 

The plagioclase is aeain andesine. It is usually verJ 

fresh and the anorthite content varies between 35 and 40] makir 

it sli~htly more calcic than the pink variety. 

common twins are again .. abi te and Carlsbad. 

The most 

The E\lkali-feldspar enclosing the plagioclase crystalE 

often shows patchy extinction, due no doubt to incompiete 

exsolution,, .;:'i.ccurate measurements are, therefore1 not easil~;­

made. 

The alkali-feldspar has the following optica: 

properties . . 
2V~= 70°-:!: 20 , n~ = 1. 536(b) :t 0" 003~ 

8 and pole of (010) a.re between 4° and 12° apart<) 

(3 and pole of (001) ,:.,,re usually about 10° apart .. 

The properties are similar to that of the pertriite of 

the grey soda-syenite which was shown by chemical analysis to 

be an anorthoclase holding about ec;; of the albite molecUle:i 

The soda-syenites are discussed in the next section. 

Quartz is usually fairly abundant and individuals are 

up to 1.5 mm. in diameter. The quartz is clear and contains 

many minute inclusions. The contact between quartz and 

feldspar is usually sharp. However, occasional intergr-0 · - ,:) 

between both types of feldspar and quartz were noticed. 

In samples taken from near the K2J'aeelfontein road the 

mafic constituents are the same as the first variet:r except th, 

blue soda-amphibole is seldom present. However, in samples 

taken from the area north of the t rachy-andesi te ridge red.dish· 

brown biotite is the predominating1 and 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. 
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3. The l\:elanocnatic Variety is found in the Leeuvmpruit at the 

~outhern extremity of the Complexe This type differs from the 

varieties described above in that it may contain up to 30':·~, or 

more of dark minerals. Both types of feldspar are usually 

iiJhi te, the plagioclase is oligoclase (An 35). 

The chief mafic ·constituent is acain a pale green, faint] 

pleochroic ferroaugite with a slight pink tint (2V~ = 56°, 

Z.A c = 38° - 44 °) which chanre s into lJarke viki te and ore. The 

lJarkeviki te has the following optical properties: 

2JO;. = 74° - 00°, ZA. c = 12° .::t Pleochroism: 

X = yellow, y = dark brown, z = chocolate brown. 

Dark brown biotite is also present. A noteworthy 

characteristic of this variety is the abundance of slightly 

purple id1omorphic sphene crystals which often contain small 
' inclusions of apatite crystals, 

As in the other varieties the melanes occur interstit­

ially to the feldspars, small inclusions of the dark miner./4ls may 
i 

be present in the feldspar especially in the anorthoclase mantle. 

From the results of a chemical analysis of the syeno­

diori te Crable IV sample. '1'204) ::.nd from the calculation of the 
! . J 

norm which has a normative ratio of Or Ab tAn. of 15.36 

45.61: 15.16. it is obvious that these rocks have a composition 

between that of a syenite and diorite. Accordin§3 to the Nif£li 

Classification (29, p.364) these rocks fall into nmaenaitisch" 

which is a soda-syenite and includes some of the a.kcrites, or 

"kassaitisch" (an essexite-diorite).Shand, 1nfluc"i1ccd by Brogzerrs 

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 vvells ·31, p.173 etc.). 

4. Inclusions. 

1:a..n:r inclusions of trachy-andesi te are found in the 
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syeno-diorite and three small inclusions of hybrid rocks like 

those described in . ch~~ptcr III. 

Inclusions vary in size from less than l" to 30 yards 

or more in diameter. .1s can be seen from the map these inclusion 

decre~se in size and number as one goes north from the trachy­

andesite ridce. Unfortunately the area south of the ridge is 

covered by alluvium. The inclusions are essentially the same as 

the trachy-andesites of the ridee and, as a rule, are very fresh. 

In certain lif,ht coloured ~arieties near the old dynamite 

factory to the east of the Complex sulphide ores can be seen in 

hand specimens. 

D .~. The Soda-Syeni tes ancl Uri1ptel-cites. 

The intrusion of the syeno-diorites were followed by 

the emplacement of a grey soda-syenite with which is associated 

an aplite and an wnptekite 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 in a tantalising way near the contact 

between syeno-diori te and grey soda-syeni te but the author is of th 

opinion that the one grades into the other within a narrow 

transition zone of a few yards. The contact between the 

umptekite pecrnatite and p_rey sod_a-s3renite is also gradual. 

This is seen to great advantage in the bed of the Leeuwspruit 

north of the Kameelfontein road. No contacts were observed 

between the brick-red soda-syenite or umptekite and the grey soda­

syenite but as the two types occur witl1in feet of each other there 

is no c.oubt 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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A r:ood contact between quartzite and grey soda-syenite 

is to be seen in the Leeuwspruit north of the K.:Jr1eelfontein 

roado h poorer contact was observed in the bed of a small 

sprui t 650 :rards to the west ( See $:;ct ion F). 

1. The Grey Soda-Syenite weathers very much like t:ranite and is 

M ic:eal orn21t1cntal IJuilding stone.. Good specimens are 

obtainable from a quarry situated at a large tor about 250 ~~ards 

south of the Kameelfontein road. 

On the weathered surface tl1isrock has a light grey or 
i 

li[ht-red colour, but on fresh fracture the feldspar, which is 

the main constituent, l1as a very light r_rey or 1Juff colour. The 

rock is leucocratic and consists largely of pertllitic anortho­

clase inG.i viduals up to 1. 5 cm long. A narrow ill-defined mantl1 

of pink feldspar surrounds the lighter coreso Microscopically 

the only difference between the mantle and the core is that the 

pink mantle is more coarsely perthitic and contains a little 

h2.ernati te 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 barkeviki te) occurinr:-: as larr,e subhedra~ 

crystals hol6.ine nwnerous inclusions of apatite ancI ore. ore 

is often seen to W1ijl1X alone the cleavace p:}.anes. 

The optical properties are as follows:-

2Voc.: 80° :,_ ZA c : 16° :t. ; n 13 = 1.675 ~+- • 
I 

Pleochroism is from olive-brown to dark chocolate brown. 

d.ccessories are brown bioti te, a 11 t tle very altered greenish 

pyroxene, some blue soda-a.mphibo+epre (titanomagnetite) a.,atite, 

sphene, sulphide ore (pyrite (?)) a little quartz and some 

purple fluorite. The chief alteration products of the amphibole 

nrc green epidote, calcite, iron oxide and chlorite. The feld-

spar is usually ff.1rly fresh but may be partially altered to the 
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normal alteration products of feldspar, including carbonates. 

Tl1e :results of a c11emica1 analysis appears in T~Lble IV 

Columh III (T.039). J~ccordirte to the Niggli classification 

(29,p.264) the ma[ma type is llka,ssaitisch" c~~1 essexite9diorite 

\:hich includes Brouwer' s Leeuwfonteini te), -:.u1d had it an fm. 

value of 25 instead of 24.25 it would have been "rnaenaitisch" • 

. /~ the rock contains anorthoclase and no plagioclase, as is the 

case in the syeno-diorites, it is proposed to call this rock a 

soda-syenite so as to differentiate between it and the syeno­

dior1te. 

2. The Pegmatitic Phase.· 

Tl1e soda-syeni te develops a pegmati tic phase in the 

eastern part of the complex Which can be follovred for about 

1000 ,yards (Soe cap). Its relationship to the syeno-diori tes 

is uncertain, but it is seen to grade into the grey soda~syenite 

in the bed of the L8ewwspruit to tre north of the Kameel­

fontein road, The red soda~syenite appears to be intrusive 

into the pegmatite. 

The Pecmatite is composed largely of anotthoclase 

crystals which have a distinct sub-parallel orientation with the 

(010) f~ces lyint: in a vertical plane. Dark minerals which 

are very scarce occur either interstitially to the feldspars ot 

as minute inclusionstherein. 

There are actually two types of pegmatites, viz: 

a) The Pink variety i~, coD1po sed of pink anorthoclase 

crystals up to 6" lonr. (see plate VI). Th:: d2.rk 

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 fl\£0:rite, _~quartz and sphene. 

The c1uartz may be secondary. 
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Professor Shand (8, p.241) was able to obtain fresh 

material by blasting; 

Tabl~ IV, Colwnn IV. 

the results of his analysis appear in 

(b) The Lirht• !3'rey variety which outcrops in the 12euwspruit 

south of the bridge 11as licht t,rey 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 

sugeest 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 mo re of the roe k. 

Pyroxene which is the most abundant dark mineral, 

usually has a parallel orientation and is optically similar to 

those found. in the foyaites. It is a faintly pleochrnic pale-~ 

green acgLrinc-augite, slightly zonally built, with a dark green 

border. It has the following optical prope~ties ~ 

2 V .J' = 80 o ::t 2 o ; ZllC = 58 o !. , n /3 = 1 , 7 2 :t.. • , 

which accordinC to Winchell (20, p.415) would. give this 

p:rroxene a composition of a!Jout 63)~) diopside anc1 37;; acmi te. 

The pyroxene changes into a hornblende, probably 

barkevikite, with the followine; properties 

2 V"!=,. = 80 Q ±. 2 O • , Z t\ C = 20 O :t , n f3 - 1 • 6 7 ±: . , 

Pleochroism is from licht reddish-brown to dark-brown often having 

a border of a green amphibole which is pleochroic from green to 

brown. 

Next in abundance is brown biotite, Iron ore occurs as 

inclusions in the am phi bole and pyroxene and is _probabl~r an alter­

ation product of the latter. 1~pati te and sphene are the most 
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important ac,cessories. 

In hanqspecimens a pink mineral can very often be seen 

occuring interstitially to the feldspars. In thin section it 

is seen to consist of fibrous zeolites similar to those of the 

foyaites. 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 3 mm. in diameter probably com­

pose less than one percent of the rock. It is likely that these 

zeolites are alteration products of nepheline, and the pegmatite 

rr.ay therefore be referred to as an urnptekite, 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 ;"pli te. 

In the north-west of the Complex there is a light red, 

fine to mediurn-frained, soda-syenite aplite (see map). It is 

intimately associatedwith quartzites and quartz breccias and 

itself isbrecciated in parts. From field evidence it app:;ars 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 is equigranular and consists largely of 

anorthoclase and subordinate andesine laths (An 35) up to 1 mm. 

long~ Jts the feldspars are usually stained with hematite dust it 

is often difficult to distinguish the plagioclase from the 

anorthoclase. 

Although the rock must be described as leucrocratic, 

dark minerals are fairly abundant and consist largely of fine 

chloritic material, epidote, and a yellowish-red alteration 
"'~(~ 

product, which may be derived from barkevikitel~s plentiful and 
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is often associated with the chlori te and epidote. .1~ccessories 

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 apli te, have a marl(ad trachytic texturE 

4. The Brick~ed Variety is composed largely of brick-red 

perthitic anorthoclase crystals up to 2.5. cm. longt showing 

a distinct parallel orientation with the (010) faces vertical. 

Carlsbad twinning can often be recognised in ~anqspecimens. 

Joint planes are often filled with purple flL\Qrite. Good 

specimens are to be obtained from a quarry just south of the 

bridge over the. sprui t. The rock is a good ornamental 

b uildine stone . 

North of the foyaite body (see map) it is intensely 

brecciated and the brecciation appears to have been of an ex­

plosi"JC'. nature. The rather angular fragments of syenite are 

cemented together with carbonatitic material. 

In thin section the red colour is not as homogeneous 

as it appears to be in hand specimens and is probably caused 

by the breaking up of the unstable ferri-orthoclase molecule. 

Stringers ofhaematite impregnated anorthoclase are usually 

parallel to the (010) face. 

In this variety the dark minerals are completely 

altered to green epidote, chloritic material, carbonate, soda-
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am phi bole and 9,re. Zeoli te clusters are always present and may 

occur either interstitially to the feldspars or as inclusions 

therein. Neplleline 1:Vas not identified for certain but it 1s 

quite possible that it may be represented by the zeolites. 

Unfortunately, no alalysis has been made of this rock, 

but it may, however., be called a soda-syeni te, or an wnptel{i te., 

dependinc on its exact chemical composition. 

Between the brick-red variety and the pegrnatitesJtha:ee 

is a f iner-crained red Urnpteki te or soda-syeni te wl1ich appears 

to be a finer phase of the bricl<:-red variety. south of the 

Kameelfontein road in a small waterhole near the quarry this 

finer variety is seen in contact with, and probably intrusive 

into, the pink permatite. North of the road, however, it 

appears to be intrusive into the normal 1Jriclc-red variety. 

