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THE MONAZITE DEPOSITS OF THE VANRHYNSDORP DIVISION 

CAPE PROVINCE 

Abstract 

Monazite occurs with apatite, zircon, iron and 
copper minerals in hydrothermal lodes in the Archaean Com
plex. The mineralisation appears to be related to struc
tural features and hydrothermal alteration of a porphyro
blastic granite-gneiss. There are three primary and two 
placer occurrences. 
the rare phenomenon 
the basal pinacoid, 
their properties. 

Except for monazite, which exhibits 
of polysynthetic twinning parallel to 
the ore-minerals are normal in all 

Geographically, the occurrences are near the 
southern extremities of the Kamiesberge where they disap
pear beneath the Knersvlakte peneplane, leaving an insel
berg topography controlled by the semi-arid climate. 
Geologically the area is one in which the Archaean base
ment has been exposed through the removal of overlying Nama 
and younger sedimentary formations, some of which remain as 

outliers. 

The Archaean rocks, because they present 
certain features which are inconsistent with the intrusion 
of primary granites into metamorphic rocks, are believed to 

have formed by regional granitisation of the Malmesbury 
Formation. 

The truncation of one ore-body by the pre-J\2,ma 

erosion surface indicates a pre-Nama age for the minerali
sation, and placer deposits of monazite and zircon have been 

located in the Nama sediments. 

Controls have been established to guide the 
search for further primary occurrences of radioactive 
minerals, and suggestions are made accordingly for the 

continued survey of the area. 
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I.- Introduction 

(i) General. Monazite, which is a thorium-bearing phos-
phate of cerium and related rare-earth metals, is a common 
accessory mineral in syenitic and granitic rocks. It is 
also found in gneisses and schists of related composition, 
and generally attains its best development in pegmatites 
associated with these rock-types. It is seldom recovered 
from the primary occurrences, however, being generally very 
sparsely present in them. When the parent rock is broken 
down by weathering, the monazite, which is resistant, 
becomes concentrated as a detrital mineral. It therefore 
features prominently in certain beach-sands, river alluvials 
and hill-slope eluvial deposits in localities where monazite
rich rocks are suitably disposed for the mineral to be con
centrated. It may be recovered in its own right, or as a 
by-product of workings for ilmenite, rutile, cassiterite 
or columbite. 

Prior to production from Steenkampslcraal, where 
the largest deposit in the Varrrhynsdorp Division is situ
ated, the major world sources of monazite were from beach
sands in Travancore (India), in Espirito Santo and Bahia 
(Brazil), and in New South Wales and Queensland (Australia). 
Small supplies were obtained from placers in Idaho, North 
Carolina, Florida, Indonesia, Malaya, Ceylon, Nigeria, 
Egypt, Norway and elsewhere. Attention has lately been 
focussed on recently discovered monazite-, ilmenite- and 
zircon-bearing beach-sands near the mouth of the Mandrare 
River and in the Fort Dauphine area, Madagascar. Davidson 
(1956, pp. 197-208) and the Mineral Information Bureau, 
Geological Survey of India (Anon., 1954, pp. 297-303) give 
an adequate review of the localities, history, economics 
and figures for monazite production up to 1956, and the 
reader is referred to these publications for further details. 
Davidson describes the Steenkampskraal deposit as bed-rock 
ore, in contrast to the commcn placer or beach-sand occur
rence. It is interesting to note from his paper that the 
only other bed-rock source of monazite which has ever been 
exploited is at Shelby in North Carolina, where a grani
tised gneiss containing about 0.5% monazite was crushP1 to 
enable the mineral to be extracted. This venture was, 

however, a failure. 

The monazite deposits of the Vanrhynsdorp Divi
sion, being in the form of epigenetic lodes, are therefore 
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of a type hitherto thought to be unique among world occur
rences. Davidson (1956, p. 205), however, mentions that 
similar occurrences have recently been reported from the 
Mojave desert of California. Monazite has also been 
reported from " ••• a typical vein-type hydrothermal 
deposit, associated with pitchblende, gold and sulphide ••• " 
at the Shinkolobwe Mine in the Belgian Congo (Traill, 1954, 
p. 6). Unfortunately, descriptions of either of these 
occurrences are not yet available. 

Granular monazite and apatite of similar dimen
sions to the Vanrhynsdorp material have lately been reported 
from the Fort Dauphine area. They differ from the Vanrhyns
dorp minerals, however, in that they occur in pegmatites. 
These are transgressive to the Archaean Complex and may be 
related to pegmatite mineralisation in the Union (Besair~, 
1957, p. 129). Metasomatically introduced monazite in this 
country has been recorded by Mendelssohn and Marland (1933, 
pp. 113-115) for the Main Reef Leader in the Sub Nigel Mine. 
This mineralisation apparently preceded the alteration of 
the country-rock, which is the reverse of the sequence of 
events in the area under discussion. The authigenic nature 

of the monazite is confirmed by Liebenberg (1955 7 p. 159) 
who examined the mineral in polished section (1955, Plate 
VIII, Fig. 10). Irregular bodies of intimately associated 
apatite and monazite near Bandolier Kopin the Zoutpansberg 
District have been ascribed by Janisch (1926, pp. 109-135) 
to pneumatolytic action connected with the emplacement of 
granitic pegmatites in basic gneiss. 

The Vanrhynsdorp ore carries a variable but 
generally high percentage of monazite, and the value of the 
deposits is enhanced by the fact that the ore can be 
recovered by standard mining methods and the monazite easily 

separated by flotation. 

(ii) Scope of the Investigation. The detailed investigation 

carried out by the author in the Vanrhynsdorp Division was 
two-fold in purpose. Firstly, a hitherto unlrnown type of 
monazite occurrence had to be investigated; secondly, the 
surrounding area had to be examined so that controls for the 
mineralisation could be established, and used if possible 
to locate further deposits of radioactive minerals. 

The work began in 1950 with the investigation 
of the only deposit then lmown, on Steenkampslcraal. This 
was followed by a reconnaissance survey over part of the 

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



- 4 -

area covered by Map 2 viz. north, north-west and west of 
Steenkampskraal. The geological formations to the east and 
south which are not obscured by sand are represented by Nama 
sediments, in which, at that time, radioactive minerals were 
considered unlikely to occur. 

In 1952 new deposits were reported from Roode
wal and Uilklip; these were investigated firstly by Dr. 
John de Villiers of the Geological Survey Office (1953), 
and later by the present author. The deposits are similar 
in nature to the one on Steenkampslrraal. 

~ {;ttolog_y and topoc11d11atY,11/ '"•t11>'ttS mi!tpped 

~ Topoc11d,,1t,-•I P-tu,tt-1 ,11nd l,mitttd gttolo!J!I Hrtflpped 

• K11own radio•ctive minttYIII dttposits 

Fig. 1.- Locality plan of field-work done in relation to 
- positions of deposits. Diagram shows numbers 

of 10-minute field-sheets comprising Geological 
Sheet 240 and part of Geological Sheet 252. 

The map resulting from the original reconnais
sance survey proved to be insufficiently detailed, and the 
whole 10-minute field-sheet (no. 22 in Fig. 1) was accord
ingly re-surveyed in 1954. Adjoining field-sheets were 
covered in 1955, after which the investigation was stopped. 

This report contains the findings of the inves
tigation as a whole. 

(iii) ~revious Work. Of the early workers in the western 
and north-western Cape Province, only Rogers has paid 
attention to the immediate area in which monazite minerali
sation has taken place, in surveys conducted during 1900, 
1904 and 1911, but no reference is made to this mineralisa
tion in his reports (1901, 1905, 1912). Subsequent to the 
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Plate II.- Panoramic view of the mine and quarters on Steenkampskraal 9 looking from 
the ore-bearing koppie south-eastwards over the Knersvlaktc to the 
t.;scarpment in the distance 9 and southwards to Meulsteenbergo On the 
extreme left are the inclinod shaft and the ore-dressing plant 7 and 
immediately to the right of them is the power plant. The married and 
single quarters are on the right of the photograph. 

(Photo by CoA. Gibson) 

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



- 5 -

discovery of the deposits, mapping by officers of the Geo
logical Survey was extended northwards to the 31st parallel, 
which just touches the southern boundary of Steenkampskraal. 
Apart from this, earlier mapping of part of the Archaean 
Complex west of Vanrhynsdorp had been done by Lamont (1947), 
and Brink (1950) mapped aspects of the Complex and over
lying sediments in the Nuwerus area west of longitude 18°30'. 

The only available geological map covering the 
mineralised area at the time this investigation commenced, 
therefor~ was that of Rogers. It served as o valuable basis 
for localising different formations and structures, and was 
therefore of considerable assistance in the planning of the 
field-work. 

(iv) Location of the Deposits. The primary deposits occur 

on the farms Steenkampskraal, Roodewal and Uilklip, and the 
detrital deposits that have so far been located are on 
Uilk:lip and Leeuw Kuil (see Map~ 1, 2 and 3). 

The main deposit is on Steenkampslcraal, 50 miles 
NNE. of Vanrhynsdorp by road, and is situated some three
quarters of a mile due north of the Meulsteenberg trigono
metrical beacon, near the boundary with Brandewynskraal. 

The other deposits form a group on the afore
mentioned farms which adjoin each other 9 miles NNE. of 
Steenkampskraal. The primary deposits in this area are 
situated in the south-west and south-east corners of Roode
wal and Uilklip respectively, and the detrital deposits due 
east and west of these respectively. 

All the deposits are easily accessible, being 
near to the secondary road between Vanrhynsdorp and Kliprand. 

II.- Regional Geology 

A. Physiography 

The area is characterised by inselberg topogra
phy, in which the remnants of the Kamiesberg ranges digitate 
southwards and ultimately disappear beneath Recent deposits 
which cover the peneplane known locally as the Knersvlakte 
(see Plate II). The ranges of hills trend NNW.- SSE., and 
are generally capped by outliers of resistant Kuibis sedi
ments. Where these cappings have been removed by erosion, 
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high ground is formed by somewhat less resistant meta
quartzite, which is especially prominent in the west central 
part of the area. In general, the ranges have gentler 
slopes to the west than to the east, as a direct result of 
the protection offered by the cappings of westward dipping 
Kuibis sediments (see Plate III). 

The low ground in the area has probably been 
caused by sub-aerial peneplanation of deposits which choked 
valleys during Recent times. The level of the drowned topo
graphy corresponds to that of actuai peneplanation of the 
Nama System south of this area, and it is suggested that 
upwarping of the coast-line has given rise to the inland 
choking of the river-valleys. 

A rejuvenated, dendritic river-system is, how
ever, at present incising the meanders in the old river
courses, and thereby reducing the level of peneplanation by 
depths of up to 50 feet. This rejuvenated drainage may be 
related to the Recent fall in sea-level described by Krige 
(1947). The drainage is largely influenced by the geological 
structure, in that the large streams flow in the troughs 
parallel to the NNW.- SSE. fold-axes, and the tributaries 
drain the dip-slopes westward or take advantage of structural 
weakness to cut right through the ridges (see sections on 
Map 2). Where rivers cross the Nama System, or Nama rocks 
overlain by Recent deposits, they tend to migrate towards 
the shale or towards the Recent deposits, as these are more 
easily eroded than the quartzite. The drainage leaves the 
area in a south-westerly direction and feeds the Geelbeks 

River. 

As the area receives less than 5 inches of rain 
per annum, the rivers only flow after heavy downpours, and 
the vegetation is typically that of a semi-arid region, 
being largely represented by succulents and hardy, stunted

shrubs. 
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B. Geological Formations 

Gravel, clay, sand, gypsum, calcrete etc. RECENT DEPOSITS 

Angular unconformity-----------------------

Silcrete TERTIARY SYSTEM? 

--------------~- Angular unconformity-------------------~---

Quartz veins 

Dolerite 

Limestone, calcareous shale, shale, 
flagstone, grit, arkose, conglomerate 

) Schwarzkalk 
) Series 

Conglomerate, arkose, feldspathic sand-~ 
stone, sandstone, feldspathic quartzite, 
quartzite, micaceous shale 

Kuibis 
Series 

NAM.A 

SYSTEM 

---------------------Nonconformity-------------------------

Lodes of monazite ore, magnetite, barite 

Quartz veins 

Pegmatite 

Mafic granuli te group ➔}l 

Metaquartzite group Metasediments 
Aplogranite group 

Probable 
granitised 

equivalents 
of the ARCHAEAN 

Pyroxenite 
Anorthosite ~

Palingenetic or 
metamorphic 

differentiates 

M.All(lESBURY 
FOWl.ATION COMPLEX 

Porphyroblastic granite-gneiss 

The regional distribution of the Archaean 
Complex and the overlying sedimentary formations as tabu
lated above, is shown in Map 1. 

➔~ The word "group" is used to embrace related rock
types which differ slightly due to gradational changes in 
composition. Their uncertain position in the stratigraphi
cal sequence and limited distribution do not warrant the use 
of a term such as "suite" or "formationn (cf. use by 

Tyrrell, 1946, p. 136). 
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C. Description of Formations 

1. Archaean Complex 

The Archaean Complex is represented by metamor
phic rocks which can be correlated with the Malmesbury 
Formation, and by the so-called Namaqualand granite-gneiss, 
the r5le of which is still a subject of some debate. 

The term "Namaqualand granite-gneiss" has been 
used in the past by different authors to indicate both 
porphyroblastic and aplo-types of granite-gneiss, as distinct 
from the clearly metamorphic rocks (Brink, 1950, p. 149; 
de Villiers, 1950; Gevers, Partridge and Joubert, 1937, 
p. 29; Lamont, 1947; Mathias, 1940). Detailed field-work 
by the present author and others has shown, however, that 
the aplo-types are most likely highly granitised arenaceous 
rocks, and they have therefore been grouped with the Malmes
bury granulites and metaquartzites (Jansen, 1955: 1956, 
p. 3; Lamont, 1947). 

The porphyroblastic granite-gneiss underlies the 
metamorphic and granitised rocks throughout the area. It 
may be considered to be a granite intrusive into the over
lying rocks, and contaminated by them, but it more likely 
represents highly granitised lower members of the Malmesbury 
Formation. These would normally underlie the recognisable 
sedimentary correlatives that occur south of this area. 

(a) The Malmesbury Formation 

Field- and petrographical study of the metamor
phic and granitised rocks in the area suggests that they 
were originally sedimentary in nature, and they can indeed 
be traced westwards through Bitterfontein and then south
wards to the Moedverloren Hills to indisputably sedimentary 
rocks of the Malmesbury Formation, passing into the latter 
through decreasing grades of metamorphism (Jansen, 1955: 
1956, pp. 2-4). The metasediments, as the metamorphic 
rocks have therefore been termed, have been subdivided by 
the present author as shown in the following Table. 
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Table No. 1.- Metasediments of the Malmesbury Formation 
= 

Mafic granulite group 

Metaquartzite group 

Aplogranite group 

Palin~enetic or meta
morphic differentiates 

Magnetite-ga.rnet-biotite granulite, 
biotite schist, biotite-hypersthene 
granulite, sillimanite-cordierite 
gneiss 

Metaqu·artzi te, feldspathic meta
quartzite, recrystallised quartz 
veins, quartz "blqws" 

Aplogneiss, aplogranite, inter
foliated aplite and pegmatite 

Pyroxenite and anorthosite 

The three groups are listed in stratigraphical 
sequence, with the granulite group occurring either at the 
top of the succession, or lenticularly within the meta
quartzite near the top of the successiono The pyroxenite 
and anorthosite, which occur as ill-defined bodies in the 
porphyroblastic granite-gneiss, have been tentatively 
assigned to the metasediments as possible palingenetic or 
metamorphic differentiates, the formation of which followed 
the processes of regional granitisation. 

Many variants of the three groups occur because 
of gradational variation in the proportions of the consti
tuent minerals; for the purpose of mapping, however, one 
group comprising chiefly metaquartzites was distinguished 
from another consisting of dark-coloured granulites, gneisses 
and schists, and both of these groups were distinguished 
from the more granitoid aplogneisses and aplogranites; 
The metaquartzite and granulite groups represent metamorphic 
products of essentially different composition and occupy 
different positions in the local stratigraphical column. 
All the constituent rock-types are gneissose to variable 

degrees. 

The contacts between the various rock-types of 
each group, and between the groups themselves, are grada
tional. The passage from any group to the granite-gneisses 
is likewise gradational, and all the contacts are generally 
parallel to the foliation-planes* in the granite-gneisses 

·H· All the structural and directional features of the 
crystalline rocks in the area are described in the terms 
used by Balk (1937). 
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grani te Tlight-coloured) and granulite (dark 
coloured) on the boundary between Banken 
and Klein Bankeno 
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and the metasediments. Banded and lit-par-lit injection 
contacts are common (see Plate IV). 

A vertical section of the contact between 
porphyroblastic granite-gneiss and granulite is exposed in 
the middle of Bushmans Graaf Water. Here the foliation of 
one is parallel to that of the other, the feature being the 
more emphasised by the development of parallel bands of 
biotite schist, biotite aplite and pink aplogranite in the 
porphyroblastic granite-gneiss a few feet away from the 
granulite. 

In the metasediments which form the range of 
hills in the west of the area, however, the foliation, if 
extrapolated from any point well up in the succession 
towards the granite-gneiss contact, would be cut by it. 
Mobilisation of the metasediments must therefore have taken 
place at the present contact with the granite-gneisses, in 
order to present the ubiquitous parallel directional features 
referred to already. 

Lit-par-lit injection contacts between granulite 
and aplogranite are striking on Bushmans Graaf Water and 
Klein Banken. Transgressive dykes of aplite cut the folia
tion, but have undergone deformation in the plastic country
rock and have been ptygmatically folded. 

(i) The Mafic Granulite Group. The mafic granulites are 

medium- to coarse-grained and equigranular to seriate rocks. 
They are dark in colour and weather dark-brown or black. 
In general, they seem to be more resistant to weathering 
than the surrounding granite-gneiss, and they form slightly 
higher ground. Their type occurrence is in the west of the 
area where they are associated with metaquartzite. In the 
eastern and north-eastern parts of the area the metasediments 
are entirely represented by mafic granulite. 

The granulites consist of the following minerals 
in variable proportions:- plagioclase (andesine to labra
dorite), potash feldspar, hypersthene, biotite, almandine 
(identification by Brink, 1950, p. 128), cordierite, silli
manite, quartz, the ore-minerals magnetite, ilmenite and 
occasionally pyrite, and accessory apatite and zircon. 

Biotite and hypersthene appear to be the oldest 
minerals and are often highly altered. They are intersti
tial to, and appear to be replaced by the feldspars, which 
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sometimes partially enclose them (18998, 196777~). The 
hypersthene has an optic axial angle 2V = 64°* and therea 
fore contains 26% FeSi0

3 
(Kennedy, 1947). 

Potash feldspar is most often represented by 
microperthite. The plagioclase blebs are of the string, 
rod and less often, of the bead type described by Alling 
(1938, pp. 142-165). The microperthite frequently displays 
turbidity about these blebs (18999). Plagioclase is saus
suritised, giving rise in extreme cases to distinct grains 
of epidote and chlorite (19002, 19009; similar to Plates XV, 
XXXV and XXXVI). The plagioclase occasionally shows com
pound twinning i.e. two sets of polysynthetic twins in the 
same crystal with composition-planes at right angles to one 
another (19010, 19682). This feature has been observed in 
thin sections cut from almost every type of crystalline rock 
in the area, and reference to migration curves for plagio
clase (Emmons, 1943, p. 152) shows the combinations to be of 
two types viz. albite-pericline and Manebach-Ala. 

Quartz, by virtue of recrystallisation, is 
striking in its interstitial character. It is associated 
with the alteration of the mafic minerals to chlorite and 
epidote (18998, 19010), forms symplektite with orthoclasee 
(19001), and itself encloses zones of secondary micas. 

Associated with the quartz are ilmenite, 
magnetite (sometimes partially altered and replaced by 
pyrite: 18998), garnet and apatite. The apatite and quartz 
apparently replace feldspar. Magnetite encloses or replaces 
older minerals, strikingly so in the case of sillimanite and 
cordierite (19681: cf. Brink, 1950, pp. 129-133). Grains 
of zircon frequently replace biotite. The garnet is intima
tely associated with the quartz. 

The gradational contacts between the granite
gneisses and the granulite are represented by migmatites, 

7~ Geological Survey Office serial numbers of thin 
sections. 

* The Universal Microscope Stage was used as far as 
possible for all the petrographic measurements and identifi
cations, following the procedures described by Emmons (1943). 

~Notto be confused with myrmekitic replacement of 
cordierite by quartz (Brink, 1950, pp. 131-132). For this 
orthoclase, 2V = +70° j increasing with more pronounced 
alteration. a -
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and have been indicated on Map 2 as dashed lines. These 
migmatites are represented by greater concentrations of 
mafia minerals in the granite-gneisses, generally in bands 
or with well-defined directional features. Similar features 
are encountered along the contacts between granulite and 
metaquartzite. Granulite appears to form where the mafia 
minerals increase in proportion, and the plagioclase increa
ses both in proportion and An-content at the expense of the 

granite-gneiss minerals. It is extremely difficult to make 
generalisations regarding the manner in which the constitu
ent minerals vary in concentration, but the typical grada
tional change in composition from granite-gneiss to granu
lite is very well illustrated in a small occurrence of granu
lite resembling a pendant on Tafelberg Remainder. 

Here the granulite is almost entirely surrounded 
by aplogranite; in the latter, bands of almandine are 
present, and these give way as biotite and other mafia 
minerals increase in proportion. The granulite rock in the 
centre of the occurrence is represented by labradorite, 
biotite, hypersthene, quartz, apatite and ore-minerals, in 
order of decreasing percentage. Thin sections cut at inter

vals over the gradational contact (18999-19003) reveal that 
the banding is due to alternating zones of quartz, garnet 
and opaque ore-minerals (19000). Biotite tends to be 

replaced by magnetite and ilmenite (19000), and is often 
altered to chlorite (19002) or sagenitic chlorite (18999), 
or to limonite and leucoxene (19000, 19002). In the aplo
granite, microperthite is dominant over plagioclase, but 
passing into granulite, the plagioclase increases in propor
tion and in An-content from An30 to An63 , potash feldspar 
disappearing altogether. 

In a small occurrence of granulite near the 
middle of Tafelberg Extension No. 1, the feldspar is also 
represented entirely by andesine of composition An43_46 
(18998). Both antiperthite and perthite are present in 
migmatites on Tafelberg Remainder (19679). Plagioclase 
with the greatest An-content observed (An70 ) occurs in a 
biotite-hypersthene schlieren on Riet Kloof. This plagio
clase forms more than two-thirds of the feldspar present, 
the rest being represented by orthoclase. 

The contact between granulite and granite-gneiss 
is occasionally sharp, and biotite so concentrated that 
bands of biotite schist a few feet thick represent the 
granulite group, as is the case on Bushmans Graaf Water, 
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Vlermuis Gat and Riet IQoof. Garnet is coarsely developed 
in the granulites which are interfoliated with the meta
quartzite on ilein Banken; hand-specimens and thin sections 
of these rocks have been described in great detail by Brink 
(1950, p. 127). Unfortunately, they appear to have been 
taken over a restricted area, since the cordierite and 
sillimanite which this author regards as so characteristic 
of the occurrence, are not as ubiquitous as his thesis 
would suggest. These two minerals do, however, occur in 
considerable quantities in the contact-zones, often to the 
exclusion of plagioclase (Brink, 1950, p. 128). They have 
also been encountered by the present author in well
lineated, banded granulite forming contact-zones on Riet 
IO.oof in the extreme north (19681) and on Leeuw Kuil in the 
extreme east of the area. The cordierite is often altered 
to pinite. 

