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THE GEOLOGY OF AN AREA NORTHWEST OF PRETORIA. 

ABSTRACT. 

The conclusion is upheld that the two zones of quartzite 

xenoliths in the area represent detached fragments of the Magalies

berg horizon separated from the floor of the Bushveld Igneous 

Complex by the intrusion of the latter. 

Rocks which occupy a similar stratigraphical position in 

the Bushveld Igneous Complex to the leptites from the present area, 

have been described from elsewhere by Vermaas (1949, p. 60) and 

others. In most cases these rocks are described as being undoubted

ly of sedimentary origin, as remnants of the original bedding 

planes serve to indicate. The writer could find no evidence of 

any sedimentary structures in the leptites from the area under dis
nevertheless 

cussion. These sediments are considered to have originated 
A 

from argillaceous rather than arenaceous sediments. 

Only part of the normal zonal succession of the gabbroidal 

rocks of the Bushveld Igneous Complex is present in the area sur

veyed, namely the Critical, Main and Upper Zones. The Critical 

Zone which is represented by various types of layered rocks, ex

hibits a chill phase at its base and is noticeably thinner than 

is normally the case. This zone, furthermore, does not contain 

either the Chromitite Horizons nor the Merensky Reef in this area. 

The Main Zone is characterized by a uniformity of rock-types except 

near tha top of the pseudostratigraphical succession where spotted 

norite and mottled anorthosite make their appearance. 

Three main bands of magnetic iron ore are present in the 

Upper Zone, namely the Upper, Middle and Lower Bands. This zone 

also exhibit~ a granitic phase in its uppermost horizons. Field 

evidence indicates that the dunite occurrences, which are all si

tuated stratigraphically in the lower part of the Main Zone below 

the Pyramid Hills Horizon, are transgressive structures. They are 

also considered to represent a final, pegmatitic phase in the 

Bushveld Ignoous 
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activity. Relatively small bodies of gossan and of iron ore 

indicated on tho map, arc associated with several of the dunitos. 

Tho suggestion is advanced that tho Gro.nophyro attained its 

present pnsition by intrusion. A sinilar mode of emplacement, 

namely that of intrusion, is envisaged for tho rod BushvoldGra

nito in the area, which forms an isolated occurrence surrounded 

on all sides by gabbro, on the horizon of the Louer Iron Ore Band. 

In conclusion, evidence is given of contemporaneous dcfor-

mation uithin tho Ecca Grit. 

I. INTRODUCTION. - ... -~--·--·-•· ----

The country roproscntod on tho map Plate I covers a surface 

aroa of about 58 square mil0s lyin0 between 25° 32' and 25° 39' 

South Latitude and 27° 58' and 28° 06 1 East Loncitude. Tho greater 

part of tho area falls within tho confines of tho Pretoria district, 

except for two farms in the south-uost, namely Krolingspost 66 

and Hookfontoin 67, which arc in tho Brits district. 

Tho ar0a covered by tho map is readily accocsible by meo.ns 

of two crood hiehways and many subsidiary farm roads. The former 

are tho main roads to Brits o.nd Hebron. Part of the road to He

bron is tarred. Many of the subsidiary roads are impassable 

during the summer months, owing to tho fact that the surface soil 

is tho rrell-knovm hoavy black turf rrhich originates from tho 

ueathcring of gabbro. 

iJ:ho main railway-lino to Rusten burg traverses the sou thorn 

part of the area. 

In mapping use was made of aerial photographs kindly sup

plied by tho Union Geological Survoy, on a scale of roughly 1: 

20,000. Outcrop mapping uas carried out on these photographs 

and tho information thus obtained was transferred on to a base 

map to the scale of 1:25,000. Tho field TTork was carried out 

during tho months of Juno, October and November 1952. 

For/ •••••••.•...•••• 
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For the identification of minerals, refractive index dotor

minations uere often carried out. Where necessary all three re

fractive indices n~ nr and n\ of biaxial minerals were dctcrminod, 

n~ and ..-.·~being assumed to be tho lowos t and highest values rospoc

ti vcly in a grain mount. In addition to the indices of rofraction 

the universal stage was also used in tho determination of the 

plagioclaso feldspars, pyroxenes and olivine. 

A. Previous 7ork. 

Although geological work in the Bushveld Igneous Complex ~as 

dono on a regional basis prior to 1898, the earliest reference to 

tho geology of tho area northuost of Pretoria specifically, is 

contained in a publication by Henderson (1898). Inter alia he 

describes diallage noritos from the Zwartkoppies Range (at that 

timo referred to as Zwaartkoppies). 

The fact is emphasized by him that rocks of tho Range belong 

to the Norite family. It is of interest to note that the principal 

fcrromagnesian constituont was recorded at that timo as strongly 

pleochroic hyporsthcno, whereas rocks containing this mineral are 

now knoun to be subordinate to tho bronzite-bearing ones. 

In the Annual Report of the Geological Survey of Transvaal, 
on Klipfontein 482 

Kynaston (1904, p. 73) records tho presence of a band of pyroxenite~ 

associated uith segregations of magnetite and occasional occurren

ces of ferruginous opal. 

This occurrence is regarded in tho present investigation 

as an hortcnolite dunite body. Kynaston further mentions that 

tho pyroxenite on Klipfontoin 482 is a nearly black, coarsely 

crystalline rock, consisting almost entirely of large crystals of 

enstatite, together with a little broun hornblende, secondary green 

hornblende and magnetite. Reference is also made to magnetite 

bands north of the Koppies which were traced in the norite along 

the northern parts of the farms Onderstepoort 496, The Pyramids 370 

and Klipfontein 482. 

The/ 4 ................. • 
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The samQ author also noticed the differonco bctueen tho 

bands of magnetite and the segregations of iron o.rB associated 

with tho above...rnon~ioned tpyroxeni to' , in which connection he 

states that •••• -"they (the magnotito bands) aro clearly defined 

from tho surrounding norite, in this way differing in mode of 
'"\.I 

occurrence from the zone of magnotite, observed in association 

uith pyroxenite on tho southern portion of Klipfontein, TThero 

the iron ore occurs in irregular lumps and masses". 

Reforonce is made to tho area under discussion and the gene

ral geological features are given in tho Explanation of Sheet 1, 

Pretoria (Lombaard, B.V. and Krigo, L.J, 1929, p. 22). 

Nol (1939, p. 51) givos a brief description of tho gabbro 

immediately ovorlyin~ tho diabase in this aroa and Boshoff (1939, 

p. 9) describes the rocks along a traverse across the Upper Zono 

of tho Bushvold Complex in the vicinity of Hebron. 

B. Ackno~ledgements. 

I should like to express my gratitude towards my parGnts 

and my twin brother for tho groat intorost sho~n in the uork and 

for financial assistance; to Professor J. Willcmse of the Pretoria 

Uni vorsi ty under ·whose guidance the -vrork was don0; to Dr. IT. J. 

Nol and Mr. G. M. Koon for taking some of the photomicrographs; 

to tho Union Geological Survey for the loan of aerial photographs 

and to Mrs. and the late Mr. W.R.F. Teichmann and Mr. C.T.P. 

Eksteon and their families for their hospitality during my stay 

in the field. 

II. PHYSIOGRAPHY. 

A. Surface features. 

The area consists roughly of a southern, relatively flat

lying portion and a northern, slightly more 0lovatod portion, 

the former composed mainly of basic rocks of the Bushveld Com

plex and the latter of granophyre and to a lesser extent of Ecca 

grit. 

A/• • • •.... • .... • .. • • 
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Plato 2. ---
Tho,Zwartkoppics viewed from tho 
Granophyro ridges in the North. 
Tho dip-slopos of the Magaliosborg 
Range can be soon in tho background. 
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A lino of hills, the so-called Zwartkoppios, extends 

across tho flatter part from cast to wost and forms a "backbonc"

liko feature to the area. These hills rise up to 550 feet above 

the gcmoral lovel of the plains. The sou thorn boundary of the 

area is formed by a zone of quartzite (heroin referred to as tho 

Southern Zone of Quartzi to Xcnoli ths), lying from hro to throe 

miles north of tho Magaliosberg Rango. In tho south-western cor

ner of the area this zone of xcnoliths forms a prominent ridg0 

and tuo smaller hills. 

Altitudes in tho area vary from 4618 foot at tho tri

gonomotrical beacon on Krclingspost 66 in the south-eastern por

tion of tho area, to less thn.n 3900 foot in tho Sand Spruit on tho 

Northern boundary of the map. 

An instructive view may bo obtained of the surrounding 

country from the Krelingspost trigonometrical beacon. To the 

south, stretching in an east-TTest direction to boyond the confines 

of the map, aro the dip-slopes of tho Magalicsborg Range, scpara tod 

by a zone of diabase from the vcntago point. Along tho striko 

of tho gabbro to tho uest, a viou is obtained of tho Hex River 

valloy dotted vli th gab bro and nori to koppios, followed to the 

north by part of the very lovol Springbok Flats. Dimly disccrna

ble on the horizon aro part of tho southernmost edge of the 

Palala Plateau and in the foreground the granophyro ridges and 

Zwartkoppios Range. A vicu touards the oast shous the Pyramids 

folloued in the distance by hills composed of rocks bclongine to 

tho Watorborg System and the Premier Mine on the horizon. 

B. Drainage. 

The drainage of tho area is accomplished by moans of 

several more or loss north-flo~ing streams, which are non-peren

nial. 

From east to 1:vest they arc the Tlalc, Sand and Kaffors

kraal Spruits. The firsitmcntioncd aftaruards joins the Aapics 

River/ •••••••••••••• 
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River and the Sand and Kafforskra.al Spruits unite in tho northern 

part of tho area to become the Sand RivGr ~hich in turn joins tho 

Picnaars River several miles to tho north of tho aroa. 

The Sund Spruit is dry for the groator part of the yoar 

barring the summer months, during ~hich poriod it may carry con

sidorablo volumes of water, usually causing several of tho smaller 

roadnays to bccomo impassable. 

Tho spruits transgress tho gonoral strike of tho rocks 

and havo rolativoly straight courses, though they may locally con

tain small moandors. Cutting through the Southern Zono of Quart

zite xcnoliths, through tho Zwartkoppios Range and through the gra

nophyre area in turn and forming a. small "poort" in the latter, tho 

spruits have contributed towards the unevenness of tho topoGraphy. 

Sovoral subsidiary drainage courses arc normally dry as 

they serve only for stormwater aftGr rains. Tho drainagG system 

appears to bo superimposed, having been initiated on tho Karroo 

System now represented by isolated outliers~ 

Only one spring is kno·.vn from tho area, namely that on 

th0 central part of Klipfontcin 482, sovoral hundred yards south 

of tho homestead and in close proximity to tho Sand Spruit. It 

apparently originates as a result of tho undorground damming effect 

of a dolerite dyko cutting through the gabbro country rock. 

Tho mean annual rainfall is approximately tho same as 

that of tho immediate vicinity of Pretoria, n~moly about 25 inchos 

per annum. The climate, especially in tho northern parts, is hot 

during the summer months. 

Considerable quantities of maize aro grown on certain 

farms in tho area, for examplo on Klipfontoin 482, which also pro

duces tobacco, fruit and vegetables. Tho soil, as a rule, is vory 

fortilo. 

Along tho drainage courses black turf soil prodominatos 

and contains calcareous nodules ranging from more specks up to 

lumps/ ••••••••••• 
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Plate 3. 

A Wildosoring on Wildebeest
hock 20. 

Plate 4. 

A Cluster of Naboom on Middcl
watcr 589. 
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lumps an inch in diameter. 

Lombaard (1934, p. 50) points out that tho black soil on 

gabbro from tho Lydonburg district, has undergone noteablo ch~ngos 

compared uith the frosh rock, though the soil is still similar to 

tho rock in sovoral respects. He mentions that relative to the 

molecular sum of Al 203, Fc 2o3, Llg O, Ca O, Na2o and K2o, little 

change has taken place in silica, iron, magnesia and potash; tl'wr0 

has boon a loss of soda, phosphorus and limo, a rise in aluCTina 

and a largo increaso in uatcr. 

Van dor Mcr~o (1940, p. 74), in connection with tho black 

and red soils orieinating from tho eabbro, states that this rock 

''on decomposition undor prevailing climatic conditions, invariably 

producos a black clay irrespective of the situation, except whore 

intermixing of tho ucathered product with coarser material, do

rived from other sources, takes place or in the vicinity of magne

tite bands, occurring in the norito formation. Under those cir

cumstances the rosultant soils aro rod or chocolate in colour, 

leached and deficient in carbonate of lime. For instance, in tho 

initial stage of soil formation from norite, tho shallow soil is 

opened mechanically by rock fragments and tho soil material has a 

reddish broun tint". 

Tho problem of tho origin of tho black soil characteristic 

of a large part of the area is aloost certainly clay-minoralogical 

in character and therefore beyond tho scope of tho present invcs-

tigation. 

c. Vor~otation. 

Tho unspoilt parts of tho area aro commonly covered vri th 

various species of acacia, which shou profcrcncc for tho drainage 

courses. Types, such as tho Wag-'n-bietjie (A. caffra) and Soot

doring (A. Karroo) are relatively well-roprosontod ~1horcas trees 

such as tho Wildesoring (Burkea africana) and Bockonhout (Fauroa 

Saligna) are somehwat less widesproQd. Clusters of Naboom spocios 

( Euphorbi a/ ••••••••••••••••••• 
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(Duphorbia Ingcns) are present usually in sholtorod positions among 

the quartzite ridges in tho southern part of the area, as wall as 

rare spocimons of the wolrknown Kioporsol. Sp0cimons of the Karoo 

• 
(Rhus lancoa) have a scattered distribution and tho grassos consti-

tuto mostly "sweet" veld. 

III. GEOLOGICAL FORNATIONS. 

Tho geological formations present in the area are arran

ged in descending order of age in tho following table: 

(Sand 
TERTIARY AND RECENT DEPOSITS •••••••••••••••••• (Gravel 

(Silt 

KARROO SYSTEM 

BUSHVELD IGNEOUS 

COMPLEX 

(Ecca Sorios •••••••••••••••• 

(Quartz-bearing rocks ••••••• 
( 

(Olivino-boaring rocks •••••• 
( 
(Gabbroidal rocks ••••••.•••• 

(Protoria 
TRAUSV.AAL SYSTElVI ( 

(Sorios 

IV. GENERAL GEOLOGY. 

(Grit 

(Granite 
(Granophyre 

(Dunite 

(Gabbro and Norit0 
(Hybrid rocks 

(Loptitc 
( 
(Quartzite 

Tho geology of the ar7a can readily bo described by refe

rence to two zones of quartzite xonoliths, a Northern one and a 

Southern ono. In botuccn those two zones occur the gabbroidal and 

olivino-bearing rocks of tho Bushvold Igneous Complox. 