This finer variety is also fairlylcucocratic. There is 

no parallel orientation of the feldspars which vary in size from 

very small to anythil1£ up to 3 cm. in length. The feldspars are 

very much like those of the brick-red umptekite already described., 

however, exsolution seems to have been more complete and this 

may account for the more nonnal optical properties, viz: 

2Voc. = 54 o :!: , n ~ = 1. 530 t.. 0 • 005. 

1'he dark minerals are tairly fresh and similar to 

those of the crey pe£mat1te. The pyroxene 1s slightly creener 

and probably contains a little more of the acmite molecule. 

Interstitial to the feldspars there are many zeolites 

probably pseuc1omorph after nepheline, like those of the c,rey 

pegmatites they have a redGish tint, and are often associated 

with carbonate. 

E. A Detailed Discussion of the Anorthoclase. 

The feldspar is either a crypto or patchy perthite, the 



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

- 54 -

in textbooks. Furtherruore upon cons~ting rlllingts tables (32, 

p. 65) it is seen that an anorthoclase t1aving about 50 - 60 

percent of the albite molecule would have 2-vrx;= 74o - 00°. 

The seemingly abnormally high refractive index is more 

difficUlt to explain, but is probably d.ue to the '·high al,~).te ,,conten . , 

anc1 the presence of some anorthi te in the mC?,J,.ecule. 
. . 

. . : ... •. , :~ According to h.lling (32,p.66) this mineral 

should be called a hyperperthite as this is the term he suggested 

for soda-rich anorthoclase. The autl1or, ho\·iever, proposes to 

follow Bellankin (quoted by Alling 32,p .. 66) by simply calling this 

mineral perthitic soda-anorthoclase. 

Mr. Game (personal co1~1IJ1tmicationl) of the British :Musewn, 

has recently investigated an anorthoclase from central Nigeria whicl 

1s very s1m11ru~ to the anorthoclase described above. It has the 

following properties : 2VQ = 52 • 5 °, n~ = 1. 5349. The angle 

between pole of (100) and rx = s0
; and that between pole of (010) 

and y = 5°. on cleavage fragments the extinction of (001) on 

(010) = 5.9°, and of (010) on (001) = 0.8°. A part of Mr. 

Game's analysis is subjoined; 
K20 3.88 

Na20 8.17 

cao 1.50 

13.55 

This feldspar from Nigeria differs from that of Leeuwfontein in that 

it 1s not perthitic and is polysynthetically twinned. 

fresh. 

F. The Contact between Quartzite and .s:>da-syeni te. 

It is very 

The only eood contact is in the Leeuwspruit north of the 

K~:;ineelfontein road (cee map) ··:l1ere a very good contact is seen 
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between a pinkish phase of the grey soda-syeni te and quartzite 

(see Plate VIII). 

The syenite fonns a narrow dark grey chill zone which 

consists of small fresh perthitic feldspars usually about 1 mm. 

in diameter interstitial to which there is a little pyroxene, 

bi_otite, amphibole, ore and quartz. 

The contact between this chill zone and the syenite is 

rather abrupt, little stringers of coarser grey soda-syenite 

cut this chill zoneo 

The contact betueen the chill zone and quartzite is not 

easilly pinpointed and seems to be rather vague. 

The quartzite immediately next to, and up to 25 yards 

away from the contact is highly altered and in some cases may 

contain more than 50% of added material in the form of 

feldspar, microps&matite, pyroxene, amphibole and ore. 

Similar altered quartzites are found a little further north in 

the Leeuwspruit and have already been described. 

G 13-. yoyai tes 1 y_rt~_t,~s and Related Rocks. 

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

the Kameelfontein road and is 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 is 

bordered on the south, east and north by red soda-syen1te wherea! 

on the west it is bordered by the grey soda-syCTnite. Only one 

poor contact was found in the north-east of the body, for the re~ 

the actual junction is obscured hy overburden. 

The foyaites and urtites told nwnerous inclusions of 

jacupiraneite (pienaarite) and phonolite as well as being cut 

by nwnerous foyai tic and urti tic dykes. 
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Brouwer (6, p.37 - 76) in his stud,y of ,outh .. ~rican 

alkaline roclcs devotes no less than 39 pae,es to the foyaites 

of Leeuwfontein and describes therD w1der the following head-

in ~s : - aeeirine-foyai te, aee,i,rine-amphibole foyai te, 

pienaari te ( jacupiraneJ te) and t awi te ( sodali te rock) • 

Shand (8, p.242) states that "The distinction of 

aegirine-royai tc f roril aegirine--amphibole foyaite is rather a 

6.istinction of handspcc1.r:1ens than one of rock facies." 

FurtherL1ore he E1aintains that the body consists of a "sinE,le 

outcrop of aegirine-foJra1 te in which sodali te and blue soda­

amphibole are variable constituents." 

Shand (ibid) also states tllat feldspathoids do predomin­

ate in soce varieties, it is tl1ese varieties that the author 

proposes C:3-llin['~ urt~te s, and it would include Brouwer, s soda.­

lite-rich aeginine-foyaite (see c:oltm.n 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 tern jacupirangite for these rocks. 

2. The Fovaites occur in the ~southern and northern portion 

of the area mai'"'ked foyai tes and urtites on the map. J.\. small 

outcrop,. a few paces in dia£1eter, is found in the red syeni te 

on tl1e west bank of the Leeuwspruit just north of the bridge. 

The rnain constituent is tabular cr:.rstals of perthitic anortho­

clase varying in length frora a fe1·1 E1rn. to about 5 Cfo~ with an 

averaze of about 2.5 crn. The feldspars usually have a 

parallel orientation with the (010 )' faces fertical. suboroinate 

minerals are nepheline, sodali te, pwroxene, ar;iphibole, sphene 

and ore all of w111c11 occur· in vax•ying an10unts. 

Tuiost varieties are ri1ore or less equicranular .some, 

however, are slifhtlJ' porphyritic 11aving phenocrysts or anortho-
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clase and nepheline set in a fine-rrained croundmass of smal1 

laths of anorth9clase and. albite alone with sodalite sphene 

and the usual accessories. 

The anorthoclase is very similar to that of the light 

grey umptekite peematite •. The crystals are twinned according 

to the Carlsbad law, the composition plane is usually irregular, 

The perthite is both patchy and crypto and the optical proper­

ties are as follows : 

2V~ - 76o~ 2~ 

./angle between ( 001) and ~ = 9° - 12~ 

.Angle between (010) and/ = o0 - 2°. 

nf = 1.528 !" 0.002. Extinction on cleavage fragments 

are the sru11e as those of the pee11ati te. 

Thus the anorthoclase probably has about the same com-

position as that of the s~renites. The refractive index is 

more normal; this □ay be Que to a smaller percentage of 

anorthite or albite molecules. 

The flJepheline, which is often zonally built, may have a 

reddish stain and occurs inters ti tiallyJ and more rarely as in­

clusions, in the feldspar. The crystals ~re 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 

craclrn and cleavages, in some specimens the nepheline has 

been completely altered to zeolites which are often associated 

with a little carbonate. 

The zeolites are either licht crey or colourless and_ 

have yellow-, blue or reel interference colours. They may oo 
either length fast or lenc:th slow. They have a Sii1a~l 2Vcf­

and probably belonc to the natrolite group of zeolites • 

. Another alteration product is colourless in ordinary 

light and has a pale yellow interference colour. It is uniaxial. 
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positive and not fiberous. This is probably what Brouwer (6, 

p.61) calls l1ydronephelite. Dana (34, p.657), however, states 

that l1ydronephelite is a mixture of natrolite, hydrarcillite am 
diaspore. I~rdronephelite is not mentioned in ~rwinchell' s 

Elements of Optical Mineraloey (1950). Rogers and Kerr (35, 

p.254), however, state that it is an alteration product of 

nepheline, but apart frora sayinc that it is closely related to 

cancranite, they eive no description of it. Winchell (20, 

p.354) states that cancranite may be positive or neeative (Ro[;er 

and Kerr give it onl:I as positive) and it tl1eref ore seems 

possible that hydronephelite is now considered as a variety 

of cancranite. 

The sodalite crystals are seldom as large as those of 

nepheline and are almost always idiomorph1c. They occur either 

as inclusions, or interstitially to the feldspars and 

nepheline. The sodali te is often very fresh and seems less 

susceptible to alteration than the nepheline. In other varietie: 

a,cain it is almost completely altered to zeolites. 

In handspeciri1ens the sodalite has a grey colour with a 

vitreous lustre. Under the microscope the fresh sodalite is 

seen to hold rnany minute inclusions civine the sodalite a 

creenish tint unc1er low rnac:nification. 

The inclusions are often arranged in zones parallel to the 

crystal sides. I.:.1 some cases, rwwever, the inclusions f orrn a 

maze usually cDnfined to the centre of the individual. The 

aegirineaugite crystals are often zooally !Juilt, amt the outer 

zones holQ many mnall inclusions of nepheline, feldspar and 

sodalite. Because of dispersion or the optic a."~is in white 

light the follovvine properties were ascertained in sodiWl1 lieht. 

2V -'X.., • 80 o :±: J Z A C = 80 o ! , n (3 :) 1. 76 

Pleochrism:X emerald. Y olive-gree-n., Z olive- brown 
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T!1ese properties indicate an aegirine-augi te holding 70 or 82 

percent of the acmite molecule (20, p. 414). 

The amphioole seems to hawe been fonned entirely by 

transformation of aeg1r1ne-aug1te. The soda-arnphibole has the 
r 

following properties (cletermined in yellow light be.cause of 
0-+- • ~ dispersion) 2VOL = 54 ..J.., ; z Ac = 40 ; n oc: : 1.665 !.. o.UO,j 

Pleochroism: X ~ brown-green; Y;: blue-green; z = green­

brown. Brouwer (6, p.61) calls this arfvedsonite out it is 

probab1ly k~ta~hori te which, however, lies in the arfvedsoni te 

series (20, p. 440). 

Accessories are sphene (often idiomorphic) apatite, 

biotite, titanornagnetite, and purple fluorite. 

The only availab)le analysis 1s obviously faulty ( T~ible 

4, Column 5). 

Shand (8, p.243) 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 " " 

Aegirine (and soda­
amphibole) 9 fl fl 

l~cording to me~surernents made by the present author feldspath­

oids usually made up between 30 and 40 percent and in some 

cases as low ~s 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 betv1een urtite 8.nd foyaite may be either sharp or 

gradual. 

The urtites are very coarse-grained rocks; the Chief 

constituent being large 1diomorphic nepheline crystnls up to 

1 a:i. in d12~18ter with subordinate anorthoclGse, sodnlite and 

pyroxene. Accessories ~e sphene Md 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 occasi011a11y may 

be found as inclusions in the anorthoalase, 

The order of crystallization was as follows sodalite, 

nepheline, feldspar, pyroxene. 

The nepheline cr~rstals that are still fairly fresh have c 

grey colour with a vitreous lustre on fresh fracture. 

Those tr..J.t have been largely altered to zeolites have a dull 

red colou-r'. The zeolites have the sam~ properties as those 

described under the foyaites, 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 foyaites. 

Brouwer's sodalite-rich aegirine-foyaite (see Table 

IV Column VI) is a typical urtite. The following results werE 

obtained on a Sh8nd integrating stage (r.easurenents on a finer-

crained facies). 

Sample No: 1. sam;21e No: 2. 

Nepheline 53 volumes percent 30 volumes percent. 

Sod.alj te 13 " 11 38 " " 
Total feldspathoids 66" " 68 " " 
Feldspar 30 " " 25 n " 
Dark minerals 4 " " 7 " " 

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

In the south of the foyaite outcrop there is a marked 

banding m the foya.1 tes verj' similar 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 

orientation. This concentration of melares gives the more 
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melanQcratic zones a composition similar to that or the jacu­

pirangite inclusions described below. 

5. Inclusions. 

Inclusions of jacupirangite and phonolite are rather 

common in the. foyaites and may be angular or rounded blocks of 

varying sizes, which have often been partially digested by the 

foya1t1c magma. 

fa) Phonolite inclusions are tairly common and two of the larger 

ones, measuring about 25 yards in diameter, are shown on the map. 