The granite-gneisses seem to be characteristi
cally pink near the contact-zones. On Bushmans Graaf Water 
the aplogranite is dark red and contains recrystallised 
quartz. In the north-west corner of Steenkampskraal the 
contact is typically banded. Parallel veins of pink aplo
granite occur in granulite composed of biotite, garnet, red 
feldspar and quartz; the apl0granite in turn contains bands 
of magnetite and biotite, and a thin band of magnetite less 
than an inch wide occurs in the granulite. The banding in 
the latter rock diminishes away from the contact as the 
proportion of garnet decreases and the colour of the rock 
darkens. Also on Steenkampskraal, east of this occurrence, 
biotite schist grades into biotite granulite which is in 
contact with pink aplogranite. The core from a diamond
drill hole into the unweathered rock shows that the aplo
granite changes colour to the normal grey a few feet away 
from the contact. Tongues of leuc-ocratic pegmatite, which 
weather pink at the surface, penetrate the metasediments 
and the aplogranite parallel to the foliation-planes. 

On the boundary between Riet Kloof and Puts, 
a dark, nodular rock occurs in the granulites near the 
homestead; its appearance is suggestive of a metaconglom
erate. In thin section (19683) the nodules consist of 
biotite-hypersthene aggregates containing labradorite 
(An

52
), a little potash feldspar, quartz and apatite, set 

in a schistose, biotite-rich ground-mass. 
Biotite schist is composed mainly of biotite 

and quartz (19668). Unusually large quantities of apatite 
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are present, together with a little feldspar and magnetite. 
All these minerals clearly replace the biotite. Throughout 
the area, magnetite and biotite are titaniferous (confirmed 
by hydrogen peroxide wet tests); both biotite and its 
secondary alteration product chlorite may contain sagenitic 
webs, and extreme alteration of biotite and magnetite yields 
leucoxene (19001). 

Brink (1950, pp. 112, 136) has preferred to call 
all these rock-types, irrespective of structure, texture or 
composition, high-grade hornfelses, resulting from the 
thermal metamorphism of " ••• certain shaly material acted 
upon by the noritic rocks of pre-granitic age ••• ". As such 
they may possibly be assigned to types 2 and 4 of the Gold
schmidt Classification (Harker, 1952, p. 97). The mineral 
assemblage, however~ is not quite characteristic of common 
hornfels, the most marked difference being the abundance of 
biotfte and almandine, especially in the contact-zones. 
Flrrthermore, the gradations in composition, the banding at 
contacts, the presence of injected aplitic or pegmatitic 
material, the equigranularity of the rock-types, the grain
size and fabric suggest an origin other than mere thermal 
metamorphism. 

Almandine is usually associated with conditions 
of regional metamorphism (Harker, 1952, pp. 219-224) where 
stress and high temperatures prevail. Cordierite and silli
manite are likewise high-temperature minerals, but are 
associated with conditions of no stress (Harker, 1952, 
pp. 227-232). The combination of these three minerals, 
however, together with biotite, potash feldspar, hypers
thene and plagioclase is typical of Grubenmann's Katazone 
of metamorphic rocks, or Barrow's sillimanite zone (Turner 
and Verhoogen, 1951, pp. 416-418). By reason of the field
and petrographical evidence, therefore, the rocks under 

discussion have been termed granulites (cf. Williams, Turner 
and Gilbert, 1955, pp. 229-231, 235-238), and would fall 
into groups 1 and 2 of Eskola's granulite facies (Turner 
and Verhoogen, 1951, p. 474). Rogers (1912, p. 26) has 
also preferred to term these rocks granulites. The compo

sition of the hypersthene-bearing types is essentially 
charnockitic, and the metamorphic nature of the environment 
strongly suggests analogous conditions of formation to those 

quoted by Barth (1952, pp. 232-233). 
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Taking all the field- and petrographical evidence 
into account, the nature of the metamorphism which gave rise 
to the granulites may be tentatively summed up as follows:-

1. The alteration of biotite and hypersthene and the 
replacement of these minerals by all the others suggets 
their early formation from argillaceous material. They 
are essentially relict minerals represent]ing an opening 
phase of thermal metamorphism. Subsequent to their 
formation, temperature and pressure increased. 

2. Katazonal metamorphism gave rise to the formation of 
almandine while stress prevailed, and at a later stage 
when stress diminished, to sillimanite and cordierite. 

3. The feldspars became increasingly enriched in soda and 
potash away from the granulite; the fact that no zoned 
crystals are present indicates that equilibrium was 
established. 

4. Any free silica present was rendered mobile and then 
recrystallised. 

5. The rock as a whole was rendered sufficiently mobile for 
the minerals to adapt themselves to stress conditions and 
thus form well-defined planes of schistosity. This 
mobilisation has been more intense in the contact-zones, 
where the foliation of the granulites has been developed 
parallel to that of the underlying metasediments or 
granite-gneisses. The mobilisation is further betrayed 
by ptygmatic folding of transgressive aplite veins. 

6. Release of pressure and lowering of temperature closed 
the cycle. Almandine possibly became unstable and 
dissociated to form magnetite and spinel rimmed by silli
manite (Brink, 1950, p. 133). In a thin section (19681) 
cut from a highly lineated cordierite-sillimanite gneiss 
occurring on Riet Kloof, however, magnetite encloses 
perfect crystal forms of sillimanite, and replaces 
cordierite; the sillimanite-magnetite relationship seems 
therefore more likely to be one of replacement than one 

of alteration from garnet. 
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(ii) The Metaquartzite Group. The metaquartzite occurs in 
the west and south-west of the area, generally forming high 
ground. To the north removal of these rocks by erosion has 
exposed the underlying granite-gneisses; to the east and 
west they are overlain by Nama and Recent formations. 

The metaquartzite tends to strike ENE.- WSW., 
deviating locally where tightly folded, pitching structures 
occur. Most dips are steep, and the presence of bodies of 
mylonite parallel to the limbs of folds on Klein Banken and 
Tafelberg Remainder suggests that the formation has not only 
undergone folding but has ruptured as well. The mylonites 

are _§E echelon in distribution, up to 12 feet in width, and 
consist of aggregates of quartz, sericite, epidote and 
chlorite. Streaks of limonite-stained leucoxene remain from 
primary ore-minerals. Fresh magnetite and ilmenite are 
associated with younger quartz, and together with small 
needles of sillimanite which are developed parallel to the 
strike of the shear-zones, replace the mylonitic ground
mass (19685, 19686). Zircon also replaces the mylonite in 
sufficient quantities to provide a higher radiometric 
normal than that of the country-rock. 

Reconstruction of the pre-Nama peneplane from 
the position of present-day Nama outliers indicates a verti
cal thickness of at least 800 feet for the metaquartzite on 
Banken and Tafelberg Extension No. 1 (see Map 2, sections 
2 and 4). Apart from the granulites, associated types of 
metasediment, which are represented only by boulders and 
pebbles in the Schwarzkalk conglomerates, also indicate that 
the metasediments were originally thicker and more extensive 
than they are at present. 

The stratigraphical position of the metaquartz
ite relative to the granite-gneiss on the one hand and the 
granulite on the other is shown in the occurrences on 
Vlermuis Gat and Brandewynsk:raal (see Map 2). The farm 
beacon stands on a round hill composed of granulite over
lying metaquartzite roughly in the form of an anticline 
pitching west, the southern limb of which is in turn over
lain by metaquartzite; granulite therefore occurs here 
between an upper and a lower succession of metaquartzite. 
Elsewhere, however, the relationship is not so distinct, as 
the members of either the granulite group or the meta
quartzite group may be absent or only lenticularly 

developed. 
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Plate V.- Parallel bands of pegmatite (light-coloured) in 
metaquartzite (dark-coloured) near the contact 
with porphyroblastic granite-gneiss on the 
boundary between Brandewynskraal and Vlermuis
gat. 
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The nature of the contact between the meta
quartzite and the granite-gneisses varies. Where the former 
is in contact with aplogranite, the contact is gradational 
over a considerable distance. The contact with the por
phyroblastic granite-gneiss to the south, however, is 
sharper, and the metaquartzite contains bands of magnetite, 
biotite and garnet; veins of pegmatite parallel to the 
contact occur a few feet away from it in the metaquartzite, 
and are seen to advantage on Vlermuis Gat (Plate V). The 
anticlinal structure is apparently truncated near the crest 
by porphyroblastic granite-gneiss, which is now exposed in 
the core of the anticline. The foliation-planes of the 
metaquartzite are, however, parallel to those of the granite
gneiss in the contact-zones. 

The contact between metaquartzite and granulite 
is gradational. On BrandewynsJrraal, for example, the succes
sion from metaquartzite downwards to granulite passes through 
metaquartzite containing parallel bands of coarsely garnet
iferous, aplitic to pegmatitic material and biotite
granulite schlieren, followed by biotite schist which 
developes into granulite containing more interfoliated 
aplitic to pegmatitic material. This interfoliated material, 
and the associated aplogranites, are often pink in colour, 
especially where the contact is contorted. Pegmatites 
transgressive to the foliation and which are therefore 
likely to be younger in age, also occur along the contacts; 
magnetite is common in both the interfoliated and the trans
gressive types. 

Segregations and disseminations of coarsely 
crystalline magnetite occur at the contact on Vlermuis Gat, 
Banken and Leeudans; some of these occurrences run to 
hundreds of pounds over a small area (see Maps 2 and 3). 

The composition of the metaquartzite varies from 
nearly pure quartzite to very feldspathic quartzite contain
ing variable amounts of magnetite, garnet, sericite, epi
dote, biotite and chlorite. Quartz concentrations of 
variable size and form are fairly common; the quartz is 
sometimes colourless or milky, but is more often a conspicu
ously dark, bluish colour due to the presence in it of 
finely disseminated ferruginous material. A few of the 
occurrences'are vein-like and have merely become recrystal
lised; the rest are more indefinite in form, resembling 
blows, and may represent highly siliceous differentiates. 
All the bodies are sheared and recrystallised to different 

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



- 18 -

degrees. A recrystallised quartz vein of this type which 
contains monazite and xenotime in small amount, was found 
on the farm Kobeeb, about 25 miles north of these occur
rences (see position of deposit marked on Map 1, and in 
field-sheet 5, Fig. 1). 

The metaquartzites are fine- to medium-grained 
and granulose, often highly recrystallised. In thin section 
(19005-19007, 19678) they are allotriomorphic granular, 
comprising an equigranular aggregate of quartz and feldspar. 
Microcline is present in great excess of orthoclase and 
plagioclase. The feldspars are usually altered to sericite, 
epidote, chlorite etc., especially along the edges of the 
grains where they are truncated, rounded and replaced by 
quartz. The relationship is very distinct and precludes the 
possibility of any of the feldspars having developed from a 
micaceous matrix in the original sediment. Metaquartzite 
near the contact with granite-gneiss (19676) contains fresh 
microperthite which apparently replaces the common altered 
feldspars. The microperthite is of the film type illus
trated and described by Gates (1953, pp. 58-S9, Plate 6) 
and may have originated as this author suggests through 
structural control and replacement (p. 61) and not exsolu
tion. Fresh quartz may have been added, but the fabric is 
more characteristic of recrystallised quartz already exis
ting in the sediment. Between crossed nicols some sections 
show recrystallisation in individual grains, some show 
strain shadows in both quartz and feldspar, but the rest 

show neither. Quartz sometimes forms vermicular inter
growths with altered orthoclase and aggregates of chlorite 

(19674). 
The orientation of c-axes in a banded meta

quartzite near the contact with porphyroblastic granite
gneiss on Brandewynslcraal was measured according to the 
method described by Haff (1938, pp. 543-574). The diagram 
(see Fig. 2, p. 19) shows that the quartz has not crystal
lised with the c-axes exactly parallel to the foliation
plane (a-b) or perpendicular to the strike of the foliation 
(b-b). According to Bloss (1954, p. 1355) quartz tends to 
fracture along planes parallel to the rhombohedral face. 
The discrepancy (a-a') of 26° in the present analysis 
approximates somewhat to the angle of 38° between the c-axis 
and any rhombohedral face, and suggests that this principle 
has been operative in the reconstitution of the quartz in 

this metaquartzite. 
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Petrofabric diagram of 320 quartz axes in meta
quartzite from Brandewynslcraal (19005). Contour 
intervals in per cent: >7-6-5-4-3-2-1-0. 
Fabric axes as determined in the field, a, b, c; 
as determined by point maxima, a', b', c'. 

Epidote often occurs in zones and veins along 
the contacts and in some transgressive pegmatites.- A thin 
section (19008) shows it to be present as a felt of fine
grained laths in quartz 9 associated with altered feldspar. 

The metaquartzite is usually very resistant to 
weathering and forms conspicuously high ground. To the west 
of Hoedkop, however, weathering has penetrated this rock 
very deeply, and it is represented only by a quartz-clay 
aggregate, stained along former joint-planes by secondary 
ferruginous matter. The quartz from weathered metaquartzite 
has probably contributed largely to the building of the 
arenaceous members of the overlying Nama formations. 

The metaquartzite, according to Brink (1950, 
p. 149), represents " ••• very pure original sandstone or 
grit with a small amount of feldspathic material ••• " which 
has undergone moderate regional metamorphism by what this 
author regards as an intrusive Namaqualand granite. The 
metaquartzite is, however, cleariy associated with the 
granulites, which have been shown by the present author to 
be products of high-grade metamorphism. Furthermore, part 
of the metaquartzite succession occurs between granulite and 
granite-gneiss, and would therefore be expected to show an 
even higher grade of metamorphism than the granulite group. 
Summarising the most important field- and petrographical 
information, the following features indicate that the grades 
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of metamorphismresP._ons_ibl __ e for the formation of the 
granulites were also operative for the metaquartzites:-

1. tightly folded, steeply dipping, sometimes ruptured, 
strata; 

2. gradational contacts between metaquartzite and 
aplograni te; 

3. mobilisation of material at contacts, and parallelism 
of foliation in contact-zones between metaquartzite and 
both granite-gneisses; 

4. recrystallisation throughout the metaquartzites; 

5. mobilisation of recrystallised quartz, and presence of 
vermicular and symplektitic intergrowths; 

6. alteration of pre-existing feldspars; 

7. presence o~ bands of magnetite and garnet; 

8. presence of perthite younger than common altered feldspar. 

(iii) The Aplogranite Group. The aplogranite or aplogneiss 
is a grey to light-pink, fine- to medium-grained rock, 
generally aplitic, rarely porphyroblastic in nature. Its 
texture is usually granulose, but is occasionally grano
phyric, and the rock then becomes dark red in colour. The 
composition is granitic. 

It usually occurs stratigraphically between 
members of the granulite group or the metaquartzite group, 
and the porphyroblastic granite-gneiss, but may be absent 
from this position, as for instance on Vlermuis Gat and 
Brandewynskraal, where the porphyroblastic granite-gneiss 
is in direct contact with both metaquartzite and granulite. 

The upper contact of the aplogranite with the 
metasediments is clearly gradational. The lower contact 
with the porphyroblastic granite-gneiss may be either grada
tional or comparatively sharp. Where it is sharp, the aplo
granite is interfoliated with the porphyroblastic granite
gneiss as tongues, lenticles or sill-like bodies. Several 
of the latter transgress the dip of the foliation-planes of 
the porphyroblastic granite-gneiss, remaining, however, 
parallel to the strike. Since the margins of these trans
gressive bodies do not truncate or disturb the growth of 
the minerals ·in the country-rock (see Fig. 3, p. 21), the 
aplogranite cannot be of younger age, and must therefore 
represent "ghosts" (granitised xenoliths) of formations 
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Plate VI.- Schlieren of metaquartzite assuming the compo
sition of aplogranite. Sho~s tendency to 
conform to the direction of foliation of por
phyroblastic granite-gneiss indicated by 
handle of prospecting pick. Near the bottom 
of the plate 9 a pegmatite vein cuts a granu
lite ~chlieren which has already been oriented 
to corresnond with the direction of foliation 
in the granite-gneiss. Uilklip. 
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3.- Diagrammatic representation of aplogranite "ghost" 
in porphyroblastic granite-gneiss. The longest 
axis of the aplogranite lies transverse to the 
dip of the porphyroblastic granite-gneiss folia
tion. Although the contact between the two rock
types is well defined, it does not limit the 
growth of the country-rock minerals. 

older than the porphyroblastic granite-gneiss. The trans
gressive attitude of these bodies to the foliation of the 
country-rock indicates that they were not sufficiently 
mobilised to assume the directional features of the surroun

ding granite-gneiss. These "ghosts" occur locally on 
Brandewynskraal and Bush.mans Graaf Water. The interfolia
ted bodies may be regarded as granitised xenoliths which did 
become sufficiently mobilised to attain correct orientation, 
since their directional features correspond exactly with 
those of the porphyroblastic granite-gneiss (see Plate VI). 
The contacts of these bodies are not sharp enough for them 
to be regarded as palingenetic material injected into the 
main mass of rock, or for that matter, true aplites. 

The foliation and lineation in the aplogranite 
is provided by the orientation of quartz, feldspar and mafic 
minerals, and small porphyroblasts of potash feldspar wher
ever they are developed. Where the directional features are 
prominent, the term aplogneiss is applicable. The rock is 
always leucocratic, bPing composed mainly of feldspars and 
quartz; varying quantities of magnetite, ilmenite, garnet 
and biotite are present, and if the latter mineral is 
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altered to chlorite, the rock becomes faintly mottled. The 
aplogranite on Steenkampskraal and Bushmans Graaf Water 
often has large clots of garnet, sometimes exceeding an inch 
in diameter, developed in it (Plate VII). Flinty, dull 
green porphyroblasts sometimes occur in the aplogranite at 
its contact with metaquartzite, and probably represent feld
spar crystals partially altered to epidote. On Roode Kloof 
the alteration of locally coarser-grained aplogranite at the 

metaquartzite contact is particularly prominent. The age of 
this alteration post-dates the emplacement of the pegmatites. 

To the north of the area on Riet Kloof, Tafel
berg Remainder etc., lineation in the aplogneiss is strongly 
brought out by garnet, biotite and/or magnetite. Flow
layers dip steeply, and are overfolded, laminated or contor
ted, suggesting the action of compressive forces. Where 
contacts are exposed between aplogneiss, porphyroblastic 
granite-gneiss and granulite, they are very irregular as a 
result of mobilisation, but the general east-west trend in 
directional features is still discernible. Occasionally, 
where the aplogranite is massively developed, the foliation 
is difficult to trace. Bands of aplite containing coarse 
garnet crystals cut the directional features of the aplo
granite and displace them locally, suggesting emplacement 
while the country-rock was still plastic. These aplite 

~ 

bands are especially common at depth in the succession, and 
contain much magnetite and garnet where they cut dark
coloured bodies of granulite. 

Brink (1950, pp. 154-164) has already dealt 
with the petrography of "the Namaqualand Granite" in great 
detail, and although this author has made no genetic dis
tinction between the porphyroblastic and aplo-types, his 
description of the essential properties of the constituent 
minerals is adequate for either type. The present author 
has in general, therefore, confined his description of the 
minerals of both the porphyroblastic and the aplogranite
gneisses, to features which have some bearing on their 
origin. 

In thin section, potash feldspar predominates 
over plagioclase, and quartz varies in percentage. Present 
in variable quantities are garnet, biotite, ilmenite, magne
tite and accessory apatite and zircon. A sample near the 
granulite contact on Klein Banken contains a little cordi

eri te ( 18995). 
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The potash feldspar is usually microperthite. 
The blebs of plagioclase are of the string, rod and less 
often, of the bead type described by Alling (1938, pp. 
142-165), and the enclosing feldspar either orthoclase or 
untwinned microcline (19675). The microperthite encloses 
plagioclase, apatite and zircon, and is itself replaced by 
vermicular intergrowths of quartz. It is usually somewhat 
sericitised, the alteration proceeding from the exsolution 
plagioclase and inclusions. Unaltered grains of orthoclase 
and untwinned microcline (cf. Strauss, 1942, p. 40) are 
present as well (19675, 18994-18996). 

The plagioclase is usually oligoclase, more or 
less constant in composition (An27_32 ). A little antiper
thite (19673) is also present. The plagioclase sometimes 
shows the compound twinning described under the granulites. 

The mutual relationships between the feldspars 
suggest that the first to form was probably plagioclase; 
the composition of later feldspars becomes progressively 
richer in soda and potash content, through antiperthite to 
microperthite, microcline and orthoclase. 

Biotite is a dark-brown variety but is usually 
altered to chlorite and, when replaced by magnetite and 
ilmenite, to limonite as well. Some grains contain sagenite 
(cf. :Mathias, 1940). The magnetite and ilmenite occur 
separately or mutually intergrown, and associated with 
quartz. Garnet occurs in subhedral to euhedral grains, 
associated with quartz. Zircon and apatite are- widely 
disseminated, occurring interstitially to other minerals, 
or enclosed by feldspar or biotite. They also appear to be 
associated with quartz. 

Quartz is the youngest mineral by virtue of 
recrystallisation, and it has truncated or replaced all the 
older minerals. Grains show undulose extinction or recrys
tallisation shadows between crossed nicols. The striking 
association of quartz with the ore-minerals, garnet, apatite 
and zircon would suggest their introduction contemporane
ously with its recrystallisation and mobilisation. 

The microscope shows pink granophyric granite 
to be brecciated and recrystallised aplogranite (18997); 
the recrystallisation of the quartz is especially pronoun
ced. The feldspars and biotite are generally altered and 
are replaced by quartz. Euhedral accessory minerals, parti
cularly apatite, are abundantly present. 

The aplogranite-gneiss is considered to have 
originated from the metasediments by granitisation, and in 
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the f~eld this is borne out mainly by the gradational 
passage from one to the other. 

The change from granulite to aplogranite has 
already been discussed in the section dealing with the granu
lites. Jansen (1955) has distinguished between biotite-rich 
and biotite-free aplogranites in the Moedverloren and Bitter
fontein areas, but the present author has attempted no such 
subdivision in this area. Jansen maintains that biotite
rich aplogranite has originated from a biotite paragneiss; 
the presence of much biotite in the aplogranite of this area 
is probably indicative of origin from granulite, which may 
or may not correspond to the required biotite paragneiss. 
Conversely, the absence of biotite is most likely indicative 
of origin from metaquartzite, although biotite and other 
micas already occur in the latter. 

In the case of the metaquartzite, the passage to 
aplogranite seems to be characterised by more intense 
recrystallisation and the metasomatic addition of feldspar. 
In the following table, typical metaquartzite is compared 
petrographically with typical aplogranite. 

Table No. 2.- Petrographical comparison of metaquartzite 

and aplogranite 

Metaquartzite 

jQuartz, sericitised 
Composition!microcline, orthoclase 

jand plagioclase. 
,, ., .. ~. 

.Aplograni te 

Microperthite, quartz 
and plagioclase. 

Fabric ;Allotriomorphic, granu-; Granitoid, granulose. 
/lose. 

,: ......................................................... . 
: 

I 
I 

Quartz 
!Recrystallised, repla-
1ces altered feldspars 
!with formation of 
!some symplektite. 

i,' .. '. . , ....................................................... -~ ........ '.' ... ' .. ''. ,, .... ' .... ·• ........ ' ................. "" ... ' .......... . 

:Predominantly micro
jcline; a little ortho

Feldspar 
jclase_and plagioclase. 
;All highly altered. 

: 

: 

Recrystallised, repla-1 
cing all other miner- f 
als. 

: 

' ·····•:··•"'' ................................................................... ·········•·•········•·•···••: 

K-feldspar mostly mic-! 
roperthite enclosing j 
plagioclase. Some or- l 
thoclase and micro- I 
cline present. Serici-j 
tisation about exsolu-l 
tion blebs only. ' 

In the contact-zones between aplogranite and 
granulite the plagioclase becomes progressively richer in 
soda and potash content towards the aplogranite. Such a 
change is more difficult to trace between aplogranite and 

metaquartzite, because the latter already contains much 
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Plate VIII.- Porphyroblasts developed in dark-coloured 
schlieren surrounded by porphyroblastic 
granite-gneiss on Uilklip O Note grov.rth 
of coarse porphyroblasts in schlieren 
near handle of prospecting picko 

Plate IX.- Aplo~ranite on UiPdip representing granitised 
me-caquartzi te which occurs to the east O ·:rhe 
near-horizontal foliation is indicated by 
flow-layers of garneto 
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original feldspar. Furthermore, quartzite or sandstone is 
relatively inactive under any conditions of regional meta
morphism (cf. Reynolds, 1946, pp. 409-413). In the aplo
granite itself, however, early-formed plagioclase seems to 
be replaced by younger microperthite as mentioned in the 
section dealing with petrography. 