Only part of the typical zonal succession of the Complux 

is represented in tho present aroa. The only zonos ,;1hich can dcfi-

nitoly be dcliniatod are the Upper and Main Zones~ This discrcpo.n-

cy in the zonal development as compared to other areas of tha Bush

vold Igneous Complex, is caused by the absence of tho MorenGky Houf 

and all tho Chromitite horizons. It should bo emphasized here that 

JE 

tho/ . ............ . 

Tho boundary between these two zones is marked by the Lo\rnr Mc,gne-

tic Iron Ore band. The reasons for this division are discussud in 

Chapter VI No.~2(b), p. 4♦• 
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the position of the former horizon as indicated on the accompanying 

map, is infcrrod. 

Tho Critical Zone in this aroa is only approximately rc

cognisoablo as that part tovmrds the base of the Main Zone which 

contains tho groatost variation of layered rocks. It w~uld then 

bo bordered towards the south by the Southern Zone of Quartzite 

Xenoliths. Beyond the Southern Zone cf Quartzite Xonoliths dinb~

sic rocks occur and as these havo boon s-tudiod in detail by Hol 

(1940), they have not beon ro-invostiGatod. 

\ 

Lying nostly to the north of tho Northern Zone of Qucrtzito 

Xonoliths and separated from it for tho greater part by a zone of 

lcptitc, is a strip of country occupied by granophyre. 

Psoudostratification in the gabbroidal rocks is usually 

marked from tho Zwartkoppios Range, that is about the middle of tho 

Main Zone upwards, and is gonorally less well-developed bclou this 

horizon. 

Dunito and allied rock-typos arc present as pipeliko occur

ronccs, tuo largo und six smaller ones. These pipelike bodies have 

a. linear dis·~ribution and are aligned roughly along tho lower pert 

of tho Main Zon~. 

A small outcrop of Red Bushvold Granite occurs on tho same 

horizon as the Lower band of magnetic iron ore, immediately to the 

east of a small tributary of the Kafferskraal Spruit on Sjambok 

Zyn Krae,l 52. 

Tho only geological formation younger than the Bushvcld 

Complex, is part of tho Ecca Sorics of which several relatively. 

small occurrences are represented. 

V. THE TRANSVAAL SYSTEM. 

Tho only member of the Transvaal System which is represen

ted in the area surveyed, is tho Pretoria Series and that as two 

zones of quartzite xenoliths, a Northern one and a Southern one and 

a zono of loptitc just to tho north of the Northern zono of Quart-

zi t0/ ••••••••••...••.•...• 
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zito Xenoliths. These rocks, originally of sedimentary origin, pre

sumably roprosont portions of the Magalicsborg Stage quartzite. 

A. Southern Zo~~-...2.,f__Quartzi te Xcnoli ths. 

This zone outcrops almost continuously, close to th0 

southern boundary of the area and oxtonds fro~ cast to west across 

the f~rms Hartebecsthoek 524, Strydfontcin 630 and 606, Wildcbcost

hoek 611 and 20, Kaffcrskraal 323, Middel~ator 589 and Vissorshock 

45, as well as the southern portions of Uitvalgrond 584 and Krelin0s

post 66. 

Tho quartzite has an average dip of 36° to the north 

and h~s boon subjected to transverse faulting on the contr~l part 

of Hartobecstho0k 524. Hore tho rocks sho~ condorablo jointing and 

have a coarsely crystalline texture, being typical of tho Doornpoort 

type (Hall, 1932, p. 413). Tho surface width of individual quart-
... 

zito outcrops in the Southern zono of xenoliths, varies from appro

ximately 210 foot near tho trigonometrical beacon on Hartcboocthock 

524 to approximately 850 feet on tho south-uostorn part of Uitval

grond 584. 

On tho south-eastern part of tho latter farm bands of 

poorly cemontod quartz grains rcsornbling sandstone, i:i.ltcrnnto -,;-ith 

tho characteristic coarse, recrystallized quartzite. •rho forn0r 

vary in thickness from about½" to a zono of 20 yards in surface 

uidth. This sandy quartzite has a reddish broun colour due to 

iron-staining. The coarse quartzite on the other hand, ho.s a gray

ish white colour. 

The two types can thus roadily be distinguished from one 

another even from some distance, due to thoir differences in colour 

and texture. 

Under the microscop-0 tho ~Jpical coarsely crystalline 

quartzite presents an interlocking mosaic of qu~rtz grains and 

scattorod wisps of soricitc mica. 

. '· 

,I • •• • ••••••••••• 
I 
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Plate 6. 

Jointed Quartzite on Harte
beesthoek 524. 

Plate 5. 

Quartzite Xcnolith dipping to
wards the right i.e. north, on 

Vissershoek 45. 
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According to Harker(I950,p.67),any slight original im

purity in the sandstone betrays itcelf by the formetior~ of 

some new mineral,in this case mica,scattered through the 

quartz mosaic. The presence of muscovite in the quartzite 

may therefore be taken as an indication that more volatile 

constituents,as well as water,were present and consequently 

facilitated recrystallization of the original sandstone. 

The resulting phenonenon is an alternation of quartzite and sand

stone bands. 

On Hartebeesthoek 524 joints in the quartzite are con

non and developed to such an extent that it is almost impossible 

to distinguish the true dip (see plate 5). In this locality the 

quartzite has a pinkish to light purple colour and on weathering 

yields a rusty surface. Two joint systems are well-developed, 

one trending due east and dipping almost vertically and another 

striking north north-east and dipping approximately 76° towards 

the east. The node of ueathering of these outcrops is extremely 

irregular giving rise to jagged surfaces. 

In the western part of the area the Southern Quartzite 

Zone splits up and forms two parallel ridges which stand out pro
minently. 

The origin of this zone of quartzite xenoliths appears 

to be adequately explained by Hall and du Tait (1923, p. 74), in 

uhich connection they state that "there is little doubt that 

these detached quartzites are fragments of the Magaliesberg ho~ 

rizon torn off the floor of the Bushveld Complex as a result of 

the intrusion of the latter". The divergence of the outcrops in 

the western part is likewis€ caused by the wedging effect of the 

magma, resulting also in the fornation of hybrid rocks. 

The cause of the unpronounc€<l surface features of the 

eastern outcrops, lies in the fac~ that the quartzite is extreme

ly jointed and in parts not very effectively recrystallized. 

The rock is also very brittle. 

In/ ••••••••••••••••.•.••.• 
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In thin section a specimen of quartzite fro1:1 tho easterly 

outcrops is entirely composed of interlockinc, anhedral quart~ 

grains ranging in size from 0.45 mm. to 2.3 mm. in many cases sur

rounded. by a very thin filr.1 of turbid material. 1l1he quartz grains 

exhibit cracks ancl sinuous joints which pass through the grains, 

as well as minute inclusions which are often arranged in parallel 

rows, The inclusions commonly consist of chloritic and sericitic 

material, Both ninerals also forfil veinlets up to 0.04 mm. wide, 

extendinc through individual quartz grains. As a rule the quartz 

exhibits wavy extinction. 

:a. ·rhe Northern Zone_ of §luartzi te _X~l_i_~p._s_. 

The Northern Zone of quartzite xenoliths extends □ore or 

less alone the gabbro-crano:Jhyre junction and cons is ts of four 

separate outcrops of quartzite aligned in an approximately east

west direction. This zone of xenoliths is very much less conti

nuous than the southern one and is present only as scattered out

crops forming small knolls as for example on the farms Kruisfontein 

164 and on the northern part of Sjambok Zyn Kraal 52. 

The most westerly outcrop of quartzite is in a somewhat join

ted condition, a fact which renders the determination of the exaut 

thickness difficult. The surface rridth of tho latter is about 150 

yards. On a part of the quartzite which is less disturbed than the 

ri:: · o re~t 'of the outcrop, the dip is 47 to the north. fhis outcrop 

is overlain by leptite. 

On the western part of Kru.isfontein 164 a second quartzite 

outcrop has a surface width of apJroxiuately 100 yards and varies 

in colour from greyish-white to pink and shades of brown. Shear 

planes and joints are present on the northern part of the outcrop 

and in some cases impart an almost brecciated appearance to the rock. 

A striking feature of the rocks from this locality is the abundance 

of mica flakes and. staining in various shades of brown, pink and 

green and also the presence of irregular "nests" of radially or 

diversely/ •••••••..••..• 
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diversely orientated, slender tourmaline needles. 

In thin section the quartzite consists of interlocking 

quartz grains with an average diameter of approximately 0.55 mm. 

Muscovite mica, when present, is interstitial and has an average 

largest dimension of 0.93 mm. 

Quartzite, with the same characteristic appearance as the 

above~nentioned outcrop, occurs about 400 yards east of the latter. 

In this case the surface width is only approximately 30 yards. 

A prominent ridge of quartzite is present on the central 

0 part of Kruisfontein 164, and dips to the north at an angle of 36 o 

The surface outcrop-width is about 80 yards, which means that this 

quartzite has a thickness of approximately 144 feet. The eastern 

part of the outcrop is traversed by a transverse fault. 

C. Leptite. 

1. Field observations. 

Leptite forms a topographically prominent east-west tren

ding ridge, which rises abruptly from the turf flats in the northern 

part of the area. The most prominent outcrops are situated along 

the common boundary between Sjambok Zyn Kraal 52 and Kameelfontein 

51, where the rocks exhibit a characteristic mode of weathering in

to jointed, approximately rectangular blocks rarely attaining and 

not observed to exceed, 
1 

square foot in cross-section. 

In its most typical development the leptite is a fine

grained, very compact, dark rock on a fresh surface and weathers to 

a brown or straw-brown colour. Minute feldspar porphyroblasts are 

sparsely scattered through the leptite and it is a common occurrence 

for a specimen not to contain a single visible porphyroblast. 

In the Sand Spruit, immediately above its junction with 

the Kafferskraal Spruit, the leptite has a bric~red colour and con

tainA a fine-grained, partially decomposedt somewhat ochreous in

clusion measuring approximately 8 feet by 3 feet. The latter is 

less weather resistant than the leptite and may represent a remnant 

of/ . ................ . 
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of shale, as angular, elastic quartz grains embedded in a liCTonitic 

groundmass can easily be distinguished in thin sections of this rock. 

In this locality anctstomosing granitic veinlets up to 2½ 

feet long and up to l" thick are intrusive into the reddish leptite, 

and also exhibit a briclf.red colour similar to that of the surroun

ding leptite. These granitic veinlets contain pegmatitic portions 

in which red feldspar, quartz and biotite together occupy an area of 

not more than 5 square inches. These minerals can readily be dis

tinguished without the aid of a lens~ 

A small northwest-southeast striking depression at the 

eastern extremity of the outcrop of leptite is caused by a weathered 

dolerite dyke. Kuschke (1950, p. 15) has also recorded leptite 

from approximately the same horizon in the Brits area. 

2. Petrography 

The leptite is characterized by a remarkable homogeneity 

throughout and bears a strong resemblance to felsite. Microscopical

ly the rock consists of rather rounded grains of quartz and feldspar 

of very similar grain-size, varying from 0.02 mm. to 0.24 mm. in 

cross-section with an average of approximately 0.07 mm. 

TABLE I: UODAL COBPOSITION OF 11:YPICAL LEPTITE FROM HALF-A-MILE WEST 
OF TH~ SAND SPRUIT ON KAHEELFONTEIN 51. 

----------------+----------------. 
}Tinoral Modal Composition 

Plagioclase 32 
• 

Quartz 49 f 

Hornblondo 19 j 

___ o_r_e_ _ ___________ A_c .... c-essory --1 
In thG calculation of the mode given in Table 1, the S.G. 

of the feldspar was taken as 2.62. 

Measurement/ •.•••.•...••.••••••. 
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Measurement of the maximum extinction angle by means of 

the Universal Stage, carried out on the unaltered parts of feld

spar porphyroblasts proved the latter to be albite • 

.,1.ccordinc to Kuschkc (1950, p. 16), microcline is the domi

nant feldspar in leptites from tl1e Brits area. The feldspar,con

stitutine; the matrix of the leptite under consideration is 

plagioclase according to etching tests(Gabriel and Cox,I929, 

p.290.) It is turbid in virtually all cases cmd this fact, togct
of the grains 

her with the relatively minute diuensions, renders deter~in~tion 
" 

by ordinary optical methods impossible. 

With regard to the porphyroblasts of albito, Harker (1950, 

p. 243) states in connection uith sediments rich in elastic 

grains of sodic feldspar, that the "recrystallization gives rise 

to pellucid grains of untwinnod albito, with a strong tendency to 

prophyroblastic developraent, :--~nd usually enclosing numerous granu-

les of magnetite". Ploochroic groen hornblende is present as 

minute, feathery individuals sir:1ilar in grain-size to the quartz, 

and together with tho magnetite dust, in all probability accounts 

for the dark colour of the rock. 

Macroscopically the lcptito bears a remarkable resemblance 

to felsitc, and although field observations sometimes suggest 

this to be the case, oicroscopical study of tho leptito reveals 

inter alia, that tho latter contains too high a proportion of 

quartz to be mistaken for felsi te. L.s the available time did 

permit a chonical analysis of the rock to be made, other methods 

had to bo sought whereby a comparison could be drawn betvroen tho 

quartz content of the loptite and felsito. Accordingly, tho 

modal cooposition of leptitc uas compared with the norm of fel

si to (Lonbaard, 1933, p. 151) in Table II. Hornblende c.nd ore, 

naturally, do not enter into tho discussion. 

Table II/ ••....•....••• 
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TABLE II: QUARTZ TO FELDSPAR RATIOS OF LEPTITE AND 

FELSITEo 

. . , .. ' - ....... ,. -.4:- ~, ,·-i -r- ··•• ··r• ,.., ..... 

'•'' Ol ' t • ~ . ' 

A. B. 
Mode Norm 

Feldspar 32 64.05 

Quartz 49 26.40 

Quartz: Feldspar 1.5 : 1 0.4:1 

A. Leptite, from Sjambok Zyn Kraal 52. 

B. Felsite from Springfontein Noe 351, Pretoria 

District, quoted from Lombaard (1933, p. 151). 

As is evident from TABLE II, leptito has an appreciably 

higher quartz to feldspar ratio than the felsite, namely 1.5 to 1 

and 0.4 to 1, respectively. It is thus obvious that the lcptite 

contains proportionately almost four times as much quartz as the 

felsite and consequently the possibility of regarding the former 

rock as a felsite, is excluded. 

3. Geological Relationship_. 

Granitic rocks of the Upper Zone are intrusive into the 

leptito and consequently thG latter is often found as inclusions 

in tho granite, especially in the area along the Sand and Kaffers

kraal Spruits, near their junction~with one another. 

The granite thus clearly postdates leptito in this area. 

Although leptite and quartzite 1 the latter belonging to 

the Northern Zone of Xenoliths, frequently outcrop in closo proxi

mity to one another (tho junction as a rule being readily trace

able in tho field), the actual contact is never exposed. At ono 

of these points, namely immediately to the south of Hebron, tho 

two rock-types concerned outcrop to within a yard of one another 

and the impression gained is not one. of a ~radual transition from 

quartzite to leptitc, but rather one of a comparatively rapid pas

sage from one rock to the other. 