These inclusions are aDnost identical to a phonolite from 

Leeuwkra~l 21 miles to the north (zee s~aller map) and describec 

by. Shand ( 9, p. 91). 

Tl1ese inclusions must represent a lava flow which took 

place after the syenites were emplaced, but before the foya1tes 

erupted. They therefore would have a composition intermediate 

to the syenites and foyaites. This is borne out by the chemical 

analysis of the phonolite from Leeuwkraal done by Professor Shand 

The phonolite from Leeuwfontein 1s a dark grey.rock with 

numerous phenocrysts of perthitic anorthoclase, up to 2 or more 

cm. long and usually twinned according to the Carlsbad. law. The 
I 

anorthoclase crystals have serrated edges and contain many small 

inclusions of liquid or glass, sodalite, pyroxene, amphibole an~ 

ore associated with sphene. These inclusions are more abundant 

towards the outer rim. 

lhe groundmass consists mainly of smaller perth1t1c anortho 

clase individuals varying between 1 and 0.2 mm. in diameter. 

Sodali te, aegir1n¥rug1 te, soda-amphibole, ore and sphene are ala:> 

fcund in the groundmass. Nepheline was not identified for cet­

ta1n. Shand (8,p.244) did a quantitative test tor chlorine and 

found it to be o.36 percen~ 1 corresponding to 5 percent or soda­

lite in the rock. 
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.. ·~ccording to Shand (ibid) this rock is so decidedly under• 

satu~ated that it must be called a sodalite-phonolite. 

(b) Jacupirane;i te. 

A few small ill-defined inclusions, selc"i.om more than 

a foot in cliameter are found in the southern part of tl1e 

foyaite bod.y. These inclusions probably represent an alkilisE 

phase of the pyroxenite which outcrops on the eqst side of the 

Cofilplex and i? described in the next section. 

The jacupi.ranci te is a heavy 1Jlaclc rock holCing about 

75 percent of melanes often havin£ a par~llel orientatior. 
1rhe main constituent is ;Jeciutifully fresl1 pale c:reen pyroxene, 

f-ollowed by ilmenite and. idiomorphic sphene crystals, eac11 of 

which exceedS ten per cent. .. .... pati te and magnetic iron ore are 

also conspicious. 

The rrielanes are set in a groundri1ass of fairly fresh 

ne pheline and a.northoclase. .:~ little sodali te and purple 

flLlorite may also be present. 

The pyroxene is zona..lly built, with the cores having a 
• 

lieht green colour and the borders a erass-ereen colour. It 

is only sli£htly pleochroic. 

properties : -

The cores have the following 

2V O : 60 o - 64 o ; Z /\ c : 46 o - 50 o; n \~ : 1. 72 !_ • 

The boro.ers have the following properties:-

2Vf = 94°~ ; Z/\ c = 75° t ; n~ = ) 1.725. 

Some ere en 1Jorders, however, are very narrow and dif f'e r 

only slight l;y frori1 the core • 

These properties incacate the follm11ing composition 

( 20 , p • 415 J: 
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Cores. 

Hedenbergite (CaFe) 

Diopside ( Calv1gFe) 

.'a.crni te (Na.Fe)" 

50 percent 

40 " 

10 n 

Border. 

40 percent 

60 percent 

Brouwer (6,p.45) has called this rock a pienaarite, 

the tesults of an analysis appear in Table IV, Column VII. 

Shand (B,p.244) considered the name pienaarite uncallec 

for and proposed the term sodalite-bearing jacupirangite. 

H. The Pyroxenite Body. 

A pyroxenite body dm 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 its alteration products. 

The broad~rbands consist almost entirely of fresh, 

anhedral, slightly zonally built light green pyroxene crystals. 

The narrower bands consist of finer pyroxene that has 

been almost completely altered to amphibole)ore and other alter­

ation products. ii 11 ttle apatite> ore and sphene are also 

present. Feldspathoids and feldspar were not identified for 

certain. 

The pyroxene is very similar to that of the jacupirang11 

the slightly greener boardersihowever, differ only very slightly 

from the cores. 

The pyroxerfe l1as the following properties: 

2V f : 62 ::'; Z" c = 52 ~ ; n ~ : 1 •. 725 ·-r- 0.005. 

The chemical composition would therefore be the saine 

as the lighter coloured cores of the jacupirangite. 

The origin of the pyro.xinite and jacupirangite is dis­

cussed in Chapter VIJi. section A. 

r. The Last Phase of the Eruption. 
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Tuiicroscopically this rock resembles the trachy-andesite 

but it is impossible to say ·whether it is related to the trachy• 

andesite or tl1e syeno-diori te as it is never seen to cut either 

of the two. 

The plagioclase is andesine (.An 35 - 42) and in most 

specimens is almost completely altered to the usual alter~tion 

products. The plagioclase crystals are often rounded at the 

extremities and the edges are usually serrated. occasionally 

a very narrow band of alkali-feldspar may surround the plagio­

clase phenocrysts. 

The groundrnass consists of small laths of twinned or un­

twinned anorthoclase. Plagioclase occurs in subordinate amounts 

J~ little ferro-augite, which may in some cases be almost com­

pletely altered to amphibole or chlorite and other alteration 

products, is also present. 

primary ore. 

,~ccessories are apatite and some 

These rocks may be called syeno-diorite porphyrie~ and 

are genetically related to either the syeno-dioritesor trachy­

andesiteS (8,p.245). 

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

itself. Th~ best out crops are found in the Leeuwsprui t 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 :r,eldspar 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 diameter of about 0.1 or 0.2 mm. 
in 

The dark minerals are the same as/the more common typ~ 

of syeno-dioritelthat i~ slightly ereen ferro-augite (2V,t= 54°~ 

Z A c = 48°~ ) largely altered to a greenish a.mphiboleJ possic 

ly barkivikiteJas well as biotite and ore. Accessories are 

apatite and sphene. 

Shand (8, p.245) has noted the similarity between 

certain Pilansberg dykes from Bank and those described above. 

Shand (ibid) calls these rocks akerite-porphyries, but as 

they contain 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 ttian 

the syeno-diorites, but earlier than the soda-syenites. 

The ratio of phenocrysts to groundmass varies con-

Siderably. In some cases the phenocrysts may be packed so 

close together that the rock resembles the syeno-diorite or soda 

syenite; in others again the phenocrysts may be sparsely 

scattered throughout the croundmass. In some localities small 

stringers composed entirely of material like that of the 

groundmass are seen to cut the dykes described ~tve. 

(2) .Boetonites. 

Dirty brick-red, fine-grained, soda-syenitic dykes are 

abundant throughout the Complex (for their distribution see 

map). Outcrops are eood but mostly unfresh and the width is 

seldom more than a few feet. Good cont~cts are not uncomrJon. 

The bostonites cut all rock types except the foyaites 

and are genetically related to the red soda syenite. 

tlicroscopically the rock is seen to consist of small 

anorthoclase laths from 0.4 to 1.4 mm. by about O.l mm. set in 
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a groundmass composed of smaller laths. 

tint due to haematite dust. 

The feldspar has a red 

The rock contains much finely disseminated ore, a reddish 

or yelloY1ish-brovm alteration product possibly of a pyroxene or 

amphibole, as well as chloritic material, epidote and much carbon­

ate. The texture is trachytie. 

Some of these rocks, however, are not typical bostonites 

as they contain a fair amount of dark minerals, whereas the typical 

bostoni te from Boston, u. s . .:1.., contains only 5. 9 percent total iroz 

and magnesia. These rocks, however, are still leucocratic and the 

name bostonite (proposed by Shand B, p.245), therefore, seems the 

most suitable, 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 just west of the western t rachy-andesi te ridge 

~ontains a fair amount of ~uartz and can be called a quartz­

bostoni te. 

3e Foyaites. 

There are three main foyaite dykes in the area:­

(a) A composite dyke 2¼ miles long. 

(b) A 350 yard dyke of tinguaite. 

( c) A sn1a11 dyke in the south of the foyai te body. 

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

the Leeuwfontein Complex to south of the M2 quartzites, a distance 

of about 2¼ miles (see map). 

Parts of this dyke were mapped by Shand (8, p.245) who also 

gave a short description 9f it. 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 

forai te into which was intruded a later and finer-grained variety. 
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This intrusive nature is not always evident and sometimes only 

the one or the other variety is seen in outcrops. 

The coarser var~ety is much more abundant and is rather 

variable in appearMce. It is composed of stellate groups of 

tabular feldspars up to 1 cm. in length and having either a red oJ 

white colour. These stellate feldspar groups are set in a fine­

grai grained chocolate coloured base in which small pseudomorphs 

after nepheline can be seen. 

The finer grained variety has a brownish-red colour, Md 

is essenti~lly the same as the coarser type; the feldspars a.re 

between 1 and 2 mrrf. in length. 

The feldspar is anhedral perthitic anorthoclase, often 

simply twinned and containing small inclusions of dark minerals, 

mostly aegirine-augite. 

The chocolate coloured base is composed of smaller anorthc 

clase individuals, alteration products of nepheline, small 

idiomorphic aegirine-augite crystals and a remarkable quantity of 

little wedges of sphene. 

The nepheline has been completely altered to colourless. 
' 0 

zeolites possibly of the natrolite group, (2V O • 59 :t; n(3= 

1.490:i 0.005) interference colours are white or pale yellow). Sorr 

·sections have an opaque or semi-opaque alteration product of 

nepheline. 

The aegirine-augite occurs as idiomorphi~ crystals as a 

rule, but sometimes may be arranged in stellate fibres. Its optic 

properties are identicral to those of the foyaites of the Complex. 

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

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

Shand (8, plate llIIf has mapped it as bostonite but he does 
' 

describe a tingua.lte (8, p. 246) from the north of the body which 

appears to be the same rock. 
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This ci.yke is about 350 yards long and only a few feet 

It l1as a red or sreenish colour, with a few grey pheno-

crysts of ereJ, feldspar and many little spots of reddened 

nepheline. The ciylces are fairly fresh in places and consist of 
~ 

feldspar laths between 0.03 and 3 mm. in length and aeciri.q&e.uei• 

needles up to about 0,4 mm. long and micaceous nepheline pseudo-

morphs. The feldspar and the pyroxene have a rudely parallel 

orientatioh and a faint flow structure, hence the naine tinguaite. --Accessories are a little secondary blue soda-arnphibole, ore and 

purple fluorite. 

(c) ,·~ Fine-grained Foyaite 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 foyai tes which it cuts. 

4. Monchiguites (?} 

Nu1:1erous SLiall Cykes, of what may be called monchiqui tes 

are found in the Leeuwspruit just nortltll of the Leeuwfontein 

Complex (see map). They are intrusive into the quartzites and 

appear to have intruded after the quartzites were brecciated 

These rocks consist of a few ill-defined phenocrysts 

of, (a) hcpheline pseudomorphs composed of zeol~tes, carbonate, 

cl1lori te and other alteration products, and (b) !airly fresh 

aegirirre-augi te. These phenocrysts are set in an almost black 

[:roundmass which is composed of hi8111Jr altered aegirir(ee .. uti te anc 

feldspar. Zeolites are also present and may be an alteration 

product of nepheline. 

Other hiehly altered melanocratic clyke rocks occur near 

the fluorite horizon, but as the rocks :are so highly al ter,ed thci1 

original composition is rather uncertain. They are m arse-

grained rocks and consist of large dark phenocrysts which may 
e• be pseudomorphs after aeg1r1naueite and are composed of chloritic 

. A 

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) Ijolites. 

(a) A Jacupirangite dyke only a few feet long occurs on 

Zeekoegat in the urtites of the Complex. It is almost completely 
I 

obscured by long grass and thorn trees. Macroscipally it does 

not resemble the jacupirangite inclusions. It 1s a fine-grained 

greenish-black rock with nwnerous phenocrysts of fairly 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 ground.mass composed of small zonally built 
' 

allotriomorphic aegirine-cugite crystals, blue soda-a.mphibole 

(an alteration product of aegirine-augite) nepheline, sodalite 

fluorite and calcite. There is a possibility that this outcrop 

may tre 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-augite. 

(6) Carbonatites. 

It has already been st~ted that the intrusive limestone 

shown in Plate VII is proba~ly a mobilised sedimentary lm.mestone. 

Hovvever, just north of the area investigated tLer1:..; Dr. Truter 

has found a small carbon8.tite dyke which may be related to 

the alkaline rocks. 