In the north-west corner of Uilklip a pendant of 
metaquartzite occurs in the porphyroblastic granite-gneiss 
• 

(see Map 2). The metaquartzite is highly garnetiferous and 
contains many small bodies of dark-coloured granulite, in 
which large porphyroblasts of feldspar are developed (see 
:Plate VIII). The metaquartzite is eroded away to the west, 
but if the line of strike is followed WNW". across the 
stream-bed, an aplogranite is encountered which at first is 
texturally very similar to the metaquartzite, then becomes 
leucocratic, highly recrystallised, compact and foliated 
farther west (:Plate IX). In a thin section cut from the 
metaquartzite (19676) most of the feldspar is represented 
by extremely fine film perthite. In one cut from the aplo
granite (19675), the feldspar is largely microperthite 
replacing orthoclase. The plagioclase blebs in this case 
are of the string and rod variety. 

In a thin section cut from the contact-zone 
between aplogranite and metaquartzite on ICLein Banken 
(19674 ). fresh microperthi te also replaces· altered feldspar. 

Lamont (1947), comparing the average chemical 
compositions of the "J?ink Gneiss" (this author's term 
for aplogneiss), the Namaqualand Grey Gneiss and the Older 
Basement granite-granodiorite, came to the conclusion that 
the "Pink Gneiss" largely represents a potash-enriched 
product of granitisation. The evidence may be summarised 

as follows:-

1. Chemical evidence:-

"Pink Gneiss" 

Grey Gneiss 
Granite-granodiorite 

Average K20/Na2o ratio 

1.75 

1.61 
1.43 

2. Mineralogi•cal evidence:-

%·K20 

5.24 
5.02 
3.76 

Elongation ratios of zircon grains plotted on a fre
quency diagram display a maximum about a ratio of ±1.7, 
which is characteristic of original sedimentary rocks, 
whereas the ratios for igneous rocks tend to form maxima 
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The granitisation process from metaquartzite to 
aplogranite in this area may therefore be tentatively summed 
up as follows:-

1. Recrystallisation of the quartz and reconstitution of the 
altered feldspar took place beyond the grade required for 
the formation of metaquartzite. 

2. Symplektitic intergrowth took place between orthoclase 
and quartz. 

3. Metasomatic enrichment in alkalies was represented by the 
formation of fresh oligoclase, which was replaced in turn 
by more potash-rich feldspars, the whole eventually repre
sented by microperthite. 

(iv) Pyroxenite and Anorthosite. Small bodies of pyrox-
enite and anorthosite a few feet long and wide occur inter
foliated in the porphyroblastic granite-gneiss. The two 
main constituent minerals are hypersthene and andesine, the 
one occurring in great excess of the other, thereby giving 
rise to either rock-type. 

Pyroxenite occurs on Roodewal and Uilklip in 
stunted bodies resembling dykes. The rock is black except 
where coarse growths of andesine are present. 

In thin section (19645, 19646) large, irregular 
grains of plagioclase replace an equigranular pyroxene 
ground-mass. The minerals are subhedral to euhedral. 
Pyroxene grains reach 2 mm. in diameter; the ore-minerals 
are generally less than 1 mm. in size. 

Hypersthene forms 95% of the thin sections 
examined except where plagioclase is present in excess. It 
has characteristic optical properties. Ny varies from 1.709 
to 1.721, indicating a variation in FeSi03-content from 34% 

to 42% (Kennedy, 1947). 
No potash feldspar is present. Plagioclase of 

composition An70 replaces and sometimes encloses grains of 
hypersthene. Compound twinning according to the albite and 
pericline laws was observed. 

Accessory apatite, occurring interstitially in 
euhedral grains, magnetite, pyrite and chalcopyrite are 
present. The magnetite is partially altered and replaced 
by pyrite, which in turn is replaced by chalcopyrite. A 
little primary biotite is present, showing alteration and 
partial replacement by magnetite. 
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Six small occurrences of anorthosite, also but 
a few feet wide and long, were found in the area covered by 
Map 2, on Bushmans Graaf Water, Tafelberg Extension No. 2, 
Uilklip, Riet Kl.oaf and YJuispad. The contacts in each case 
are not clearly exposed, but occurrences to the east of this 
area are clearly interfoliated. 

The rock may be light or dark in colour, but is 
characteristically free from quartz and contains over 85% 
of andesine. The bodies show no directional features or 
preference for any particular form, apart from a faint hori
zontal foliation in the Uilklip occurrence . .An aureole of 
altered granite a few feet wide, characterised by pink feld
spar, much chlorite and veins of epidote, usually surrounds 
each occurrence. On Uilklip, recrystallisation of quartz 
has taken place in the country-rock. On Kruispad the chlor
ite seems to have been derived from the alteration of the 
hypersthene. The overlying Kuibis sediments are conspicu
ously coloured by red feldspar and green epidote and chlor
ite, and there can be no doubt, therefore, that the anortho
site is pre-Nama in age. On Riet IG.oof, the associatipn of 
anorthosite with chloritic breccias and altered granite is 
fortuitous in that it occurs near a pre-Nama fault-zone. 

In thin section (19648-19651) the anorthosite is 
equigranular to seriate and has a granitoid texture. All 
the mineral grains are anhedral except apatite; the feld
spar grains are present in all sizes up to 7 mm. in diameter 
whereas the pyroxene is equigranular and only reaches 1 mm. 
by comparison. 

Andesine (An37_47 ) forms at least 85% of the 
rock, the remainder being represented by hypersthene and 
its alteration products, and a small percentage of acces
sories. The plagioclase is sometimes twinned according to 
the Carlsbad B law, but compound twins according to the 
albite and pericline laws are common. It appears to be 
younger than the pyroxene, sometimes enclosing it ophiti
cally. Untwinned grains are generally antiperthitic; the 
optic axial angle for the exsolution mineral is 2Va = +70°. 
The andesine is slightly saussuritised, but its exsolution 
blebs are clear, which suggests that they might be soda

orthoclase. 
The unaltered hypersthene has characteristic 

optical properties. 2V varies from 46° to 60°, indicating a 
an FeSi0

3
-content varying from 42% to 29% (Kennedy, 1947). 

In-all the sections examined, the hypersthene shows varying 
degrees of alteration, firstly to fibrous biotite and then 
to chlorite. The alteration proceeds along fractures and 
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cleavages in the pyroxene from outer rims in contact with 
andesine. 

Primary biotite is highly altered to chlorite 
and no longer retains its original outline. Secondary 
biotite, recrystallised from altered hypersthene, stands out 
markedly from the fibrous variety and the primary biotite. 

Accessory minerals are apatite, magnetite and 
pyrite, all of which replace the minerals already mentioned. 
Apatite grains are small, euhedral and well disseminated, 
and are frequently found in feldspar. Rounded grains of 
magnetite sometimes replace biotite, but are otherwise well 
disseminated; pyrite occurs in small grains associated with 
the hypersthene. 

The origin of the pyroxenite and anorthosite 
cannot be ~stablished with certainty, because the bodies 
lack the essential criteria of structure and well-defined 
contacts. Features of the Complex such as the parallelism 
of schistosity- and foliation-planes along the contacts 
between metasediments and granite-gneisses, lit-par-lit 
injection contacts, banded contacts, contorted contacts, and 
ptygmatically folded aplite veins, have been referred to in 

the foregoing pages. They all point to mobilisation and 
re-injection of the Complex following the processes of grani
tisation, and it is considered from their mineralogical 
composition that the pyroxenite and anorthosite represent 
extreme palingenetic or metamorphic differentiation products 
formed during this stage. If they are of the latter origin, 
they are probably of the secretion type described by Farth 
(1952, pp. 317-318). The age relationship and composition 
of the pyroxene and plagioclase are similar to those of the 
granulites, and the three rock-types may therefore be gene
tically related. The pyroxenite and anorthosite occur only 
in portions of the porphyroblastic granite-gneiss some dis
tance away from any contact with metasediments, and this may 
indicate that they have formed in situ. On the other hand, 
if the alteration aureoles often associated with the anortho
site are taken into account, the bodies may have been 
re-injected into the mobile Complex just prior to consoli

dation. 

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



J?late Xo -· Porphyroblastic granite-gneiss cont2ining por-
--- phyroblasts of potash feldspar in flo·v-r-la:vers 

dipping m:my from tbe observer 1i on Steenkamps
kraal 0 

Plate XI.- Dark-red fringes to joints in porphyrobl~stic 
granite-gneiss on Busbmans Graaf Water. 

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



- 29 -

(b) The Porphyroblastic Granite-gneiss 

This granite-gneiss derives its name from the 
distinctive presence in it of large porphyroblasts of potash 
feldspar. They are especially conspicuous when the granite
gneiss is well foliated (see Plate X)~ but are often rather 
haphazard in orientation, an~ the directional features of 
the granite must then be sought in the finer-grained minerals 
of the ground-mass. As such, they are provided by quartz
feldspar bands, sometimes alternating with zones of darker 
minerals. Lineation is provided in the main by the orien
tation of quartz grains. 

When fresh, the rock is grey in colour; it 
weathers light brown, and is characteristically pink to dark 
red where affected by hydrothermal action. At levels near 
the re-exposed pre-Nama peneplane, joints and fractures in 
the granite-gneiss have dark-red fringes (see Plate XI). 
This is not a very common feature, and the alteration might 
be attributed to the action of circulating ground-water 
during the deposition of the Nam.a sediments. This alteration, 
combined with the effects of extreme jointing and partial 
recrystallisation during the post-Nama tectonics, has 
occasionally served to obliterate the directional features 
of the granite-gneiss. One example of this is the granite 
exposed in the core of an anticline on Riet IQoof. 

The porphyroblastic granite-gneiss is exposed by 
the erosion of overlying sediments and metasediments, and 
tends to occur most frequently in the south and west of the 
area. 

The overall composition of this granite-gneiss 
remains very constant throughout the area (cf. Brink, 1950, 
p. 154) but locally, the composition may vary greatly. This 
is borne out by differences in analyses (Brink, 1950, 
p. 168). The porphyroblasts are of microperthite, and are 
set in a ground-mass of more microperthite, microcline, 
orthoclase, oligoclase and quartz (see Plate XII facing next 
page). Highly variable quantities of biotite, almandine, 
magnetite, ilmenite and accessory apatite and zircon are 
present. Grains of monazite have been observed in heavy 
mineral residues from granites with radiometric normals 
higher than the average. Concentrations of almandine, as in 
the aplogranite, are seldom found, but biotite and magnetite 
may become very concentrated locally. 

That the porphyroblastic granite-gneiss is not 
of truly magmatic origin is suggested mainly by its 
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Plate XII. - Pots.sh feldspar porphyroblests separating bio
titic flow-layers in porphyroblastic granite
gneiss, Steenkampskraal. s:cale in inches. 

Plate XIII.- Narrow bands of biotite granulite (dark
coloured) cutting the foliation of por~ 
phyroblastic granite-gneiss on Steen
kampskraal. 
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transitional relationship to the metasediments and to the 
schlieren they form in it, by "ghost structures", by its 
potash-rich porphyroblastic nature, and by local variations 
in accessory mineral content in itself. 

Schlieren occurring in the porphyroblastic 
granite-gneiss near its contact with metasediments are gene
rally well defined. Like the aplogranite they may be inter
foliated or transgressive to the foliation,.appearing in the 
latter case as "ghost structures" • Leucocratic schlieren 
show the transition from metaquartzite to aplogranite, often 
containing much garnet (see Plate VI); the melanocratic 
types may show the growth of potash feldspar porphyroblasts 
in them (Plate VIII) with concentrations of garnet at their 
·margins, and the transition to granulite from the centre 
outwards. They may form veins and dykes of the type encoun
tered on Steenkampskraal and Uilklip through mobilisation 
(Plate XIII). The fact that schlieren are seldom found 
except in association with the metasediments, and then only 
as highly granitised features 1 suggests that they have be
come indistinguishable from the granite-gneiss with increase 
in distance from the contact. 

In thin section the granite is inequigranular, 
seriate to porphyroblastic, the porphyroblasts being repre
sented by subhedral to euhedral microperthite. They may 
reach a length of 10 ems. but are usually of the order of 
3 to 5 ems., set in a·much finer-grained ground-mass, the 
textuxe and composition of which resemble those of the aplo

granite. Grain-size in the ground-mass is usually less than 
5 mm., if quartz is disregarded; recrystallisation of this 
mineral has given rise to anhedral aggregates of greatly 
variable proportions and dimensions. 

Potash feldspar is represented by both microper
thite and orthoclase. Microperthite forms all the porphyro
blasts and most of the potash feldspar in the ground-mass, 
and is easily distinguished by the sericitisation proceeding 
from its inclusions and exsolution lamellae (see Plates XIV 
and XV). It encloses plagioclase, orthoclase, zircon, apa
tite and magnetite, and is replaced by quartz, with which 
it forms linear to sub-linear, vermicular, symplektitic 
intergrowths; these intergrowth replacements are also seri
citised. Carlsbad twinning in the microperthite is promi
nent. 

0rthoclase occurs mainly in the ground-mass, 
truncating and replacing older minerals. It is not perthi
tic and is sericitised only about the edges of its grains. 
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Plate XIVo - Microperthite sbowing exsolution along crystal
lographic directions, and enclosing plagio
clase ( round 9 white grains, one of vrhich is 
polysynthetically twinned) and apatite (dark, 
euhedral prisms)a Crossed njcolso x 320 
1794~, Steenkampskraalc 

£1.§.:t~ XV o - Incipient serici tisation of micropertt.i te in 
areas of turbidity about the planes of 
exsolutiono Crossed nicolso X 1000 
17945, Steenkampskraalo 
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It encloses euhedral magnetite with no signs of expansion 
cracks, and could therefore post-date the formation of the 
magnetite (17945). The orthoclase usually displays undulose 
extinction. A few of the grains have small optic axial 

angles of 2Va = 54°- 60° (17945); these were also observed 
by Brink (1950, p. 155). 

Microcline, despite the prominence given it by 
Brink (1950, pp. 154-155), was not observed in any of the 
thin sections studied; this is possibly because this author 
regards " ••. porphyritic texture •.•.. (as) exceptional ... " , 

and his description of the granites is mainly that of the 
aplo-types, in which microcline does occur. Jansen (1955) 
has also noted the occurrence of microcline in the aplo
types, but does not refer to it in his description of the 
porphyroblastic types of granite-gneiss. Rogers (1912, 
p. 26) was the first to identify microperthite forming both 
" ••• porphyritic crystals •.• " and part of the matrix. 

Plagioclase generally forms a small percentage 
by comparison with the potash feldspar, but is dominant over 
it in instances where the granite is very biotitic (18992). 
This is a feature typical of the granodiorite described by 
Strauss (1942, pp. 37-38) from the Springbok area, and by 
Jansen (1955) from the Moedverloren and Bitterfontein areas. 
Antiperthite was also observed occasionally. The plagio
clase is generally oligoclase, but andesine of composition 
up to An43 has been measured. Saussuritisation of the 
plagioclase is often marked, with the rare accompaniment of 
sericitisation as well. It forms symplektite with younger 

quartz in the same way as orthoclase. 
Biotite is generally a dark-brown variety, but 

some green biotite is present. Muscovite may be developed 
in biotitic granite as well. The biotite would appear to 
be the oldest mineral, being replaced by all the others. 
Association with quartz has resulted in its alteration to 
dark-green chlorite exhibiting anomalous interference 
colours; limonite and leucoxene have been formed along the 
cleavage-planes. The chlorite displays some affinity for 
replacement by magnetite and ilmenite. The association of 
biotitic granite with argillaceous members of pre-gneiss 
rocks is discussed by Strauss (1942, pp. 42-44) and has 
already been referred to by the present author. 

The ore-minerals are magnetite and ilmenite, 
usually emplaced interstitially in rounded grains, and they 
seem to be associated with quartz and zircon. Alteration 
has given rise to the usual secondary products. 

Quartz, through recrystallisation and mobilisa-
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tion, replaces all the other minerals. Between crossed 
nicols its aggregates show recrystallisation shadows which 
may be directional to some extent, and individual grains 
occasionally show undulose extinction. The quartz-feldspar 
symplektite usually occurs along the margins. of the feldspar 
crystals (18990, 19664-19666) and it is not clear whether it 
replaces the feldspar or is replaced by ito The symplektite 
is never enclosed by the feldspar, however, but is usually 
a partial rim between the latter and the quartz, which sug
gests that its formation post-dates that of the feldspar. 

Almandine seems to be associated with quartz, 
and both these minerals replace altered biotite. The serra
ted outlines of the garnet suggest some replacement by 
quartz. 

Accessory minerals are apatite and zircon, and 
these also appear to be associated with quartz. Zircon dis
plays an affinity for magnetite and the replacement of bio
tite, and is often enclosed by quartz, whereas prisms and 
needles of apatite are only prominent as inclusions in feld
spar. The apatite is clearly slightly older than the quartz. 

Two narrow,~ echelon veins of lamprophyre a 
few feet long occur in the porphyroblastic granite-gneiss on 
Vlermuis Gat and in aplogranite on Banken. In thin section 
(19647) laths of labradorite (Ans 8 ) and xenoliths of fibrous 
and spherulitic chlorite are enclosed in a pilotaxitic 
ground-mass of labradorite needles, a.mineral altered to 
chlorite and ore (pyroxene?), and very finely divided, 
dark-coloured ore. 

The study of thin sections has indicated cleaTly 
the growth of microperthite porphyroblasts in this granite
gneiss, replacing earlier-formed plagioclase and orthoclase 
in the ground-masso The relationship between potash feld
spar and plagioclase, described in the section dealing wi~h 

the transition from granulite to aplogranite, also holds 
good here, biotite-rich granite containing more plagioclase 
than potash feldspar. It is therefore natural to infer that 
enrichment in potash has taken place. 

In the field, the limit of development of these 
porphyroblasts is the contact of this granite~gneiss witb 
the aplogranite, metaquartzite and granulite. Up to the 
present, only the transition from metaquartzite or granulite 
to aplogranite has been considered; now the porphyroblastic 
granite-gneiss is found in contact not only with the aplo
granite, but also in direct contact with metaquartzite and 
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granulite, no intervening aplogranite being presento Since 
these contacts are largely gradational, it is natural to 
infer that the contact represents a 0 frontn of granitisa
tion characterised by a visible enrichment in potash, as 
evidenced by the growth of the porphyroblasts (cf. Reynolds, 
1946, pp. 409-415: 1947 9 p. 108). In keeping with Jansen's 
findings in the Moedverloren and Bitterfontein areas (1955~ 
1956, p. 5), this "front" characterises a second phase of 
granitisation, and does not necessarily conform to the pre
vious one by which aplogranite wa3 formed. 

Rogers (1905, pp. 19-29: 1912? pp. 18-30), 
Gevers, Partridge and Joubert (1937, pp. 28-34), Brink 
(1950, pp. 106, 150), de Villiers (1950) and du Toit (1954, 
pp. 56-58) have all regarded the emplacement of the granites 
in the Complex as being due to normal cycles of batholithic 
intrusion associated with orogenesis. Coetzee (1941, p.196) 
supports these authors in the main, but mentions granitisa
tion as the probable origin of granite in the Springbok area 
after measuring the length-breadth ratios of the zircon 
(1941, pp. 191-193). Lamont (1947, pp. 15, 68, 83) states 
quite definitely that the npink Gneiss'' of the Moedver
loren area (aplogneiss) represents highly granitised sedi
ments, which this author, like Brink, at that time correla
ted with the Kheis System. Read (1951, p. 20) regards these 
granites as conforming largely to the autochtenous section 
of his Granite Series, or Plutonic Association (1944, 
p. 93). No doubt the intrusive relationships of different 
granites described by some of the afore-mentioned authors 

north of the area under discussion, correspond to the 
parautochtenous and plutonic sections of this author's 
Granite Series as well. 

The features which have been regarded by the 
presen_t author as criteria for grani tisation, are the 
following:-

1. Transition in composition from porphyroblastic granite·
gneiss to metasediments. 

2. Transition in composition of schlieren enclosed by the 
porphyroblastic granite-gneiss, from metaquartzite to 
aplogranite, and from melanocratic migmatite to granulite. 

3. Presence of "ghost structuresn of aplogranite trans
gressive to the foliation of the porphyroblastic granite
gneiss. 

4. Distinct feldspathisation of melanocratic schlieren. 
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5. Local concentrations of garnet (cf. du Toit, 1954, Pe 62) 
and ore-minerals. 

6. Petrographic evidence of enrichment in potash feldspar, 
and replacement of pre-existing minerals by porphyro
blasts of microperthite. 

7. Petrographic evidence of recrystallisation of quartz and 
its symplektitic intergrowtp with feldspar. 

The porphyroblastic granite-gneiss differs in 
the following respects from the criteria assembled by 
Willemse (1937, pp. 95, 100) for the Basement Granites of 
South Africa:-

(a) the composition is granitic, not granodioritic; 
(b) modal potash feldspar> modal plagioclase; 
(c) potash feldspar is characterised by microperthite, 

not microcline. 

Since it is not within the scope of this thesis 
to embark on a detailed discussion of granitisation, the 
reader is best referred to the excellent discussion of the 
pertinent literature provided by Read (1944, pp. 47-87) 
wherein the above features reach sufficient significance to 
become criteria for granitisation. In this connection 
Brink (1950, p. 157) has suggested a temperature of 850°C 
for the formation of the microperthite, and Jansen (1956, 
pp. 4-5) regards the contemporaneou~ folding and granitisa
tion of the Malmesbury Beds as indicative of synkinematic 
granitisation (cf. Williams, Turner and Gilbert, 1955, 
p. 229). The characteristics of this granite-gneiss agree 
in general with the criteria assembled by Marmo (1955, 
pp. 429-437) for synkinematic granites and granodiorites, 
except that this author emphasises the presence of micro
cline as the essential potash feldspar in pre-Cambrian 
granites. The relationship between plagioclase and potash 
feldspar supports Marmo's view that synkinematic granites 
have developed from earlier-formed granodiorites by potash 

metasomatism. 

Brief references have already been made to evi
dence of mobilisation following the processes of granitisa
tion. The relationships between granitisation and mobilisa
tion have also been adequately discussed by Read (1944, 
pp. 87-89), but the present author has approached the prob
lem from a somewhat different point of view. That a magma
tic stage actually was reached in depth may be indicated by 
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:Plate XVI.~ - ----- Boulder conglomerate at the base of the 
E:uibis Series on Kruispad, shovling irregu
lar boulders of gneiss~ and. cavities from 
which they have been weathered, enclosed 
by arkose. 
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the presence of the two small veins of la.mprophyre, and many 
small veins of pegmatite and of blue and milky quartz, both 
interfoliated and transgressive to the foliation of the 
granite-gneisses and metasediments in the area. 

Mobilisation of the more highly granitised rocks 
might have led to the formation of a magmatic phase, during 
the existence of which anorthositic, pyroxenitic, lampro
phyric, pegmatitic or aplitic and siliceous differentiates 
could have formed. These may subsequently have been empla
ced in the random positions they occupy in the porphyro
blastic granite-gneiss and its contact-zones. Thus the 
anorthosite, pyroxenitej lamprophyre and some of the acid 
differentiates are interfoliated in the porphyroblastic 
granite-gneiss, whereas the transgressive pegmatite and 
siliceous veins in the porphyroblastic granite-gneiss and 
metasediments represent later emplacements. No ore or 
economic minerals were observed in these veins, except small 
amounts of magnetite. 