T+. /. - - - - . - - - -
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It appears roasonablo to assume therefore, that the lGp

tite does not represent a straighfuforward feldspathizod quart

zite, in which case a gradual transition of quartzite to loptite 

is to be expected, but much rather a metamorphosed shaly rock, 

which had originally possossed a sharp contact towards tho quart

zite (sandstone). 

It must, however, be emphasized that in thin section, many 

of the quartz grains constituting tho quartzite are replaced by 

microporthite. Minute ablong to rounded areas of quartz which 

hav.o escaped feldspathization 1 are completely enveloped by 

microperthito, frequently in a manner recalling granophyric in-

torgrowth. 

At thG eastern extremity of tho leptito occurrence, the out

crop terminates abruptly against granophyro and the junction is 

covorod by an overburden of talus and soil. 

VI. THE BUSHVELD IG1~0US COMPLEX. 

The rocks of the Bushveld Igneous Complex may conveniently 

be divided into three groups according to tho quartz and olivine 

content of the respective rock-types. In addition there arc 

hybrid rocks. The various groups, arranged in descending ordGr 

of age, are:-

(2. Granite 
D. Quartz-bearing Rocks ••••••••• ( 

(1. Granophyro. 

c. Olivine-bearing Rocks . . . . . ( Dunite. 

B. Gabbroidal Rocks . . . . . . . ( Gabbro and 
( NoritG. 

A. Hybrid Rocks. 

A. Hybrid Rocks. 

1. Field Observations. 

On the northern part of Middelwatcr 589 an outcrop of hybrid 

rock occupies an area of approximately 400 yarcs by 110 yards. 

Along the northern boundary of the outcrop, the rock crades into 
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Plate 7._ 

Stroaky appearance of quartzite on 
Middclwater 589. The dip of tho 
"streaks" is to the~ i.e. north. 

Y-~j \, t 

Plc..te 8. 

Streaky appoaranco of the hybrid rock 
disturbed us a result of partial mobilization. 
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quartzite and alone the southern boundary into diabase, in such 

a manner that no sharp contact can be distinguishod between tho 

rocks concerned. 

The quartzite into which tho hybrid rock grades has a 

stroak.y appcaranco duo to tho soloctivc rrnathoring of certain 

layers (Plate 7), r0sulting in small, roughly parallel ridges on 

the ourfaco of the rock. The latter tends to ~oathcr into sphe

roidal blocks rather resembling woathorcd igneous rocks. Tho 

stroakinoss in tho quartzite conforms to tho dip of the Southern 

Zone of Quartzite Xonoliths i.e. approximnt8ly 36° to tho north. 

2. Pctrography. 

The hybrid rock is modium-grainod, loucocratic to mcsotype 

on a fresh surface. 

· VOLill.:IE 
TABLE III: COMPOSITIOU OF HYBRID ROCK FROM MIDDEL-

WATER 5~. 

Minorel. % Comp. 

Plagioclaso 39% 

Quc.rtz 31% 

Orthopyroxono 24% 

Clinopyroxcn0 
,, 

170 

Ore 3% 
Biotitc 2% 

The most abundn.nt mineral is sc.ussuritizcd feldspar which in 

prosont as much clouded, ~cll-dofinod, oval to olongatod grains of 

average length 0.27 mm. Anhcdral gr~ins of bropzito (2V~ = 61°) 

have un avGragc longest dimension of 1.2 mm. Tho ~UQrtz grains 

encloso orthopyrox0no poikiloblastically ~nd have an averc.go lon

gest dimension of 0.04 mm. 

Accessories aro monoclinic pyroxon8, biotite, hornblondo 

and snall grains of zoisitc sho~ing an ~nomalous bluo colour. 

A/ ........ o ••••••• 
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Fla to 9... 

Leptite shoving quartz (white), feldspar 
(grey), hornblende (lQrgc dark ar0as) and 
oro (snallor rounded grains}. 

X 30 

Plate 10. 

Hybrid rock showing quartz (white), rhombic 
pyroxene (upper centre), 2ltcrcd feldspar 
(elongated grains) and ore (black rounded 
grains). 

X so 
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A higher concentration of micacoous minerals and pyrobolcs in 

certain zones of tho quartzite: causes tho macroscopically visi

ble streaky appoaranco illustratod in plates 9 and 7. 

Tho micaceous minerals also show a planar arrangement uhich, 

according to Harker (1950, p. 153), indicatos that "there hc,s boon 

a groat compression of tho rock in tho diruction porpondicular to 

tho cleavage planes". In the caso under consideration the struc

ture of tho quartzite did not roach tho stago of uoll-dcvolopod 

cleavage planes. Billings (1950, p. 218), in connection TTith bod-

l ding cleavage, states that "this typo of deformation may bo duo to 

tho upward prossuro of magma more or less perpendicular to tho bed

ding". 

Tho latter explnnntion appears to be a close approximation to 

tho actual conditions which oxistod in this case and which rosultod 

in tho planar structuro of th-o qua.rtzi te on Uiddalwator 589. 1.Phc 

upvrn.rd prossure perpendicular to the bedding plD.nos ;;rnuld presuma

bly havo boon caused by tho intrusion of din.base which outcrops 

immodiately south of tha hybri~ rock. 

B. Gabbroidal Rocks. 

1. Gabbro and Noritc. 

(a) Mineral Composition. 

The common gabbro is a medium to coarse-grained, loucocratic 

to mosotypc rock, exhibiting a grayish to greyish-black colour on 

frosh surfncGs, depending on the proportion of s~lic to mafic cle

ments in tho rock, which in most cusos implies thG proportion of 

feldspar to rhombic and monoclinic pyroxenes r8spcctivcly. 

Tho gabbroidal group in this ~roa includos bosidos gabbro and 

norito also mottled anorthositos and spottod anorthositcs. 'rhc 

mineralogical composition of rocks belonging to tho gabbroic group of 

tho Bushvold Ign0ous Compl0x is giv0n in Tablo IV (p.25 ), ~hich 

roprGscnts data on a profile extending from tho Critical Zono up 

:to the Upper Zone. This profile extends across parts of the farms 

Strydfontoin 630 ~nd Klipfontcin 482 as indicated on the accompa-
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No. 

M 32c: 

M 32b 

:M 32a· 

M 3lc-

M 31b 

M 31a 
I 

M 30 . 

M 29 · 

M 49 

M 51 

:M 52 

M 53 

M 55 

M 56 

M 57 

M 27 

TABLE IV. 

Horizontal ---
distance 
in yaTds 
from South- Plagio-
ern Quart~ clase. 
zite Zone. 

6300 85 

6300 80 

6300 85 

5500 77 

5500 72 

5500 73 

4900 74 

3100 80 

2200 69 

2000 53 

1750 65 

1580 61 

1120 67 

930 78 

700 43 

580 60 

DATA ON TI:i:E ROCKS OF THE KLIPFONTEIN PROFILE. 
,. 

- , ,,, 

~~rcentage~b; tolume. 
Rhombic Pyroxenes. ····-- .. 

Rhombic Honoclinic Quartz. Biotite. Ore. Pr-Val. -·-· ....... ,_ Zonal name 
Pyro- Pyroxene. n'~ n'~ according to 

+ + xene. -.002 -.002 2V~ Niggli. 

6 8 1 A - .42 Leu co-gab bro 

15 3 2 A - .44 54° Leuco-norite 

5 9 1 A - .36 Leuco-gabbro , 

12 11 - - - .52 52° Leuco-norite 

14 14 - - A .50 Leuco-norite 

15 12 A* - A .55 Leuco-norite 

15 10 1 - A .60 51° Leuco-norite 

5 13 1 l - .28 51 ° Louco-gabbro 
I 

15 14 3 A A .50 1.695 1.708 50° Leuco-norite 

23 20 3 1 A .53 1.696 1.707 55° -Norite 

rn lFERRED posr ION OF Mll RENSKY REE Ii'. 

8 22 4 2 A .24 1.691 1.703 54° Leuco-gabbro 

7 28 2 2 A .20 1.692 1.706 59° Leuco-gabbro 

13 14 5 l A .48 1.702 1.714 50° Leuco-gabbro 

5 13 2 2 A .28 1.697 1.709 53° Leuco-gabbro 

30 21 4 A - .58 1.693 1.707 55° Nbrite 

30 8 2 A .\ .'19 1.677 1.692 73° Louco-no1·i te 

t 
..n. 
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nying r.iap, nnd is convoniontly referred to as the "Klipfontoin 

Profilo". 

Tho feldspar content of tho most common rocks of tho gab

broid3l group averages 70% by volume,.and r~nges fro□ 43% to 85% 

by volume. 

Rhombic und monoclinic pyroxonus avorago 13 and 14% by vo

lume rcspcctivoly, of the gabbroidal rocks. 

Accossorios aro quartz, uhich is somotimos present in quan

tities up to 5*% by volume, biotitc and oro. Biotitc and oro to-
\ 

gothor raroly oxcood 2% by volume and as a rule are proscnt in much 

smaller quantities or entirely absont. 

(i) Feldspar. 

The classification adopted for plagioclasc feldspars in 

this troatisG is that proposod by Kennedy (1947, p. 561) and tho 

percentages of anorthito arc by uoight. 

Accordingly, the polysinthatically twinned plagioclasc fold

spars of tho gabbroidal rocks in the area, range from ~ndosine 

(ab
55 

nn
45

) through labrodorito (nb 50 an50 - ab30 an70 ) to bytownito 

(ab
30 

nn
80

), falling for tho grontor part TTithin thG labradorite 

field. Little or no zoning wc.s observed and only one case of a 

bent foldsp~r gr~in, n~moly that in o.. specimen (M 30) collected 

several hundred yards uost of tho homestead on Klipfontein 482. 

Tho zonally built fcldspcr grain oncountcrod in the snmo thin sec

tion (M 30), proved to have tho nantlo (ab
42 

an
58

) richer in albite 

than tho core (ab
36 

An
64

). Fresh feldspar grains nro the rule. 

Microstructuros rGsombling a vory finely dovoloped form of 

micropognatitc, are pr0s0nt ~ithin cert~in plagiocl~sc foldsp~r 

grc.ins and o.l though tho so "intorgro11ths" ncvor attn.in any degree 

or/ . ............ . 

* This high value is usually found ,in tho vicinity of quartzite 

xonoliths Qnu is probably ' 

bro by tho quartzite. 

du~ • 
l~rgoly to contamination of thu gab-

"' 
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J:'.J.cl,t,i_;; .l..L. 

Norite, showing rhombic pyroxene (center) 
pQrtially penetrated by Plagioclase ~nth~ 
resulting in a sub-ophitic texture. 

Crossed Nicols X 30. 

Plate 12. 

Plagioclase showing "intergrowths", which 
have no visible relation to twinning. 

Crossed Nicols. X 30. 
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of prominence, they attain their best development in the Pyramid 

Hills Horizon. The phenomenon is illustrated in plate 12 and is 

of too minute a character to permit determination by ordinary 

optical methods. Steyn (1950, p. 13) recorded similar structures 

from the vicinity of Magnet Heights. In his specimens the struc-• 

tures were better developed and it was spectroscopically det~r

mined that the "intergrowths" contained no quartz and appeared 

to consist of two plagioclase components differing in anorthite 

content. No system seems to govern the distribution of these 

microstructures, a fact which is obvious from tho following con

siderations:-

(a) a feldspar grain may show "intorgrowths" on 

any part of it or along the edges only, 

(b) a grain of feldspar may lie adjacent to 

others showing no such structures and 

(c) the phenomenon does not bear any apparent 

relationship to the twinning planes and does 

not disturb the twinning of individuals in 

any obvious manner. 

Perusal of fig. 1 (p. ~1) reveals an oscillatory variation 

in tho anorthite content of the plagioclase feldspars of roc~a 

belonging to the gabbroidal group. This oscillatory variation 

is especially marked in tho Critical Zone. 

The writer agrees with Kuschke (1939, p. 77) in this con

nection, who, in his treatment of the Critical Zone in the Lydon

burg aroa, states that this oscillatory variation is due to 

separato heaves of magma differing somewhat from one another in 

composition. 

Except for their presence in the upper horizons of the 

Upper Zone, alkali feldspars are completely absent from the gab

broidal rocks of the Main and Critical Zones. 

(ii)/ ••••••••••....... 
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(ii) Pyroxenes. 

Both rhonbic ~nd nonoclinic pyroxenes aro present in tho 

g~bbroidal rockn of the Bushveld Igneous Complex in the nren under 

discussion. Fig. 2 (p.3\) is~ graphic representation of the 

relative abundance of the respective pyroxenes by volume, at va

rying pseudostrntigraphicnl heights, in rocks of the Klipfontein 

Profile. 

In the louer 400 feet of the Critical Zone there is a 

marked predominance of rhonbic over nonoclinic pyroxene whereas 

the renainder of this Zone is charncterized by a rapid oacillatory 

vari~tion in the mineralogical composition of the rocks. In con

trast to the Critical Zone, nineralogical variation in the Main 

Zone is of a much less rapid character and generally more unif~rn. 

(ot) Rhombic Pyroxenes. 

The classification here adopted for the rhombic pyro

xenes is that proposed by Poldevaart (1950, p. 1067), TThich is 

similar to the decimal classification employed for other 'conti

nuous' series of solid solutions such as the olivines and plagio-

clase feldspars. As a rule rhombic pyroxenes from the area under 

discussion are characterized by irregular cracks which extend 

across the gr~ins, apart from the nore common prismatic cleavages. 

Two conventional crystallographic orientations of rhom

bic pyroxenes exist at present, namely those of Dana (1909, p.344) 

and of Groth (Niggli, 1926, p. 273). The difference betv1een the 

two is that the a- and b-nxes are interchanged. According to 

the orientation of Groth (see fig.¼) the true acute angle (88°) 

between (110) and (110) is bisected by the trace of the a-axis, 

whereas this trace bisects the true obtuse angle (92°) in the 

case of the orientation of Dana. 

The differences are also in evidence from the following 

considerations:-

Groth/ ..•••••.•..•..• 
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GROTH. 

a:b:c = 1.031 : 1 

- 34 -

0.5880 

DANA. 

a:b:c = 0.970: 1 0.571 

The unit cell dimensions of rhombic pyroxenes is as 

follows:-

a~ = 18.2 Ao 

ba 8.86 Ao 

c~ 5.20 Ao 

i.e. c~b<a 

From this the axial ratio is deduced, namely 

a:b:c -= 2.055 : 1 

This ratio corresponds closely to that of Groth, with 

the exception of the a-axes. The difference in the respective 

values of tho latter was caused originally by the incorrect 

assumption of the unit face of the rhombic pyroxene. It is thus 

evident from the above, that the orientation of Groth is the more 

correct one to adopt,a fact which is adhered to in petrographi

cal descriptions given in this treatise. Consequently, the op

tic axial plane of the rhombic pyroxenes is parallel to (100). 