VI. ALK..'.J.il ROCKS OF THE FRANSPOORT AREA. 

For a general description of the area see the Introductior 

-'~• The Franspoort Foyaite Plug. 

1. Foyaite. The foyaite plug is intrusive into 
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the 1'.iaealiesbere q_uartzi tes and shales. The actual outcrop 

measures about three-quarters of a mile by one-third of a 
i' 

mile with a distinct north-east/ south-west elongation. 

As the southern part of the plue is covered by alluvium 

the southern boundary is rather uncertain. However, owing 

to the presence of a few ill-defined outcrops of quartzite 

just north of the Cullinan road (sse map) there is soare 

doubt as to whether the foyaite actually extends as far as tre 

road as was claimed by Shand (9, p.83). 

On the northern side of the plUe the contact between 

lavas and foyaitescan be drawn in with a fair amount of 

accuracy as they often outcrop within a few feet of each other 

No contacts were seen but it is fairly certain that the foya1 tE 

are youneer than the lavas. 

There is very little to add to Sha.ndts description of 

the foyaites (9, pp.84 - 86) which he c1escribes as "a 11£:;ht 

erey rock of mediwn-grain composed of white feldspar laths 

averaginc 5 mm. in lencth with grey nepheline crystals (1 to . 

3 mm.), small black aecirine prisms, and occasional grains of 

purple fluorite." 

Shand (ibid) calls the feldspar microperthite but 

accordine to its optical properties it holds almost equal 

quantities of orthoclase and •albite, it therefore seems more 

correct to use the term perthitic anorthoclase. The feldspar 

1s similar to that found in rocks from Leeuwfontein and it 1s 

almost always twinned according to the Carlsbad law and has the 

following optical properties: 

2VT CJ.: • 72° ~ 

The an£le between pole of (001) anc(3 = 12° - 14° 

" " n " " (100) n (X = 14° - 20° 

" " " rr ff' (010) 1t' = 00 - 40 
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For further details as reeards the petrology of the foyaite 

see Shand (9,p.84). The results of 3hand's analysis appear 

in Table V Colwnn I. 

A me1anocratic phase of the foyaite, not noticed by 

Shand, occurs to the west of the Franspoort-Leeuwtontein road. 

It contains a large amount of greenish-brown hornblende (barke 

vikite), and large 1d1omorpvic sphene crystals. Feldspathoids 

are less abundant than in the more common variety of foyaite. 

No pyroxene was observed. 

2. Inclusions. 

There are numerous dark inclusions in the foyaite. The, 
" 

are usually an inch or less in diameter and are more abundant 

on the northern side of the plue where a few larger ones up to 

almost a foot in diameter were found. 

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

hn outer rim composed of small biotite ~lakes and a little 

aUeite, wl1ich surrounds a larger core composed of chlorite, 

serpentine and other alteration products. Usually a littl 

fluorite is also present. The core of these inclusions 

is similar to the groundmass of the monchiquite dykes 

described in the next section. 

(11) The latger inclusions of ijolite are composed of roughly 

equal quantities of light coloured silicates (feldspar and 

feldspathoids) and dark minerals (barkevikite, aeeir1ri~ug1 

bioti te anc. _sphene). In some cases barkev1k1 te, which 
I 

1s an alteration product of aegerinawg1te,1s the most 

abundant mafic constituent. In others, which are usually 

more leucocratic, zonally lJuilt aeg1r1ne-6ug1te 1s th€ pre­

dominaht dark tlineral. The aegiri!J}auglt-e and barkeviki te 
I 

are s ubhedral and have an ave rage dia.me ter of about O .18 Iru~l 
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These inclusions probably originated in a similar way to 
i 

the jacup:1.rancites' of Leeuwfontein. 

3. Dvke Rocks. y I. 

A reddish foyaite dyke is intrusive into the margin of ti 

fojraite near the. west bank of the teeuwspruit. 

description of this dyke see (9,p.86). 

For a detailE 

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

one foot wide) was found on the northern side of the plug. 

It is a fine-crained leucocratic foyaite and petrographically 

it 1s identical to the foyaite which it cuts. 

A poor outcrop of a syenitic c1yke is found on the west 

bank of the- Leeuwsprui t at the northern extremi tJr of the 

f oyai te plug ( see map). It is a grey mediW11-grained rock 
I 

consistinc of a mosaic of alkali-feldspar crystals with plagic 

clase cores. set in this groundrnass are abundant slightly 

pinlc idiomorph:14t'errosali te or ferroaugi te crystals which havE 

an average diameter of about 0.5 mm., and which are seen to 

alter to ampl1ibole and chlori te. Accessories are apatl te, 

which occurs ft.s inclusions in the pyroxene, and ore wllich 

often has mantles of crystaline sphene. lnterstitial zeolite 

are abundant and theJr may be pseudomorpr1s after nepheline 

al tl1ough feldspathoids were not identified. This rock is ver 

much the same as certain dyke rocks further north that cut the 

northern foyaite occurrence. 

B. Lavas North of the Foyaite Plue. 

Before describinr- the fovaites further north it is 
'-' c.., 

proposed to examine the lavas anc: c1ykes immediately north of t 

fojrai te plug described above, so that this area can be dealt 

with as an entity. Lavas which outcrop just north of the 

foyaite pluc were noticed by Shand (9, p.87) who described 
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them <as "soda-trachytes and. phonolites closely related to tre 

soda-trachyte of Leeuwfontein." van Biljon (lO, p.34) 

reeards 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-diorite vvhile a second., and later, phase 

seews to be fed by monchiquite dykes. 

Most of the lavas have a brecciated appearance, probably 

due to the lava beine rather viscous or ropey. Near an old 

kraal 400 yards north of the foyaite plue the lava holds in­

clusions of quartzite. Near this kraal 3hand(9, p.84) found 

a prospectinG pit whicl1 $howed quartzite %ain. The fact tha1 

quartzites are found in the prospecting pit, and in the bed 

of the Leeuwspruit, indicates that lavas form only a very 

thin crµst above tl1e quartzites and shales today. 

These lavas are all obviously older than the foJ,aites 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 (11) on 

the west bank of the Leeuwsprui t in the SJ uth-east corner ot th 

main lava outsrop which occurs immediately north of the foyaite 

plug ( see map). 

(1) Those occuring in the area to the east of the 

Franspoort-Leeuwfontein road have a flinty appearance, are 

extremely fine-grained ar.id are composed of biotite or horn­

blende and some feldspar laths set in a fine-erained partly 

1sotrmp1c croundmass. 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-
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spruit a similar lava is seen to hold a few prenocrysts of 

pyroxene pseudomorphs, as well as a few amygdaJ.es composed ot 

quartz, carbonate, chlorite and serpentine(?). The groundmass 

consists of small feldspar laths up to o ,2 mm x o .o~~ 11:l1., .• 

L1tcrsti tial to the feldspar laths and making up about one­

third of the groundrnass there 1s much ore (iron oxide) as well 
• 

as so.me chloritic material. J~ few larger grains of a sulphide 

ore can be recoenised in hand specimens. 

These lavas, especially 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-andesite immediately north of the foyaite 

plug. It is intimately associated with type (1) in the south 

of the area. Mac.Y'o.s~opica11y it 1s 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 surtace 

due to differential weathering. 

Microscopically this variety is seen to consist of abun­

dant polysynthetically twinned plagioclase (olieoclase 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 or amphibole (barke­

vikite(?) ) together with some rounded grains ot green pyroxene. 

ore is abundant with s phene and apatite pre sent in sm9.ll amounts. 

Some varieties are slightly porphyritic and have small plagio­

clase phenocrysts. carbonate is abundant, especially in the 

brecciated varieties. The dark minerals otten show a tendency 

to occur 1n clusters. i\.s neither feldspathoids nor quartz were 
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identified the rock may be called a trachy-a.ndesite. 

These lavas are cut by numerous dykes of syeno-Ciorite 

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

(3) n~,ke Rocks. 

J"..s has already been mentioned, numerous dykes are seen 

to cut the lavas. 

(a) Monchiguite Dykes. certain dykes termed monchiquites 

by Shand (~, p.86) are found on the vvest bank or the Leeuw­

spruit north of the foyaite plu.e. It is a dense black rock 

with ferroaug1te phenocrysts up to 1 cm. in diameter. It 

weathers to a reddish-brown colour and little a-ains of 

magnetite are seen to ssand out on the weathered surface • 

• ~part from the augite the only other primary constituent pres­

ent in any quantity is magnetite; it forms irreeularly shaped 

erains up to 1 mm, in diameter, which are often enclosed in 

the ferroaugite. The e;roundmass or the rock is full of mag­

netite dust, serpentine, chlorite and other decomposition 

products, so that its original nature is not easily determin-

able, in parts a little feldspar is present. The :rerro augite 

which may alter along cracl<s to chloritic material with the 

exsolution of a little ore is almost colourless and not 

pleochroic, it may sometimes have a faint pink colour, It has 

the following optical properties: 

2V / : 48° .± 2° 
ZA c : 45°~ ; n~ : 1.705 ! 0.003. 

These properties indicate a composition of hedenbergite22 
. . , 

diopside 18, clinoenstatite 28 and cl1noferros111te
32 

(20, p. 

4-08). 

(b) syeno-Diorite D.yke~ are by far the most common dyke rocks 

and they closely resemble the syeno-cliorite cykes from Leeuw­

fontein. Scores of these dykes were found 1n the lavas 

I 
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immediately north of the Franspoort foyaite plug (see map). 

They vary in lenr;th from a mere outcrop of a yard or less to 

about 200 yards in length and are seldom wider 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 1eeuwsprui 

one north and one south of the foyaite plug (sse map). 

}J1icroscopically these rocks are seen to consist of grey 

or pinkish tabular phenocrysts of plagioc].ase up to about 1 cm. 

in length set in a light red or grey groundmass. 

The plagioclase is polysynthetically twinned andesine 

( An 42 - 4 7) and usually twinned according to the .. U bite and 

Carlsbad laws, it is often almost completely altered to the 

usual alteration products. In some slides the andesine has a 

very narrow mantle of alkali-feldspar. In the t WO 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 amount of finely disseminated 

carbonate, chlorite, ore, as well as some brovm amphibole and 

greenish pyroxene. some of the larger ore crystals have mantles 

of crystalline sphene. 

Clusters of zeolites were seen in some slides and it is 

possible that they may be detived from nepheline. Sphene and 

apatite are accessories. Quartz and feldspathoids were not 

identified. 

The Area North of the Main Lava o~:cu?ence. 

1. Brack Soil. 

North of the outcrop of trachy-andesitic lavas there is 

a stretch of brackish soil about 200 yards wide, with an 
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approximate east-west trend. It is heavily charged with 

salt and is almost devoid of any vegetation. /J1 analysis 

of a sample scraped together on the surface by van Biljon 

(10, p.35) cave the followine results 

Na
2
co3 10.60 

Na cl • 0.118 . 
Sulphate t r 

0 H2o at 100 C: 7 .53 

Insoluble matter 82.16. 

100.,1-08 

.l.J1al,yst : s.sunlcel, Chemical services, Department of 

;~riculture, Pretoria. 

This strip of brack soil is probably underlain by foyaite 

which is seen to outcrop to the north and east. 

In the Leeuwsprui t to the east of the brack soil and about 

500 yards north of the main foyaite occurence there is a 

small oblong foyaite plug which is about 75 yards in dia-

meter. This outcrop is probably connected to the foyai tes 

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 in 

the south and by trachy-andesitic rocks, in/to which it is 

intrusive, to the north. The possibility that these 

foyaites may be connected to the latger outcrop further 

south is discussed in the next Chapter. 

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

(a) L~euwspruit. The ~oyaite in the Leeuwspruit 1s 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 lieht grey colour 



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

- 79 -
• 

depending on the e:olour of the feldspar which is the pre-

dominatint constituent. As a rule, the red variety is 

slightly coarser than the light coloured type in which red 

pseudomorphs after nepheline can be seen in hand specimens. 