2. Sedimentary Formations Overlying the 

Archaean Complex 

(a) The Nam.a System 

The Archaean Complex is overlain by the sedimen
tary rocks of the Nama System, which is represented in the 
area by the Kuibis Series followed by the Lower Stage and 
part of the Middle Stage of the Schwarzkalk Series. The 
sediments overlie the older rock-types nonconformably, and 
have been formed from the products of their mechanical 
weathering. The consistent thickness of the Kuibis Series 
suggests that the pre-Nama surface must have been virtually 
peneplaned before the accumulation of sediments took place. 
Many local irregularities do, however, occur in it. 

Irregularly shaped bodies of arkose occurring 
at some depth in the crystalline rocks, and especially those 
which are highly feldspathic and recrystallised, and appa
rently surrounded by granite, have created the impression in 
some quarters that the basal members of the Kuibis Series 
have been invaded by the granite. These features are, how
ever, easily recognised as fillings in the ancient and 
exfoliated surface of the Complex. Furthermore, a sheer 
krantz on Kruispad (Plate XVI) exposes up to 40 feet of the 
succession from granite upwards to feldspathic sandstone 
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where the sediments enclose rounded and angular granite boul
ders of all sizes. Each boulder displays a different direc
tion of foliation, and some show exfoliation and other fea
tures of concentric weathering. Every conceivable form of 
fissure-filling exists between them. Consolidation of the 
arkose is often so advanced, however, that found elsewhere 
in the field, it might be mistaken for metaquartzite. It is 
perfectly clear, however, that the relationship of the Nama 
System to the Complex is purely sedimentary. 

(i) The Kuibis Series. This series is represented by the 
following rock-types from the base upwards:- boulder con

glomerate, conglomerate, limestone-pellet conglomerate, 
arkose 1 grit, feldspathic sandstone, sandstone, feldspathic 
quartzite and quartzite. Thin, intercalated shale bands 
occur in the finer-grained arenaceous rockso The maximum 
thickness of the succession measured was 252 feet. 

The conglomerates are lenticular and irregular. 
The common pebble conglomerates consist of' sub-angular to 
well-rounded, well-sorted, white to pink, milky vein quartz, 
metaquartzite, limonite altered from magnetite, and flinty 
mylonite. These are usually found some distance upward from 
the contact. Nearer the base are sandstones honeycombed by 
cavities which formerly must have contained pebbles of clay 
or weathered granite. These have been flattened by pressure 
and completely leached, leaving only a little clayey matter 
and quartz in the casts. On Bushmans Graaf Water and Riet 
.Kloof, a few feet of conglomerate immediately above the 

contact carry flattened limestone pellets in a sandy matrix. 
These pellets probably represent calcareous pods and nodules 
which formed on the pre-Nama granite surface. 

In general, the succession becomes less feldspa
thic upwards. Selective recrystallisation of parts of the 
sandstone to quartzite has resulted in a peculiar banded 
structure parallel to the bedding. Dark pits in the quartz
ites and sandstones are attributed to the weathering out of 

iron oxides, probably derived from magnetite, garnet or 
clayey nodules, to judge from the limonite nodules which 
are still present in freshly broken rock. Thin seams of 
fossil "black sands" are occasionally encountered in 
association with grits. 

Ripple-marked planes are not common but have 
been found locally, and current-bedding is present in the 
sandstones on Uilk.lip and Riet IQ.oof. This indicates sub
aqueous deposition of the latter members of the succession. 

A shale band varying in thickness up to 4 feet 
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Plate XVII.- Lrosion of Euibis sandstone bv stream under
cutting along shale band on~Riet Kloofo 

Plate XVIII.- Limonite pseudomorphs after pyrite. Crys• 
tals weathered from Kuibis quartzite 
(large) and Schwarzkalk arkose (small). 
Scale in inches and. centimetreso 
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generally occurs near the top of the succession (see Plate 
XVII). It is often sheared and slickensided. Other thin 
intercalated bands are also present, and on Bush.mans Graaf 
Water one of thesej instead of being sharply demarcated at 
the upper contact, passes gradually into sandstone. 

EUhedral crystals of limonite pseudomorphous after 
pyrite are occasionally encountered in quartzite and sand
stone near the base of the succession (see Plate XVIII). 
These are discussed more fully in Chapter VII. 

(ii) The Schwarzkalk Series. This series overlies the 
Kuibis Series conformably. At the base, the lenticular lime
stones from which the series derives its name may or may not 
be present. A thin conglomerate containing pebbles of sand
stone in a sandy matrix is sometimes visible in this posi
tion. On Riet IO.oaf a few feet of calcareous shale are 
exposed beneath the limestone. 

The basal limestone, if present, is followed by 
a few more feet of limestone with intercalated calcareous 
shales, which in turn are overlain by fawn, blue or black 
shale, light-coloured flagstone, and more dark-coloured 
shale. 

The Middle Stage, according to Jansen•s subdivi
sion of the series (1953; Coetzee and Jansen, 1953) then 
follows with arkose, grit, conglomerate and more arkose with 
intercalated shale bands, passing upwards into fawn, dark
blue and purple shales. 

The succession of shale is very compact and fine

grained, but well jointed and fractured as a result of post
Nama tectonics. 

The flagstone is present on Riet ICloof, Tafel
berg Extension No. 2, :Klein Banken and Brandewynskraal, 
where, owing to its resistance to erosion, it forms the 
crest of an anticlinal axis parallel to the other fold-axes. 
The flagstone is generally fawn in colour, and contains 
green, grey and white flinty or cherty bands. 

The arkose represents a gradual change in litho-

logy from shale to conglomerateo It is dark-green to dark
blue in colour but does not contain sufficient clayey mat
ter to qualify for the term graywacke. It also contains 
many euhedral crystals of limonite pseudomorphous after 
pyrite, but very much smaller ones than those mentioned 
previously. They weather out of the arkose and can be 
picked up in handfuls. The laminated surface of the arkose 
is often wrinkled and bears linear marks which may have 
originated through the puckering of the unconsolidated 
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sediments. Horizontal flowage with accompanying contortion 
and pinching is also illustrated by the cherty bands in the 
flagstone. 

The grits and conglomerates represent the high
est markers in the Schwarzkalk succession in the area. They 
occur over a total maximum thickness of +100 feet; they are 
somewhat lenticular, but form fairly prominent features wher
ever they do occur due to their resistance to erosion. The 
lowest conglomerates appear at a variable height above the 
base of the series, the lowest being about 150 feet from the 
base on Leeudans. 

The gravel in the grit is composed of quartz 
fragments only. The pebbles and small boulders in the con
glomerates, however, are representative of all the older 
rocks: granite, red aplogranite, granophyric granite, vein 
quartz, granulite, metaquartzite, chalcedony, jasper and 
agate. The successive outcrops of conglomerate on Brande
wynslrraal and IQein Banken are due to repetition by folding. 
The lower conglomerate usually contains small pebbles in a 
clayey matrix, those of white vein quartz predominating. It 
is followed by grey mudstone or shale, then the upper con
glomerate, which contains small boulders up to 6 inches in 
diameter. All the constituents of the conglomerates are 
well rounded except those from the metasediments, which are 

more angular. 

( b) Tertiary (?) -Silcrete 

Patches of silcrete frequently occur in the 
south-west corner of the area, and also as isolated outliers 
on the slopes of prominent ranges of hills in the north cen
tral part o~ the area. The silcrete rests unconformably 
upon the older formations, which, except in one case of aplo
granite, all belong to the Nama System. The altitude of 
the base of the occurrences decreases approximately 1,000 
feet over 12 miles to the south-west. The m&~imum thickness 
observed was 15 feet. 

The silcrete is formed essentially of angular 
fragments of vitreous quartz set in a fine siliceous matrix, 
with boulders and pebbles sometimes enclosed at the base. 
The rock is cream, fawn or light to dark grey when fresh, 
but weathers to a rusty, red colour. 

Rogers (1912, p. 74) writes: 0 Surface quartz
ites of the kind described above •••..•• belong to the same 
type of rock as the surface quartzite found in many parts 
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of the west and south coast districts, and less often in the 
Langeberg region of Bechuanaland •.• o"• du Toit (1954, 
pp. 447-448, 460-461) has included these occurrences in his 
description of silcretes of the Coastal Region, but hesi
tates to assign any age other than pre-Pleistocene to them. 

The majority of stone-age artifacts found in 
the vicinity has been made from silcrete. 

(c) Recent Deposits 

The Recent deposits in the area have been deri
ved largely by the mechanical weathering of exposed rock
types. Quartz-feldspar sand generally overlies hardened 
clay, clayey grit or calcrete formed from alluvium on the 
one hand, and the weathering of granite in situ on the other. 
Small amounts of gypsum are present in dried pans and river
banks on the farms Kalk Gat Vlakte and Zoovoorby east of the 
area covered by Map 2 (see Chapter VII). On the flats in 
the extreme west of the area, well-rounded, water-worn peb
bles of limonite-stained vein quartz, limonite pseudomorphs 
after pyrite, silcrete and shale are strewn over the surface. 

Rubble consisting of pebbles and boulders of 
sandstone, quartzite, shale, silcrete and mylonitic flint 
commonly collects in the flat areas, forming slight terraces 
where not covered by sand. 

Calcrete is found on the weathered surface of 
limestone, and also on granite and shale. Up to 3 feet 

below the surface of the general soil-cover, a gritty, red
dish calcrete occurs in the greater part of the area covered 
by Recent deposits. The thickness of this calcrete is very 
variable, and it is considered to have formed by the cemen
ting action of lime from decayed feldspars. 

3. Intrusive Rocks 

Dolerite dykes which are possibly of Karroo 
age, intrude the crystalline and sedimentary rocks on Riet 
Kl.oaf and Puts. Further occurrences are known from Portion 
of Rietmond and Kamaboos, north of the area covered by Map 
2, but these have not yet been investigated. 

The southernmost occurrences strike roughly east
west and crop out intermittently over a distance of 5 miles, 
and are probably related to one another in spite of being 
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Plate XIX.- Post-Nam.a dolerite!I showing alteration of 
pyroxene and well-disseminated opaque 
minerals. Plane polarised light. x 32. 
19659, Riet Kloof. 

Plate XX.- Alteration and induration of potash feldspar 
in aplogranite country-rock by post-Nama 
dolerite. Note reaction rims around secon
dary alteration products of feldsgar. 
Plane pol&rised light. x 32. 19062, Riet 
Kloof. 
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somewhat en echelon in distribution. 
The rock is fine-grained and exhibits chilled 

phases at its contacts. Labradorite and augite in charac
teristic relationship, and disseminated pyrite, were identi
fied from weathered samples (19659; Plate XIX). 

The aplo- orporphyroblastic granite-gneiss wall
rock has been highly altered and indurated (19662; Plate 
XX). Much ferruginous matter has been released and appears 
along dark-coloured reaction rims. Plagioclase, crystalli
sing in distinct laths, has been introduced. In the ~~-uibis 
sediments, the contact is also very ferruginous, and injec

tion has taken place along the bedding-planes with some 
assimilation of the shale bands. 

D. Structural Geology 

1. Pre-Nama Structure 

It is not certain whether the existing direction
al features in the metasediments are sedimentary in origin or 
were induced in depth prior to the regional granitisation of 
the area. In some cases, as the contact with the granite
gneisses is approached, it becomes irregular in strike and 
dip until such a degree of mobilisation is reached that no 
general strike or dip can be recognised. Seeing that the 
more reliable strike of the metasediments away from the con
tact corresponds on a regional scale to that of the correla
tives west of this area, and closely parallels that of the 
granite-gneisses, it seems likely that such directional fea
tures were induced; the irregular features referred to most 
likely resulted from the local accommodation of original 
structures to correspond with the directional features which 
were induced in the more mobile levels of the granitised 
rocks. Dips are generally steep and would suggest that com
pression of the original strata had taken place, and so pro
duced the contorted, overfolded or steeply dipping laminated 
effect that is especially characteristic of the metaquartz
ite and aplogneiss. 

In the porphyroblastic granite-gneiss, proximity 
to the contact with the metasediments is accompanied by many 
local variations in the dip and strike of its foliation and 
lineation. At some distance from the contact, however, 
these directionaJ features are more uniform, and show a 
gradual regional change in strike over the area mapped (see 
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MGn~ porphyroblastic granite-gneiss; 
Nlj Kuibis Series; N2~ Schwarzkalk Serieso 
Arrows indicate dip of formations. 

N1::S. 
t 

Plate XXII.- Syncline of :Kar5,, sediments on Riet KJ.Gv•f 
passing into '] ;~.ticline on +i. e right, of 
which only v ~tions of thE: · imbs rem,~ in. 
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Map 3). In the south and south-eastern corner of the area 1 

the foliation strikes north-west; to the north of the area 
it changes gradually to west, and then further north and to 
the west of the area, it swings WSW. The lineation, where 
apparent, is more constant, trending in general WSW. ~Le 

dip of the foliation varies in amount and direction; in 
general, however, it is to the south or south-west, and shal
lower in the south than in the north of the area. 

Shear-zones and pre-Nama faults in the crystal
line basement, with some exceptions, show a preference to 
trend roughly parallel to the strike of the foliation. 
Bearing in mind that the radioactive minerals on Steenkamps
kraal and to some extent on Roodewal, occur in zones of shea
ring, more than usual attention has been paid to similar fea
tures in the area. 

In general, the shear-zones or faults are charac
terised by recrystallisation of quartz and some degree of 
hydrothermal alteration of the feldspars, with the production 
of epidote, kaolinite, limonite and chlorite. The large fea
tures are generally quartz-filled, and some bear faint stains 

of secondary copper minerals. 
Post-alteration mineralisation of the shear

zones, if present, has taken place along the shear-planes at 
the expense of the easily replaceable alteration products. 
Such mineralisation has reached its best development in the 
known occurrences of monazite ore, but is also represented in 
other shear-zones in the area by barite on Uilklip, and dis

seminations of apatite and zircon, notably on IO..ein Banken, 
where concentrations of the latter mineral provide a higher 
radiometric normal than the surrounding metaquartziteo 

2. Post-Nama Structure 

Post-Nam.a tectonics are reflected in the long 
NNW.-trending ranges of hills in the area, which are the 
most striking features of the present-day topography. They 
are capped by Nama sediments which provide dip-slopes to the 

west and erosion scarps to the east (see Plates XXI, XXII). 
Flexure of the Nama crust, resulting in the formation of 
repeated folds with axes trending NNW., was followed by a 
lesser degree of flexure in a direction at right angles to 
the first, giving rise to canoe-folds, domes, pitching anti
clines and synclines along the axes of the main folds, and 
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Plate XXIII. -- Photomicrograph of flaser-gneiss subjacent 
to the Nama System, caused by differential 
movement between the crystalline basement 
and the overlying sediments during foldingo 
I'lane polarised lighto x 320 19684 9 Taf
elberg 1xtension No. lo 

Plate XXIV.- Exposed surface of Kuibis quartzite folded 
and dipping steeply towards the observer 9 

showing transverse tear-fractures resul
ting from flexure along limbs of syncline 
on Riet Kloof. 
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possibly to the dip-faults which occur in the Nama System. 
The folding has been accomplished by movement along joint
planes and fractures in the crystalline basement; flaser
gneiss and quartz-filled breccia containing parallel quartz 
veins has formed along the fold-axes for a few feet immedia
tely subjacent to the Kuibis Series (19684; Plate XXIII). 
Severely mylonitised or brecciated granite characterised by 
the development of epidote, chlorite etc., is frequently 
found some distance below the sedimentary contact. Quartz 
veins filling fractures and joints are sometimes prominent 
in the crests of folds in the Kuibis Series; typical tear
fractures resulting from flexure are shown in Plate XXIV. 

Distinct thinning of the Kuibis succession by 
attenuation has been observed on the steep limbs of nearly 
monoclinal folds wherever these limbs are still preserved. 
Fracturing and brecciation due to the sharp folding along 
the axes has favoured weathering and erosion, however, with 
the result that the structure as it exists suggests the 
action of regional step-faulting, as it was originally inter
preted by Rogers (1912, pp. 14, 31). The preservation of 
some folds, with the c.r.i teria referred to indicate, however, 
that this is not the case. Only one strike-fault was found, 
on Tafelberg Remainder, and this occurred as a result of the 
folding, not prior to it. The attenuated strata are some
times very difficult to locate, but they can be traced from 
the positions of the slight erosion terraces which they form. 

From the number of minor folds which exist within 
the major features, it is concluded that the Nama folding has 
resulted in the formation ofsuccessi-ve synclinoria and anti
clinoria rather than synclines and anticlines. Very steep 
dips in the quartzites may result from these folds, especi
ally where they pitch. The tectonics have given rise to 
contortion, overfolding, faulting, slickensiding and jointing 
of the strata, and abrupt changes in dip over short distances 
are sometimes necessary to accommodate these structures. 

On Brandewynslcraal, the crystalline and Kuibis 
rocks protrude through contorted Schwarzkalk shale. This 
feature suggests upthrusting of the basement along the axes 
of anticlinal folding which trend southwards from Riet Kloof. 
In another local "updoming" on Bushmans Graaf Water, the 
Kuibis quartzite protrudes through contorted Schwarzkalk 
shale and is actually overfolded to the south-west. It is 
inferred from these structures that wherever the shale 
appears to rest directly on the granite, as for instance on 
Leeudans, Tafelberg Remainder and Tafelberg Extension No. 2, 
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it does so because the underlying.Kuibis rocks have undergone 
severe attenuation. The feature is therefore interpreted as 
one of structure, and not of deposition on an uneven surface. 

Dip-faulting is characterised by brecciation of 
the quartzite and infilling by quartz and limonite. Owing to 
the erosion of exposed strata, displacement cannot be measured, 
but it is of sufficient magnitude to result in the preserva
tion in some cases of small areas of Schwarzkalk sediments on 
the downthrown sides. Slickensides are such a common feature 
that they are considered to result from differential movement 
along joints during folding, or from the collapse of the 
weathered crystalline basement beneath scarps of quartzite. 
A more reliable criterion for faulting is the extent to which 
brecciation has taken place. 

Post-Nama, pre-Tertiary(?) quartz veining para
llel to the strike of the Nama formations is prominent in 
the extreme south-west of the area. The vein contacts are 
unfortunately not exposed, but the presence of ferruginous, 
mylonitic material suggests that movement has taken place, 
and banding and comb structure in quartz indicate the filling 
of large fractures. The veins form slight ridges and terra~ 
ces where they outcrop above the soil-cover. A small occur
rence of quartz veining in the Schwarzkalk was found on 
Roode IQoof; mil~-cy quartz with comb structure is coarsely 
developed, filling joints and fractures transgressive to the 
bedding. This veining by milky quartz is no doubt related 

to the filling of fault-zones in the Nama System farther 
west. 

III.- The Monazite Deposit on Steenkampskraal 

A. History 

As far as can be ascertained, the deposit had 
long been lrnown to the local farmers, but had been dismissed 

as a small occurrence of iron ore on account of its dark
brownish colour. At some time prior to 1949, Mr. P.C. 
Schreuder of Vanrhynsdorp District, whose father had known 
of the deposit, handed a few samples of the ore to WJr. P.B. 
van Rhyn, who in turn referred them to Mr. M. Brink, his 
partner in a prospecting venture at that time. In 1949, 
Mr. S.A. le Riche, on Brink's behalf, sent samples for assay 
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to Johannesburg (to a bank laboratory?) and to the Cape Cop
per Company at Nababeepj Namaqualand. On learning from the 
latter that they might be zircon-bearing ore, he sent a fur-. 
ther sample to a friend in New York, who had it assayed by 
Dr. Bell of Lucius Pitkin, Incorporated. Dr. Bell cabled le 
Riche to the effect that the specimen was high-grade monazite 
ore. After ascertaining the nature and value of monazite, 
a proprietary company was formed by Brink and associates, 
and claims were pegged on the site of the deposit. 

In August, 1950, the deposit was investigated, 
surveyed and sampled by the author, and the geological survey 
of the surrounding area was begun. In November a permit was 
issued to th€ company, Monasiet en Minerale Ondernemings 
(Edms.) Beperk, to mine and export 1,100 long tons of ore, 
on behalf of the Minister of Mines. The first consignment of 
50 tons was despatched to Thorium Limited, London, on the 7th 
of December by Kava Impor't and Export Company, through 
Messrs. Dart and Howes, Cape Town. 

It had already become obvious, however, to both 
the Department of Mines and the company, that the latter 
lacked the experience and equipment to exploit the deposit 
adequately. When the permit expired in November, 1951, the 
.Anglo American Corporation of South Africa, Limited, was 
approached to prospect the deposit thoroughly on behalf of 
the comp~ny. On the strength of ore-reserves calculated from 
the results of diamond-dr~lling, the Corporation partially 
bought out the original company, and a new one, Monazite and 

Mineral Ventures (Pty.) Limited, was formed. This company 
was then granted permission to mine the ore, concentrate the 
monazite and export the concentrate on behalf of the Minis-

ter of Mines, and has since been operating successfully at 
Steenkampskraal. The rBle played by the Corporation in 
developing this proposition from a small, opencast venture 
to a smoothly operating mine and ore-dressing plant at an 
isolated point in the wastes of the Knersvlakte is described 
in detail by MacConochie (1947, pp. 95-100). 
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Plate XXV. - The western half of the ore- body on Steenkamps·
kraal as it outcropped originally, forming 
the dark-coloured ridge protruding from the 
lighter-coloured granite-gneiss surface. 

Plate XXVI.- The original outcrop of the ore-body (darkj 
stratified appearance) enclosing xenolit~s 
of altered granite-gneiss (light colourj 
around and to the right of the prospecting 
pick). Steenkampskraalo 
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B. Location, Size and Nature of the Deposit 

The ore-body is an elongated deposit near the top 
of a prominent koppie of porphyroblastic granite-gneiss*. 
It extends over the ridge of the koppie from east to west, 
slightly to the north of the summit, and it is best developed 
on the western slopes (Plate XXV). It dips fairly steeply 
southwards at varying angles depending on the attitude of the 
shear-zone which it occupies, but quite independently of the 
foliation in the country-rock. According to Bateman's clas
sification of ore-deposits, the Steenkampskraal ore-body 
constitutes a lode fissure replacement deposit (1947, pp. 
103-104, 364). 

The koppie is approximately 150 feet high, and is 
considerably steeper on the eastern than on the western 
slopes. An east-west trending zone of strong jointing has 
produced a slight saddle in the crest-line of the koppie 
towards its northern end, and the ore-body trends across the 
southern slopes of this saddle. The abrupt termination of 
the koppie to the north and south is due to t'wo more zones 
of east-west jointing and shearing, which have provided zones 

of relatively easy weathering. 

The ore-body has been emplaced epigenetically in 
the form of nearly parallel lodes and stringers which replace 
alteration products along a conspicuous shear-zone in the 
granite-gneiss (Plate XXVI). The shear-plane, at the su.rface, 
dips more steeply than the foliation of the granite-gneiss 

(see Map 4). The truncation of the foliation by the shear
plane is quite distinct, and a clear indication that the 
shearing was independent of the formation of the granite

gneiss. 

The deposit strikes due east-west for all prac
tical purposes, and it has a distinct, though variable, dip 
to the south, averaging 57° in the middle of the western 
half. The outcrop tends to conform to the general contours 
of the koppie, but each extremity shows a definite change in 
strike to the south-east and south-west respectively, which 
suggests a saucer-shaped attitude for the deposit. 

The outcrop of the ore-body is 933 feet long. 
The width varies from a few inches at the eastern extremity 
to a maximum of 13 feet in tbe middle, decreasing again 

~~ For the sake of brevity, the porphyroblastic granite
gneiss will be referred to as granite-gneiss from now on. 
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~t~ XXVII. - The widest outcrop of the ore- body on Steen
kampskraal 5 forming the dark-coloured 
Hblow 11 to the right of the Eativeo 

Plate Y~III.- View of Brinkvs prospecting pit 9 looking 
eastwards. The southerly dip of the lode 
is quite distincto The steep joints 
nearly parallel to the strike are post
mineralisation i~ age. The light
coloured material is altered granite-· 
gneiss ·wall-roe\:. Steenkampskraal. 
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towards the western end; a width of 40 inches is maintained 
as an average over the western half. The greatest width of 
outcrop is due to a local change in strike accompanied by a 
shallowing of the dip (Plate XXVII). 