The well-known lamellar structure (plate 13),~rosent in 

the rhombic pyroxenes, has previously been encountered by prac

tically all who have examined the gabbroidal rocks of the Bush

veld Igneous Complex, inter alia Kuschke (1939, p. 61), Vormaas 

(1949, p. 30), Lombaard (1934, p. 20), Nel (1939, p. 46) and 

Steyn (1950, P• 15). 

clearly 
This phenomenon isvisible only in sections cut normal /\ 

to the axial plane. The lamellae often do not extend right up 

to the crystal edges but pinch out before reaching it. In this 

way a peripheral zone with feeble or without any lamellation is 

developed, a fact previously noted by Nel (1939, p. 46). A 

specimen from tho northern part of Strydfontein 630 contains an 

orthopyroxene grain in which the lamellae are slightly bent. 

Tho / ••••••.••••• 
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Larnellar structure in orthopy1oxene 
~center of field), surround~d by 
plagioclaso. 

Crossed nicols. 

Coro of R1ombic pyroxene surrounde~ 
by mantlo:Monoclinic py~Jx0ne. 

Crossed nicols. 
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The optic axial angle (2V~ ), is readily determined on 

sections in which lamellar structure is present, provided the 

lamellae aro vertically 6rientated. The section is merely ro-

tated in a horizontal plane until the striations are parallel to 

the north-south cross-hair, ~hereby the optic ~xial plane becomes 

parallel to the plane of rotation of tho K-drum of the Universal 

Stage and the optic axial angle can be determined by rotating this 

drum. 

(~) Monoclinic pyroxene. 

Diallage, exhibiting the (100) parting, is usually presontt 

Simple twins on (100) ofton show tho ch~ractoristic herring-bone 

structure. The optic nxial plane is always parallel to (010) and 

the mineral sor:1otines shows a faint green ploochroism. 'l'he optic 

axial angle _(2V~) of this pyrox,::no varies from 54° to 63° and 

the extinction ane;lc ¥'/c from 38° to 49°. These properties in-

dicato a composi-tion of npproxin2.tely wo
42 

En
36 

Fs
22

, (Wager and 

Deer, 1939, p.~40 nlthourrh the a~ial ansle of the pyroxene is 

sor-.rnvrha t hir:-h. 

Tlw I:1insral r:iaintains 2:-.n average o.f 17% by volume in th3 

gabbroidal rocks of the Main and Critical Zones and never oxccedc-

28 per cent by volume o Monocli1.i.ic pyrox2n0 is sorwtineo fou!ld ns 

a mantle surrounding a corG of rhombic pyroxene, in the manner lv~ 

dicated by plate 14. 

(iii) Accossori2~. 

Uralite is a com~on accessory and pyroxenes are Lat ~~th 

in all stages of uralitizPtion, TLi8 is especially marked in the 

vicinity of the dunite bodies. Qu2.rtz is interntitial and lo-

cally present in quantities up to 5% by volume, though its some

what high value is only encountered in close proximity to the 

Southern Zone of Quartzite Xenoliths and, no doubt, due largely to 

contamination by the latter. Biotite is present interstitially in 

small but variable quantities in the gabbroidal rocks of the Bush

veld Igneous Complex. This mineral varies in relative quantities 
from 
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zero to 2% by volume, al though the average is less than O. 7-5~~ by 

volume. As a rule ore does not exceed 0.5% by volume of the 

rocks examined and is usually present in much smaller amounts. or 

entirely absent, 

2. THE DIS'rRIBUTION OF THE P_:Q_TROQ'.RAPHICAL ZONES OF THE 

BUSHVELD IGNEOUS COMPLEX. 

The ~abbroidal rocks of the Bushvcld Igneous Complex 

occupy an.cast-west striking belt of country averaging 5 miles·· 

in surfao~ width and gradually increasing in width towards tho 

wost, The dip of pseudo-stratification, whore dctorminoablo has 

an avorago valuo of 17° to tho north, thus conforming in gQncral 

diroctio~ to tho dip of tho Southern Zone of Quartzite Xenoliths 

and also to that of tho Magalicsborg quartzite situa~od boyond 

the southern boundary of tho area surveyed~ 

(a) Critical Zone. 

In view of tho fact that tho rocks situated to the south 

of the Southern Zono of Quartzite Xcnoliths aro dinbusic (Nel 

1939, p. 39), the only possible position of tho base of the 

Critical Zone is immediately to tho north of this quartzito zoncc 

(i) Chill Zone. 

In.th\s area tho base of tho Critical Zeno is formed by 

a fine-grained, roclanocrutic rock, representing u chilled variety 

of ga.bbro. ';he ln.ttur ca:::1. bo trn.cod t·o the north of [l.nd along 

almost tho entire strike of tho Southc::..--n Q,ui.1.rtzi tc Zone. Owing 

to luck of suitable outcrops ncithor the ox~ct surf~cc ~idth 

nor tho pr~ciso relationship of tl1c chilled reek to the underly

ing quartzite could be dctcrminod. No voining of tho qunrtzito 

by tho chilled_: go.bbro \vCS noticed cmd tho surface i7idth of tho 

lnttor is ap.proximn.toly 500 foot or sligl1tly more c:s on tho wcs-

T:ic.xinur, n.imvnsions c.bout l" x 3" arc often prose:nt as inclusions ....... --• .. ·.·• ... . •· 

in the finc-gro.inud roe~ n.nd usun.lly st<.1nd .out in rf9lic£: on n. 

v7cr-.thorcd/ •• ; •••••••.. .-
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weathered surface. Small black specks of magnetite, which vary 

from approximately 0.5 - 4 mm. in diameter show a similar marked 

relief. 

In thin section the rock is beautifully fresh and composed 

of polysinthetically twinned plagioclase, pyroxene and scattered 

blebs of magnetite. The plagioclase varies in length from 0.21 mm. 

to 1. 37 mm., averagine about 0. 6 mm. ::r:he composition is labrodo

ri te (Ab
36 

An
64

) and the mineral is often poikilitically enclosed 

by pyroxene, giving rise to an ophitic texture. The pyroxene is 

predominantly monoclinic, has an averaee .diameter of 0.6 mm. and 

the following optical properties:-

2v1 = 62° 

Y,/c = 48° 

n J. 1.693 ± .002 

1.699 + .002 nf = -

n'~ 
+ 1.720 - .002. 

The mineral is thus a member of the diopside-hedenbergite 

series (Winchell 1951, p. 410), with the composition of Di45 , 

thouch the axial angle 2v. and the extinction angle i/c are both 

somewhat high. Sali te structure is common and "herringbone" tvdns 

occasionally present. Larger hypersthen~individuals of average 

diameter 2.1 mm. and showing the characteristic pink pleochroism, 

are less common than monoclinic pyroxenes. In certain cases, as 

for example near the western boundary of Hartebeesthoek 524, bio-

tite, exhibiting a marked brown pleochroism is invariably associa-

ted with the ore. 

The rock of which two chemical analyses are given in Table 

V, may be described as a fine-grained hypersthene gabbro. 

in the chilled gabbro,have already been dealt with by Nel, 

(1940,p.59). 

T '"'bl •· -:~/ ~ l: ~ •••••••••••••••••••• 
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A1 2o3 

Cr203 

Fe2o3 

FoO 

MnO 

MgO 

CaO 

Na2o 

K20 

P205 

CO2 

I. 

51.54 

0.34 

18.67 

0.28 

9.04 

0.47 

6.84 

10.95 

1.58 

0.14 

0.09 

0.34 

0.03 

100.22 

- 39 -

TABLE v. 

II. 

50.30 

2.15 

15.02 

2.63 

8.64 

0.17 

7.43 

10.49 

2.02 

0.28 

0.16 

99.60 

III. 

52.70 

0.15 

21.05 

0.50 

5.so 

4.20 

12.60 

2.10 

0.20 

0.05 

100.10 

I. Norite, chilled floor phaso; Zilikaatsnek 79. 

Analyst: c. J. Liob8nbcrg. 

Quoted from Nel, 1939, P• 53. 

IV. 

49.70 

0.25 

23.20 

0.07 

0.92 

4.02 

0.09 

5.46 

12.32 

2.43 

0.89 

0.08 

0.20 

o.6e 

0.10 t Sulphi-
des 0.06 

100.!..2Q. 

II. Norite~, chilled floor pt1;asa, ono mile south of Sjambok 

Siding. 

Analyst: E. G. Radley. 

Quoted from Hall, 1932, p. 727. 

III. Noritc, Bon Accord Quarry, north of Pretoria. 

Analyst: H. G. Woall 

Quoted from Hall, 1932, p. 304. 

IV. Fine-grained footwall Norite, z~artfontein North, Pot

giotersrust district. 

Analyst: L. Mosor. 

Quoted from ilall,I932, p.304. 

For/ •••••••••..•.•... ,.. 
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For the purpose of comparison two more chemical analyses 

are given, namely one of the common Pyramid norite and another of 

a fine-grained footwall norite from the Potgiotersrust district. 

The Analyses of chilled norite (Nos. I, II and IV, Table v), show 

a high degree of uniformity and aro also similar to that of the 

Bon Accord norite(No. III, Table v). The main points of diffe-

rence are tho slight variations vrhich occur in tho iron and magne-

sia contenta of tho various rocks. 

Field relationships of the chilled basal portion of the 

Critical Zone and its close resemblance chemically to tho Pyranid 

norite, suggest that the chilled gabbro represents a rapidly coolod 

and consequently less differentiated phase of the original ~agma, 

as previously suggested by Hall (1932, p. 310). 

(ii) Main Occurrence of the Critical Zone. 

( ,.;,) Field observations. 

As a rule outcrops are scarce in the Critical Zone and 

where present rarely protrude above the surrounding grassveld. Tho 

pseudostratification dips at angles varying from 15° to 20° to the 

north. Outcrops are fresh as a rule, though in some cases the 

zone of weathering extends downwards for about 25 feet as for 

example in a railway cutting on the southern part of Klipfontein 

482. 

Just above the chill zone, quartz grains occur as small 

protrusions on weathered surfaces of the medium-grained ~abbroic 
0 

rocks. A specimen of the latter from Strydfontein 606 contains, 

in addition to quartz, a bleb of sulphide and a grain of biotite 

both approximately 1.5 mm. in diameter. 

h 
Rythmical layering, in which alternating lcucocratic and ,. 

melanocratic bands aro prosent, occur on th€ southern part of 

Klipfontein 482. In the bed of the Sand Spruit on Strydfontein 

606, various differentiated rock-types arc present (see plate 15). 

The nomenclature used in describing these rocks is essentially 

similar to that defined by Hall (1929, p. 299), in his memoir on 

the Bushveld Igneous Complex. 
The/ ••••.••..••.• 
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Plate 15. 

Anorthositic Norite overlying norite . 
in the Sand Spruit on Strydfontein 606. 

Plate 16. 

Circular pyroxenitic segregation in 
norite on Strydfontein 630. 
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The succession, in asscnding pseudostratigraphical sequence, 

is'.thercfore evongrained, spotted norite overlain by an anorthosi

tic layer containing scattered pyroxene 'clots 1. This is followed 

by mottled anorthosite and coarser spotted norite. ThG former is 

describod by Hall as •..•• "a variety that is characterized by re

latively large, irregular clusters of pyroxene crystals scattorod 

more or lass at random. On a fresh fracture the clusters shoTT 

broken outlines and are indicated by darker, shadowy areas of suw~1 

dimensions that two or at most three would in general fall within 

the limit of a handspecimen". 

Wells (1952, p. 923), after a detailed petrographical 

study of the mottled anorthosite, states that the dark clots 

~ight represent either cognate xenoliths of a pyroxenitic rock or 

pockets of residua trapped in a plagioclase crystal mush. 

The spotted norite is defined by Hall as ••.• "those varie

ties of norite in which the ferromagnosian clement (rhombic pyro

xene) is distributed more or loss uniformly in the form of dar~ 

grey, rounded crystals throughout the rock, in sharp contrast to 

the intervening light-coloured, feldspathic areas. The diameter 

of pyroxene grains ranges for the most part botwoen 1 and 5 me., 

but is fairly constant for a given rock, while the distance across 

tho feldspathic portions separating two neighbouring grains of 

pyroxene is as a rule several times that of the diameter of such 

grains", 

The outcropsin the Sand Spruit consist solely of watorworn 

and exfoliatod boulders and owing to their irregular and scattered 

distribution the determination of thicknesses of the various lay-

ers is rendered difficult and in most cases impossible. Tho ma-

jority of the layers appear to be several yards 

thick. Immediately south of Hornsnek siding the spotted norito 

contains a limited number of perfectly circular segregations of 

rhombic pyroxene varying from 2" to 6 11 in diameter (see plate 16). 

Lenses of fine-grained, pyroxonitic material several square feet· 

in extent are also present in this vicinity and may represent 

xonoliths/ ••..... 
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xenoliths of pre-existing pyroxenite. 

Microscopical Features. 

The mineralogical variation of tho rocks belonging to 

tho Critical Zone is given in Table V, specimens M 52 to M 57 and. 

M 27. 

In thin section the spotted noritc is composed of inter

locking, subhedral plagioclase feldspar grains and anhedrous of 

hypersthene. Monoclinic pyroxene is scarce and the texture of 

the rock is ophitic to subophitic. The mineralogical variation of 

both feldspars and pyroxenes is of an oscillatory nature (sec 

figs. 2 and 3). 

The feldspar is invariably polysinthetically twinned 

plagioclase, unaltered as a rule and without any zonal structure. 

The latter has an average value of 61% by volume of the rocks 
. Ab4-r. 

of the Critical Zone and varies in anorthite content from~An53 to 

Ab16 An74 i.e. from Labradorite to Bytownite. The variation in tho 

anorthite content of different grains in the same thin section 

rarely exceeds 15% and is much loss as a rule. Labradorito from 

spotted norite occurring on Strydfontoin 630 has the following,re

fractivo indices: 

' 1.562 ± .003 n~ = 

nt = 1.564 ± .002 

n'l\' = 1.568 ± .003 

These indices indicate a composition of Ab 37 An63 or 

Labradorite. 

The rhombic pyroxene constitutes an average of 16% by 

volume of the rocks of the Critical Zone. 'I1he optic axial angle 

2VJ... varies from 68° to 50°, corresponding to an FeO-content of 

25% and 35% (molec.) respectively. In only one instance ~as an 

unusually high axial angle 2VJ.... obtained, namely 72°. 

The monoclinic pyroxene maintains an average of 17% by 

volume of the rocks of the Critical Zone and is diallage as a 

rule, as previously stated in the introductory paragraph to this 

chapter/ ••.••••... 
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chapter. The modal variation of the monoclinic pyroxene, like that 

of rhombic pyroxene, shows an oscillatory variation in the Critical 

Zone. 