Microscopically the foyaite is seen to consist of tabular 

anorthoclase crystals up to 5 mm. lone, interstitial 

to whicl1 the nepheline pseuaomorpho uccur. The reddiS.:1 

stain of the feldspar and nepheline pseudomorphs (zeolites) 

appears to be due to haematite dust. The chief dark 

mineral is ferrosalite which occurs as euhedral or subhedral 

crystals up to 1.8 mm. in diameter, and either interstitiall~ 

to, or as inclusions in, the feldspar. The ferrosalite 

may be partly altered to barkevikite (?) which in turn 

changes into chlori tic material and ore. Accessories are 

apatite (which occurs as inclu~ions in ferrosalite), ore, 

sphene and a little secondary carbonate. 

The feldspar is a slightly perthitic anorthoclase which 

often has a small core of andesine (.An 50 - 35). The anor­

thoclase has the following properties: 2V~ = 77o ~ '3°, 
ane:le between pole of ( 001) and ~ = 15° - 16°. These 

properties indicate a composition similar to the anortho­

clase of 1::euwf ontein. 

The ferrosalite is slightly zonally built, has a faint 

pink colour, and is very slightly pleochroic·. (The pink 

tint indicates the presence of titanium). It has the follo~ 

ing optical properties :. 2V / = 60° - 62°, ZA c = 44o -

46°, n ~ = 1.715 ~ 0.005, These properties indicate 

a composition equal to that of ferrosalite, with about fP/u 

of either the acmite or jaclffiitemolecule 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 verl 

dark brown; n ~ = 1. 69 :t. The extinction angle is about 20°. 

These properties indicate that the a.mphibole is a horn­

blende and probably barkevikite (20, p.442). 

(b) west bank of Leeuwspruit. Here the foyaite that forms 

the dyke-like ocfu~nce is more leucocratic than the type 

that occurs in the spruit. !J:;rc. a coarse grained, brick-

red or liGht grey foyaite is seen to occur as well as a 

lieht grey extremely leucocratic aplite. Long stringers 
I 

of aplite are seen to cut the lavas. 

lviicroscopically the coarser variety on the west bank of 

the spruit differs from that which occurs in the spruit in 

that : (1) the chief dark mineral is not ferrosalite but ,_ 
zonally iJuilt aegirinaugite which usually occurs as small 

" anhedral crfstals seldom more than o.5 mm. in diameter. 

(ii) The nepheline is seldom completely altered to 

zeolites and other alteration products. 

(111) The feldspar is more coarsely perthitic and has 

no core of plagioclase. 
s 

The pyroxene alters into soda-ainphibole and ore. Acc~sor-

ies are small euhedral sphene crystals, fluorite (with which 

1s often associated a brownish alteration product) and apatite, 

The foyaite aplite (the results of an analysis appear on 

Table V Colwnnll) consists of small coarsely perthitic anor­

thoslcase laths up to about 1 mm. long. They are simply 

twinned as a rule and exhibit a distinct parallel orientation. 

Interstitial to the feldspars, small, more or less euhec1ral 

nepheline, and ,sodalite crystalls occur with a ma.ximwn diameter 
. 

of about 0.3 mm: The sodali te contains manJ, minute inclus-
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ions which are not arraneed in zones, as is often the case 

in the Leeuwfontein foyaites. A few small crystals of 

fresh aegirin8auGite occur which in some cases may be 
/\ 

partially altered to blue-ereen soda-amphibole and ore • 

.l~ccessories are apatite (which occurs as inclusions in the 

pyroxene) and sphene. The aplite is remarkably fresh for a 

rock of this nature, the feldsparsfoand feldspathoids being 

only slightly altered to the normal alteration products. 

I 

3. The Lavas • 

. An ill-defined outcrop of lavas with an east-west 

eloneation and measuring about 500 yards by 100 - 150 yard~, 

occurs just north of the foyaite aplite, stringers of which 

cut the lavas. 

The lavas in the south of this outcrop are represented 

by a black flinty variety which, going towards the north, 

grades into a reddish brecciated type which is very similar 

to those lava.a which outcrop north of the main foyaite body 

further to the south. "i.ccording to the Niggli classification 

these rocks are normal theralites (see Table V Colwnn IV) but 

they may be grouped with the trachy-andesites. 

Microscopically this black flinty variety is seen to 

have a trachyt1c texture. It is composed of small, simply 

twinned feldspar laths with which is associated many roanded 

crystals_ of a greenish soda-amphibole (?) which are pleochroic 

from dark olive-green to greenish-brown. ~~ccessories are 

sphene and ore as well as a little secondary chlorite and 

carbonate. 

The reddish brecciated variety is composed of a few small 

plhenocrysts of very altered plagioclase ( andesine) set: in a 

groundmass of small feldspar laths. Interstitial to the feld-
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spar laths there is much chloritic material, ore, and also 

some isotropic material. There are also large and small 

patches of secondary carbonate which are usually 

~ssociated with chlorite, ore and apatite. 

The results of a chemical analysis of this rock appears 

in Table Vj Colwnn IV, and according to the Niggli classific­

a~ion (19, p.365) it 1s a normal theralite. van Biljon (10, 

p~36 ) maintains it is 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 passage between shale 

and foyaite.'' But near the spot where foyaite stringers 

are seen to cut the lava small dykes of this 'intermediate' 

rock are also seen to cut the lavas and will the ref ore be dis -

cussed under dyke rocks. Chemically, however, this rock is 

intermediate between the foyaites and lavas. The results of 

the chemical analysis appears in Table v, Column III. Accord­

ing to the Niggli classification this rock>like the 1eeuw­

fontein trachy-andesites is an esseXite-diorite (29, p.364). 

4. The Dyke Rocks. 

There are numerous dyke rocks in this area and they can 

be divided into two main groups namely syeno-dioritic and 

foyai tic dykes. 

To the east of the lava outcrop an interesting composite 

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

135 yards and is about 30 yards wide. The southern extremity 

is associated with quartz brecciation. The first phase of this 

dyke has a syeno-dioritic composition and consists of light 

coloured, highly altered, tabular plagioclase (andesine) crystal~ 

up to 2 cm. in length and set in a fine-grained dirty red ground-
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mass which is· composed of reddish feldspar laths arr~ged in a 

stellate fashion. A few large anorthoclase individuals may 

also be present. The dark minerals have been completely altered 

to chlorite, carbonate, epidote and other alteration products. 

1~cessor1es are sphene, apatite and ore. This variety contains 

numerous inclusions of quartzite and carbonate up to 1 inch in 

diameter. Identical dykes with an east-west strike occur 100 

and 150 yards to the north-east. Shand· (9, p.B?) called this 

rock a camptonite but as it contains alkali•feldspar and no 

labradorite it mey tentatively be called a syeno-diorite. 

A smilar looking, but toyaitic rock, with a finer erain and 

a light red groundmass is intrusive into the rock described above. 

This rock 1s composed of weathered plagioclase (andesine) laths, 

often with small mantles of anorthoclase, set in a groundmass com-
mo posed of small feldspar laths and abundant pseudo[phs after 

nepheline. The dark minerals are almost completely altered to _ 

chlori tic material, epiclote, ore and carbonate. ii.ccessories are 

sphene and apatite. Tentatively this rock may be called a 

nepheline syeno-diorite. 

This composite dyke is cut diagonally by a narrow very fine-

crained, highly altered. browmh~red foyaitic(?) dyke. This 

dyke is composed of small altered feldspar laths of about 0.1 

mm. in length and set in a highly altered and partly lsotrc.pic 

groundmass in which small concentrations of zeolites (pseudomorphs 

after nepheline(?)) and abundant carbonate can be seen. 

occasional pseudomorphs after arnphibole (?) as well as a reddish 

alteration product also occur. 

The foyaite outc.rop in the sprui t is cut by a similar dyke 

to the one described above. It is 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-erained groundmass consisting of small feld­

spar laths with which is associated much chloritic material, 

carbonate, zeolites and other alteration products. 

The most common dyke rock in this area is a fine-grained 

grey to brownish-erey rock in which rounded carbonate individ­

uals up to 3 mm. in diameter are seen in some specimens. Thef 

dykes strike north-south as well as east-west and cut the lava~ 

quartz-nori tes and possibly also the f oyai tes (see map). Rock: 

of a similar nature, but not holdint any rounded calcite 

individuals are considered by van Biljon (10, p.37) to be 

"intermediate" between the trachytes and foyaites and that the1 

is ~'a serial colour change •..• from the shale to, and into, the 

alkaline rocks across the strike", but as has already been 

noteo., this ilintermediate" rock was found to be intrusive into 

the lavas ar.1,d possibly also the f oyai tes. 

Microscopically 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 plagioclase and 

anorthoclase (2Vri.. = 74° ± ) . The feldspar which is usually 

quite fresh may be slightly altered to carbonate and other 

alteration proclucts in some cases. The dark minerals, which 

make up about twenty percent of the rock, are ferroaugite and 

brown hornblende, probably barkevikite, which is an alteration 

product of the ferroaugite. The melanes occur as beautiful 

1d1omorph1c 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 phenocrysts. 

Calcite is extremely abuhdant and some of the larger 

patches are associated with chlorite, ore, apatite and fresh 

barkevikite needles. 

Shand called these rocks camptonites (9, p.87) but for 

the same reasons stated previously1a.nd in the light of the 
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results of a chemical analysis of van B1ljon's 'intermediate' 

rock (T:J.ble V Column III) tl1ese rocks may be called syeno­

diorites. Kpart from the nwnerous stringers of foyaite 

aplite that cut the lavas there are a few fine-grained foyaite 

dykes, very similar, but darker than, the apl1te, situated 

in about the middle of the lava occurrence. 

A small f oJrai te dyke similar to the apli te was also 

found in the Leeuwspruit south of the small plug in the spruit 

'/II .. DISCUSSION ON OBSERV~'..TIONS. 

A. The Alkali Rocks of the LC·8U.Wfohtein Area. 

There is very little to add to Professor Shan.d's remark: 

(8, p.246) and what follows must be regarded only as an 

addition to his observations. The origin of the alkaline rock~ 

is discussed under a separate heading. 

From the variation diagrain (fig.2) it is obvious that WE 

have to do here with a continuous differentiation series. 

Contrary to all expectations it was found that the tracl' 

andesite is chemically more closely related to the soda-syenitE 

than to the syeno-diorite (see fig.2). If it were not for thE 

convincing evidence that the trachy-andesites are definitely 

older than the syeno-dtorites there would have been some 

j ustification 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 not 

seem to be anJr ground for suspecting any serious abnor­

mality in the trend of the differentiation. 

It 1s therefore sugcested that the trachy-andesites, 

syeno-c1iorites and grey soda-syenites represent different phase 

of the same .magma in which the rate of cooling, rather than 
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the d1!ferent1at1on, played the major role. Very little 

importance is therefore attached to the tact that the trachy­

andesites are strictly speaking chemically more closely relate 

to the soda-syen1tes than to the syeno-d1orites. 

FUrthermore the si value shows a great variation, it 

1 ncrea.ses from 192. 4 in the syeno-cliori te: , to 225 in the ump-
· t · 

tekite after which it drops suddenly to 133.2 in the urtite 

On the contrary the iio
2 

value is fairly constant and lies 

between 48.36 percent and 60.24 percent. 

The pyroxenite probably owes·its origin to the crystal 

settling under gravitational torces of the pyroxene, sphene 

am ore of the soda-syenite • Then with the emplacement ot 

the foyaite the pyroxenite was broken up andprobably alkillzei 

giving rise to the peculiar inclusions in the foyaite which 

Brouwer called pienaarite and Shand jacupirangite. 

Figure 3 attempts to show that when the ditterentiation 

reaches sode-syenite the precipitation of diops1de (increase o: 

c and tm) and sphene (increase of ti) takes place while the 

residue undergoes differentiation to form the umptek1tes, roy­

a1tes and urtite.~· •. 

This pfoe.ess is very similar to that which led to the 

formation of the pyroxenite bands in the Bushv_eld gabbros Whic] 

have been described by Lombaard (16, p.35). 

l~cordlng to Shand 1 s detinition (9a, p.XIX) the urt1tes, 

foyaites and umptekites are alkaline rocks but not the grey 

soda-syenites, syeno-dlorites and trachy-anaesites which are 

meta-aluminous rocks • 

.. B. The Alkali Roc~k.s of the Franspoort Area • 

.i:....S at Leeuwf onte-1n we here have to do w1 th a volcanic 

vent and the s~quence of events seem to have been,as tallows: 
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Firstly, there was an extrusion of at least two varieties 

of rather viscous lava which was·: fed by c~ykes • 

• ;.tter the consolidation of the lav~s, foyaites which 

are genetically related to the lavas, were injected into the 

lavas and underlying sediments. It is unlikely that any of the 

foyaites penettated as far as the surface ~d subsequent 

erosion has exposed the foyaites and sediments that underlie 

the lavas, 

a,n the map two foyai te occurences are shovn1 as two 

separate outcrops. This conclusion is based on the fact that 

Shand found quartzite below the lavas in a deep prospecting pit, 

which is now covered in, and also that quartzites outcrop in the 

Leeuwspruit between the two foyaite occurences. However, it is 

quite likely that these two foyaite occurences are actually 

connected not far below the surface as postulated in ficure 5. 