At the time of the first investigation, the per
sistence in depth of the deposit could only be surmise~; 
a prospecting pit made by Monasiet en Minerale Ondernemings 
showed the ore-body to persist to a depth of 5 feet without 
decreasing in thickness (Plate XXVIII)o Shallow prospecting 
trenches, not more than 2 feet in depth, were made across 
the deposit at intervals along the suspected outcrop for the 
purpose of tracing its continuity, and also at the western 

extremity, but these were too shallow to reveal its beha
viour. Diamond-drilling by the Anglo American Corporation 
subsequently proved the continuation of the ore-body in 
depth to over 400 feet measured vertically from the surface. 

Variations in the width of the bore-hole inter
sections were interpreted as resulting from the pinching and 
swelling of the ore-body, laterally and vertically, in the 
same way as it does on surface. This has since been borne 
out by underground development. The depth of the intersec

tions showed the dip to decrease markedly after a certain 
depth, then to increase again to its former angle, and to be 
generally steeper on the western than on the eastern extre
mity. This has also been borne out by underground develop

ment (see Fig. 7, p. 60). 

The original ore-body stood out from the country
rock in marked relief (Plate XIV), revealing more resistance 
to weathering than the surrounding jointed and sheared 
granite. The dark-brown colour of limonite-stained monazite, 
with occasional green patches of secondary copper minerals, 
also provided a conspicuous contrast in colour from the 

light-coloured granite-gneisso 

C. Prospecting Methods 

Prospecting done under the supervision of the 
author during 1970 was restricted to the making of shallow 
trenches across the strike of the deposit as described, and 
to traversing it at regular intervals with a Geiger-Mtiller 
counter. The purpose of these radiometric traverses was to 
determine whether the country-rock contained any radioactive 
material as well, and whether the ore-body could be traced 
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in depth through any anomaly recorded on the hanging-wall 
side of the deposit. The results proved negative in both 

cases, but were nevertheless valuable in that they indicated 
the extent to which float from the deposit was distributed 

(see Fig. 4 and Map 5)o The instrument used was a Victoreen 
263A ~- and Y-Field Counter. Y- and ~+Y-radiation was recor
ded at intervals of Spaces along traverses 25 to 35 yards 
apart, as nearly perpendicular to the deposit as possible. 
The length of each traverse was made from background radia
tion on one side of the deposit to background radiation on 
the other side (see Map S). 

.i 

/0 0 10 ~o so 60 70 ao 
No-RTH Paces hom deposit .50UTH 

Fig. 4.- Average radiation from seven consecutive traverses 
over the western half of the Steenkampskraal 
monazite deposit. 

As the results of sampling done by the author 
were promising, it was suggested that a series of diamond
drill holes be sunk on the hanging-wall side of the deposit 
to intersect it at depth. This drilling programme subse
quently formed the basis for the prospecting carried out by 
the Anglo American Corporation. The results were used to 
calculate ore-reserves of at least 2SO,OOO tonsj and at the 
same time information was obtained about the tenor of the 
ore at depth, and the behaviour of the ore-body. 
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No. roes . 

60 
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-608' 

-600' 
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1 

2 

3 

4 

5 

.. .. . .. ... ... ...... . ~ ..... .. .. . . . 

60. 
60 

6 90 

Table Noe J.- Results of Diamond-drilling on Steenkampskraal 

Depth of Intersection Thickness of Intersection Depth Stopped 

Inclined from surface 

208' 

282' 

to 211' 

to 284' 

25(:}.' . 2 11 to 259 I 

31 7 I to 321' 

Vertical from datum 

-788 1 l.J" to -790' 8.4" 
•· •··· · 

-844' 2o41i to --846' 0.0" 

Inclined 

3' 
2' 

0. 0" 

Q • ou 

• ..... .... . ..... .. -•• ··•··· • .. · ·• ·· · •·•·· ·· · .. .. · ··• . ......... .. ..... .. .... ... ... ... ...... ... .... . .... 1 ... , . ............ ... . 

-8.?.9' . .. 9•?" tO -83?' .. J.§il 2 1 10.Qil 

-899' 7.2'' to -903' 0.0" 4' o. 0 11 

.. ~ .. ...... . .. .. .. .. ...... .................................. ; . 

Vertical • True 
!Inclined ;Vertical: 

from : from 
surface • datum 

Details 

2' 7.ln 

l' 9. 6 11 

1 I 11. 0 11 ; 

l' llo 9 11 

606' 
··········••···"·········· ····•" ' ............... .. ................. ····· ·• .. " ··•• ·••···· · .. ............ ..... . ... . 

2 t 6 • 0 I I 27,~ I . 

3' 340' 

422' 

-878' 

-884' 
-1093 I No lodeo 

. ~~.49 I 

-919 I . ·10~·-6li ···In'On8:Zif·e "6're""7 .6 0 9ff 
y~as-te /...J.' 2. .• §11 monazi te ore. 

-1021' · No lode. 

...... . .7... ...... ; ........ 9..9. .... ~ ...... ~?.9.~.' ............... ; ............ ?.?.?. ... ' ..................... ~?. . 256' s ... .. o .... ' .. ' .................... , ........ -.. ... s ... .. 6 ...... 4 ...... ' ........... o ...... · ..... o ...... ' .. ' ....... t ...... 0 ......... -...... s ....... 6 .......... ' .......... s ....... · 9..'.' .............................................................. .... . ~ .. '. .... §.~ .. 9.'..'. ... ..... ? .... 1, 2.9 11 
. 8 60 -646 I 350' -949' 1. 3" ........... ......................... ~ ............. 4 .. 5·0 .. ; ....... ; ........ =·;:·;·36' ... Thne·r•aiise .. cf ·zone Just ·rec·og .. .. 

9 ··· ..... -r ···6·o -6 5.5 ,· · · .. . .... .. .. ~r5t3 i · · 9" to 210, 4. 5" ....... ... ; ....... =·s~19 i · i".: .. 3i, ... ·t; ·~13s·g, 2~4-·i·,.... 
1 

11, 1-. 5" 10, 1.1 1' .10, 4 ~ .. ~ii·;· .. : ... .......... i~if.i ....... i·· .... ... =gi~i"• .. ·±·t·i!~·~·!i· gr.anit'ic ..... ~.ast e ........ .. · 

........ ;, , " .. "' ........... """ -~-. . . . ........ ........... ... . ·•··· ····•·· ...... ····· ...... . : ; 

t
.o .... _ ... . l .. 0 .... .. 4 .. ... 4 ...... , ......... 7 .......... 2 .... , .. , ........... ~ ......................................................... '.',,: ......... ................ .. ........................ , ... ·•···· .......................... .... .................... . 

. :!:.~... \ 60 . -7g'. .. , ,. J~2'. , t() )~2 ' . ?• ?.'' ......... :1()_44 I .. 4 • <J'.'.. .. . ......... . . ,. '.;.····· .......... .. .................................... , . .. 9. .. '. ........ ? .. 0 
.. 5.''. ..... : . 0 

1 
... ?.~ .~II 

12 60 -710' 228' ? -908' 2. 6 11 ? l' 6. 5" 
· ···••i · •· • ' ............. . ........... ........... ....... .... .. .. ... . 

13 45 -609' t Q 2 38 I 6 • 5 II -777' 2.6" to -777' 8.4" 0' 6. 5" 0' 5.8 11 0' 6. 511 

Table No. 4.- Calculation of Ore-reserves to a Depth of 10 feet 

: 
Footage •Length Average '. %eTh02 Average Aver- : Short tons 9 

along in true %eTh02 
S. G. age assuming 10' 

deposit feet width (sampling) S.G. penetration 

523 - 572 49 41" 5. 559 3.86 : 

6.415 5.987 4.60 4.23 220.6 
: ·· •······• ·•· ···•"•'·•···· ........ ,. ..... . ........ .. .. , ... , .................... ,., . .... , •·••· ........ ,. ....... , .................. ... ........ 
i 

296 - 439 143 6 5 II 6.755 
: 

6.586 4.01 
I 

4.571 

6.290 6.051 4.25 4.13 : 997.0 

Total short tons running + 6. O%eTh02 ... ,:, 0 0 0 e 0 1217.6 -
' 

173 - 222 49 39'' 4.804 < 4. 804 4.20 4.20 208.6 
: ....... ..... .. , ... . .. ... ........ .. .. ..... . . .... .... .... . , .•. .. ........ · ······ . . .. . ....... .... .. 

90 - 151 61 39" J.419 > 3 ° 419 3.75 3.75 231.9 
: 

Total short tons running + 4.0%,eTh02 ......... 440.5 -

......... , .. 
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The results of the first thirteen bore-holes 
appear in Table No. 3, where the depths of intersections are 
given both from the surface of the ground and from an arbi
trary datum 2 1 000 feet above sea-level. The sites of the 
bore-holes are shown on Map 5. 

D. Sampling 

In order to effect comprehensive assays of the 
thorium-content in the deposit, it was chip-sampled across 
its width at intervals of approximately 50 feet, as shown in 
the assay sheet (Map 6). The samples, taken over widths of 

5 to 14 inches, were finely ground and radiometrically 
assayed for equivalent Th02 relative to a standard sample 
contJ.}ng 4. 6% Th02 and 0. 04% U 

3
08 • The accuracy of the stan~

dard later became suspect, however, and on being chemically 
assayed, it proved to have a radioactive content higher than 
that quoted. A suite of the samples was then radiometrically 
assayed using a standard obtained from Thorium Limited, Lon
don, containing 5.6% Tb.02 and 0.11% u3o8 , and a factor was 
calculated from the results, with which the values previously 
obtained from the other samples could be corrected. The 
resviting percentages were converted into inch per cent 
values; these were corrected for dip, and were then plotted 
on the assay sheet. 

Four sections of the deposit yielding a true 
channel-width of 30 inches and over have been indicated on 

the assay sheet. Specific Gravity determinations on samples 
from each of these four sections enabled approximate ton
nages at an average per cent value to be worked out, assu
ming a depth of penetration of 10 feet without change in 
channel-width. The results (see Table No. 4), calculated 
to a depth of 10 feet, indicated an ore-reserve of:-

1,200 short tons running+ 6% eTh02 

400 it n 

The results of underground sampling by the Anglo 
American Corporation on the 100-foot level of the mine have 
been indicated graphically on the assay sheet as well. 
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E. Country-rocks 

1. Porphyroblastic Granite-gneiss 

(a) General Description 

The granite-gneiss which forms the country-rock 
to the ore-body is fairly typical of that occurring through
out the area. 

Porphyroblasts of microperthite up to 10 ems. in 
length are set ·in a medium-grained ground-mass of orthoclase, 
quartz, plagioclase and accessories. The texture varies 
from that of an equigranular to that of a porphyroblastic 
granite-gneiss, and the composition varies in respect of the 
accessory minerals garnet, biotite, chlorite, titaniferous 
magnetite and ilmenite. The ore-minerals and garnet are 
generally well disseminated. The granite-gneiss is somewhat 
banded on its contact with the ore-body due to varying deg
rees of impregnation by limonite and green copper minerals. 
Differences in texture and mineralogy are gradational; the 
features which display these differences are relatively 
small, and they are so irregular and unrelated that it 
proved impossible to map them separately. 

The foliation is provided by the grains of bio
tite and quartz in flow-layers separated by sub-orientated 
porphyroblasts, with the result that the rock often resembles 

an augen-gneiss in appearance. Mica-free quartz-feldspar 
schlieren also separate the flow-layers. 

The lineation, where apparent, is brought out by 

elongated aggregates of recrystallised quartz and stringers 
of garnet, and by the sub-orientation of the porphyroblastso 

The structure of the granite-gneiss forming the 
koppie, relative to the regional directional features, is 
indicated in Map 7. The 99Whorl" which becomes evident on 
tentatively joining the strike-lines of the foliation might 
suggest some structural wea1mess with which the shearing or 
mineralisation, or both, could be associated, since it is not 
a common feature in the area. 

Pegmatites in the granite-gneiss are character
ised by pink feldspar. There is no apparent control •with 
regard to their emplacement, for they display no definite 
trend, have gradational contacts, and are jointed and sheared 
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together with the rest of the granite-gneiss. The aplo
granite has similar features, but is generally interfoliated 
and shows the striking development of almandine in clots and 
aggregates up to 2 inches in size, in contrast to the finely 
divided garnet in the granite-gneiss (see Plate VII). Pegma
titic material occurs in the mineralised shear-zone at the 
first pinching out of the ore-body east of its thickest expo
sure, and at its western extremity. In places this material 
exhibits slickensides and alteration along with the granite
gneiss. 

Near the eastern end of the deposit and strati
graphically above it, dark-coloured bands of biotite granu~ 
lite transgress the foliation of the granite-gneiss (Plate 
XIII). They vary in thickness up to a maximum of 3 inches, 
but are persistent and may be traced up to 300 feet or more 
along the strike. They trend roughly east-west and dip to 

the south. Only one was suitably exposed for plotting on 
the field-sheet (see Map 4); it dies out to the east, but 
its western end was covered by scree and could not be traced 
farther. 

The main constituents of the biotite granulite 
are microperthite, andesine and biotite, containing well
developed sagenite; accessory minerals are apatite, magne
tite, pyrite and zircon (16882, 17941). The biotite is usu
ally altered and replaced by the first three accessories. 
The origin and rBle of these transgressive granulites has 
already been discussed. 

During underground development on the 200-foot 
level of the mine, the face of the east drive at one stage 
gave a dip-section of these granulite bands transgressing 
the granite-gneiss foliation, and the ore-body transgressive 
to both the granite-gneiss and the granulites 7 thereby bear
ing out the age relationship once more. The bands of granu
lite have undergone alteration in the vicinity of the shear
zone in the same way as the granite-gneiss has. At the sur
face, these bands weather more easily than the granite 1 and 
give rise to zones of wealmess in the more massive rock (see 
Plate XIII). 

(b) Joints and Shears 

There are three main zones of joints and shears 
in the granite-gneiss (see Map 4). The middle zone forms 
the saddle already referred to, and is bounded on the north 
and south by two conspicuous bands of sheared and altered 
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granite, the monazite ore-body occurring in the better deve
loped southern one. The other two wider zones constitute 
the southern and northern slopes of the koppie. Each is 
separated from the others by comparatively massive rock which 
forms the highest points of the koppie, but in the zones 
themselves, shear-planes and well-jointed areas may be sepa
rated by more massive granite-gneiss as ·well. Each zone has 

dominant jointing in an east-west direction, and two or more 
transverse directions of lesser magnJf'itude. 

The joints dip at varying angles, in general 
towards the more massive granite in the middle of the koppie. 
In the southern zone they dip steeply northwards, and in the 

northern zone they dip southwards, becoming vertical in the 
middle zone. Conspicuous quartz veins occur in the southern 
zone, presumably along similarly trending joint-planes. 

The joints in the massive granite-gneiss were 
mapped for a radius of about 100 feet about the beacon GRAN 

(see Map 4), and some idea may therefore be gained of the 
frequency of their occurrence in the well-jointed zones. 
The azimuth diagram of these joints (Fig. 5) indicates their 
even distribution in the more massive granite, relative to 
the main direction of shearing. Most of the joints striking 

north-south and ENE.- WSW. appear to be Q- and S-joints, 
because they are perpendicular and parallel to the lineation 
respectively. East-west jointing which is unrelated to the 

N 

w E 

Fig. 5.- Azimuth diagram of joints occurring 
in massive granite-gneiss, Steen
kampskraal. 

primary flow-features of the granite-gneiss, however, 
becomes dominant as the shear-zones, which also trend in 

that direction, are approached. These east-west-trending 
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joints, therefore, appear to be related to the shearing of 
pre-mineralisation age. On the other hand, joints are also 
developed which intersect the ore-body, but are not filled 
by alteration or epigenetic products; these must therefore 
be of post-mineralisation age. In particular, steep jointing 
has taken place at a slight angle to the strike of the 
deposit, corresponding in trend with the east-west joints in 

the immediate granite-gneiss. Post-mineralisation transverse 
joints also occur in the ore-body but they are not well deve
loped. 

Shearing has in each case produced a characteris
tically fine-grained, greenish myloniteo There is often a 
dark-coloured, ferruginous, schistose core to this material; 
vein quartz, flinty material and aggregates of brecciated 
quartz and feldspar make up the rest. Gradational alteration 
increases from the granite towards the core through breccia
ted feldspar, recrystallised quartz and chloritic material. 
The zones of shearing vary in size from a few inches to a 
few feet in width, and from a few yards to over 900 feet in 
length; -their extremities pass into joints. 

Apart from the best-developed shear-zone in which 
the monazite mineralisation has taken place, none of the 
mylonites in the other shear-zones is radioactive. 

The examination of thin sections cut from differ
ent mylonites provides interesting results (18127-18132). 
It is difficult to generalise about their properties, since 
the degree of deformation, recrystallisation and replacement 

by younger minerals varies from shear to shear, but the fol
lowing is a summary of their characteristics. 

Essentially,. the sheared material consists of a 
fine-grained ground-mass of alteration products derived from 
feldspar and mica viz. sericite, chlorite and quartz 9 the 
original feldspars are sometimes preserved as augen, rolled 
out between grains of quartz, but they are seldom recog
nisable. Sericite forms spherulites and ophitic intergrowths 

with quartz, indicating complete recrystallisation of the 
sheared and altered granite-gneiss. Quartz is the youngest 
mineral present, and is well-developed, replacing the ground
mass. The crystals are usually zoned or show internal 
recrystallisation shadows between crossed nicols. Narrow 
veins transgressing the quartz are lined by layers of chal
cedony, sometimes limonitic and often containing a limonitic 
core. Magnetite has been alterec to limonite and leucoxene. 
Euhedral apatite, and rounded to euhedral zircon, strongly 
zoned, have been introduced and are disseminated throughout 
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Plate XXIX.- Recrystallised but unaltered porphyroblastic 
granite-gneiss near the sb_ear-ple"ne 9 show
ing linear recrystallisation of quartz in 
feldsparo Sc2le in inches& 
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the ground-mass. Their association with the more coarsely 
grained mylonite and truncation of flaser-structures may be 
indicative of post-deformation mineralisation. 

(c) Altered Wall-rock 

( i) General. The altered granite which the ore-body repla-
ces is confined to the zone in which shearing took place. 
It seems likely that a number of parallel planes of movement 
were formed, between which horses of granite-gneiss remained. 
These now appear as xenoliths completely surrounded by ore. 

The degree of alteration in the granite-gneiss 

increases towards the ore-body. The feldspar first becomes 
red and is then replaced by sericite. The plagioclase gives 
way to epidote or zoisite, and they in turn to chlorite. 
The biotite is altered to chlorite as well, and chlorite and 
the ore-minerals to limoni te. Where the altered wall-rock 

remains unreplaced by ore, it is represented by a structure
less aggregate of quartz and clayey matter, stained various 
hues by secondary copper or iron minerals, or both. This 
material has been encountered in masses up to 3 feet thick 
on either side of the ore-body in the 200-foot level east 
drive. Quartz remains as nodules in the clayey mass which 
represents the original feldspar, and which contains spots of 
ferruginous matter representing the original biotite. 

The degree of alteration is, however, not con
stant either laterally or vertically. As a rule the irQ11le-
diate wall-rock is very soft, but there are places under

ground and on surface where the alteration is restricted and 
the recrystallisation of the granite-gneiss is quite dis
tinct. The recrystallisation is best observed in the quartz 

but is also apparent in the feldspar, and as in the case of 
the alteration, increases in intensity from the granite

gneiss towards the ore-body. The most common product is a 
granophyric granite composed of deep-red feldspar intergrown 
with.sub-graphic, linear, vitreous quartz (Plate XXIX). 
This type may also give way to very coarse development of 
the feldspar, in which case the rock resembles pegmatite. 

Brecciation of the wall-rock followed by recrystallisation 
has given rise locally to the formation of aplitic material 
characterised by very red feldspar. On the 300-foot level, 
recrystallisation has in places proceeded in conjunction 
with the shearing movement, and has produced a hartschiefer. 
Transition phases occur between the latter and the foliated 
granite-gneiss. The tendency to banding, through recrystal- • 
lisation of both quartz and feldspar 9 becomes stronger 
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Plate XXX. - Recrystallised porphyroblastic grani te~-gneiss 
wall-rock (hartschiefer) at shear-plane, 
showing distinct bands of quartz and feldspar 
giving way to bands of quartz and talcose 
materialo Scale in incheso 

Plate XXXIo- Veins of malachite in massive chloritic wall
rock. x lo5o Steenkampskraalo 
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towards the shear-plane. The feature is the more striking 
because the apparent ::1eachingn of either of the two mine

rals in different phases presents a massive 7 relatively 
quartz-free feldspar rock on the one hand, and a banded, 
relatively feldspar-free quartzose rock on the othero In 

hand-specimen, the hartschiefer is well banded as a result of 
the alternating zones of quartz and feldspar, the latter 
becoming altered and giving way to chloritic, talcose mater
ial. at the plane of shearing its elf (:Plate XXX). 

The alteration which has been described is appli
cable to both foot-wall and hanging-wall.granite-gneiss. 

At the surface the wall-rock is very distinctly fractured and 
weathered, and it is generally represented by ferruginous, 
chloritic quartz-clayey matter, containing locally-developed 
bands of dark-coloured secondary minerals. Slickensides and 
striated veneers of secondary minerals are common. Quartz 

veins are generally shattered and are stained by limonitic 
material. Stringers of malachite vein massive chlorite and 
talcose material (Plate XXXI), and have also developed in 
cracks in the adjacent unaltered granite-gneiss; other cracks 
are filled by azurite. Lining the veins of malachite are 
thin layers of a soft, apple-green~ mamilliform~ talc-like 
mineral~ which is probably another secondary copper compound. 
Apart from the effect of surface weathering, there is very 
little difference between the surface and the underground 
wall-rock. 

A mottled, green rock occurs in the stopes be

tween the surface and the 100-foot level, consisting of 
partially altered feldspar replaced by malachite. The mot
tling is enhanced by the irregular dissemination of monazite 

ore in the rock (see Plate XXXII). 

Secondary haematite resulting from the alteration 
of titaniferous magnetite occurs in fine to coarsely crystal
line aggregates, especially in the foot-wall, and shows ready 
alteration in hand-specimen to whitish leucoxeneo The foot
wall underground is especially characterised by the develop
ment of massive, red feldspar in granophyric or pegmatite
like rock. It contains disseminated and often coarsely
developed sulphides, and often bands of haematite, chloritic 
material and stringers of ore as well. The most striking 
development of hartschiefer was also observed in the foot

wall on the 300-foot level. 
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Plate XXXII o - Nonazi te ( dark 9 granular) and malachite 
(grey) impregnating altered feldspar 
(light-coloured) 0 ttMottled. ore i: . 
Steenkampslcraal O Scale in inches. 
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(ii) Petrography. Tbe following thin sections were out 
from samples of the wall-rock:-

Hanging-wall - 17942,17944-17946, 18118-18126, 
18136. 

Foot-wall 17943, 17947-17949, 18111~181177 
18141, 18148, 18152. 

Of the feldspars, orthoclase is generally more 
altered than plagioclase. Cleavage-traces can still be 
recognisedj but they are distorted and have been filled by 
alteration material. The orthoclase is translucent: pale 
brick-red in colour by reflected light, and brownish-red 
with a pitted surface by transmitted lighto The colouration 
becomes less away from the ore-body, and is attributed to 
the introduction of secondary iron oxides resulting from the 
alteration of the ore-minerals already present in the 

granite-gneiss. 