In order of abundance the accessory minerals are biotite, 

quartz and ore. Biotite and quartz do not exceed 2 and 5% by vo

lume respectively of any rock in the Critical Zone. 

(iii) Chromitite Horizons. 

With regard to the chromitite bands in the Lydenburg area, 

Kuschke (1939, p. 26), was able to determine that only in the case 

of the Main Group do the petrographical characters of the associa

ted rocks in any way afford an indication as to tho position of the 

group. As no outcrops of,any of the chromitite horizons could be 

located in the area surveyed, the abovomontioned method was resor

ted to in an attempt to locate tho probable position of at least 

the Main Group. Kuschke was able to demonstrate that the axial 

angle 2V.
4 

of the rhombic pyroxenes always exceeds 80° above tho 

Main Group, whereas belo,1 it tho value of 2VJ.. seldom if ever 

exceeds 80° and is generally lowor. 

If the axial angle be accepted as a criterion, the possi

bility of this chromitite group being present in tho area is ruled 

out, as the highest value obtained for an axial angle is 76°. 

(iv) Merensky Reef. 

Although outcrops in the Critical Zone are not exceptio

nally plentiful in this area, they are nevertheless sufficiently 

present to furnush a fairly complete if discontinuous section 

through this ione. Efforts to locate the Merensky Reef in the 

::.:r~ investigated met with little success and petrogaphical evi

dence did not assist materially in locating the position of the 

Reef. 

Kuschke (1939, p. 73) found that the axial angles (2VJ..) 

of the rhombic pyroxenes below the Merensky Reef in the Lydenburg 

district varied from 73° to 75°, while above the Reef the axial 

angles/ •..•..... 
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angles (2V~) were usually lower, namely 70° to 72°. 

Schmidt (1952, p. 242) recorded axial angles (2V..,-1, ) 

Of 78° to 79° f or pyroxenes in the rocks immediately below the 

Merensky Reef in the Rustenburg area. Above the Reef he did 

not measure axial angles of less than 70°. 

In only one instance does the axial angle (2Vot) of py

roxenes in the gabbroidal rocks in the area under discussion 

0 
exceed 70 namely in a specimen (M 27) collected from Strydfon-

toin 630. The possibility of the Merensky Reef occupying this 

position is unlikely as practically all out0rops of differentiated 

rocktypes occur above this horizon. It is therefore not possible 

to decide on the presence of the Merensky Reef from the axial 

angles (2Vd.) of rhombic pyroxenes in the rocks either overlying 

or underlying the Reef (if it docs exist) in this area. 

The upper limit of the Critical Zone (and base of the 

Main Zone) was consequently taken to be the point at which the 

layered rocks cease to be abundant. This point coincides fairly 

closely with the base of the anorthositic gabbro which as a rule 

forms tho hanging wa'll of the Merensky Reef (Wagner, 1929, p. 126). 

Consequently the boundary between tho Critical and Main Zones as 

indicated on the map is only an inferred one, 

The mineralogical variation of rocks of the Critical 

Zone is of the characteristic oscillatory type as figures 2 and 

3 serve to indicate, and the general trend agrees with that ob

tained by Nel (1940, p, 59) which covers only the lower part of 

the present traverse. The difference between the axial angles 

(2V d,.. ) of rhombic pyroxenes of the uppermost specimen of Nel and 

the corresponding specimen of the author is probably caused by 

the fact that lamcllar structure and intergrowths in tho rhombic 

pyroxenes of the Critical Zone render accurate determinations of 

axial angles (2V d,...) difficult. The axial angles for rocks of the 

lower part of the traverse were also deduced from the refractivo 

indices (n•~ and n''t ) of the rhombic pyroxenes (Polcl{vaart 1950, 

T'l.,nfi7/ .•.•.•••••••• 

 
 
 



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

- 46 -

p. 1067). The latter method was considered to be more accurate 

and was consequently utilized in the compilation of the variation 

diagram fig. 2. 

As a rule the difference botwocn the measured axial angl0s 

(2V,, ) and dGduccd axial angles did rtot excoed 4° and in only one 

0 
instance was a value of 7 recorded. 

(b) Main Zone. 

(i) Field observations. 

The Main Zone varies in surface width from a little more 

than 3 miles in tho Eastern part of the map to approximately 3{ 

miles in the West.· The Zwartkoppies are formed by rocks belonging 

to the Main Zone and lie more or less in its center. The country 

lying between tho Zwartkoppies and the granophyre ridges is practi

cally devoid of outcrops, as a result of which this part is best 

suited for agricultural purposes. In an old quarry situated appro

ximately in the center of Klipfontcin 482, rhythmical layering is 

present in the gabbro as a result of' the alternation of bands up 

to four feet thick which contain a higher or lower proportion of 

light to dark silicates. The banding conforms in dip to the general 

pseudostratification of the gabbroic rocks of the area. 

Sporadic outcrops of a thin band of pyroxenite occur on 

Klipfontein 482, as for example the small outcrop some 45 feet in 

surface width, situated approximately 400 yards south-east of tho 

trigonometrical beacon on that farm and indicated on the map. A 

pyroxenite band is also present at the same horizon several miles 

to tho oast of the area under consideration and is situated strati-

graphically immediately below the Pyramid Hills gabbro~ In the 

area covered by the accompanying map tho pyroxenite does not resem

ble tho common type which characterizes the Bushveld Igneous Com

plex, to a very great extent. On a weathered surface diversely 

orientated laths of pyroxene up to 1.5 inches in length may readily 

be distinguished. The nature of the outcrops are such that the ,--~·~ - ....... __________ _ 

PA~An~nl nnmmunioation bv Dr. n. N. Visser. 
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genetic relationship of the pyroxenite to the surrounding gabbro 

could not be established but presumably the pyroxenite band conforms 

in pseudo-dip to the pseudostratification of the surrounding gab-

broidal rocks i.e. approximately 18° to tho north. The pyroxenite 

presumably originated through crystal sGttling though no direct 

evidence of this is present. Tho pooudostr~tification, which is 

of the same character as that described by Vnn den Berg (1946, 

p. 1'15 et sGq.), is well displayod in a quarry on Klipfontcin 4e2. 

Macroscopically, rocks belonging to tho Main Zone are cha

racteristically uniform except for tho upper horizons below tho 

Lowor Magnetic Iron Ore Horizon, at which point mottled anorthosito 

and spotted norito make their appearance. 

On a weathered surface the spotted norito exhibits a pitted 

appearance due to tho more rapid decomposition of the hypersthenc 

grains. The mottled anorthosite is identical to that of the Criti

cal Zono and occurs as lens-shaped bands having thicknesses of seve

ral feet. Circular depressions 1 to 1.5 inches in diameter on woa

thered surfaces arc due to tho inferior weather-resisting propertios 

of tho pyroxene clusters. 

In the past there has been somo difference of opinion with 

regard to tho position occupied by tho bands of magnetic iron ore 

i.e. whether they belong to tho Main or to the Upper Zone. Hall 

(1932, p. 276) sets the boundary between tho Main and Upper Zonus 

at tho Lower Magnetic Iron Ore Horizon and other investigators (o.g~ 

Steyn, 1950, p~ 46) regard the Lower (Main) Group of Magnetic Iron 

Ore Bands at least, as belonging to tho Main Zone. In this case the 

appearance of fayalite is regarded as indicating the lower margin 

of the Upper Zone. 

In this treatise it is suggested that tho Lower Iron Ore 

Horizon be tnkon as the boundary between tho Main and the Upper 

Zones as originally proposed by Hall (op. cit.). Being the most 

persistent horizon, it forms a useful criterion in the field for tho 

demarcation of the Main and tho Upper Zones, whereas a division be-

tween the two zones basod solely on petrographical characters of the 
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somewhat erratic 
rocks, such as the appearance of olivine for example, would not 

" 
always be of much value in the field. 

The occurronces of Magnetic Iron Oro will thus be discussed 

under the Upper Zone. 

(ii) Petrogranhy. 

The mineralogical composition of rocks representing inter 

alia a profile across the Main Zone, is given in Table IV (p. 2~)-

specimens M 49 to M 32. The pr.-value, that is th8 ration of 

orthopyroxene to the sum of ortho-pyroxene and clino-pyroxeno is 

also given in the table and graphically represented in fig. 2 and 

3 (pp. 31 and 32). 

The spotted appearanco of the spotted norite, which directly 

underlies the Lower 1fagnotic Iron Ore Horizon, is due to evenly 

distributed hypersthene anhedrons Tiith an average longest dimen

sion of 6.1 mm. situated in a foldspathic groundmass. Diallage is 

scarce. They-9)-umecomposition of the spotted norite (M 19) from 

Klipfontein 482, is given in Table VI, (p.48) together with that 

of the mottled anorthosite (M 18) from tho same farm. 

In tho case of tho mottled anorthosite tho section was cut 

through only one of tho pyroxene clustors, as it is not possible 

to obtain more than this number within the same slide. 

1!1ABLE VI: 

% by Volume 

Labradorite 

COMPOSITION OF SPOTTED NORITE AND MOTTLED AN

ORTHOSITE FROM KLIPFONTEIN 482. 

of. Spotted Noritc. Mottled Anorthosite. 

77 10 

Rhombic pyroxene 22 2 

Monoclinic pyroxene 1 28 

Quartz Accessory Accessory 

Hornblondo - 11.ccessory 

Bo th/ •••••••.•.•.. 
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Both monoclinic and rhombic pyroxenes are present in the 

pyroxenite on Klipfontein 482, and that in the ratio of one to 

five respectively. Lamollar structure as well as exsolution bands 

of monoclinic pyroxone are characteristic of the rhombic pyroxene. 

The foldspar of the pyroxenite is of the same average composition 

as that of the gabbro namely A~30 An
70 

or Labradorite-Bytwonite 

and constitutes only 5% of tho rock by volume. 

TABLE VII: COMPOSITION OF PYROXENITE FROM 

KLIPFONTEIN 482. 

Mineral. Perccmtage by Volume. 

Labradorite 5 

Rhombic pyroxene 74 

Monoclinic pyroxene 14 

Uralite 7 

Ore Accessory 

Biotito -

Tho rhombic pyroxene has the following properties:-

2VJ.. 62° 

n' 1.693 + .003. rJ... 

1.702 + .003 n~ = 

+ n'~ = 1.706 - .Of)p : Wl k f I cf) 

' 

I 

I 
I 

? "-I~✓.~~ f) 5_<· r,-te-
Th is indicates an~-content-i of 28j~ by~ (Poldevr1,.'.'rt 1 

_ _,.._ 

1950, p. 1076). 

The feldspar of tho gabbroidal rocks forming tho groator 

part of the Main Zone is labradorite varying in anorthite-conton-1:: 

from An53 to An70 and is invariably polysinthetically twinned. 

The variation in 8,northito content is illustrated in fig. 1 (p.,17,) 

Labradorite maintains an svGrago volumetric percentage of 67 in 

the Main Zone and the average length of foldspar,,grains is appro-

ximately 1.84 mm. 

Rhon1bic/ •••.••••.•.••....• 
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Rhombic pyroxene is loss abundant in the Main Zone than in 

the Critical Zone as reflected by the respective average volumetric 

percentages of the two zones namely 11% and 16%. Axial anelos 

2V. of the rhombic pyroxenes vary fro~ 54° to 51° and thun cor

respond to an FeO-content of 40% (mol.) and 45% (mol.) respective

ly (op. cit.). 

Monoclinic pyroxene is diallagc as a rule~ which maintains 

a.n average of 11% by volume- of thu rocks of tho Main Zono. '\7:~•~ ·~ 

regard to tho pyroxcno clusters in the mottled anorthosite, this 

mineral is markedly interstitial, resulting in a true sub-ophitic 

texture. Often a "core" of rhombic pyroxene is completely en

veloped by monoclinic pyroxeno, corresponding to tho so-callod 

"coronophitic texture" as described by WGlls (1952, p. 919), in 

which clinopyroxone is related to bronzite in a manner recalling 

corona structure. With reference to the exsolution growths of 

monoclinic pyroxene in rhoI!lbic pyroxene, an extract from a publi-~ 

cation by Hess (1941, p. 580 et. seq.) may be worthy of mentionn 

"In the writor 1 s opinion there is strong evidence to indicate 

that the hypcrsthene with orientated plates is pigeonite which 

has by slow cooling inverted to orthopyroxene". Furthermore ho 

states (page 582) that "it appears that those pigoonites in hyp,.> 

byssal rocks which crystallized at a temperature very slightly 

above the inversion temperature have a much greater tendency to 

invert to hypersthene with oriented inclusions of augite, than 

do those more iron-rich pigeonites which probably crystalliied 
fl 

farther above the inversion tomperature. 

(c) Upper Zone. 

(i) Field Observations. 

The Upper Zone varies in surface width from approxim~~ely 

1J miles in the eastern part of tho area to about 2-~- miles in the 

west. At both the eastern and vrnstern extremities of tho area 

the junction with granophyre is covered by a soil overburden 

which renders an accurate determination of the thickness difficult., 

('\,, +- ,....,...,..... ..... ,:, I 
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Outcrops are poor and as a rule confined to the uppermost horizons 

of this zone, In contrast to the underlying Main Zone, the Upper 

Zone is characterized by a greater variation of rock~ypos which 

arc in·ascending pseudostratigraphical order gabbro, diorite and 

alkali-granite. 

Outcrops of gabbro are scarce and as a rule the greater 

part of tho Upper Zone is covered by an overburden of black turf. 

The gabbro, within which the three magnetic iron Oro horizons are 

situated, constitutGs approximately 91% of the Upper Zone by volume 

Throe bands of ~agnetic iron ore, namely the Lower, Mid

dle and Uppor Bands are present, together with several less per

sistent and lenticular bands. The three Main Bands are subject 

to some variation in thickness namely from a little more than one 

foot to approximately 40 feet. 

Tho Lower 'Band which outcrops most consistently, can "!)e 

traced intermittontly throughout tho entire area and extends from 

the eastern boundary of Klipfontein 482 in a westerly direction to 

beyond Sjambok Zyn Kraal 52, at which point it attains tho greatoot 

thickness namoly 40 fGet, as calculated from it's surface outcrop 

and an angle of dip of 25 degrees. Grains of magnetite are abun

dantly present in the gabbro over a horizontal distance of about 

100 feet below the Lower Band and the ore content of tho gabbro 

increases with proximity to the iron ore horizon, 

On the central part of Sjambok Zyn Kraal 52 this band 

has been disturbed, probably by the local intrusion of Bushveld 

Granite. Two detached masses of magnetic iron Ore, approximately 

300 feet and 25 feet respectively in length, conform in strike 

to the Lower Magnetic Iron Ore Horizon but are situated at a 

slightly lower stratigraphical horizon than the latter. These two 

detached masses of iron ore clearly have no lateral persistence 

and terminate abruptly along their strike against tho surrounding 

gabbro. On the western part of Sjambok Zyn Kraal 52 a remnant of 

gabbro is completely enveloped in iron ore of the Lower Horizon. 

ir o I • •••••••••••.•.••.. 
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No contacts are visible and tho remnant which contains much mag

netite, has a brown colour which on closer examination proves to 

be feldspar··. 