Figure 4 shows the trend of differentiation in the 

Franspoort area from theralite through essexite-diorite (trachr 

ahdesite) to foyaite. 
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VIII .OBIGIN OF THE ALKALL ROCKS. 

1..... Metesomi tic origin. 

In The Southern Part of the Franspoort Area. 

The foyaitESappear to be transgressively intrusive into 

the Magaliesberg quartzites. van Biljon (10, p.34) claims 

that these foyaites take "up a stratigraphical position com-­

parable to the Visserhoek limestone horizon," but even if 

this were so one may well ask if this would: necessitate the 

foyaite being derived from the limestone? Furthennore. 

the Visserhoek limestone has a width of about 25 yards and 

the foyaitEf>a width of at least 500 yards. The author there-­

fore feels that the theory that the foyaites were derived 

from the Yisserhoek limestone horizon may be dismissed withou~ 

further comment. 

The lavas above the foyaites are typical extrusive lava.s~ 

this is confirmed by the fact that they are fed by numerous 

cykes cf a syeno-dioritic composition. The author thereto:~~ 

considers it unlikely that they are altered shales as 

claimed by van Biljon ( 10, p .34 ). 

(2) In the Northern Part of the Franspoort ~~ea. 

Van Biljon (10, p.36) maintains that as regard.s the 

lavas "Field relations make it almost certain that the dark 

compact rock . . . • . is a highly altered mobilised ca.1-

careous shale in which metasomatism played no mean part." 

Furthermore, he maintains (page 37) that becau3e the 

foyaite outcrop is parallel with and confined to the shale 

horizon, and because "a serial colour change seems to exist 
' 

from the shale to and into the alkaline rocks across the 

strike" through an "intermediate" rock, the lavas and f0?9,i tes 

are altered shales. If, what has already been said about 
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this "intermediate" rock in Chapter VI, sections 3 and 4> and 

the fact that numer?us stringers and small dykes of foyaite 

cut the lavas is taken into consideration, Dr. van Biljon's 

conclusions seem a little hasty, 

Furthermore the foyaite aplite and the foyaite from 

the plug further south are chemically almost identical, 

suggesting that they were not formed by t~ 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 luea. 

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

ridge lies on the extrapolation of the Gifkop quartzites which 

lie above the M3 quartzites. i1.S 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 

aw9N 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 

either side of the trachyAe ridge, preswnably with the in­

tention of implying that that particular part of the quartzite 

which ha'B been altered to trachy-andesite ha-s been 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 thol.l§and yards. To the west of the trachy-andesite 

ridge detailed mappine failed to show any sign of a major 

!&ult. on the east the whole area 1s covered by alluvium, 

thus making the drawing of any fault here purely hypothetical 
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FUrthermore, the t13 qunrtzi tes 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. 

J~ regards the syenites, van Biljon (10, p.142) states: 

"The majority of the outcrops show a tendency to parallel tra 

reeional strike of the sediments". Of the foyai tes, he main­

tains that the larger occurrences seem to be confined to the 

limestone horizons. } .. glance at the map, however, will show 

that the syenites and foyaites cut across quartzites, shales, 

hybrid rocks, homfelses, pyroxenites and diabases. The 

author therefore dismisses van Biljon' s postulatiQns a.sin­

correct. 

Moreover, had the Leeuwfontein foyaite been formed from 

a shale or limestone it would require a band at least 500 

feet thick. such a band is nowhere to be found, and in any 

case, the foyaite occurs south of the limestone horizon in 

the north of the area. 

Of the ~~ygdaloidal trachy-andesitic rocks described in 

Chapter III, Sect ion D 
1 

van Bil j on ( 10, p .157) v:ri te s: ".From 

their persistent occurrence on limestone horizons or their 

close association with metasomatically altered limestone rem­

nants above M4 it 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 suggests a metamorphic (or metasomatic) 

origin." 

Although it 1s admitted that the amygdaloidal lava does 

occur near a limestone horizon in the north of the area, 1n 

no other locality 1s it found near such an horizon or even a 

possible limestone horizon. 
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Furthermore., tt is difficult to imagine an amygdaloidal 

andesite or trachy-andesite being derived from a limestone, 

and at the saine time the trachy-andesite of the Leeuwfontein 

Complex beine derived from a quartzite. 

van Biljon maintains (10, p.109) that all the dyke rockS 

ocfur on, or adjacent to, limestone horizons or suspected lime­

stone horizons~ The author finds this view completely un­

tenable,. for the following reasons 

1) Dyke rocks strike north-south, whereas the lime-

5tone horizons have an east-west strike1 

2) A north-south foyaite dyke, almost 2½ miles tn 

length, cuts shales, quartzi tes, "felsi tes", hjrbric.l 

rocks, trachy-andesites and diabase, all of wtdch 

have an east-west strike, 

3) Dyke rocks are more or less evenly distributed 

throughout the area. 

Concernine the orie;in of the alkaline rocks van E.iljon 

(10, p~l43) states : "From field relationship, distributio~-~ 

s.ti2 of individual outcrops and frequency of occurrences, 1.t :if 

clifflcult to postulate a magma in depth from which all tha 

syenl te c oulc. be derived". But it may be argued that a pro-

c2ss by v:lJJch syenites, foyaites and related lavas may be cle­

rlved. from the alteration of sediments is much more unlih::ely, 

especially as similar rocks are supposed to form from such 

widely different sediments as quartzites, shaleijand limestone5~ 

Tlle author therefore concludes that the alkaline rocks are 

not rnetasomatic or metamorphic rocks, but are in fact uncon­

tcJI1inated diff'erentiation pro~ucts of a basaltic magma as. 

described in the next Sec~iofi, 
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B' . lv.I.AC:-lvh\TIC ORIGIN • . 
Before discussing the genesis of the alkaline rocks it 

is necessary to inquire into their age. 

The allcaline rocks of the "Franspoort zone", Pilansberg 

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 ori6in 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 alkaline 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 is separatec frora the over-

lJring Waterberg system by a strong ane;ular uncomformi ty • The 

alkali rocks in the Pilansberg am in the 'Franspoort Line 1 are 

lrnown to be post Waterberg, as inclusions of waterberg roclm 

are !·ound in the Pilansberg eruptives, and. dykes of bostoni te 

and tinguaite associated with the ':rI'anspoort Line' cut across 

-vvaterberg sec1iments north-east of Pretoria. Boulc1ers of 

Pilansberg rocks occur in the Dwyka tillite, and Karroo sedi­

ments cover the alkali rocks of the 'Franspoort Line' uncon-

formably near Hanm1anskraa1. The alkali rocks of Pilansberg 

anc1 the 'F:ranspoort Line' are therefore post-waterbere arr1 pre-
, 

Karroo". Furtherraore, they point out that at Spitskop there 

is no means of elating the Complex "beyond the fact that it 



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

definitely post dates, and clearly has no genetic connection 

with the Bushve~d ~omplex". 

Daly, (36, p.477) has suggestecl that tl1is group of rocks 

has arisen primarily throuc:h the "desilication" of magmas of 

norma~ composition by contact •with carbonate rocks. 
. . 

Shanc1, (37, p.140) a ~reat supporter of Daly's "desilic­

ation" theory, suegests--that the mass of limestone forming a 

core about half a square mile in area at Spitzkdp, was carried 

up by the granitic magma of the Bushveld Complex'trom the 

underlying Transvaal Dolomite. 

Strauss and Truter (II, p.115), however, have found 

that the limestone is devoid of any sedimentary characteristics 

and also that it contains xenoli ths of alkaline rocks. 

Furthermore, they state on page 121 tl1at "It seems improbable 

that small alkali complexes s11oulc1 always succeed so eminently 

in mobilising sedimentary limestone, and that considerably 

larger .. complexes of non-alkaline composition shoulcl equally 

invariably fail to do so. It ~ee_~~ __ E~.l:1-~~---~:1_9-~ __ }!~-~~y that the 

limestone associated with alkali rocks resul tec1 from, rather 
\\ 

thap_g_aused the generation of an alkali ~agma." 

Professor Shand's objection (38, p.497) to a carbonntite 

magma was that it would be a "highly explosive liquid".. This 

statement, however, CaJ! be look~_g __ upon as proving the existence 

of a carbon&t1te .magma as carbonatites are invar1~9ly 

associatecl with extre~e br~cciation, thus provJ!l§ i1_~ __ ex-

plosi ve nature (11, p~l21). 

Thus, in the lieht of the disco'.L-~ries of Strauss and 

Truter (11, pp 114 - 116) as well as work done by von Eckerman 
\ ' 

at Alno, Davies (39) in Uganda, Mennell (40) in Rhodesia am . 
many others, we are forced to look upon the origin of the 

alkali rocks in a tot ally different light. 
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Now tl1at the Daly-Shand. hypothesis 11.as been more or less 

discardec1, vve have two ways in which an ·Alkali Complex may be 

formed, neither of them contradictory to each other, viz: 
(1) In certain Complexes, such as at Spitzkop (II, p.122) where. 

the parental magma, which gave rise to the Complex was of 

a peridotitic composition a~d where the carbonatites were 

developed by c1~fferentia~_.!?n along c~r~~n c1efini te lines • 

-"~t Spi tzkop, the first t-ocks that were injected were 

theralites and biotite pyroxenites. These were followed 

by an injection of ijolite, emanations from which fenitised 

ghe granites ancl the previously injected pyroxenites. into 

various alkali rocks by the removal of silica and addition 

of Na, ca, Al_ and Fe. Due to the intense metasomatism 

concentric sheet structures were developed into which were 

injectecl foyai tes, syeni tes and finally carbonati tes. 

(2) In the alkali rocks of other areas it is however necessary 

to visualise a different type of process, one that does 

not involve fenitisation or desilication, but straight­

forward magmatic dif:(~p~ntiat~on from a basaltic or peri-

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

tein, where rocks are seen to range from trachy-f}ndesite 

and syeno-diorite through soc1a-syenite, umptekite am 

foyaite to urtite. The final phase is represented by the 

phosphorl!_s-bearing__!luori te, carbonati te anc1 much 

brecciation. 

That a tpachytic rock may be derived from a bB.,_§9-l tic __ m.~g­

ma l1as been shown in many instances; for examp:J,e, in a sill 

in the Grand Canyon in 1-u."izona a sheet of 200 - 300 metres 

thick is composecl of olivine diabase which gra,.:.._es into a horn­

blende syenite (36, p.467). Furthermore, in the Lebombo 

'Mountains nepheline-basalts are intimately associated 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 "dry" melts he notes two 

possibilities:-

(1) Sufficiently slow cooling of a basaltic magma may 

"peri1i t the complete resolution of olivine (or excess of 

olivine) ancl thus c1etermine a trachytic differentiate." 

(2)"In the typical basalt-trachyte association the 

cl.if ferentiation may proceed still further in the alkaline 

direction, ant give phonolitic trachyte with a deficiency of 

Sio2 below tl1at necessary to convert all the alkalis and 

alwnina into feldspars." 

For the forrnation of phonolites from a basaltic magma, 

Shand (30, p.334) has suggested that the following may hold 

good : "plagioclase + olivine = ne pheline + pyroxene." 

This could also explain the origir:i of urtites, jacupir§rlgites, 

foyaites and other alkaline rocks. 

For a carbonatite to be a differentiation product 

· of an igneous magma does no~ seem impossible when the true 

facts are examined. Tomkieff, according to Shand (30, p.325) 

contends that the greater part of the co2 normally. present in 

an eruptive magma escapes during the consolidation, but under 

suitable conditions it may be so concentrated durint3 the last 

magmatic stages that "not only did the carbonc;ites cr,ystallize 
II 

out, but they formed an inctependent carbonatite magma-fr.action. 