The main alteration product is sericite, passing 
into small but distinct plates and laths of muscovite, some-• 

times in fibrous and radiating aggregates. Iron and copper 

sulphides and iron oxides are disseminated throughout the 

altered parts of the feldspar, replacing it irregularly. 

Plagioclase may be recognised by its character
istic polysynthetic twinning even when highly altered. Even 
where the subhedral plagioclase crystals are entirely repre
sented by alteration products, it is still often possible 
to recognise their original outlines. The alteration pro
ducts which can be identified are sericite, epidote and 
zoisite (Plates XXXIII, XXXIV). They are geneially very 
fine-grained in the body of the plagioclase; discrete 

grains of epidote and zoisite have developed externally to 
the plagioclase in the ground.-mass as well. The most stri
king occurrence of epidote is in the highly altered rock 
containing disseminated ore-minerals at the eastern e::tre
mi ty of the ore-body. The presence of epidote seems to be 
characteristic of the wall-rock alteration at the present 

ground surface and at shallow depth .. It occurs in irregu
lar zones and aggregates (16679, 16680), and is concentra
ted with other alteration products in the vicinity of the 
introduced ore-minerals. 

Zoisite occurs together with the epidote, and 
in the same manner, in the thin sections cut from drill 
cores at the intersections of the ore-body in depth (18503-
18511). It is distinguished from epidote by its positive 
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interference figure. Its concentration around xenoliths of 
wall-rock might be the result of interaction between the 
latter and the Ca-rich phosphate ore (18510). It is slightly 
pleochroic from pale green to pale olive-green, with absorb
tion ~>a. The alteration of plagioclase to zoisite along 
cracks and cleavages is striking, and there is also distinct 

alteration of zoisite to chloriteo 

Biotite shows the greatest resistance to altera
tion, being in some cases the only remaining representative 
of the wall-rock. The flakes may be very deformed, yet show 
no alteration. Usually, however, the biotite occurs in cor
roded or truncated fragments surrounded by zones of epidote 
and chlorite. It is altered to different degrees to chlor~ 
ite, and its replacement by the metallic oxides and sulph
ides increases in intensity towards the ore-body. Some 

basal sections show sagenite inclusions partly altered to 
leucoxene by reflected light. Streaks and flows of much
altered bioti te in quartz are now largely represented by 
secondary iron oxidos which preserve the original lath-like 
outline of the mica" Chlorite occurs in fibrous aggregates~ 
spherulites, flakes and laths, and sometimes in small veinsj 
throughout the altered rock. Intergrown sericite and chlor-

. ite are occasionally observed ne&r quartz. Iron and copper 
• sulphides and iron oxides frequently replace biotite and 

chlorite. The impregnation of the micas by these ores along 
their cleavage-planes is very conspicuous. 

Quartz is the youngest primary mineral. It 
often replaces the older rock extensively as irregularly 

shaped bodies having rounded contacts. 11 :Flow structure a 

parallel to these contacts is not uncommon, and there is 
evidence that shearing took place obliquely to the direction 

of lineation of the quartz grains. The bodies of quartz 
vary in size from granules to veins 3 feet long and a few 
inches wide. 

Fine veins of siderite a few millimetres wide 
transgress the altered wall~~rock in some localities (18151). 
They probably represent a very late stage of mineralisation, 
since they are younger than all the foregoing minerals~ yet 
they have undergone sufficient alteration to become stained 
by ferruginous matter in places. The individual crystals 
are very small, and give rise to comb structure in the veinsj 
growing perpendicularly to the walls from all sides. A rough 
determination of the refractive indices by the immersion 
method gave E ~ 1.630, w > 1.790. A wet test for iron by 
precipitating the hydroxide was positive. 

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



Plate x:J:XV.- Parallel veins and stringers of monazite ore 
in feldspathio wall-rook. Steenkampslcraalo 
Scale in inoheso 
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2. Nama Rocks 

The base of the Kuibis Series is exposed in an 
elongated outcrop striking north-south and dipping to the 
west, 325 feet from the vrestern end of the ore- body. The 
Kuibis rocks are definitely not in contac"t with the ore-body 
at present, and taking into account the amount of dip of the 
sediments, the difference in altitude between them and the 
ore-body, and the restricted distribution of float from the 
latter, it seems doubtful that they ever could have been in 
contact with the ore-body. However, the erosion that re
moved so much of the Nama rock could hav9 removed much of 
the ore-body as well, thereby creating the impression that 
the two could not have been in contact. Radiometric traver
sing across the drainage pattern from the ore-body has, how
ever, failed to reveal such quantities of detrital radioac~ 

tive material anywhere within the surrounding area. 

Lithologically, the Kuibis Series comprises 
coarse-grained arkose at the base forming a clearly sedimen
tary contact on weathered and well-jointed granite-gneiss; 
this is follm•rnd by feld.spathic sandstone and feldspathic 
quartiite. A horizon of ferruginous sandstone occurs some 
distance above the base of the series. It is fairly persis
tent, varying in thickness up to a few feet, and varying 
between coarse and fine arenaceous phases. None of these 
sediments contain any radioactive material~ 

F. Geology and Mineralogy of the Deposit 

1. Structure and General Geology 

The relationship of the ore-body to the hydro
thermally altered material in the shAar-zone has already 
been mentioned briefly. The ore-minerals occur in a lode 
which swells and pinches within the confines of the shear
zone, and in places pinches out altogether. This is partly 
due to a mere lack of ore-minerals at these points, or due 
to post-mineralisation faulting along the direction of 
strike. 

In places, veinlets and stringers of ore are 
developed in the wall-rock parallel to the lode, but these 
are generally confined to a total width of less than one 
foot on either side of it (Plate X:XXV). The contact between 
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Plate XX.XVI.- Contact between monazite ore and altered 
- feldspathic vfall-rock. Plane po1arised 

light. x 32. 18143 9 Steenkampsh.rraal. 
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ore-body and wall-rock is, in general, well defined (klate 
XXXVI)o An exception to this rule was first encountered at 
the eastern end of the outcrop. Here, disseminated ore 
occurs in altered granite over a width of some 13 feet, 
giving rise to a dark-coloured rock in which epidote is par
ticularly well developed (16679 9 16680)0 Development on the 
300-foot level of the mine has revealed more mineralisation 
of this kind in patches; the ore is very well disseminated 
in both altered and unaltered wall-rock beyond the confines 
of the shear-plane, and is dressed with difficulty in the 
plant as a result of the toughness of the enclosing unal
tered granite-gneiss. The frequency wit~ which this type of 

mineralisation is encountered appears to increase with depth 0 

The sharpness of the contact between the ore-body 
and the wall-rock is otherwise characteristic, and, when 
viewed in thin section, is very striking, especially in the 
case of narrow stringers. This is especially true of the 

"phosphate ore" consisting of monazite, apatite and zircon; 
the metallic oxides and sulphides are in general better dis
seminated~ and the replacement of the wall-rock by dissemi
nated sulphide is very common. 

The ore-body clearly truncates the granite-gneiss 
minerals, and their alteration products are concentrated 
along th~ contactso In thin section, the contacts are some
what scalloped and mamilliform. Xenoliths of country-rock 
in the ore are not uncommon near the contacts, and the ore 
often contains quantities of chloritic material in parti
cular. Read's suggestion (1951, p. 12) that the ore-bocy 
may be n ••• at the same time a subtraction rock and a resis
ter. o." invol vec_ in the regional grani tisation of the 
Archaean Complex, must therefore fall away in the light of 
this clear evidence for epigenetic empl2cement. 

That the emplacement and form of the ore~body 
has been controlled by pre-mineralisation faulting is quite 
definite. The ore-body bas also been affected by post
mineralisation movements of different ages. The earliest of 
these occurred after the introduction of zircon and the 
phosphate minerals monazite and apatite. Thin sections show 
the brecciation of well-formed monazite and apatite crystals 
along the planes of movement, and the subsequent filling of 

the shear-zones by the metallic oxides and sulphides; the 
latter mtnerals form well-defined veins in the ore-body on 
a megasoopic scale as well. Magnetite is especially promi
nent, and quartz is usually presento In this connection it 
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might be added that the unbrecciated side of a shear is gene
rally characterised by more iron than copper minerals, and 

the brecciated side by just the reverse. The shear-zones 
which carry sulphides also contain fragments of country
rock. These probably represent xenoliths originally present 
in the ore-body, and they may have provided planes of weak
ness along which shearing could take place. 

Fauiting later than the iron and;copper miner
alisation has affected the ore-body as a whole. Renewed 
movement along the original mineralised shear-zone has been 
partly responsible for the attenuation and eventual pinching 
out of a section of the ore-body on either. side of the winze 
between the 100-foot and 200-foot levels; the magnitude of 
movement is, however, not so large that the traces of miner
alisation are entirely obliterated. lt inor strike-faults 
have also displaced the ore--body locally, and dip- and 

oblique-faults displace it a few feet from place to place. 
The most prominent of the latter is encountered in the 
inclined shaft and the 300-foot level west drive, striking 
SSE.- NNW. at a slight angle to the trend of the ore-body; 
the southern side of the fault is downthrown (see Figo 6). 

t 
• 

-f.- F4u/t 

:F'in;. 6. - Post-mineralisation normal fault encountered on 
300-foot level. The trace of the ore-body is 
drawn at the same altitude as the roof of the 
drive. 

The fault-zone is filled by quartz, and the sheared granite
gneiss is replaced by recrystallised quartz~ chlorite and 
talcose material. Minor strike--faul ts parallel to the major 
fault were frequently encountered during development. A 
quartz vein in the granite-gneiss near the fault contains 
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calcite and fluorite; the latter mineral is also dissemina
ted over a few feet in the granite-gneiss in the south wall 
of the drive. 

The ore-body in this part of the mine has a 
variable thickness but is generally narrow, of the order of 
a few inches. As shown in Figo 6, the lode bifurcates and 

encloses a horse of granite-gneiss; the lode-minerals have 
formed in a ferruginous breccia of pre-mineralisation age. 
The lode is somewhat discontinuous around the horse and the 
structure is difficult to visualize. 

Between the 100-foot and 200-foot levels the dip. 
of the shear-plane and of the ore-body flattens considerably, 
producing a distinct "roll 11

, and then steepens again towards 
the 300-foot level. In general, however, the dip of the ore
body steepens to the west and flattens to the east. The 
"rolln is encountered at increasing depths westward, being 
near the 300-foot level in the westernmost portion of the 

mine (see Figs. 7 and 9). 
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J?iP-. 7. - Diagrammatic representation of the skeleton layout 
of the mine, relative to the structure of tb.e 
ore-body. 
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In the 100-foot level west drive, development 
proceeded until it eventually found itself surrounded by 

monazite ore. When wall-rock was again encountered, it was 
thought that a major dip-fault, which had abruptly truncated 

the ore-body, had been intersected. Development accordingly 
'
1 turned leftH ( south) along joints and fracture planes ( the 
supposed fault-zone) in the granite-gneiss, but was stopped 

after a few feet (see Fig. 8). The author could not find 
any criteria for a fault of such magnitude, since the charac
teristic brecciation of the granite-gneiss was especiaily 
conspicuous by its absence. It was suggested to the mine 
manager that development had actually proceeded through the 

contact of the ore-body into the wall-rocko Bearing in mind 
that the ore-bocy's strike on surface suddenly changes south
west at its western extremity, and that the foot-wall contact 
is typically altered and red, it was not surprising, there
fore, when diamond-drill holes in the eastern wall of the 
drive encountered the ore-body again a few feet away. This 
proved that the drive had actually been developed through 
the foot-wall and not through a major dip-fault zone. 

Fig. 8.- Diagram of the development at the 
western end of the 100-foot 
level west drive. 

Between the 100-foot and 200-foot levels in the , 
extreme western part of the mine, the ore-body splits into 
tvrn branches, both of which dip southwards, with many para
llel offshoots. In the western faces of the 100-foot level, 
the 200-foot level and the sub-levels between them, the main 
lode or lodes divide into stringers and pinch out. There is 
no reason, however, why continued. development along the zone 
of shearing and alteration should not yield more ore after 
the manner of that encountered elsewhere in the mine. 
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The changes in strike of the ore-body along the 
100-foot level west drive are accompanied by marked local 
steepening in dip of the shear-zone. The assay sheet 
(Map 6) gives the variation in dip as reported by the Anglo 
American Corporation during developmente A "probable true 
dip 1

' has been indicated as well on the strength of the 
author's own measurements, to compensate for the apparent 
erratic variation in the dip over short distanceso The 
swelling and pinching of the main lode provides contacts 
which are not always strictly parallel to the actual dip of 
the ore-body; the inadvertent measurement of the dip of the 
contacts 9 therefore, has been respons.ible for the VB,riation 

obtained. The variation in true width of the ore-body along 
the 100-foot level is also indicated in inches on the assay 
sheet. 

It may be tentatively stated that the thickest 
development of ore is encountered at sudden changes in the 

dip or strike of the shear-plane. Theoretically such points 
would, through normal faulting and differential movement, 
afford a greater separation between the adjacent walls 
(cf. Bateman 5 1955, p. 113, and Newhouse, 1942, Po 16)o 
Considering j for example, the 99 roll II referred to, the 
differences in dip may well have accounted for the better 
mineralisation that has so far been encountered between the 
surface and the 100-foot levelj and between the 200-foot 
and 300-foot levels, than between the 100-foot and 200-foot 

levels (see Fig. 9). 

N 

+ 

+ + + + 
i?OOh. 

+ + + + + + 
300/'t 

+ + + + + + + 

F'ig. 9 o - Ideal section of a widening shear-zone of the 
type encountered at Steenkampskraalo 

+ 

Post-mineralisation movement has further served 
to accentuate the attenuation of the ore-• body along the 

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



- 63 -

"rollH, and although there is local brecciation and trunca
tion of the ore-body here 9 no corresponding enlargement of 

the shear-zone elsewhere was observed; this could have been 
indicated by some other mineral infilling. The effect of 
widening of the shear-zone on the width of the ore-body 
would be reflected in lateral as well as vertical direc~ions, 
and the greatest thicJmess of the ore-body viz. 30 feet:i was 
encountered on the 100-foot level approximately 140 feet 
west of the cross-cut, where the strike of the shear-plane 
changes from east-west to ESE.- WSW. 

The production of altered or hartschiefer bands 
in the shear-zone t.as resulted in a faint selectivity of 
replacement by the oreo This has given rise locally to a 
well-developed lamination or pseudo-bedding in the oxe, 

especially near the contacts, where parallel veins and 
stringers in the wall-rock enhance the effect. Occasionally 
the laminations are marked by the develop:ment along them of 
thin coatings of white, yellow and green ochreous matter, 
which is possibly alteration material derived from the ore

minerals. 
In the inclined shaft and the 300-foot level, 

the ore is ferruginous, compact and tough, and it is not 
readily crushable in the ball mill. The lode still dips 
southwards, and improves in thiclmess from a stringer in the 
east drive to a band 4 inches wide in the west drive. In 

the east it lies in red, highly sheared, banded hartschiefer-• 
gneiss characterised by the presence of much magnetite and 
chlorite. The ore is well laminated and contains much fer
ruginous and chlori tic al terati.on material. Buhedral 
chlorite, apparently pseudomorphous after magnetite 5 is 

developed in fractures or shear-zones. The ore- body is---···· 
. . 

roughly parallel to the secondary foliation induced in the 
country-rook parallel to the shear--zone. Away from this 
zone of'recrystallisation, however, the difference in dip 
between the ore-body and that of the granite-gneiss folia

tion is quite distinct. 

2. Appearance and Texture of the Ore 

The principal ore~minerals are monazite, apa
tite, zircon, magnetite, pyrite and chalcopyrite. Thin 
sections were cut from samples of the ore taken at intervals 
on the surface, from the 100-foot and 300-foot levels 9 and 
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Plate XXXVII. - Average Steenkampskraal ore. Magnetite, 
opaque; sulphide (s), dark grey, finely 
stippled;. zircon (z) grey, strong relief; 
monazite (m), light grey; apatite (a) 
white. Transmitted and reflected lighto 
X 380 181460 

Plate XXXVIII. - Brecciated "phosphate ore'' replaced 
along a shear by a vein and interstitial 
fillings of chalcopyrite (opaque). 
Plane polarised light. x 32. 181S6 5 

Steenkampskraal. 
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from diamond-drill intersections. The only significant 
differences in the sections madG fro~ the various localities 

are in the relative proportions of the constituent minerals. 
The oxidation of the metallic oxides and sulphides near the 
surface is also very apparent. 

The numbers of the thin sectioris in which special 
features are well developed. are given in the text; for the 

ore- body as a whole, the sections studied ·wer·e the 
following:-

Surface: 16668-16679, 18137. 

100-foot level: 17950-17952, 18116, 18117, 
18138-18140, 18142-18147, 18149-
18151, 18153-181570 

300-foot level: 196440 

Bore-hole intersections: 18503-18511. 

( i) Colour. I-facroscopically the ore is fawn to dark- brown 
•P • •-• •-••• 

in colour, depending on the quantity of secondary iron oxides 
present. Near the surface, secondary copper miner&ls impart 
greenish and bluish tints as well. On a weathered surface, 
the grains of monazite, covered by a veneer of black or brown 
limonitic material, often stand out in relief. 

In thin section the ore is largely transparent, 
usually fawn in colour as the result of the preponderance of 

the phosphate minerals. Copper and iron minerals are 
opaque, but their respective pale-green and reddish-brown 
alteration products impart a dark colour to the thin section. 

( ii) Granularity. The ore is phaneric. The ilphosph2te 
ore tr, represented by monazi te 9 apatite and zircon, is equi

granular (Plate XXXVII) except in rare instances of wall
rock replacement by these minerals. The grain-size of the 
1?phosphate ore" averages O. 5 mm., but that of the quartz 
or the metallic oxides and sulphides is much more irregular. 

There is a tendency for all the ore-minerals to become equi-4 

granular in depth. Shearing which post-dates the phosphate 
mineralisation has resulted in brecciation of the ore 9 but 
this is generally restricted to one side of the shear-plane 
only (18156). Subsequent infilling by oxides and sulphides 
has taken place and they form a matrix about the broken 

grains (Plate XYJ:VIII). Irregular and rounded grains in the 
"phosphate orea can be attributed to shearing and to 
replacement by younger minerals. 
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Plate XXXIX. - Monazi te grains se1)arated from the Steen
kampskraal ore. -28 +32 mesh Tylero 

Plate XL o - Quartz replacing the nphosphate ore 11 and 
enclosing rounded relicts of ~onazite (grey) 
and apatite (white)o Plane polarised light. 
x 320 179~7, Steenkampskraal. 
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(iii) Crystal Morphology. This characteristic varies in 
all the minerals, depending upon their mode of emplacement, 

alteration, replacement or paragenesis. l\ionazi te usually 
shows the best crystal form. Crystal faces usually deter
mine the outline of the basal sections, and the shape of 
crushed fragments is laTgely controlled by the excellence of 
the (001) parting and cleavages parallel to the c-axis. 

In apatite, euhedral crystal forms are rare. 
Cleavage is absent, and the outline of the grains is con-
trolled by parting perpendicular to the elongation of the 
crystals, by irregular fractures and sometimes by expansion 
cracks. It has been more readily replaced by younger 
quartz, and the metallic oxides and sulphides, than any 
other primary mineral. 

Grains of zircon, which appears to be t,he mine
ral of earliest crystallisation, are all well rounded. 

The metallic oxides and sulphides, interstitial 
to, or replacing the phosphate minerals, or disseminated in 

the wall-rock, are usually irregular in crystal form. They 
are anhedral, rarely subhedral, as a result of their later 
emplacement. Their truncation and partial replacement of 

the earlier-formed minerals cause the latter to be anhedral 
as well. 

3. Constituent Minerals 

(a) Monazite 

(i) Grain-size. Grain-size varies from less than 0.1 mm. 
to 1.5 mm., but a fairly constant average size of ±0.5 :mm. 
is maintained ( see J?late YJJCIX). In the crush•-zones the 
original grains have been brecciated. The resultant smal
ler fragments are not highly angular as night be expected 9 

but are generally equant, being bounded by cleavage planes, 
or rounded by solution and replacement by the later oxides, 

sulphides and quartz, for which the brecciated zones have 
provided channel ways ( see Plate xx;rvIII) 0 The rq_:1..11;1-i~d 
relicts of monazite in quartz veins which replace the ore, 

are very striking, the grains decrease in size from the 
walls to the centre of the veins, and suspended as t::ey are 
in the quartz, give the impression of having been 11 stopedv: 
from their original positions (see Plate XL). 
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( ii) Crystal Morphology. 11onazi te is the only euhedral 
mineral, and in the unreplaced ".phosphate ore", the crystal 
faces of adjacent monazite crystals, apatite grains, or 
monazite and apatite grains match perfectly, subject to the 
original order of crystallisation and the habit of early
formed individuals (see Elate XLI). The subsequent intro
duction of oxides, sulphides and quartz has usually separa
ted the phosphate grains from each other to some degree, but 

the original texture can be visualized quite easily (see 
Plate XLII). More frequently, where the later mineralisa
tion has rounded the grains or replaced them in part along 
cleavage and fracture.,planes, and along their crystal-faces, 
monazi te is subhedral or even anhedral. -:.:men bounded by 
vrell-developed crystal-faces, the grains are equant. There 
is, however, a tendency in some grains towards elongation in 
the direction of the c-axis (see twinned cryst&l in Plates 

XLIIIA and XLIIIB). 

9(012)• 

•1(112) 

e(o11) • 

r(111)• 

~ (1z1) • 
«(021)• 

!1'(283)• 

u'(22T) 

•i'(ztT) 

V' (11T) • • V'(56() • 
(3t12l!) 

d'(11l) • 

•d(T12) 

e t~12) 

~2t) 
..,(!,,) 

• • v(T11) 

e i(l!11) 

eo(r21) 

Fig. 10.- Stereographic representation of all the crystal
faces of monazite recorded in the literature. 
Stereogram parallel to (010). 
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Plate IlIIIA .. - Polysynthetically twinned monazi te 9 fir·st 
position. Crossed nicolso x 32. 
16670 9 Steenkampskraalo 

Plate XLIIIB.- Polysynthetically twinned monazite, second 
position. Crossed nicols. x 32. 
lf670 j Steenka..mpskraal. 
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In order to assign Miller indices to the crystal-faces and 
to the cleavages which would probably be parallel to them, 
a separate stereographic projection (Fig. 10) was made of 
all the crystal-faces of monazite recorded by Palache~ 
Berman and Frondel (1951, p. 692), Hintze (1897, pp. 295-
296) and Rosenbusch and Mugge (1929, p. 436). The projec
tion has been made parallel to (010) instead of perpendicu
lar to the c-axis as is conventional. The reason for this 
will be immediately apparent when the scattering of the 
poles of the cleavages is seen in Fig. 11, and any attel!lpt 
is made to orient them relative to the crystallographic 
axes. 

(iii) Cleavage. Parting and cleavage in individual grains 
were determined on the U~iversal Microscope Stage~ and 
plotted stereographically relative to the vibra~ion direc

tions of the a-, ~- and Y-rays (Fig. 11). 

/I 

Fig. 11.-

I 
I 

~, 

' I 

I I 
I I I 
I 

I 
I 

\ \ \ \ ,, 
\\ \ I 
'-'-: I ~~o(i21) 

11 1 

.9'(~::o':,\ 
.V(31o) 

0::<l ~!IO) ~~o) ,I' •~"-·___..:'"":~•-----=- - - _/3, - -
~ - ~:o°'- ~~fo /~), ~,', ',,, 

,f 
~ i-',(r2T) .. 