On the north-eastern part of Klipfontein 482, the Lower 

Iron Ore Horizon shows a horizontal displacement of some 800 feet, 

which in all probability also affects tho Upper ~and as indicated 

on the accompanying map. 

The Middle Magnetic Iron Oro Horizon is less persistent than 

tho Lowor one and extends from Syferfontein 310 in the western 

part of the arDa to the eastern part of Sjambok Zyn Kraal 52, at 

a stratigraphical height of approximately 2000 feet above the 

Lovor Iron Ore Band. 

The Upper Ifagnetic Iron Ore "Band is the least persistent 

of the threo tlorizons at the surface and sporadically outcrops in 

the eastern part of the area. On Kruisfontein 164 this lforizon 

is partially covered by grit belonging to tho Ecca Series. Th0 

Upper Iron Ore 1forizon differs somewhat in appearance from tho 

more common type of ore, o~ing to tho fact that the former is 

partially decomposed to ochreous, limonitic material which enve

lopes relatively solid grains of magnetite. On Kruisfontoin 164 

a limonitic band 2 to 3 feet thick has a slight lateral persis

tence within the ~ain (Up~er) Band. Because of the somewhat dis

turbed condition of the Upper Band it was not possible to deter

mine the dip with certainty. An indication of strike-faulting 

within the Upper Band is afforded by slickonsides which dip steep

ly to the north. This mov0ment may possibly be rGlated to the 

previously mentioned faulting which affected the Lower Iron Ore 

Horizon. 

The only outcrop of diorite of which the author is aware, 

is situated in thG Sand Spruit iomediately south of Hebron. At 

this locality granophyre is intrusive into the diorite (plat0 22). 

Outcrops of alkali-granite, representing the uppermost hori

zons of tho Upper Zono, occur to tho south and south-west of He

bron and are mostly situated close to, and in certain cases adja-

cent/ ..•....... 
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cent to the granophyre. This granite occupies a comparatively 

continuous strip of country but is also present as isolated 

outcrops entirely surrounded by leptite. On the greater part 

of Kruisfontein 164 neither leptite nor granite is represented 

and the granophyre is directly in contact with gabbro; this con

tact is not exposed due to an overburden of soil. 

The intrusive relationship of granite to leptite is ex

posed at various localities such as the lower roaches of the Sand 

Spruit before the junction of the latter with the Kafferskraal 

Spruit. In this vicinity inclusions of leptite up to several 

feet in diameter are present. in granite of the Upper Z.one and the 

former is also veined by the latter. On a weathered surface the 

granite has a pitted appearance due to the inferior weather re

sisting properties of feldspar as compared to hornblende. 

(ii) Petrography. 

TABLE VIII. MINERALOGICAL COMPOSITION OF ROCKS 

BELONGING TO THE UPPER ZONE. 

Distance in yards from 
Upper Band of j30 I060 Ij58 
l,lagnet ic Iron Ore. 
Specimen No. on map. M99 :.182 M8I 

I622 

M84 
Rock names after Alkali- Alkc,li-
Niggli Leuco-gabbro Diorite granite granite 

Microperthite - - 9 42 

Albite - - 32 8 

Andesine - 56 - - j 

I 
Labradorite 64 - - -

Quartz Accessory 7 16 20 I 
Hornblende - 28 39 27 I 

- I 

Monoclinic 
I 

pyroxene 28 2 2 - I 

I 
Micropegnatite 3 - - -

I • 
Ore 5 4 1 Ace es-

sory 

Biotite - 2 1 -

Apatite 1 1 Acces-
sory 

Rhombic pyroxene 2 - - -
I -----· . 
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A detailed description of the Upper Zone of the Bushveld 

Igneous Complex in this area has been given by Boshoff (1939, p. 9). 

Consequently only comparatively brief mention will be made of 

these rocks in the present treatise. 

The gabbro of the Upper Zone is a medium-grained, leucocra

tic to mesotype rock on a fresh surface and the main constituents 

are easily distinguishable without the aid of a lens as feldspar 

and pyroxene, In Table VIII tho composition of the rock, which is 

a leuco-gabbro (Niggli, 1931, p.31~, is given together with the 

compositions of other specimens from the Upper Zone. 

Anhedral tosubhedral plagioclasc grains vary in composition 

from An
45 

to An64 , that is Andesinc to Labradorite and measure 

1.85 mm. X0.42 mm. on the average. Diallage is the predominating 

dark mineral and is present as anhodrons of average cross-section 

1.13 mm. The ratio of monoclinic to rhombic pyroxene in the gab

bro of the Upper Zone is 14:1, which is a marked increase of the 

former over the latter as compared with gabbro from tho Main Zone 

for example. In order of abundance the accessories are ore and 

apatite, 

In thin section the diorite exhibits alteration, the most 

marked of which is the sericitization of the feldspars. 

dctcrmineable tho latter have tho composition Ab
54 

An46 

Where 

i.e • ..;.n-

desine, and occupy 56~6 of the rock by volume. Irregular serici te 

clusters are often enveloped by green hornblende and chloritc. 

The former exhibits a marked pleochroisrn from dark-brown to olive

green and is frequently partially altered to ore. Apatite, the 

most abundant accessory, varies from euhcdral hexagons of average 

diameter 0.09 mm. to tabular crystals and slender needles up to 

0.77 mm. in length. Quartz is interstitial. 

The alkali-granite is an even-grained, mesotype to leuco

cratic rock which owes its distinctive pinkish to oranee-colourcd 

appearance on a fresh surface to tho abundance of flesh-coloured 

feldspar in strong contrast to the dark-green hornblende. In parts 

there/ •••••••........ 
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there is a strong resemblance to syenitic types and where feld

spar and hornblende are present in approximately equal proportions, 

the rock becomes evenly mottled pink and dark-green. 

In thin section the majority of the feldspars arc com

pletely altered to sericite and can only be distinguished with 

difficulty; other grains have an altered core and comparatively 

fresh mantle and as a rule the clouded condition of the feldspar 

grains prevents determination of their zonal structure. Tabular 

grains of rnicropcrthite of average size 1.9 X 0.8 mm, constitute 

a maximum of 42% of the granite by volume. "Free" plagioclase is 

more common in tho l9wer than upper horizons of the alkali-gra

nites, namely 56% as against 8% by volume (TABLE VIII). The 

anorthite content of this mineral varies between An
2 

and An6• 

Hornblende is the most abundant dark silicate and averages 32%. 

This ~ineral, which has an average length of approximately 0.86 

mm., in many cases replaces monoclinic pyroxene. 

Part of the hornblende appears to be primary and exhibits 

a brownish-green colour and part of it has a secondary origin, 

in which case 

the following 

the mineral is fibrous. The primary hornblende has 

prop0rties: 

2VcJ. = 67° 

)S /c = 12° 

Pleochroism •I-. or X = straw-brown. 

p or Y = olive-green. 

W or Z = dark-green. 

Absorption formula is 

A prominent increase in the quartz-content of the rocks 

takes place with rise in pseudoJtratigraphical height namely 

from 7% to 20%· by volume. Micropegmatite increases from isolated, 

poorly defined intergrowths at lower horizons, to 3% by volume of 

the granite in tho uppermost horizons. Monoclinic pyroxenG was 

not noticed in the uppermost horizons, whereas this mineral is 

very/ ••••••••. • • • • • • · 
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Plate 17. 

Intrusion Breccia shoitling angular 
quartzite fragments (white). 
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very often altered and in various stages of uralitization, in the 
of the 

lower horizons Upper Zone. Biotite, apatite and ore aro acdos-
·- " 

sories. Biotite is almost invariably associated with hornblende 

usually as incomplete kelyphitic rims around the latter. 

In the aroa under discussion variations in the Upper Zone 

of tho Bushveld Igneous Complex and especially in the uppermost 

horizons of this zono are much more rapid than in lower horizons 

of the Complex. Although exposures are not particularly suit~bie, 

it appears that a transition between rocks of the Upper Zone and 

the granophyre 1 is non-existent. In several case~ the two rock

types are adjacent to one another in the field, yet each rock re

tains its general lithological characteristics up to the point of 

junction. 

(iii) Intrusion Breccia, 

Approximately half a mile to the south of Hebron an intru

sion breccia forms an outcrop of not more than 60 square yards 

in surface oxtent and consists of angular to subangular fragments 

of quartzite varying in size from mere specks to blocks of appro

ximately 18 inches diameter (sec plate 17). The latter are con

spicuous on a weathered su~face duo to their superior weather re

sisting propertios,.and are firmly cemented together by a mixture 

of mobilized quartzite and granitic material. The outcrop of 

breccia is situated on the northern side of~ quartzite remnant 

approximately at the junction of the latter with alkali-granite 

of the Upper Zone. 

Along the southern extremity of the breccia, the quart

zite adjacent to it is feldspathized and, impregnated with horn

blende, the latter locally to such an extent as to impart an am

phibolttic appearance to the rock. The granitic rocks further

more, are unusually coarse-grained in the vicinity of their junc

tion with the breccia. Tho transition of one ,rocktype into the 

other is gradual and in all cases accomplished within a matter of 

three ;y:-ards. 

Microscopical/ •••••••.•..•••.•• 
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Microscopical exrunination in thin section reveals that the 

fragments within the breccia consist of interlocking quartz 

grains, partly or wholly feldspathized. Tho latter are invariably 

clouded and in many cases an unaltered core of quartz is complete

ly enveloped by feldspar. Pleochroic green hornblende frequently 

accompanies tho feldspathized quartz grains. The groundmass of 

the breccia is composed of an irregular mixture of feldspar, horn

blende and quartz. 

C. OLIVINE-BEARING ROCKS. 

1. Dunite bodies. 

(a) Fiold Observations. 

In the area covered by the map, eight dunite bodies are 

_t-iJ.~8sent, which range in size from several yards in diameter on the 

,central part of Uitvalgrond 584, to approximately 700 yaris on 

tho southern part of Klipfontein 482. Owing to better exposures 

of the larger occurrences, more information could be collected 

about them than about the comparatively small bodies. As far as 

could be ascertained none of the olivine-bearing bodies bears a 

concordant relationship to the gabbro and the dunite invariably 

intrudes the c.ountry rock transgrossi vely. 

In all cases tho dunite occurrences, which are numbered 1 

to 8 on tho accompanying map, are roughly circular or oval in 

cross-section at tho surface and the designation "pipelike" for 

these intrusions therefore appears to be fully justified. A 

characteristic feature of the latter is the fact that their pre

sence is frequently recognis%able in tho scenery by irregular 

oval to circular patches almost bare of vegetation excepting a 

very thin covering of grass, in conspicuous contrast to tho sur

rounding bush-cl~d ground. 

Associntion with dunite bodies are occurrences of magnetic 

iron ore, which outcrop as small knolls. The ore weathers to a 

shiny black surface, exhibits a dull black colour on fresh sur-

faces/: •.•.••.••••.. , ••• 
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Plate 18. 

EoulJL~3 of gossan from a prospecting pit 
on Klipfontein 482. 
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faces and is situated in close proximity to the dunite intrusions, 

though actual contacts are not exposed. In all cases the aroa 

occupied by these knolls does not exceed approximately 120 square 

yards. Irregularly distributed ochreous, opaline gossans moa

suring up to 35 feet in surface dianieter, ar0 associated with 

* occurrences Nos. 3 and 6. 

A quarry has been constructed along part of the southern 

extremity of dunito no. 5 on Klipfontein 482, exposing part of 

the contact between it and tho surrounding gabbro country rock 

(see fig. 5, p~63). This contact is highly irregular though 

well-defined. The surrounding gabbro is not very 

brittle. The irregularity of the contact does not bear any re

lationship to the docomposed state of the gabbro and the condi

tion of the latter is due merely to disintegration as a result 

of weathering. Furthermore, the dunite is not directly in con

tact with gabbro but separated from it by a zone of decomposed 

olivino-gabbro pegmatite, veins of which extend into the surroun

ding gabbro. In the vicinity of the dunite bodies the gabbro is 

frequently impregnated with olivine resulting in tho formation o·.' 

an olivine gabbro. 

The eastern part of the above-mentioned quarry contains 

bluish-black hornblondite segregations which vary from two inches 

to approxinately ono yard in ai~~c~or, and have no visible c~~ 

ncction with one another. Along the northern extremity of tho 

quarry numerous gossan veins composed of a yellowish, op2.line 

ochreous substance, range in thickness from half and inch to two 

inches. These veins strike roughly in a north-south direction 

and vary in dip from 40° to 50° to tho east. 

(b) Petrography. 

Macroscopically the dunite is a melanocratic, phanero

crystalline and very heavy rock, possessing an uneven fracture 

and black, shiny lustre on a fresh surface. The rock has a ten

dency to split along limonite-coated joints when struck with a 

hammer. Weathered surfaces are coarsely pitted and dull and 

* The nuobers refer to designations on the accompanying nap. 
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stained with iron oxide. The dunite is fresh as a rule except 

on the northern part of occurrence No. 3 on Klipfontein 482, in 

which case it shows serpentinization on part of the outcrop. 

In thin section the dunite consists of interlocking high

ly birefringent grains of olivine varying in diameter from 0.46 mm. 

to 3.68 mm. The composition of the olivine constituting the 

largest bodios is given in Tabl~ IX, as well as that of the oli

vine gabbro associated with two of the intrusions. The mineralogi

cal com}JOSi tions of olivine are according to Poldervaart (1950, 
{\ 

p. 1067) after Deer and Wager. 

TABLE IX. COI.1POSITION AND PROPERTIES OF OLIVINE 

FROM HORTONOLITE-DUNITE OCCURRENCES. 

Ref.No. 3 5 
on map. 

-
Rock-type Dunite Olivine- Dunite Olivine-

gabbro gabbro 

2v~ of 
olivine 7I0 74° 74° 75° 

Composition 
(Mol.%). 

F~2Fa4a F446Fa54 FCJ46Ft254 F444Fo.56 

1Iineralogic- Hcttono- Hyalo- Hyalo- Hyalo-
al name lite siderite siderite siderite 

* n' I.742 - I.746 + .003 
ol +·004 

n' I. 755 I.760 + .003 p 
+.004 -

n' - - -<Y 

Appr.diam. 
of olivine 550' 2I00' 
bodv. -

7 

Dunite 

72° 

Fo50Fa50 

Hortono-
lite 

-
I.756 
+.004 

I.772 
+·004 

-

I800' 

The feldspathic dunite. associated with some of the 

intrusions was in too advanced a state of weathering to permit 

microscopical examination thereof. 

* An unaccountable di:f:i:ere:nce occurs between the composition 

of the olivine as deduced from the axial angles and that as 

deduced from the refractive indices. 
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Plate 19.-

Ilmenite (il) occurring as blebs and lrunellae 
within maghemite (m). 