He sugg~sts that the upper zone in the pipe that supplied the 

Fen rocks was originally composed of an alkali-pyroxenite magma 

rich in co , and that from it there arose by "crystallization-
2 

differentiation combined with diffusion of alkalis and volatiles' 

three main rock series, namely, a series of silicate rocks froQ 
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urtite to jacupirangite, a series of iron ore rocks, and a 

carbonatite series. 

Grout (42, p.82) states :ncarbonic acid is·kr1ovm to be 

present in oany magmas, and if it is held under pressure while 

the magma crystallizes, sori.1e of it may not unreasonably be 

expected to combine with the metals as carbonates as the roct 

cools." 

As there is definite proof that fluorite is present as 

a late magmatic product of alkali intrusiQns, as at Pilansberg 

anc: Leeuwfontein, it seems quite logical that caco3 could al.r 

be present. 

In the Franspoort 40ne of eruptions there was an ex­

plosive release of pressure towards the encl of the cycle of ir] 

trusions, and nwnerous agglomerate plugs, some containing rec. 

Bushveld granite inclusions, are founcl in this area. .ti.t Derdr 

poort a breccia piercinc 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. In the light of new evidence, however, tl1is plll.£ rrp•· 

be looked upon as a carbonatite plug, genetically related to ~ll 

Franspoort Zone of intrusions (see also 12, p.198). 

The quest ion 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 vvaterberg series 

of intrusions, which includes diabases, quartz.-diori tes and 

diorites. This, however, is not accepted on the ground that 

Waterberg volcanics occur only in the Northern Transvaal ancl not 

in the area north-east of Pretoria. It would therefore seem 

unlikely that waterberg volcanics would occur only outside, and 
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never in, tl1e waterberg series in the area about Pretoria. 

Hall ( 4), however, regarded the trac~y-andesi tes from Leeuw­

fontein as a typical waterberg lava. 

2) A more likely connection can be postulated with the 

alkali cranites of the Parys-v redefort area. Here there are 

numerous outcrops of youncer alkaline granites that are intrusiv 

into the older gneisses, the ·Nitwatersrand and Transvaal systems 

./a2sociated with this younger granite are numerous a11<:ali dykes 

which may be connected t.9 the Pilansberg Complex. It appears 

therefore quite likely that tl1e se alkali granites of tl1e Par:vs--, 

Vredefort area JI:Ji" be genetically related to the rocks of the 

Pilansberg. 

Thus it is. suggested that most, if not all, of the all{al~~ 

roclrn are not eeneticallJT related to the Bushveld Complex, bu:: 

rather to a later post-Waterberg phase of eruption which may 

also have given rise to the alkali granites of the Parys-vredE>-

fort area. The presence of the alkali rocks in, or near, the 

Bushveld Complex can then be explained only as mere coincidence:­

and the n~~erous outcrops of alkali rocks in the Pretoria area 

(see small map) represent chimneys or vents which are connectea. 

to a large body below the surface which measures at least 30 x 

40 miles. Apart from the 23 known outcrops (excluding dykes) 

which occur to the north and east of Pretoria inclusions of 

foyai te have been founc1 in the t1remier Mine (8, p. 99) and in the 

¥retoria Salt Pan (L14). It would, therefore, seem more corr2ct 

to speak of the "Franspoort Zone", rather than the "Franspoort 

Line". 

Lombaard (15, p 127 ane 134) has described a small 

occurrence of albi te-syenite from near the Premier Mine ~/vhich, 

he succests, may be related to the norites of the Bushveld, 

since it is seen to grarte into the felsites which in turn, grad3 
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into norites. Similar relationships appear to be evident from 

syeni te ancl fcyai te occurrences near Hayton ancl Bronkhorst-

spruit shown on the small map. MappinL: by the Geological 

survey is still in progress here, and more details v1ill soon 

be available. It 1S' sugeested that these syenites and 
--
f oya1 tes may in reality be related to the fayalite-diorites of 

··---tOO-.:-uppe1:.. zone of the norites that have assimilated clolomite 

or magnesia-bearing shales. The fayalite would then be con-

verted to pyroxene, wl1ich may cause some of the feldspar to 

be represented by feldspathoic1s if the total silica content is 

low enough. 

The postulation that the albite-syenites may be related 

to the fayali te-c~ior:1. tes may be strengthenec1 1Jy the fact that 

Professor Lombaarc1 has recently c1iscovcred the Upper Zone to the 

west of the Pretoria centrocline. 
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IX. ECONOMIC ASPECTS. 

1. ornamental buildine stones are periodically quarried 

in the grey scda-syenite anc~ brick-red soda-syenite 

on Leeuwfontein, and from the foyaite koppie on 

Franspoort. 

2. 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 Leeuwfontein complex on the .farm zeelrnegat. 

4. The feldspar of the leucocratic phase of the grey 

pegmati te may be of economic value. 

5. Isolated outcrops of galena are found in old prospect­

ing pits on, or near, the M2 quar~zite horizon on the 

farms Franspoort am Leeuwfontein. 

6. Good quality building sand is founc on Franspoort 

between the M1 and M
2 

quartzite horizons. 

7. van Biljon (10, p.171) found traces of gold on the 

hornfels ridge to the west of the Leeuwrontein Complex. 
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Table I. 

NORI TIC, DIOR.I TIC, .:JID INTERiv1EDL:~TE HOCKS. 

.:J.2°3 

FB 203 

FeO 

Mn0 

Mg0 

Cao 

Na 0 
2 

K 0 
2 

P205 

H
2
o ;--

820 -
Ti0 

2 

BaQ 

S.G. 

si 

al 

ffil 

C 

aJ.lc 

k 

mg 

I 

51.52 

17.10 

· ~46 

5.74 

0.0·2 

10.72 

10.00 

1.70 

0,20 

0.C2 

13 o. 
0.01 

0,44 

n.d 

n.d .. 

100.06 

2.98 

114.00 

22.00 

50.50 

23.50 

4.00 

0.08 

0.71 

II 

54.10. 

16.00 

1.88 

6.28 

0.13 

6.52 

7 .. 44 

1.48 

1. 70 

0,09 

1.90 

0.16 

0.56 

0.90 

0.53 

99.67 

2.· 88 

Nip;r;li Values. 

147.80 

25.75 

45.04 

22.31 

6.89 

0.43 

0.59 

III 

56.85 

15.61 

2.95 

5.46 

0,14 

4,49 

6.50 

2.10 

2.08 

0.13 

1.86 

0.18 

0.76 

0.62 

0.68 

100 .41 

2.88 

171.70 

27.76 

41.06 

21.01 

10.16 

0.39 

0.49 

IV 

65.43 

10.62 

1.14 

4.75 

0.14 

4.11 

4.42 

3.46 

2.44 

0.42 

2.19 

0.11 

1.11 

nil 

nd 

100.34 

2.73 

242.00 

23.00 

41.00 

17.50 

18.50 

0.32 

0156 

The mc3€ma-type of I is normal-eabbroid, II is s1-
eabbrodior1 tic. III is not well represented but ap_rroaches 
"perleeitisch" w111c11 falls within quartz-cliorite, IV is not 
well represented but approaches normal quartz-Giorite (29, 
p.359 ). 
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N O RM S. 

I. II. III IV. 

Q 2.40 9.96 14.11 21,36 . 
or 1.11 10.07 1.28 14.46 

ab 14.15 12.53 17.72 29,34 

an 38.64 31.99 26.98 6.12 

( WO 

di; en 

4,641 -2.21·1 

3 ,30 r 8.86.0, 96 f 4.43 

2.321 

1.41 I 4.52 

5.57 \ 

3.30 / 10.85 

l_ ts 0.92) 1.26 0.79 1.98) rn 23,~ 15.441 9.441 7.00 \ 
hy 30.36 23.43 15.08 

4.22 j 11.22 
fs, 6 .86) 7. 99 5.64 

mt 3.71 2.72 4.17 1.62 

11 0.76 1.06 2.10 2,13 

ap o.oo 1.80 0.34" 1.01 

H2oetc 0.18 2.64 2.66 2.30 

100.17 100.63 99.96 

I. Spotted norite, Schaapkra~l (4:12) 

Lyden~urg ~istrict. Trans;~eo.l.Soc .. 

100.41 

s .• il'r. Vol. 37, p.17. ./J1alyst : B. v .Lombaard. 

II. Granophyric-quartz-norite, (T95) Franspport (426) 

iillalyst : .i".Kruger, Chemical Services, Pretoria. 

III. Granophyric quartz-diorite (T.59) Leeuwfontein (320) 

.Analyst "i.Kruc;er, Chemical services, Pretoria. 

IV. "Inte:r:'mediate rock" Carlsr~e (17) Pretoria District · 

Trans. geol. soc. SAAfr. Vol 35'; p.132 • 

. Analyst B.V.Lombaard. 
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TABLE II 

FELSITIC ROCKS. 

I II III IV 

S10
2 77.78 75.13 77.05 72.66 

Ti02 0.52 0.20 0.55 0.45 

lu20, 8.81 9.96 10.12 _~. 10.20. 

R3203 1.12. 1.14 0.64 0.80 

In30 1.26 1.72 1.44 2.73 

MnO 0.06 0.08 0.07 0.07 

1Ig0 2.78 2,20 2.17 2~53 

cao 0.37 1,(!)B 1.74 3.03 

Na
2
o 2.57 1.89 1.12 1.76 

KiO 3.48 3.57 3.97 3.45 

HO+ 2 . 
1,10 1.96 1.03 1.23 

H2o - 0.09 0.07 tJ. C4~. 0.05 

P205 0.29 0.12 nil 0.12 

CO2 1.22 0.29 0.54 

Cr2o3 tr tr 

S03 0.72 

100.23 100,34 100.23 100.34 

Niggli Values 

s.1 472.00 446.00 454.40 380 .50. 

al 31,00 35.00 35.16 36.03 . 

fm 37.00 33.50 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 0.69 0.56 

mg 0,68 0.59 0.59 1.08 

These felsi tic rocts c1o not even approach any maema type. 
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Q 

or 

ab 

I 

44.64 

20.5? 

22.01 

- 10.8 -

NORMS 

II 

45.72 

21.13 

16.7? 

III IV 

48.60 40.05 

23.91 20.57 

9.43 15.20 

an 0.28 6.39 9.45 

C 

di 

hy 

mt 

11 

I. 

II. 

0.61 

7.79 

1.62 

0.91 

0.67 

1.19 

100.29 

2.86 

6.48 

1.62 

0.46 

0.34 

1.67 

2.03 

99.08 

"Felsi te" 
. ' Dornkloof ( 431), 

soc.S.Afr. Vol 35, p.142. 

Analyst . B_,V .Lombaard . . 
"Fe 1s1 te" 125 metre depth 

1.53 

1.40 

6.46 8.,77 

0.93 1.16 

1.22 0.91 

0.34 

0.70 1.10 

1.07 1.28 

100.24 100..23. 

Pretoria District, Trans.gE 

Premier lvline, Trans.geol.soc 

s ... "~r. Vol. 35, p.142. Analyst B.V.Lo~baa.rq. 

III.Spotted "felsite" Baviaanspoort, Trans.geol.Soc. s.,~r. 
Vol. 52, p.126. Analyst: c.a.Liebenberg. 

IV. Grey "Felsite" near right bank of Hartebcest-1'Spru1t 

in south of Karneelfontein, Trans.geol.Soc. S.Afr. 

Vol. 52, p.126 •. 

. /a11aJ.yst : : C. J. van der Walt. 
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· 10, 7. 

TABLE III. 

FELDS-··PATHIC <QJARTZITES FRm~: LEEUV&GNTEIN (320). 

I 

Si02 78.84 

.Al
2
o3 10.83 

Fe O 2.56 
2 3 

~o 
cao 0.2a 

lvig0 0. 75 

K2o 3.71 

Na2o 0.10 

H20 -r_ 2.46 

H
2

0 - 0.16 

S03 0.38 

Ti02 0,16 

P205 

lvinO 

Cr
2
o

3 
CO

2 

S.G. 