;(i10) ~10) 

Stereogram of cleavages in monazite; projection 
parallel to (010). Data from literature indi
cated as solid lines and circles. Data ob
tained by measurement indicated as dashed lines 
and open circles. 
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In order to identify the cleavage-planes, the 
mean position of either the ~(100) or the ~(001) cleavage 

must be established. Assuming ~ = 103° 40' ~~ (Palache, Ber
man and Frondel, 1951, p. 691), the crystallographic c- and 
a-axes can then be drawn on to the stereogram, and the 
variation in the Y.c angle measured. On a stereographic 
projection perpendicular to the c-axis, the poles of the 

(001) cleavage would fall along small circles near the 
centre of the stereogram, and the establishment of the mean 
position of [001] would b_e much more difficult. To ensure 
greater statistical accuracy in establishing the mean [00~ 
position, all the (OOI) poles were transferred to the corres

ponding (001) positionse 

The development of perfect parting parallel to 
(001) is most striking. As will be seen from the stereogram 
(Fig. 11), the principal cleavages are developed parallel to 

the c-axis, and. are §(100), 2:(310), 1(210), ~(110), _Q(l20), 
)-'(130), and ~(010). The other cleavages are parallel to 

y(l05), r(lll), 9'(283), o(T21), _!(~12), ~(Jll), ~(121), 
e ( 011 ) , and _g ( 012 ) . 

The scattering of the poles of the cleavage
planes about the ideal positions is attributed partly to the 
limitations of the method employed to measure them, and 
partly to physical distortion of the crystals by shearing 
and compressive forces. Cleavage-planes have been displaced 
relative to parting-planes, and the development of parting 
in the monazite seems therefore to be related to stress 

acting upon the already crystallised mineral. 

(iv) Crystal-faces. Crystal-faces are present on all the 
grains unaffected by later mineralisationo The indivicual 
grains are, however, too small to mount on a two-circle 
reflecting goniometer, and the crystal-faces were therefore 
measured in thin section on the Universal Microscope Stage 
and vrnre plotted stereographically in the same way as the 

cleavages (see Fig. 12). 

~~ Ford (1945, p. 700) Rosenbusch and Mtigge (1929, 
p. 436) and Hintze (1897, p. 294), quoting E.S. Dana, 
give the complement of this angle viz.~= 76°20'. 
Tb.e modern usage, however, seems to require the 
obtuse and not the acute angle (Palache~ Berman and 
Frondel, 1946j p. 16). 
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Crystal-faces on monazite, stereographic pro
jection parallel to (OlO)o Data from literature 
indicated as solid lines and circleso Data ob
tained by measurement indicated as dashed lines 
and open circleso 

The limitations as regards accuracy which 
applied to the plotting of the cleavages apply equally well 

here. Seeing that a small portion of a cryGtal-face and 
not a cleavage-plane is being considered 9 the inaccuracy is 
probably greatero For this reason the Y.c-angle has been 
measured on the cleavage stereogram and :not on the crystal
face stereogram. 

Comparison of the positions of the poles of the 
crystal-faces with those on the idealised. stereogram (see 
Fig. 10) shows the following faces to be developed:-

.§(100), x(310)~ _1(210) 5 ~(110)? n(l20) 9 p(130)~ 
_2(001) ~ y-(lOS), ~(101), .9.(701) ~ _E(lll) 9 _!(112) 9 

~(011) 1 ~(121) 1 9'(2S3) 9 ~(021), _2(121) ~ _!(212) 9 

_g( 012) , y(Ill) , and -v ( 56/S) . 

No E(OlO) face was recognized. The number of pyramidal 
faces that are developed is probably responsible for the 
equant nature of the monazite crystals. 
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(v) Twin~ingo Polysynthetic twinning occurs with (001) as 
composition-plane and [001] as the twinning-axis O This 9 

according to the previously quoted mineralogical literature 9 

is a very rare phenomenon j the corr~mon twins being developed 
parallel to (100) and more seldom parallel to (201) and 

(~02) (Hintze~ 1R97, Po 296)0 Hintze (1897, p. 348)~ 
quoting Ao Lacroix 5 describes larnellar twinning parallel to 
(001) in monazite of pegmatitic o~igin from Vohitrambo, 
Iviadagascar. The crystals are about 10 ems. in size, and 
the twinning is probably secondary in origin. Quoting OoBo 

Boggild, he also describes monazi te crystals about 4 nun. in 

size w~ich contain tbin twin-lamellae throughout 9 parallel 
to ( 001) '.I and. which are visible to the naked eye. This 
monazite is from a quartz pegmatite at Kekertak in the 
Upernivik District of Greenland; no explanation for the 
twinning is offerecI (Hintze, 1897 ~ p. 365). 

In the Steenkampsl-aaal monazi te the twin
lamellae are usually fine but can be coarse, and number 
from about five upwards in any grain (see Plates XLIIIA and 
XLIIIB). A coJ11.mon feature is the relative displacement of 
cleavage-planes by twinning-planes as shown in Fig. 13 5 

indicating that the twinning 5 like parting 1 is definitely 
a secondary featureo 

Figo 130- Diagrammatic representation of the effect of 
twinning and parting on cleavage in a rronazite 
crystal O TI twinning-plane 9 PP parting-plane 9 

Cl cleavage-planeo 

The t-r:Jin elements were determined on the Univer~ 
sal rlicroscope Stage in the same way as were the crystal
faces and the cleavage-planes~ and are represented in 
Figures 14 and l~o 

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



- 71 -

◊ Al~ of composit,on-p/-
0 + AA.~3 of oc-, ,11- ~nd 1-,,.!1, ,,sp«t;~•ly 

Figo 14.- Symmetry of the polysynthetic twin in monazite. 
Stereographic projection parallel to (00l)o 

Fig. 150- Composition-planes of polysynthetic twins in mona
zite0 stereographic projection parallel to 
(010~0 Data from literature indicated as solid 
lines and circleo Data obtained by measurement 
indicated as dashed lines and open circles. 

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



- 72 -

Twinning- and cleavage-planes in the monazite 
become less common with increase in depth, and distorted 

and discoloured grains are rare, except where stress has 
been active. Twinned crystals are often found in associa
tion with distorted grains which show purplish discoloura
tion, and occasionally undulose extinction as wello It 
seems possible that the twinning took place as a result of 
stresses which prevailed during shearing, but twinned crys~ 
tals are not necessarily associated with shear- or crush
zones. 

Twin-lamellae are sometimes impregnated to dif
ferent degrees by secondary iron oxides; where replacement 
of this nature has taken place, the lamellae no longer ex
tinguish or illuminate properly between crossed nicols. 

In order to establish any relationship between 
the orientation of the twinning-planes, parting-planes and 
the plane of post-mineralisation shearing, a petrofabric 
diagram of the poles of tvdnning- and parting-planes wa.s 
prepared from an orientated thin section in which they were 
particularly abundant (1 7952). 11:he resultant fabric is 
shown in Figo 16; the girdle of poles in the (a-c) plane 

a 

Figo 16.- 1?etrofabric diagram of the poles of 18S twinning
planes and AO parting-planes in Steenkampskraal 
monazite (179S2). Plane of post-mineralisation 
shearing~ a-b; direction of movement as indi
cated by slickensides, a-a. 
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Plate XLIVo- Discolouration in deformed monazite crystals 
- --- (arrovs)o Plane polarised light. x 32. 

181S 7 j Steenkampskraal. 
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i.e. perpendicular to the plene of shearing and in the 
same plane as the direction of slickensiding, is at once 

obvious. Most of the planes ar~ slightly oblique to the 
plane of shearing 9 as J'.!}_ight be expected 9 but none are near
vertically inclined to the (b-b) directiono This must be 

accepted as confirmatory evidence for the secondary and 
imposed nature of the twinning and parting phenomena in the 
crystals. 

The actual process involved is probably that of 
"h\Tin-gliding as postulated by Buerger (1945 ~ pp. 47,3--479) 

and Bell (1941, pp. 247-261). The slip-plane here has 
simple indices ( 001) and the twinning-axis [OOJJ is normal 
to it. The molecular, atomic or ionic reconstitution of the 
monazite from the untwinned to the twinned form is broadly 
related to stresses imposed on tI'-e mineral during shearing; 
whetber recrystallisation of the sort considered by Buerger 

and Washkin_(l947, pp. 296-308) is valid in this instancey 
however 9 is uncertaino 

(vi) Specific Gravity. The specific gravity of the mona-
zite was determined bv the pyknometer method, using the same 
purified flotation concentrate that was submitted for chemi
cal analysis. Most of the material was very fine-grained 9 

and the surface tension of the water prevented a good deal 
of it from becoming properly wet, so the determination was 
done in alcohol. The average specific gravity 9 from the 

nearest four of six separate determinations, is 5.12 ± 0.02. 

(vii) Colour. Viewed through a pocket lens or binocular 
microscope 9 the monazite is normally pale amber or honey
yellow in colour~ and perfectly transparent. Impregnation 
along cleavage-planes or fractures by secondary ferruginous 
matter, or a similar coating on the grains, may render them 
very much darker, however, and even subtranslucent. 

In thin section the r:ionazite has a pale-fawn 
colour and is nonpleochroic. Its relief is Ligh and it 
stands out ree..dily from neighbouring miner2ls even when 
highly altered. It is easy to detect between crossed 
nicols, as it shows interference colours up to Third Order 
in prismatic section, the maximum retardation n 1 - n~ being 

observed in sections parallel to (100) (see Fig. 17). 
Basal sections display very weak birefringence. 

Occasiona.l grains show a rurplish discoloura
tion which has the appearance of a shEtdow in the crystal 9 

by plane polarised light (see Plate XLIV). Tbis feature is 

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



- 74 -

often accompanied by undulose extinctiono It is more gene
rally observed and better developed in grains showing the 
distinct distortion of cleavage- and. twinning-planes, and 
expansion cracks radiating from interstitial minerals of 
later introduction. The discolouration is therefore prob
ably due to physical disruption of the crystal structure. 
Grains which have been subjected to shearing, however, may 
become severely brecciated 9 and yet show discolouration in 
only a few instances. 

(viii) Optical Orientation. The a-ray vibrates parallel to 
the crystallographic b-a:xis. The YO a-angle was measured 
from the stereogram of cleavages ( see F•ig. 11) assuming 
from literature that S = 103°40'0 For the mean position of 
the (001) pole 9 Yoe= 3°00', but it may vary from +1°15' 
to -7°30', as the stereogram indicates. 

Section II (010) 

n,1-np = 0·048 

~ 
Section II (100) 

n,1 - nGl == o -049 

p 

Section II (001) 

np - nc.e = 0-001 

Figo 17.- Optical orientation of monazite. 

(ix) Refractive Indiceso The refractive indices were 
determined by the immersion method on an ordinary micro

scope stage, using a source of HaD light and high refrac
tive index melts of yellow phosphorus, sulphur and reethyl
ene iodide as described by West (1936, pp. 24S-249). 

na: and n8 were measured in basal sections 9 and n 1 in pris-· 
matic sections (see Fig. 17)o 

The angle of minimum deviation (b) of every 
liquid mixture used for a determination was measured on a 
goniometer, a drop of the liquid being held in a hollow 
prismo The refractive index of the liquid (N) was then 
read off from a graph of 6 vs. N for NaD lighto By repea
ting the process with successive immersions in liquid 
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mixtures, the refractive indices of which varied by a few 
digits in the fourth decimal place, the index for the Y-ray, 
say, was approached and then passed. The exact figure for 
the index could then be ascertained with a very small margin 
of error. Control measurements were made to establish the 
margin of error caused by evaporation, change in room tempe

rature etc., and a variation of± 0.0003 is adequate to 
cover any error so incurred. It was found that all the 
refractive indices were lower in monazite impregnated by 
secondary iron oxides. Fragments which were as free as pos
sible from such contamination were chosen for measurement. 

For the measurement of n6 , basal sections must 
be employed. In an ideal (001) cleavage fragment, the a-ray 
vibrates parallel to the cleavage-plane and its index can be 
measured directly, but this is not the case with the 0-ray. 
The maximum angle for "t. [001] from the cleavage stereogram 
is 15° (see Fig. 11), and this is equivalent to the angle 
~.(001) in the cleavage fragment. If the 0-ray is not para
llel to the cleavage-plane, therefore, a positive error is 
introduced into the determination which reaches a maximum of 

+0.0093 for the angle of 15° 0 This fi£:irure was derived from 
a graphical construction' of the 0-Y wave-surface. To avoid 
this error, the author chose. sections in which the interfer
ence figure was properly centred, and the lowest figure 
obtained for n0 from a number of determinations was accepted. 

For the measurement of ny~ prismatic sections 
with outlines determined by parting and- cleavage ·were chosen, 
and the highest value obtained was accepted as correct. 

The refractive indices of the monazite are as 
follows:-

n = 1.7846 + 0.0003 ex 

n0 = 1.7858 + 0.0003 -
ny = 1.8338 + 0.0003. 

(x) Optic Axial Angle. Attempts to measure the optic axial 
angle on the Universal Stage met with no success~ as no illu
mination could be obtained between the optic axes to estab
lish their position aqcurately. The Mallard method ·was adop
ted instead, using a specially cut basal section of aragon
ite, which has an optic axial angle of 18°, as constant. 

The optic axial angle so obtained for the mona

zite is 2Vy = 16°22'. 
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Calculation of the optic axial angle from the 
refractive indices, using the equation 

1 1 

tan2v1 

~ - :-2 
(X § = 1 1 

? - 2 
y 

gave 2Vy = 19°52'. 

(b) Apatite 

Apatite occurs interstitially to monazite 9 usu
ally in less i.diomorphic crystals; a few grains are subhe
dral to euhedral, but the majority are anhedral (Plates 
LUVII and XLII)o The proportion of apatite to monazite is 
far from constant, but grain-counts for all portions of the 
ore-body show tr-~at the tvrn phosphates together invariably 
form a total of+ 80% of the ore. The proportion of apatite 
tends to increase with deuth . 

• L 

The grain-size varies proportionately with that 
of the monazite, the average size being about Oo4 mm. and 
therefore slightly less than that of the monazite. When 
apatite is present in excess of monazite, however, coarser 
development is observed, and the grain-size exceeds that of 

even the best-developed monazite (18510). Isolated euhedral 
crystals occasionally occur some distance into the altered 
wall-rock, beyond the boundaries of disseminated monazite; 

this might suggest a greater mobility for apatite prior to 
crystallisation. 

Apatite grains which enclose small crystals of 
monazite (16669) indicate that the apatite is the younger 
of the t-v110 minerals. 

Poorly-developed cleavage has occasionally been 
observed parallel to the length of the crystals. Far more 
common is an imperfect to perfect parting at right angles 
to this direction. Irregular fractures are cor;imon. Radia

ting expansion cracks and undulose extinction have been 
brought about in the apatite by the interstitial introduc
tion of later primary or secondary minerals~ or by their 
impregnation of adjacent monazite crystals. 

The o,tical properties are perfectly normal and 
characteristic of apatiteo The refractive indices were 
measured by the immersion method 5 using white light, and 
gave w > 1.631 > s, which indicates a fluorapatite. 
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Fractures and partings very seldom contain the ferruginous 
matter so often found in monazite; the apatite is, there

fore1 generally very clear relative to the monazite. Where 
the ore has been veined or replaced by quartz, apatite has 
been replaced to a far greater degree than has the monazite. 
Numerous rounded inclusions of monazite are found in the 
quartz, but very few of apatite, and these are of much smal
ler dimensions. 

( c) Zircon 

Zircon is an accessory constituent of the "phos
phate ore", and is encountered as isolated individuals inter
stitial to monazite and apatite (Plate XXXVII). It occurs 
most frequently on or near the contact between the "phos
phate ore vi and the altered wall-rock, and also at the ex

tremities of the stringers ·which probe the wall-rock. The 
zircon apparently crystallised first, because it is sometimes 
enclosed in large apatite or monazite crystals (16668, 
18503), or tightly surrounded by the other minerals without 
any evidence of replacement or fracturing in the letter. 

Zircon has in rare cases been replaced by apatite. 
The grains are usually smaller than those o_:f the 

phosphate minerals~ but in some instances are just as well 
developed. Grains that were separated from outcropping ore 
are markedly oval or spherical; idiomorphism is more com

mon in depth, and subhe(ral to eub~dral grains occur. The 
rounded form of the crystals may be due to resorption prior 
to the crystallisation of the phosphates. 

The zircon grains are usually zoned, often 
strongly so (18504). No cleavage was observed; irregular 
fractures, sometimes radiating from the centre, are presento 
Concentric cracks are also evident. Secondary ferruginous 
matter in the cracks and fractures gives the zircon grain, 
as a whole, a dark colour. Extinction is sometimes undu
lose, indicating the effect of post-crystallisation pressure 
on the grains, and the cracks no doubt result from this 
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Plate XLV o s• Coarse development of chalcopyri te (li9ht~ 
coloured) in granular phosphate ore \dark~ 
coloured). Steenkamps:rraal O Scale in inches. 
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Grain-counts indicate that the percentage of 
zircon in the ore decreases slightly with depth. 

(d) Copper- and Iron Sulphides and Iron Oxides 

The oxides and sulphides occur similarly and 
appear to have been introduced into the ore-body at the same 

time, and will therefore be described together. 
They occur as follows:-

(i) Interstitially to the phosphate minerals (I'lates XLI, 

XLII, XLIV, XLV); 

(ii) Disseminated in the wall-rock; 

(iii) Filling brecciated zones in the ore-body (Plate 
XXXVIII); 

(iv) Directly associated with veins or bodies of quartz 

which replace the ore. 

The primary oxide is magnetite? and the primary 
sulphides are pyrite, chalcopyrite and galena. All these 
minerals are associated with each other throughout the ore
body, except galena, which is present in very subordinate 
amounts, and then associated only with chalcopyrite (polish
ed section D.P. 100). The secondary oxides are haematite, 
limonite and leucoxene. 

Careful observation reveals the following 
reaction series:-

Magnetite-> pyrite-> chalcopyrite -> 
Fe

3
o4 FeS 2 CuFeS2 

covellite 
CuS 

Magnetite is replaced py pyrite (18509), pyrite by chalco
pyrite (18156, 18503), and chalcopyrite by covellite (18151: 

polished section 18504). T1fle textures are very siriple, 
being most often of peripheral replacement of the mineral 
grain. Chalcopyrite occasionally replaces pyrite, develo
ping from the centre outvrards (polished section 18503). 
The monazite ore unfortunately takes a very poor polish, 

and the possible alteration of these minerals to a

chalcocite was not observed under the microscope. The 
replacement textures correspond in part to those described 

by Newhouse (1928, pp. 155-156) and Bastin (1950, p. 52) 
for preferential replacement of ore-minerals. 

The chemical composition of the members of the 

series indicates that the replacement of an earlier by a 
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later mineral is due to enrichment in cu++ ands=. These 
minerals may or may not be regarded, therefore 9 as secondary 
in nature; those which are definitely secondary, however, 
are azurite, malachite and chrysocolla. 

The grain-size of the oxides and sulphides 
varies considerably, and the shape of the grains is very 

irregular as a result of crystallisation in confined spaces. 
The phosphate minerals have been replaced by the oxides and 
sulphides to a variable extent? resulting in the often 
highly rounded crains of apatite and monazite in a matrix 
of oxide or sulphide. In places a film of oxide or sulphide 

exists between the adjacent crystal-faces of the phosphate 
minerals. The grains of the metallic minerals are rarely 
euhedral; those in the quartz bodies are generally rounded, 
possibly due to resorption before final crystallisation of 
the quartz. Eub.edral cubes of pyrite were observed~ however, 
in the quartz from diamond-drill intersections (18704). The 
latter feature leaves no doubt, therefore, as to the origin 
and mode of introduction of the oxides and sulphides. 
Furthermore, the sulphides frequently form a contact-zone 
between the quartz and the older rock~ a feature which sub
stantiates their introduction by siliceous solutions (18504)0 

In its replacement of the wall-roclc, magnetite 

displays preference for micaceous zones consisting of parti
ally altered biotite. Its introduction has caused some 
recrystallisation of the mica, which exhibits spherulitic 
and minor flow features. The magnetite is frequently alter
ed to haematite, limonite and whitish opaque matter. To 
determine th~ identity of the latter, fresh ~agnetite was 

separated from a heavy fraction of the crushed ore, and was 
tested for titanium by the hydrogen peroxide methodo The 
result was positivej and the alteration product is therefore 
most likely leucoxeneo It occurs as massive aggregates in 
somewhat irregular association with the altered magnetitej 
but also along distinct octahedral planes in the magnetite 
itself. It has commonly spread beyond the confines of the 
original magnetite into adjacent mineralso 

The haematite is usually earthy and reddish
brown in colour, but bright-red scales are often developed 
near the surf'ace. The haematite and limonite are distribu
ted throughout the ore-body, and the ferruginous nature of 
parts of the wall-rock can no doubt be attributed to concen-
trations of these minerals. The alteration of the magnetite 
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underground is slight by comparison with that on surface 9 

but there are sections of the ore-body that contain much 

secondary ferruginous matter as a result of this alteration. 
Where decomposition is advanced, the secondary minerals form 
the matrix between the phosphate grainso The susceptibility 
of monazite to impregnation by secondary iron minerals along 
cleavage-planes? parting-planes, twinning-planes and cracks, 
is very markedo 

The secondary copper minerals azurite, malachite 
and chrysocolla are distributed in the ore-body, wall-rock 
and country-rock from the lOO~foot level unwards. Chryso
colla is found mainly in the trenches at the surface 9 but 
the other two minerals persist to greater depth. 

Covellite is comparatively rare in the ore-body') 
but was nevertheless observed in ore from diamond-drill 
intersections below the 300-foot level~ which indicates a 
wide vertical distribution. 

Local banding of the copper minerals in the ore-· 
body parallel to the contacts has been brought about by dif
ferences in the intensity of oxidation of the primary sul

phides, represented predominantly by the alteration of chal
copyri te to covelli te and chalcoci te. This banding ta:ces 
the form of zones and lenses of secondary sulphides alterna
ting with the primary minerals. The effect is enhanced by 
less well-defined bands of ferruginous alteration products. 

In thin section the impregnation of monazite by ferruginous 
material in the vicinity of covellite is often distinct, and 
wouid seem to be due to the release of iron during the for
mation of covellite from chalcopyrite (18506~ polished 
section 18504). 

Chalcocite is irregular in its distribution. 
It occurs in very fine-grained, earthy masses distributed 
locally in the ore and wall-rock, and especially along 
cracks and fractures. It was identified as cx:~chalcocite by 
X-ray diffraction. 

The oxide and sulphide minerals, except for 
chalcocite, were identified in polished sections, and all 
their properties were found to be characteristico Reference 
to thin sections cut from the same samples enabled these 
minerals to be recognized by reflected light in all the thin 
sections that were studied. 

Chemical analyses of the ore from four different 
diamond-drill intersections show gold to be present in 
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Plate IliVI.- Linear recrystallisation of quartz in a post-
------· mineralisation vein o Crossed nicols o 

x 32 0 166°1, Steenkampsh.rraal o 
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distinct amounts (see Table No .. 6)~ but it was not observed 
by the author in any of the thin or polished sections 9 or 
in the ore-body itself. 

( e) Quartz 

This mineral occurs in veins and vein-like 
bodies which replace the ore and the wall-rock mainly para
llel to the pseudo-stratification of the ore-body. 

Truncation of the phosphate minerals is very 
distinct and results in very clear-cut contacts 9 which are 
somewhat scalloped or botryoidal where the quartz bodies 
become thinner. ~':here the phosphate minerals have been 

"stoped out" or partially replaced by the veins, the grains 
of monazite and apatite appear as rounded inclusions in the 
quartz, decreasing in size a1Nay from its contacts (Plate 

XL). Large inclusions comprise phosphate crystals still 
adjacent to each othero 

Microscopic inclusions 9 some in streaks and 
stringers 5 occur throughout the quartz. Their outlines may 
be quite irregular 9 but some are spheroidal and might be 
drops of liquid. Their refractive indices are both less 
th2n and greater than that of qu&rtz, and some are highly 
birefringente Some possibly represent remnants of the 
replaced phosphate minerals. 