Crossed nicols. X 30. 
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The olivine-gabbro associated with the dunite has following 

mineralogical composition. 

TABLE X. COMPOSITION OF OLIVINE-GABBRO 

ASSOCIATED WITH THE DUNITE. (No. 7) 

Mineral % by Volume. 

...---------------+--------------·-
Labradorite 

Olivine 

Monoclinic pyroxene 

Rhombic pyroxene 

Hornblende 

Ore 

57 

25 

17 

1 

Accessory. 

The Hornblende, which is an accessory, has the following optical 

properties:-

2Vj.._ 72° 

't/c = 18° 

n '"-. 1.668 + .002 = -
1.670 + .003 nf = 

n'$ 1.672 + >002 = 

IRON ORE ASSOCIATED WITH THE DUNITE. 

In a polished section of magnetic iron ore which outprops 

in close proximity to dunite No. 5 on Klipfontein 482, and which 

also forms part of this transgressive intrusion, small patches of 

ilmenite are entirely surrounded by maghemite. In certain casos 

small remnants and embayments of magh~~itc are present in the 

ilmenite blebs. The blebs of ilmenite, when arbitrarily arran-

ged, give the· impression of relicts due to replacement but th0 

fact that they are often aligned in certain directions obviously 

corresponding to crystallographic directions in tho maghemite, 

suggests that they are also due to exsolution (Plate 19) • 

• 2 / •••••••••••.•••.•. 
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2. Origin of the Dunite. 

It has long been known that tho dunitGs and their asso

ciated rocks bear a discordant relationship to tho pseudostrati

fied members of the gabbro-norite group of the Bushveld Igneous 

Complex (Wagnor 1929, p~ 86) and the present area is no excop-

tion. 

The possibility exists that the dunite represents a 

final pegmatitic phase of the gabbroidal magma, as previously en

visaged by Wagner (1929, p. 87). The mode of occurrence of the 

olivine in the olivine-gabbro favours this viewpoint, as the 

former is invariably interstitial and the last mineral to have 

crystallized. The relatively coarse-grained nature of the dunites 

and their associated rocks including the gabbro-pegmatite, indi

cates fugitive constituents and si~ilarly favours a late-phase 

pegmatitio origin for those bodies. 

Bateman (1951, p. 422) offers a solution with regard to 

the precise mode of intrusion of these pipelikc bodies. He en
liquid 

vineagos a socalled "late gravitative accumulation" of 
I\ 

dunitic composition, which, in the case under consideration, 

would have become subjected to pressure aud would have "squirted" 

elsewhero into the country rock, thus forming transgressive pipe

like structures. 

D. ~UARTZ-BEARING ROCKS. 

1. Granophyre. 

(a) Field ObsGrvations. 

The Granophyre occupies a stretch of country along the 

northern part of the area and covers part or all of tho farms 

Boekenhoutfontein 81, Kruisfontein 164, Kam0elfontein 51 and a 

small area in the north-eastern corner of Sjambok Zyn Kraal 52. 

Along its southern extremity the granophyre, which forms a topo

graphically prominent, reddish, bushclad rise, is bounded by 

ridges of lepti to and. alkali-granite, the· la ttor belonging to 

the Upper Zone of the Bushveld Igneous Complex. The less elo-

va ted/ ••••••• 
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Plate 20. 

Granophyre showing rodlike quartz grains 
(white), intergroTTn with feldspar (dark). 

X Nicols. X 30. 

Plate 21. 

Granophyre, showing the resemblance of the quartz 
grains (white) to cuneiforM characters. 

X Nicols. X 30. 
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vatcd areas of granophyre are as a rule overlain by several in

ches of ferricrote or "ouklip". 

Immediately below the ford through tho Sand Spruit, to 

the west of Hebron, granophyre is admirably exposed in the bed 

of the Spruit. Close examination reveals that the quartz has 

bocn leached out of the rock, leaving only minute cavities which 

are frequently filled with limonitic material. In many cases 

small, elongated cavities radiate from a central point, no doubt 

representing the positions previously occupied by quartz of tho 

granophyric intergrowths. 

This phenomenon is in all probability caused by tho fact 

that water passing over the granophyro nay ac~uire an alkalinity 

from the overlying and surrounding turf soil which carries an 

abundance of calcareous nodules and as a result of this alkalini

ty quartz will readily go into solution and be leached out. 

Scattered outcrops of granophyro are situated on the nor

thern part of Sjambok Zyn Kraal 52, to the south of tho loptito 

ridges and have no visible connection with tho main body of gra

nophyre. Vertical shear planes striking approximately northwest 

are presont in tho most westerly of these outcrops. 

(b) Petrography. 

Macroscopically the grano,hyrc is a fine-grained, compP~~ 

reddish rock almost devoid of dark minerals. Outcrops are fr0-

quent~ly jointed and cause tho rock to be split up into approxi

mately cubical units)soveral cubic inchos in volume. 

Microscopically tho rock is composed entirely of grano

phyric intcrgrowths of qu~rtz and feldspar which is predominant

ly microporthite. Two types of intorgrowths may be distinguished; 

one in which tho quartz forms rodlike individuals radiating from 

a central area and anothor in which quartz resembles cuneiform 

characters (seo plates 20 and 21). The intergrowths, which can 

frequently be distinguished in a handspecimen without tho aid 

of a lens, have an average cross-section of 0.76 mm. In isola-

t od/ . .......... . 
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Plate 22. 

Contact betueen granophyre (g) and diorite (d), 
showing inclusion of diorite in granophyre on 

Sjambok Zyn Kraal 52. 
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ted cases the quartz and feldspar are not intergrown. 

Dark minerals are hornblende ~nd less commonly biotite 

which may exhibit alteration; zircon and ore are scarce accesEo-

ries. 

Kuschko (1950, p. 35) could detect no preferred oricntatioa 

of either quartz or feldspar in the granophyre of the Brits aroa, 

some miles to the nest of the area under discussion. 

(c) Relationships to the Surrounding Rocks • 

.Although contacts between granophyrc and other rocks are 

not commonly exposod, several localities exist at which these re

lationships may be observed. 

In the Sand Spruit immediately south of Hebron, diorite 

belonging to the Upper Zone of the Bushvold Igneous Complexj is 

intruded by granophyre. Veins of the latter extend into the dio-

ri te and a remnant of it is enclosed by granophyre (see plate 22)~ 

In Hebron its elf, granophyro encloses a small remnant of alkali-· 

granite of the Upper Zone, though both rocks are in too advanced 
definitely established. 

a state of vreatheringfor the relationship to beimmediately to 
" 

the west of Hobron a granophyre veinlct was noticed in alkali-gra-

nite of the Upper Zone. At it's junction with leptite in this 

vicinity, tho granophyro assumes a fine-erained character romini-

scent of a chill phase. This is cicroscopically apparent as mi

cropegmatite of an unusually fine-grained nature. 

The emplacement of g:ranophyre thus in all probability 

postdates the gabbroidal rocks of the Bushveld Igneous Complex 

in this area, or alternatively the granophyre must at le~st havo 

been in a state of plasticity at one stage during its history. 

2 • Gr 3,n it e • 

(a) Field Observations. 

The only outcrop of Bushveld Granite in the area surveyed, 

is a small occurrence less than 100 yards in diameter, on the cen

tral part of Sjambok Zyn Kra~l 52. Solid outcrops occupy a rola-

tively/~••····• 
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tively small portion of the total surface, and are situated on 

approximately the same horizon as the Lower Magnetic Iron Ore 

Korizon, thus corresponding closely, presumably coincidentally, 

to the stratigraphical position of the Magnet Heights Granite in 

the Lydenburg district. 

(b) Potrography. 

Macroscopically the granite is a flesh-coloured rock 

when fresh, weathering to a rough, straw-brown surface on which 

small protrusions indicate the positions occupied by quartz grains. 

All the chief constituents of the rock may be recognised in a 

handspecimen, namely pink feldspar, quartz and a dark mineral 

which as a rule is hornblende. The granite is a fine-grained, 

equigranular rock of average grain-aize 0,.6 mm. and of homogeneous 

texture throughout. 

( 
Microperthite is the predominating feldspar, in which the 

two components often show several stages of separation. Relative

ly large plagioclase components on which determinations could be 

carried out, indicated a composition of albite-oligoclase (Ab89 
An

11 
- Ab 98-An

2
). Orthoclase is less common ~nd as a rule cloudy 

due to incipient alteration. Areas occupied by quartz exhibit a 

mosaic of interlocking grains approximately 1.18 mm. in di~~otor. 

Hornblende is a scarce accessory. 

At the southern extremity of the outcrop of granite, a 

small quartzite outcrop approximately 3 feet in length is present 1 

though this may possibly represent an erratic boulder. No contact 

between granite and the surrounding gabbro country rock is ex-
' 

posed and very little information can be gained with regard to 

the relationship of the granite to the gabbro. 

By analogy with other parts of the Bushveld Igneous Com

plex, the granite in this area in all probability attained its 

present stratigraphical position by intrusion. The comparatively 

fine-grained character of the rock moreover, seems to support 

such a conclusion. 

VI I/ ••••••...•..• 
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VII. THE KARROO SYSTEM. 

A. Ecca Series. 

1. Field Observations. 

In the northern part of the area an outcrop of grit be

longing to the Ecca Sories occurs along tho south-eastern portion 

of Kruisfontoin 164 and extends eastwards for several miles to 

beyond the area covered by the map. Besides this occurrence, 

two very much smaller outcrops are present in the south-western 

corner of Kruisfontein 164 and tho vicinity of the southern boun

dary of Kameelfontein 51. Topographically the grit does not form 

an unusually pronounced feature. The largest outcrop 

occupies·8.!l east-west stretch of gradually rising ground 

which culminates in thG granophyro ridges and thus covers the 

granophyre-gabbro contact. An accurate determination of tho 

thickness of tho grit is rendered difficult by poor outcrops, 

though it appenrs to be of th~ order of tens of feet rather than 

hundreds of feet. The"most westerly outcrop of grit is situated 

approximately 1-t miles to the wost of Hebron, around the tri0ono~• 

metrical beacon on Kameelfontein 51, at which point it overlies 

leptite unconformably. The cemeriting material is highly ferru-

ginous and locally developed pebbly washes contain rounded boul

ders up to sevon inchGs in diameter. Thin intercalated lenses 

of shale havG a maximum thickness of approxi~ately l". In tho 

case of an outcrop situated on the southwestern part of Kruis

fontcin 164, the cementinc material is ochrcous and imparts a 

straY1brown colour to the rock. 

Almost a mile to the east of the abov~nentioned outcrop, 

the largest occurrence of grit occupies part of a ridge on Kruis

fontein 164 •from where it extends eastwards to beyond the area 

covered by tho accompanying map. In this vicinity the outcrop 

partially covers the Upper Band of Magnetic Iron Ore. Fcrrugi

nous concretions varying in largest dimension from 4" to l" are 

scattered through the grit and thi latter also exhibits evidence 

of/ . ............. . 
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Plate 23. 

Contemporaneous deformation in K~rroo 
grit, Hammer handle aligned along the 

fold axis. 

Plate 24, 

Vertical ·section of a fold on Kruisfontein 
164. 
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of contemporaneous deforBation. Tho dip of the grit in this 

locality is 26° to the north and it includes ferruginous, argil

laceous bands up to 3" thick which contain only a small propor

tion of quartz grains. The argillaceous bands are incompetent 

the more competent quartzose bands and the latter are consequent

ly loss disturbed than the argillaceous layers which exhibit evi

dence of slumping. 

According to Twenhofol (1939, p. 531), material deposited 

higher up on a slope tends to movo towards tho lower parts and 

this leads to the formation of atsymmetrical or overturned., more 

or less closed folds. The axial planos in most cases dip into 

tho slope. This is the case in th8 area under consideration 

where the somewhat localized and imperfoct folds are slightly 

overturned towards the north and thus dip towar~s (into) the ori

ginally sloping surface of deposition. As would be expected, 

tho fold axes are aligned ~t right a,nglos to the dip of tho 

sediments namely approximately east-wost (plato 23).. 

A limited amount of brecciation has occurred within the 

grit, indicating that tho sediment was already partially consoli

dated when the movement commenced. 

The nature of tho grit in the vicinity suggests that the 

movement was arrested in tho initial stag0s of deformation, ~s 

indicated by:-

(i) the localized and incomplete nature of the folds; 

(ii) alCTost vortical disposition of the fold axes; 

(iii) absence of complete slumping or any other major 

dislocations in the sedimentary structures. 

2. Microscopical features. 

Under the microscope the grit consists of angular, 

elastic quartz grains varying in largest dimension from 0.08 mn. 

to 2.60 mm., averagine approximately 0.24 mm. In many cases 

quartz grains are traversed by irregular limonite-filled cracks 

~nd in rare in$tances tho grains contain, besides rows of minute 

inclusions/ ••••..•••• 
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I 

inclusions, microscopically small wisps of muscovite and biotite. 

3. Relationship to Older Formations~ 
" 

The Ecca grit represents the youngest geological formation 

in the area surveyed and rests unconformably upon rocks of the 

Bushveld Igneous Complex. Indicati?ns are that a much greater 
-

area was previously coverGd by grit than is the case at present, 

owing to the fact that remnants of these rocks are found at lo

calities several mile~ distant from existing outcrops of grit. 

When followed tovrards the cast, beyond the area covored by the map, 

coal seams make their appearance in the formation. The latter can 

thus be assigned to the Middle Ecca or Coal Measure Series with 

reasonable certainty. 

VIII. DYKES. 

A. Field Observations. 

Four dykes of doleritic composition are known in the areao 

The longost of those extends in a northwesterly direction across 

Klipfontoin 482 and a shorter one extends from gabbro of the Upper 

Zone of tho Bushvold Igneous Cornplox into lepti te, in a nortrnrns

terly direction, to tho south-8ast of H8bron. Due south of Hebron 

a third dyke contQins scattered sceregations of sulphide. 

The largest of tho dylrns is covered for tho greater part 

by soil, and as far as the writer is aware, oxhibits only one 

intrusive contact namely that with gabbro, situated approximately 

one hundred yards due south of the homestead on Klipfontcin 482. 

At this point the dyke, which is approximately 25 yards wide, 

gives rise to a small spring, which issues from ·a point along its 

southern contact. Veins from the dyke extend into the surrounding 

gabbro and aro chilled to a fine-grained basaltic rock. 

B. Potrocraphy. 

Near the abovomentioned contact the dolerite is somewhat 

altered and~ thin section from.this vicinity shows the feldspars 

to be almost completely sericitizod and the pyroxenes to bo al-

t ered/ •••.•••••• 

 
 
 



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

- 75 -

Plate 25. 

Dolerite showine diversely orientated 
plagioclasc laths (white) partly pene
trating pyroxenes (grey and black) on 
Sjambok Zyn Kra~l 52. 

X Nicols. X 30. 
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terod to serpontinous material, chloritc and ore. Quartz is pre

sent as an accessory. As a rule, however, tho rock is beautiful

ly fresh and has a sub-ophitic texture (plate 25). 