0.03 

0.04 

nil 

nil 

100.30 

II 

84.47 

7.39 

2.24 

0.25 

0.31 

2.39 

0.14 

2.23 

0.06 

o.51 

0.28 

0.05 

0.03 

nil 

nil 

100 .35 

Niggli Values 

III 

78.23 

10.27 

1.12 

0.57 

0.50 

0.96 

3.71 

0.46 

2.00 

0.26 

0.41 

0.16 

0.05 

0.06 

nil 

nil 

99.26 

s1 

al 

fm 

C 

alk 

k 

mg 

c/frn 

IV 

80.51 

9.49 

1.97 

0.19 

0.34 

0.67 

3.27 

0.23 

2.4{) 

0.16 

0.20 

0.05 

nil 

nil 

99.48 

2.62. 

735.5. 

51.1 

24.5 

3.3. 

20.6 

0.9 

0.37 

0.14 

ti 1.37 
I, II, and III: Results of analyses of feldspathic quartzites oVE 
a thickness of 210 feet in the south of Leeuwfontein (320-); IV j 
an averaee of I, II and III, Trans. geol. soc. s .. Afr. Wo l ~.52, p .126 
Analyst: C.J.van der Walt, Chemical services, Pretoria. 
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TABLE IV. 
ALKALI ROCKS FROM LEIWNFONTEIN (320 .. ) 

I II III IV- v. VI VII 

S.102 58.72 57.51 58.38 60.24 56.12 'PJ5 49&2( 

T10 
2 

1.11 1.36 1.24 0.94 0.46 0.45 7 ol~ 

Al 0 18.49 17.22 17.68 18.54 19.62 23.10. 9.2~ 2 3 . 

Fe2o3 0.49 2.72 2.48 0.54 2.32 2.48 7.n 
FeO 5.14 4.02 3.23 2.36 0.90 1.89 3.2~ . 
lvln0 0.02 0.21\ 0.17 0.01 

cao 3.98 4e,08 3.72 2.29 2.07 2.51 ll.5f .. 

11g0 1.48 -~.ea 1.53 0.76 0.13 0.89 l.3f .. -
Na2o 6.10 5~38 5.55 6.59 9.50 13.20 6.2( 

... 

K20 3.37 2060 3.16 5.44 4.17 5.58 1.9€ 

HO ·r 0.23 Ot\92 0.69 0.50] 2 
3.50 2.91 2.2c 

H20 - 0.30 0.12 0.12 0.72 . 
P205 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 o.oo 0.80 1.49 nd 

S03 nd nd nd 0.04 nd nd nd 

s nd nd nd 0.07 ud_ nd nd 

CO2 nd 0.90 0.95 0('43. nd nd nd 

Bao nd 0.12 0.46 nd nd nd hd 

Zr0 nd nd nd nd nil nil nil 
2 

99.95 99.48 99.72 99.76 99.59 100.85 99.85 

SG 2.?44 2.638 ---
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Nif-!£11 Values. 

I II III IV V VI VII 

s1 195.5 192.4 201.30 225.1 Il1_98 ;20 .. 133.8 163. 70 
. 

al 36.28 33.96 35.91 40.83 40.83 37.66 15.27 . . -
fm 23 "10 2a.22 24.25 13.16 9.48 13.19 28.91 

C 13.89 14.,86 14.35 9.16 7.83 7.45 34.76 

aik 26.85 23.66 25.49 37.13 41.89 41.~9 20.25 

k 0.27 0.24 0.27 ,0.35 0.22 0.15 0.17 

me 0.32 0.33 0.33 o.32 0.07 0.22 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 11s u1arvikitisch" (an essex1te-d1or1te 

which incluc.es the trachy-anc1es1tes). The magma type of II anc 

III is either'tna,enaitisch" (a soda-syenite) or "kassaitisch" 
' 

(an essexite-Ciorite). The magma type of IV is wnptekite, 

V 1s normal foyaite, VI 1s urtite, ant VII is pienaarite. . . 
(See 29, pp. 364, 263, 356 ~ 
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NORMS 

I II III • IV V VI VII . .. ... ---~-.. 

Q 4.80 402 - --
or 17.03 15.36 18.70 32.17 24.60 21.50 lle69 

ab 50.59 45.61 46.90 47.56 44.36 14.60 27026 

ne -- 4.20 18.25 45.65 .3.69 

an 13.10 15.16 14.00 4.90 --
Na

2
so

4 
0.03 

Na
2

012 1.30 2.46, 

CaF2 0.02 

di [ 

vm 1.50 1.16 1.28 1.90 0.36 3.60 3e90 

en 0.45 0.60 0.75 0.86 0.30 2.11 3.36 

l rs 1.00 0.45 0.45 1.06 1.12 

ol { 
fa 6.32 2.24 

to 2.96 1.41 

hy f en 1.10 4.02 3.21 

( ts 2.11 2.90 1.85 

ac 1.50 13,,90" 
. ' 

11 2.12 2.58 2.35 1.60 O.GO 0.88 6.83 

mt 0.70 3.94 3.60 . 0.76 1.55 2.78 

hm 1.25 2.87 

1.15 1.01 1.00 0.34 1.35 

t1 8063 

WO .14 1.63 13.30 

Pr 1.20 

¾O etc. o.53 1.94 1.76 1.63 3.50 2.91 2.20 

------~-_.,..__...,,.,..._.....,. ·--·:J'f 

100.66 99.53 99.87 100 •. 80 99.61 100.74 98.98 
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I. rrachy-ai;desite Trans.geol.Soc.S •. Afr. Vol. 24 p.237 
"1.11alyst . s . J • Shahd 

Ir. syeno-c~iori te (T .204) 
./~alyst: I1..Kruger, Chemical services, Pretoria. 

III. Grey soda-syeni te (T .239) . "illalJrst: "t.Kruger, 
Chemical Services, Pretoria. 

IV. Umptekite pegmatite. Trans.geol. soc.S.Afr. Vol. 24, 
p. 241 . .~alys t S. J. Shand 

. . 

V. Foyai te. Trans .geol. soc. S .. :.tr. Vol. 24, _p. 243. 
iillalyst: F.Pisani (the figure for Alo 1s almost 
certainly too high, for it makes thegu~lecular proportion 
of aluminc\_exceed that of soda? in spite of the presence 
of aegirinfugite and sodalite in the rock~ 

VI. Urtite (Brouwer•s sodalite-rich aegirine-foyaite) Trahs. 
geol. Soc. S.l~r. Vol. 24, p.243 • 
. /JmlJrst : F .Pisani. 

VII. Jacupiraneite (Brouwer's Pienaarite) oorsprong en 
samestelling c1er Transvaalsche Nepheline-syeniten (1910) 
p.50. 
1J1alyst: F.Pisani. 
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,A\LKALI 

I 

S102 53.94 

./J.2°3 20.70 

Fe203 2.04 

FeO 1.92 

cr
2
o3 

MnO 0.04 

cao 1.18 

lvlgO 0.36. 

K20 5.24 

Na2o 9.76 

P205 0.01 

S04 

H20 + 3.30 

H20 - 0.29 

T102 0.35 

CO
2 

CaF2 0.55 

cl 0.17 

99.85 
less 0. ; cl •..•.. 0 .04 

99.81 

s1 166.3 . 
al 3e.48 

fm 11. 73 

C 3.88 

alk 43.82 

k 0.35 

mg 0.144 

ti 0,834 

c/fm 0.34 

112 
Table V. 

ROCKS. FROM 

II 

56.10. 

21.00 

2.60 

1.4-0 

0.12 

1,70 

o.60 

5.50 

8.90 

0.02 

1 .. 30 

nil 

0 .4.() 

99.64 

FR 'a.NSPOORT 

III 

53.00 

18. 90. 

2.50 

4.30 

0.28 

5.50 

1.80 

3.60 

6.30 

0.25 

1.30 

nil 

1.90 

99.63 

NIGGLI VJ.LUES. 

184.1 156.4 

40,60 32.86 

13,63 24.99 

5.97 17.39 

39.81 24.78 

0.28 0.27 

0.22 0.32 

1.24 4.22 

0.44 O.?O 

{ 426- ~. 

IV 

43,40 

13.63. 

4.32 

7 .. 04 

nil 

0.25 

8.41 

3.95 

2.90 

4.03 

0.54 

0,17 

2,07 

0.13 

3.30 

5.64 

99,.78 

114.0 

21.08 

40.07 

23.64 

15.10. 

0,32 

0.39 

6.50. 

0.59 
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The magma type of I arn.: II is normal foyai te. III 1s '"'Kassai t-·. 
isch", an essexi te-dior1 te and ma~ be called a trachy-andesite, 
IV 1s a normal theralite, (29, p. 63 - 365) 

NORMS. 
I ·II III . •·-·-·· _____ ll___ 

or 30.58 32.50 21.15 17.14. 

ab 26.7S 32;a2 31.46 15,20 

Ili 2?.55 23.01 11.93 10.23 

an 1,11 · 12.66 10.55 

Na_zC12 
0~35 

WO 1.05 

di r:: 1 
1,74( G,5Q} 11.61 l 

4.61 3~51 12 .. 78 22.44 
1~~~~3-25 7,53 J 

fs J 2.77 3.30 

o.55 ro l 1.27 J 3.10 ( 
al f 2.29 

1.63 j 4.73 
fa 1.02 

ac 2.77 

mt 1.62 3.47 3.50 6.25 

11 0.61 0.91 3.60 6.07 

hL1 0.15 

ap 0.65 1.35 

Cc.tF 0.55 
2 

Ho etc9,00 1.30 1.30 7.84 
2 

101.91 99.1? 101,32 101.80 

I. FpJraite from main body_ Franspoort (426). Trans.geol.Soc. 
S •"'i.fr. Vol 25, p, 85. .'.J1alyst: S .J. Shand 

II. Foyaite aplite in north of Franspoort (426).Trans.geol.soc. 
S.Afr. Vol 52, p.37. i~al:yst C.J.F. van der Walt, Chemical 
services, Pretoria. 

III. 

IV. 

s;yeno-caorite clyke (or lava/4 van Biljon's "Intermediaten rock 
aGjacent to aplite. Trans.~eol.Soc.S.,iu'r. Vol.52, p.37. 
i,naJ.yst C.J .F. van c~er 1falt~ c11em1ca1 services, ~retoria. 

Lava adjacent to III • (Van B1ljon's altered calcareous 
shale). Trans .geol. Soc. s .. A.fr. Vol. 52, p .37 .. 
~Jialyst: C.J.Liebenber£. Chemical services, Pretoria. 
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XIII PLATES. 
;PLATE I. 
I 

Panoramic view of the Leeuwfontein complex looking south­

west and west from a quartzite:r:idge east of the KEUI1eel­

fontein road. 

T = Trachyte Ridges. 

PLATE II .. 

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

The quarry in the red soda-syenite, Leeuwfontein. 

PLATE IV. 

Trachy-andesite ridge, Leeuwfontein. 
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PLATE V. 

Melanocratic band.s in soda-sycni te pegmati te, Leeuwfontein. 

I 

PLATE VI. 

n,e soda=-syenite pegmatite, Leeuwfontein. 
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PLATE·VII. 

Intrusive limestone in the Leeuwspruit north of Leeuw­

fontein Complex. 

PLATE VIII. 

Contact between soda-syenite (A), and quartzite (B), 

Chill zone of syenite (C). 
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PI.ATE IX. 

Replacement of DolomitE 

(A) by Fluorite (B), 

Leeuwfontein. 

Plate X 

The foyaite koppie on Franspoort, wmth the Maga11esberg~ 

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

Quartzite inclusion in "felsite" on Franspoort showing 

rather a V?€Ue outline in the up:p:;r part of the inclusion .. 

The darker grains in the inclusion qre 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 is fairly 

sharp at the extremities. The bedding pla.ne is along 

the length of the inclusion. 
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PLATE XV. 

Q,uartz (white) (C) replacing turbid feldspar (dark) (B). 

A. 1s micropegmatite or myrmekite. X 130. 

PLATE 1.7VI. 

Micropegmatlte enclosing a. t:tbular feldspar crystal (dark). 

Quartz has replaced feldspar to form myrmekite at A. 

X 130, 
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PLATE XV. 

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

A. 1s micropegmatite or myrmekite. X 130. 

PLATE 1.7VI. 

Micropegmatlte enclosing a. t3.bular feldspar crystal (dark). 

Quartz has replaced fGldspar to form myrmekite at A. 

X 130. 
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PLATE A'VII .• 

X-ray powder photographs of the anorthoclase of the 

pink umptekite pegmatite (upper photq) and that of the 

brick-red soda-syenite (lower photo), 

o.von Knorring. 
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