Feldspar is present as subhedral grains of average 

length 1.4 n~. and corresponding in composition to Labradorite 

Ab40 An60 • Anhcdral grains of monoclinic pyroxene usually exhibit 

wavy extinction and havG the following properties indicatin~ 

augite: 

2V"8' = 52° 

t/c = 420 

Rhombic pyroxene is scarce and quartzJchlorito and 

ore are accessories. 

With rerrard to tho 2..ge of the dykes, nothing defini to 

can bo stated beyond tho fact that they are all of post-Bushvold 

Igneous Complex ago and may possibly also be of post-Karroo ago. 

I -.r 
A• STRUCTURE OF THE AREA. 

The structure of tho aroa is a comparatively simple one. 

Quartzite belonging to the Southern Zono of xenoliths varies in 

0 0 dip fro□ 36 to 45 to tho north ~nd the pseudostratificati9n of 

tho overlying gabl,roidal rocks of tho Bushveld Igneous Complex 

indicatos a si~ilcr direction of dip. Transverse faults of 

small displaco□ent nrc prGsent at various locGlities in tho area 

as for example on Hartebeosthook 524 in which case quartzite of 

the Southern Zone of Xenoliths is Qffectod. The Upper and Lower 

Magnetic Iron Ore Bands aro similarly affected on the north

eastern part of Klipfontoin 482. Evidence of relative movement 

within tho gabbro itself may be witnessed in tho form of shear 

zones at a number of localities in tho area. 

The unu□ually largo gap between tho Pyramids and Zwnrt

koppies Ranges, which occupy identical pseudostratigraphical ho-

rizons in tho gabbroidal rocks, derives an explanation from the· 

fact that the intervening rocks do not as a rule show the charac

terist~c spheroidal mode of woathc!ing to any great extent, but 

are/ •....••.• 
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Plate 26. 

Jointed gabbro on Klipfontein 482. The 
joints strike approxim~tely north-south. 
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are rather intensely jointed, The joints are most frequently 

aligned in a north-south direction. Similar conditions exist in 

the gabbro further to tho west on Klipfontein 482 (plate 26).' 

On the north-western part of Uitvalgrond 584, a shoar 

· zono forms a small "nek" in the Zwartkoppics Rango. In thj_s vici--

nity the gabbro is disturbed over an area of approximately 150 1 x 

50' feet and bears a resemblance to brecciated rock. 

The dunite bodies , as previously stated, transgrcssivoly 

intrude .,. .. ,- y • • ... -, ~ 
.J• ._, • ..... • .. the Bushveld Gabbro . Lop ti te and gru--

nophyro form a roof to the gabbroidal rocks which dip beneath the 

leptite and eranophyre as is generally the case in the Bushvold 

Igneous Complex. 

Tho Ecca grit overlies all rocks beloncing to tho Bushveld 

Igneous Complex, 

Considered areally tho map covers part of the Southern 

Central Sector of the Bushveld Igneous Complex. 

X. ECONOMIC CONSIDERATIONS. 

The economically important ore deposits associated with 

the Bushveld gabbro namely the chromitite and platinum-bearine ho

rizons, aro not represented in this area as previously noted. 

The re~son for their absence may be sought in tho marked thinning 

out of tho Critical zone and the gabbroidal rocks in general as 

COjpcred to other arens in which these two horizons are present~ 

Although several of the goss2n occurrences associatGd with tho 

duni to bodies havo been subjected to a li:rni ted amount of prospoc C·

ing in tho past, none of the bodies have proved to be of any 

economic value. 

Tho magnetic iron ore bands are of little economic im

portance at present. On tho south-western part of Sjambok Zyn 

KrQal 52, part of tho Lower Magnetic Iron Oro Band is quarried 

for use as roadmotal. · 

Blocks/ •••••.•...•.• ~ 
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Plate 2I. 

Plane of pseudostratificntion of gGbbro 
on Klipfontein 482. The hammer lies on 
this plc.ne, which dips tov:ards the obscr-
ver i.e. North, at npproximately 180o 
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Blocks of gabbro for monumental and other purposes are 

quarried on the central part of Klipfontein 482 and previously 

also a little further to the east on the same farm, The gabbro 

is broken by the well-known method of employing the three mutually 
. 

perpendicular planes of pseudostratification and splitting the 

rock accordingly (see plate 27). Stone from the quarry at pre

sent operating on Klipfontein 482 has a dark colour and takes an 

excellent polish. 

Various types of rock, highly decomposed as a rule, are em

ployed as roadmetal, These include weathered gabbro and gabbro 

pegmatite from the quarry on the southern part of Klipfontein 482~ 

decomposed gabbro from Uitvalgrond 584 and quartzite from Harte

beesthoek 524 and Kruisfontein 164. Both the quartzite occurren~ 

ces are especially suitable for use as roadmetal owing to the 
the rock 

fact that the outcrops are highly jointed and consequently requires 
~ 

no further crushing. 

 
 
 



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

Bateman, A.M. 1951~ 

Billings, hl.P. 195oi 

noshoff, J.C. 1939: 

Dana, E.S. 1909: 

Gabriel, A. and 

1929: 

Hall, .A.L. 1932: 

and 

du Toit, A.L •. 1923: 

Harker, A. 1950: 

Henderson, J.A. Leo, 

1898: 

Henry, N.F.M. 1942: 

Hess, H.H. 1949: 

- 81 -

REFERENCES. 

"The formation of Late Magmatic Oxide

Ores 11
; ~con. Geel. Jun • ... Jul., VoL 46, 

No. 4, (pp. 404-426). 

"Structural Geology"; Prentice-Hall, 

N.Y. 

"The Upper Zone of the Bushveld Igneous 

Complex North-west of Pretoria" 

M.Sc. Thesis, Univ. of Pretoria (pp.9-14)0 

"The System of Uineralogy". J. Wiley anc1
. 

Sons, N. York. 

"A Staining Method for the Quantitative 

determination of certain rock minerals. 

Am. I.Iin. Vol. 14, No. 8, pp. 290-292 .. 

"The ~ushveld Igneous Complex of the 

Central Transvaal". Geol. Surv, faem.. 

No. 28. 

"On th0 Section across the Floor of 

the Bushveld Complex at Hartob0estpoort 

Dam, ITest of Pretoria". Trans Gool. 3oc, 

S.A., Vol. XXVI, p. 74. (pp. 69-97). 

"Lictamorphism", Methuen and Co., London, 

3rd. JJd. 

"Petrographical and Geoloeical investi

gation of certain Transvaal noritos, 

gabbros and pyroxenitos". London. 

"Lam.ellar structure in orthopyroxencs ", 

Min. Mag. Vol. 26, (pp. 179-188). 

"Chemical Compositions and Optical 

Properties of the Common Clinopyroxcnes". 

Arn. Hin. Vol. 34, No. 9-10. (pp. 621-666). 

Kennedy/ •••••••..... 

 
 
 



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

Kennedy; G. c. 1947: 

Kuschke, G.S.J. 1939: 

Kuschke, O.H. 1950: 

Kynaston, H. 1904: 

Lombaard, B.V. and 

1929: 

Lon.beard, B.V. 1934: 

. ' 1933: 

Nel, H.J., 1940: 

Niggli, P., 1926: 

- 82 -

• I 

"Charts for Correlation of Optioo.l Pro••· 

perties with Chemical Cooposition of 

some common Rock-forming IJ.inarals". 

L.Iri : Iili n ~ , Vo i ~ 3 2 , No • 9-10 • (pp • 5 61-

573). 

"'rho Critical Zone of the Bushvcld. L;> 

ncous Complex, Lydonburg district" .. 

Trans. Geol. Soc. S.A., Vol. XLII. 

(pp. 57-81) ~ 

' 1Grani tic Rocks of tho Bushveld North-

west of :5rits", H.Sc. Thesis, Univ,. 

of Pretoria (pp. 15 - 33). 

"On the J. .. rca North-west of Pretoria b_:•·· 

tvTGen the :Magaliesberg Range and the 

Salt Pan". Pre t. , Ann-Rep. Geo 1. Su:1 c 

Tvl. 7 l'.C l,,.,(,(/';/ r 7 3 

"The Goology of tho country surroun6i.r· 

Pretoria". Expl. Sheot 1, Pretoria, 

(pp. 22 - 26). 

"On tho differentiation relationships 

of tho Jushvold Igneous Complex. 

Geo 1. Soc • S • ii.. , Vo 1. 3 7 • (pp • 5 r.:r. 
- )c..,' 

"The felsitcs and thoir relations in 

the Bushveld Complex". Trans Geol. Sc . 

s . ~·'-. ' 701. 3 5 • (pp • 12 5-19 0 ) • 

"Tho Basal Rocks of the Bushveld Com-

plex, North of Pretoria 11 • 1rans. GeoJ_ 

Soc. S.A., Vol. XLII (pp. 37-68). 

"Lehrbuch der Hineralogic", 11 Gobr. 

Bontraogor, Berlin. 

Poldevaart/ •••••••.••.••....• 

 
 
 



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

Higgli, P., 1931: 

r 
Poldcvaart, A., 1950~ 

" 

; 

Schmidt, E.R., 1952: 

Steyn, J.C.D., 1950: 

Twenhofol, W.H. 1939: 

Van den Berg, J.J., 

1946: 

Vn:n. der Merwe, C.R., 

1940: 

Vormaas, F.H.S. 1949: 

Wagner, P.A., 1924: 

Wagar, L.R. and 

Door, W. A., 1939: 

- 87 .. 

11 S chvrni z. Min. and Petr. Mitt. 11 Band XI, 

Heft 2, Zurich, (pp, ~9t. - 364-) 

' 
"Corro1ntion of Physical Properties und 

I 

Chouical Composition in the Plagioclasa, 
I 

oli vino and orthopyroxcme series 11 ~ A0. ~ 

Min. Vol. 35, Nos. 11-12. (pp. 1067-1c79~. 

"Structuro and Composition of tho l.icron-

sky Reef and Associated Rocks on tho Rus

tcnburg Platinum Mino". Trans Gool. Svce 

S.A., Vol. LV. (pp. 231-280). 

"Die Geoloeio van die Bosveldkompleks jn 

die omgowing van Magneotshoogte"o LI~Sc,. 

Thesis, Univ. Pretoria. (bl. 10-14)c 

"Principlos of Sodimcnta tion". EcGrcr;-

Hill, 1st Zd. 

"Petrofabric iinalysis of tho Bushvolcl C.v~

bro from Bon Accord". Trans. Geol. Soc", 

S.A., Vol, XLIX. (pp. 155-208). 

"Soil Groups and Subgroups of S • ..::..frica:~. 

Science Bull. No.~231, Dopt. of ~gric. 

and Forestry. 

"The Bushveld Complex and I1etamorphoe :i 

sodimcmts of N. Sekukuniland". M.Sc .. 

Thesis, Univ, of Pretoria. (pp. 28-34)~ 

"On M1J.gmatic Nickol Deposits of the 13ush

vold Complex in th8 Rustenburg District, 

TrE1nsvacl". Mom, Geol. Sun. S.1L, No .. 2:.. 

"Th,_: Skacrg2..ard Intrusion of East Gruon

land". Kobcnhaun, Peitzels. 

7/agner/ •.•.•••••••..... 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2021

--
-•-· --····----- ---------

SIC E TCHMAP OF QUARRY ALONG DUN I TE ---:::---, --.---<--&ABBRO CONT C 

-- - -- - . " -'- A T '""'' --- . ·. ·> :~- -:::---- ---: . ··111,Tu \.Jl'I KL IP FO - . . ------ - . ----- -:::2>- ~~ - -- - ~ --.:-- l . 0~1 NT EI N 482 

-- - --::<---<:--- . ~:::-~ - , ['"~ ----- ll~~r - · ::---::. ~ --,,, --" --· - --- - ·- -- ~- --- - ---- ::::--:: -

·--~ _.l _....... - - -~~~~~~~~ :~ • Lr . .-- I, \.J...l....J-.+ -- .-·········~-:,,:"" 

~ --- G I ' ,· ' ,' 
·. ~ . ' ,'' : 

-~-....:---- ·- ), . l I I I V I I , ,' \r - - - V " V 

A I, ' -v 'V " V 

-----_,, 

,.,;~- ... 
, .,,. ', 

, ., ' 
/ V V v\ , \ 

' V \ 
, " "' 

,,• V V V \ 

, v V v\ 

V V \ 

. tJ 
_,- V 

\v"'v \~~\DECOMPOSED CABBRO 

I , .... 

' , V ,' .> ', V V 
' ~ ++ .. 
' \J -'>\+' 
' \J • • v 

' .-,LIV 
..... • 11 

' '\I' '7'' V 

\.I 

" 

\,' 

V 

V 

-,- ' 
,- - V \ 

,- V \ 

- V \ 
-• -• - - V V • "- V o V ' 

- V V ', - \> "~-i---_.- V V V : 
-- V ' - - V ., ~- :, ... " • 

- V V V •,.· V • V 
\ V V V ': •• • V V V 

\ V \J V V ••••• • V V V 

; V y 
'· ., II" 

\" V " 
\J v- V 

V v •, 
V 

V 
V 

V 

v' 
V V 

•-..v V 
V 

\.I V 
" V \r \,," 

V v 

I/ 

.. , " ~ 
~ 

{ 

I 

' \'II.!. V 
' '~ ~ V V 

'~ 
••• V V 

'••··- ... , ..... 
v 

SCALE 

V 

v 

V 

V 

v v 
. ' .... 

·, "-' V " 
v 0 25 50 75 I QC 

FEET 

~DUNITE tIIlIIIJFE~SPATH IC DUN I TE 
" 

D CABBRO PEGMATITE 

• 
f++:l 
~ HORNBLENDITE 

FIG. 5 /Ve G05SAN VE IN 5 

 
 
 


	The geology of an area northwest of Pretoria 
	Contents
	iv
	v
	vi
	vii

	Abstract
	1. Introduction
	p003

	2. Physiography
	p005
	p006
	p007
	p008
	p009

	3. Geological formations and 4. General geology
	5. The Transvaal system
	p012
	p013
	p014
	p015
	p016
	p017
	p018
	p019

	6. The bushveld igneous complex
	p021
	p022
	p023
	p024
	p025
	p026
	p027
	p028
	p029
	p030
	p031
	p032
	p033
	p034
	p035
	p036
	p037
	p038
	p039
	p040
	p041
	p042
	p043
	p044
	p045
	p046
	p047
	p048
	p049
	p050
	p051
	p052
	p053
	p054
	p055
	p056
	p057
	p058
	p059
	p060
	p061
	p062
	p063
	p064
	p065
	p066
	p067
	p068
	p069
	p070

	7. The Karoo system
	p072
	p073

	8. Dykes
	p075

	9. Structure of the area
	p077

	10. Economic considerations
	p079
	p080

	References
	p082
	p083
	p084