The grain-size of the quartz is very irregular. 
The coarse grains are generally intergrown with much finer 
grains between them. Some grains have normal undulose 

extinction. l✓.:.ore co:11monly, however, the coarse grains are 
composed of many finer fragments fritted together; these 
give the impression of undulose extinction in the grain as 
a whole, whereas sympathetic extinction of similarly orien
tated fragments is actually taking place. These fragments 
extinguish linearly (see Plate XLVI), indicating that they 
are recrystallisation features, and that recrystallisation 
has taken place as a result of definite directional stres

ses. These stresses probably accompanied the post~
mineralisation shearing of the ore-body in directions more 
or less parallel to its strike. 

More tangible effects of this shearing may be 
observed in inclusions of monazi te in the quartz., ·which now 
appear as elongated augen of irregular length and breadth, 
but which have a comm.on direction of lineation. Elongated 
lenticles and streaks of sulphide particles 9 on the other 
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hand, occur in directions oblique to that of the linear 
recrystallisation in the quartz. Besides these inclusions 
of ore, the quartz bodies also contain xenoliths of wall
rock which eYJlibi t similar features. 

Some of the quartz veins, notably those at the 
present ground surface 9 have not been affected by recrystal
lisation, and may be of a younger age. They are generally 
narrow, and have comb structure about a simple mosaic of 
fine crystals at the core. The veins sometimes display 
chilled margins of fine crystals. They are often shattered 

and impregnated by ferruginous materialo 

(f) Siderite 

Thin veins of siderite occur in the ore-body in 
exactly the same manner as they do in the altered wall-rock. 

4. Sequence and Age of Mineralisation 

( a) Paragenesis 

1. The faulting or shearing which paved the way for later 
mineralisation, took place in the already rigid crys
talline complex. In tbe im.rnediate vicinity of the dif
ferential movement, brecciation and recrystallisation 
of the granite-gneiss took place to varying degrees. 
This was followed by hydrothermal alteration of the 
greater part of the granite-gneiss thus affected. 

2. Into the resultant aggregate of altered feldspars, alt
ered micas, altered metallic minerals, quartz and secon
dary quartz, the minerals constituting the "phosphate 
oren were introduced. They crystallised in the order 
zircon, monazite and apatite, as indicated by their 
mutual relationshipso Selective replacement of the 
altered granite-gneiss is reflected in the pseudo
stratification of the "phosphate orer.. Fluorite has 

not been observed in the ore-body itselfj but its intro
duction into the country-rock probably took place at an 
early stage during the phosphate mineralisation 1 the 
composition of the fluorite being nearer to that of the 
phosphate minerals than of the sulphides or oxides. 

3. Xenoliths of altered granite-gneiss enclosed in the 
ore-body provided zones of weakness for subsequent 
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shearing 1 which resulted in the local brecciation and 
crushing of the ore. This movement probably gave rise 
to the unusual twinning and discolouration in some of 
the monazite crystalso 

4. Siliceous solutions then permeated the ore-body and 
deposited magnetite and sulphides in the crush-zones 
interstitially to the phosphate minerals 9 and as dissem
inations in the wall-rock, where replacement of the 
earlier-formed minerals took place to varying degrees 
in each case. If gold is present in the ore, as indi
cated by some of the chemical analyses, then it would 

most likely have been introduced along with the primary 
sulphides. Towards the closing stages of this minerali
sation, the solutions apparently became enriched in cu++ 
ands=, giving rise to the reaction series between mag
netite and tbe sulphides. The quartz crystallised after 

"stoping out 99 sections and minerals of both the exis
ting ore-body and the wall-rock. 

5. Sheari~g at a later date gave rise firstly to breccia
tion and then recrystallisation of the quartz bodies, as 
shown by the linear attitude of the inclusions and the 
constituent quartz fragments respectively. 

6. The formation of small quantities of siderite represen
ted the final phase of the mineralisation. 

7. Post-mineralisation faulting of the ore-body took place 

and is ch&racterised by brecciation of the ore anu the 
wall-rock along the fault-zones 9 and infilling by quartz. 
The unsheared quartz veins observed near the present 
ground surface may be of this ageo Their shattering 
and subsequent infilling by secondary ferruginous mater

ial is probably related to tectonics of a ~uch later 

period .. 

8. The age of the alteration of the magnetite to its res
pective secondary minerals, and of the copper sulphides 
to covellite, chalcocite 1 azurite, malachite and chryso
colla, cannot be established with certainty. Disregar
ding the relatively small amount of ferruginous matter 
which has been released by the alteration of chalco
pyrite to covellite, the secondary iron minerals are 
more prominent and more widely distributed in the ore
body than their copper counterparts. This could possi-
bly be attributed to selective oxidation in a zone of 
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secondary enrichment extending to well below the 300-
foot level. Chrysocolla is restricted to near-surface 
levels and must have been formed by surface weathering; 
azurite and malachite were similarly formed but are 
more widely distributed. The resistance of the ore-body 
to weathering militates against the percolation through 
it of moisture; the effect of jointing, however, may 

have assisted the process 9 and the porous nature of the 
altered wall-rock would also have facilitated the pas
sage of oxidising solutions. 

(b) Age Determinations 

Nicolaysen (19S4) determined the ages of the 
first five minerals shown in Table No. 5, using lead
uranium, lead-lead and lead-thorium ratios. The determina~ 
tion of uranium and lead was done by isotope dilution and 
solvent extraction methods, and thorium was determined by 
isotope dilution and colourimetry. The age of the Sub Nigel 
monazite was established by Mendelssohn, Burger 9 Nicolaysen 
and de Villiers (1958) using stable isotope dilution methods 

and the same ratios. Nicolaysen's original figures for the 
micas from Jakhalswater and Kinderzitt have since been 
revised by Davis, Aldrich 9 Tilton 9 Weatherill and Jeffrey 

(195S-56 9 pp. lfl-168) in the light of a more recently 
established half-life constant for rubidium-strontium decay, 

and are quoted in the table. The original figures obtained 
by Nicolaysen for the age of the Eoutenbek monazite varied 
from 930 to 400 million years. The :material on which the 

determination was done was suspect, however, and recent 
measurement of samples collected by.Nicolaysen personally 
gave more agreeable results. Table No. 5, in which the 
mineral ages obtained by using different isotope ratios are 
compared, has been adapted from one published by Davis, 

.Aldrich 9 Tilton, Vveatherill and Jeffrey (19S5-56). 

The results of the age determinations on the 
Steenkampskraal monazite are disappointing in that they are 
not sufficiently diagnostic to be distinguished with cer
tainty from the results obtained for South African pegma
ti te minerals G At first glance the Steenkamps~rraal miner
alisation would seem to be somewhat older than the Namaqua
land pegmatite mineralisation, but the possible margins of 
error in each case nearly overlap, so that the figures 
remain inconclusive. As it happens, there is adequate 
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Table No. 5o- Comparison of Mineral Ages (x 106 years) Obtained by Utilising Different Isotope Ratios 

Locality Mineral . Type of , 
t Occurrence j 

Pb206 

u238 

Pb207 

u235 

Pb207 

Pb206 

Pb208 

Th232 
!'-----------------------------------------~-~----------- -----

Goodhouse 9 Namaqualand ......... ,.......................... ....................................... . ....................... ~·-•·"··· ······· .... ··•····"''''' ·• ... .. ........... ,t. . ................ ·•-:-•·········· ,.,. Monazite I Pegmati te 930 ± 40 • 915 + 5oj880 + 70 l 900 ~ 30 

, Jakhalswater 9 Namaqualand Muscovite : Fegrnati te • 970 960 
i -Ki~a.~;~itt' Wa~b;:a.;· s:~;r:A. .. TL;~j_d;lit~ !p~;~tit~j···· . .., 9s5 ····· .. . " ·········•······················ ············· i ; 
. ····s;;~~~;;:;;;;;k~~~i.·····v~~h;;;;a_~~; •··· iii~;;~~it~ ·+ ·······r:~d~- ......" .. . .... ······1·································11080·-~ 60·· :··················•·················'························ ········ ~ 990···; 30 1 

l · I l l -....----- : 1950 ~ 150 1 i1950 + 15ol 
Houtenbek j Groblersdal Monazi te j Pegmati te (average) \ (average): 

(X) 
\J1 

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



- 86 -

geological evidence on Uilriip to prove that the monazite 
mineralisation is distinctly younger than the emplacement 
of the pegmatites. It is unfortunate that these are the 
only determinations available for Namaqualand pegmatite 
minerals. With more information, .Ahrens' method could be 
used to establish the convergent lead age for this mineral
isation (1955, pp. 294-300). A-figure thus obtained might 
well bear out the geological relationship between the mona

zite ore and the pegmatites. 

On Roodewal there is also adequate geological 
evidence for relating the emplacement of the monazite ore 

to a pre-Nam.a ageo The well-known Houtenbek monazite depo
sit (Anon., 1940, p. 289) is associated with Bushveld granH 
ite 7 and it is therefore interesting in the light of the 
accepted age relationships of the Nama and Transvaal Sys
tems, that the vrnrk of Nicolaysen j de Villiers, Burger and 
Strelow (1958) should show the Houtenbek material to be 
approximately twice the age of that from Steenkampslrraal. 
The fig;ures obtained for the monazi te are confirmed by the 
results of similar determinations on zircon and micas from 
the Bushveld Igneous Complex. 

There is reasonably go·o\L agreement between the 
ages of the authigenic monazi te from the l-'lain Reef Leader 
in the Sub Nigel Mine. The average age of 2,150 .± 90 mil
lion years (Mendelssohn, Burger, Nicolaysen and de Villiers, 

1958) is exceeded only by the age of 3,100 million years 
recorded by Liebenberg (1956, p. 162) for detrital monazite 
in the Dominion Reef System conglomerateso The margin of 
error for the Sub Nigel monazite overlaps with that for the 
Eoutenbek pegmatite mineralisation, and on purely theoreti~ 
cal grounds the possible genetic association of these t-wo 

monazites cannot be excludedo 

Nicolaysen has unfortunately not commented on 
the age of the Steenkampskraal monazite, except to write 
that ivit is possible that the primary Pb of the Steenkamps
kraal monazite ore-deposit is more radiogenic in character; 

in this case the calculated ....... ages would be slightly 
lowered." The results of recent work on galena from the 
deposit have 9 however, corroborated the original corrections 

made for primary lead (personal communication)o 
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1. 2. 5. 6. 1. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17 • 
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16.79 ; 11.10 
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44.00 28.10 
·•·········"""''"'""' 

5.65 3.10 

Cu " ·5:·59r ·r 2:0 " 0.9 :··1.0·: i.6·!·· 1:3 J 2:·2 j o.0·1 ··0.99; 1:03 j 7.70 i 0.92: 1.13 l 0.54 l 1.3 1.40 

MgO o. 5 l 
CaO 5.4 1 

......................... 

Al203 . i:~!~~!~:~ . ···············4:s~ r··········· i 4. 3 ,_ "" + ········•·+·· ........... . 

- · H;o~- ..... -. -··· - •-········ -- 0:8 T - - ·t -· -r······ .. .. .. 

o. 56 ! ········ .. ··········· ......... l .................................. \ .... ·· .. ··· .. · .. ·· ............... -t- ..................................... -t- ....................................... l .................................. . 
....... l·····•··••·•· .......... . ............................................................................................... .. 

I i . 
. ..... ····••·•····· -·~······ ········ ........................... ·• ··!· ..... .. . ..... ' ............. ·········~•-· ·-········•·•··•··· ··•·'. , .. , ........ ~ .. . 

i ~ 

' 
Total 91.31 95.1 93.10 100.18 ;109.13 10.39 85. 92 97.04 99.92 

Au (dwts.) 

1. 

2. 

3. 

4. 
5. 
6. 
7. 
8. 
g. 

10. 

11. 

12. 

13. 

14. 
15. 
16. 

17. 

0.10 

Assay done by The Standard Bank of South Africa, Limited. 

do. 

Ass&y done by the Industrial Consulting Laboratory for the Kava Import and Export Company. 
The difference between the total and 100% is made up of acid-soluble compounds of Al, Ti 
and Mn, and other elements in low concentration. 

100-foot level cross-cut intersection: upper 8 11 - west side*. 

Bore-hole No. 

Bore-hole No. 

Bore-hole No. 

Bore-hole No. 

Bore-hole No. 

Bor8-hole No. 

Bore-hole No. 

do. 

do. 

do. 

do. 

upper 9 11 
- east side. 

middle 11.5" - west side. 

middle 8 11 
- east side. 

lower 7.5" - west side. 

do. lower 4" - east side. 

1 intersection. 

2 intersection. 

4 intersection. 

5 intersection: upper band 10.6". 

do. lower band l' 2. 6". 

7 intersection. 

9 intersection. 

10 intersection. 

0.18 0.42 0.45 

* Assays 4 - 17 were done by the New Consolidated Goldfields 
Laboratory for the Anglo American Corporation of South 
Africa, Limited. 
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Table No. 7.- Comparison of Monazite Analyses 
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......................................................................................................................... ; ........................................ :, ............................ ······ .. ·•·· .................................. . 

9.15 . . 
. . 

O •• ···•••······ ... ······• .. :"····•·····•"''"''•······ ··••-•••:, ....................................... ., ,; ............................................................... ,., ............. -:,- •••••••••••• .. ···········•"''" 0 

12 .. 00 0.00 

SiO,J 1.00 0.85 1.03; 1.54 2.98 : 1.22 j 0 .. 90 1.56 I 0.95 0.27 

; 2: ;··•• ·······················-·••·••·•· -- •.• 2 .. ·: ...... : .... : ......... : ..... ·.·••·••··:··? ..... ? .......... ~··.··.:.•· .... ~··· ... :··•··•·•····2·····7 ..... · ... · ... 61•·•·'.-•••·· 2 l·: ::. I ..... ~-~:-~?.J .. =.? .. : .. ~.: .... : ......... :.6.:-~.~ .. 1 ........ :6 :.~ 2. .... j. _2:-: :~···· .'. ...... ~.4 : ~? ..... L .... 2..~-· .. 2..~ ....... . 
. ........ ?.. .... ~. ..... . ............................................................................................................ ,. . ....................................... \ ........................................ : ....................................... ; ........................................... ·1 ·""·•··· .. ···········••···· ............ l ......................................... i ......................................... . 

Pb0 0o05 0o33 Q.,53 l 
....... ' .. '...... .............................. ............ ·····••·••········· ........... ' ........... ' .... ' .......... ,, ......................... ,...................... . .............. ;........... ..... .... i,,·· .......... , .............................. ~ ............................... , ,., ..... ; , ................................... ,?, ............................................ : ........................................... : ...................................... , •. ~ ......................................... . 

... .. ~.=.?. ?. ........ ,.... ................... .... ........ . ... ? 0 01 

MnO 0.005 
•,. ,,oo,ho•-,,,,,0,.,,,,.,,,.,0,,0oo"oO•••••••"•••••hOO•• • •••• •••• ••••••••• 0.,,,,.,, ••••u•• • • : ~ : ; 0 ; •••• .. •• .. •••l•• .. •• .. ••• ................. ••••• .. ••••••••;•• .. ••••••••••• .......................... ~ .. ,, .. ,, .. OoOOo•o .. OoOoO•"•""'''••'"I• o O 01 . . .............................. , ................................ T ..................................... , ..................................... , ........ ········ .. ···· .. ··r··········· .......... . 

BeO 
... s·~o;·····-··· .... .................. -···· ····· 0 :· Oo······'······· ···•·· ··········· ··1··········· - ·-······· '····· - ··············· ··········t- --·············· ................ , .............. ·····•···· ......... ~. . ... o· .··s·4 ... l. . .. . .. . ....... . ... . .... •· ....... . 

•··•···· .. · .......... , .................................... , ............ . , .. , ....... "··•t··"· ........... . 

0.20 o O ,~o 
........................................................... , ............. ························· ................ ; ..................... ·•·········· ~. .... .. . ......... ,. . .. ... "!°" ........... . 

; 

0.33 Igno loss 

Rem .. 
. .... ........ ····•············-········ .... •··················'. -···········-··· -········1·········-···························)· --·· 

··•~~ ... 56······'.......................... - ~. 46 : ~: 6; ; T -
o. 40··r ...................... ··•··•··?· .................................. ···l=~···· .. ··········· .................... ·· l •·········· .......................... . 

~ •·· ·~.. . ........ a .... 4 2 ... , .................................... r .......................................... ~······· ................................... r ........................................ l ......................................... . 
Total 100.695;100.14; 100022 100027; 100.65 ! 100.69 1100.16 ! 100.63 )100.64 1100.34 99.80 

1. Steenkampskraal, Vanrhynsdorp Division, C.P., 
Union of South Africa. 

Analyst: Abraham Kruger, Division of Chemical 
Services, Dept. of Agriculture. 

*~uoted by analyst as (Y,Er) 2o
3

. 

2. Nsan Oban 9 Nigeria. 

J. Ratnapura, India. 

4,. Dickens Township 9 Nipissing Disto, Ontario 

5. Miandrarivo, Madagascar .. 

6. Ishikawa, Japan .. 

7. Impilaks, Finland. 

80 Nonazite sand, Travancore. 

9. Gaya Dist., Bihar, India. H20 includes 
H20+ 0.48, H20- 0.15. 

10. Shinkolobwe, Katanga. Ce 2o
3 

reported as Ce02 . 
Contains about 0.2% Th0 2 . 

11. Llallagua, Boliviao 
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5. Composition of the Ore 

(a) Chemical Composition 

Of all the s~~ples submitted for chemical analy~ 
sis by different individualsj only one consisted of pure 

monazi te; the rest were specimens of monazi te ore as san1pled 
at Steenkampslcraal. 

Analyses of the ore are presented in Table No. 
60 They are unfortunately not complete, but give neverthe
less the percentages of the main radicles constituting the 
minerals of economic importanceo On the Assay Gheet of the 
ore- body (l-.iap 6) j the percentages of the total rare earth 
oxides (TREO), thorium oxide (Tb.02 ) and copper (Cu) from 
regular sampling on the lOO~foot level, are presented graphi
cally. 

The analyses in both Table ro O 6 and I'-::a:p 6 show 
that there is:-

1. Great variation in the percentage of the res

pective radicles; 

20 Appreciable variation in the ratio TREO~ThG25 
which, for a partj_cular monazi te occurrence, 

ought to be constant. 

With regard to the accuracy of the assays, however 7 the fol
lowing points should be borne in mind:-

(i) Chemical assays of the rare earth metals are very dif
ficult to perform with a high degree of accuracy; 

(ii) To achieve the required degree of accuracy in these 
particular assays, much experience is needed by the 
analyst; 

(iii) at the time these assays were done 9 assays and especi
ally analyses of rare earth :minerals were something of 
a rarity in this countryo 

It is felts therefore, that the results Qre not sufficiently 
accurate for comparisons to be made, and any attempt at 

recording variations in the TREO ~ Tb.02 ratio in tl:..e deposit 
would be unsuccessful as & result. 

The analysis of pure monazite separated from the 
ore is given in Table Eoo 7, and compared with analyses of 
monazi tes from other parts of the vrnrld (Pal ache, Berman 
and Frondel~ 19Slj p. 694). T~e material used for this ana
lysis was a flotation concentrate obtained from the Anglo 
American CorlJoration thr01_,1_gh the courtesy of ::.rr. V. ~·lard, 
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who, together with r.1r. J?inlmey, was responsible for the 
metallurgical ex2mination of the ore (:Pinlrney and Ward 9 

1958). 

The concentrate was treated in turn with alco
hol, a commercial detergent and very dilute hydrochloric 
acid in order to remove the flotation chemicals. After 
drying, the strongly magnetic fraction was removed by means 
of a hand magneto Successive fractions of the remainder 
were then separated on a Franz Isodynamic Separator, each 
fraction being examined under the binocular microscope~ and 

the process repeated until a pure monazite fraction was 

obtained., This fraction arnounted to 33. 73/o of the original 
sample, the remainder being made up of sulphides, zircon, 
apatite, me"gneti te, and monazi te impregnated by sulphide, 
magnetite or ferruginous material. 

It is unfortunate that the analysis of the 
SteenkampsJ:craal monazite does not permit the calculation 

of the atomic per cent of the individual rare earth metals. 
Murata, Rose and Carron (1953> pp. 292-300) have established 
the following semiquantitative rules for monazites from 
widely scattered localities, and it would be interesting to 
compare the figures for the Steenkampskraal monazite witl: 
these:-

(i) La+ Nd is very nearly a constant at 42 + 2 atomic 
per cent; 

(ii) Pr is very nearly constant at 7 + 1 atomic per -cent; 

(iii) Ce+ Sm+ Gd+ Y is very nearly constant at 53 + 3 
atomic per cent. 

(b) Radiometric Assays 

The sampling of the outcrop of the ore-body 
for radiometric assay has already been described. The 
results, expressed in equivalent thorium oxide (eTh02 ), 
are s:hown on the Assay Sheet (I-flap 6) . 

A factor derived from the TEL0 ~ eTl1.0 2 ratio 
can be used to compute the total rare earth oxide content 

of the ore, once it has been radiometrically assayed 
against a thorium standard sample. The calculation ma~::::es 
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Table No. 8.- Modal Analyses of Monazite Ore 
= 

A. SAMPLES FROM SURFACE 

Thin 
section 

no. 

Magnetite 9 ' Total Total , Limits 
· fiiona- .Apatite ~1;1ema~i te 9 [ copper Pyrite. Zircon :Quartz'. points I of error 
zite imoni 89 ~inerals · 'countedl in% 

leucoxene · 

Remarks 

16668 

16671 

16672 

16674 

lb676 

16137 

82.2 

, 88 .1 

: 83. 2 

37. 5 

: 81. 3 

~-... . . 

.... } 

9.4 

6.7 
......................... ....................... ............................... . 

27 0 5 ; 34 0 8 ..................... l' ................................................. t ... .. 
15.4 1.5 

1.0 \ 
....... ,j •. 

600 

700 

600 

600 
..................... , ................................ .. 

400 
.. ...................... < ............................. .. 

i 
: 1.2-3.0. Ure, apparently high-grade, from western extremity of deposit.; 

... .............. . ........ ........... . ............................................................... i 

.Average ore from II bl OV'J II in middle of deposito ! 

Ore taken at cierth of 7 feet· in Brink's 11rospecting pit. 
.............. ............ .......... ............................ ............................... . ................................................................................................................................................................................................. -............................................... ; 

; Float; quartz veins in ore not taken into account. l 
.............................................. ·t 

• Ore with quartz .. ~ .. ~.~.:.~.~ .... s .. ~.~······~ .. ~~ ..... ~ .. ~ .. ~~.!..~!._ ...... !.~.~~ ..... ~~.~stern extremity .. l 
0.6 605 : 0.6-302 · Ore enclosing x~noliths of altered wall-rock (disregarded). 

B. SAMPLES FROM 100-FOOS.: LEVDL 

1--------------------------------·------------------------------------------
17947 48.6 34-4 

17950 70.l 14.7 
... ............................... ............. . . ...................................................................... ~ .......................................... . 

17951 

17952 

18117 

18140 

80.6 

80.1 

18144 79.2 

18145 75-9 

1.3 

6.1 

3.0 

5.2 

7.'1 

13.3 

16.0 

13. 0 

5.7 

3.1 

1.1 

6.8 

0.9 

1.3 

1.6 

2.2 

1.0 

0.2 

346 

1000 

• 1.1-50 3 '. Ore interlarn.ina.ted with red feldspar from foot-wall contact. . 
l 

Ore taken 190 feet west of cross-cut. 
I 
' I 
i 
i 

. ............ , .................................. 0 ................................................................................... . 

403 ; 1.2-401 ~ Ore taken 100 feet wes~ of cross-cut. 
............................................... t 

597 • 0.8-3.2 Ore taken approximately 200 feet east of cross-cut. j 

300 

............................................................................................................................................................................................................................................................................................................. .................................................. j·· 

• 0.7-5.6 • Foot-wall ore containing altered vmll-rock 11 sulphides etc. ; 

800 · 0.8-3.2. Ferruginous ore taken 40 feet east of cross-cut. 
.................................... , ............................. . 

1.6 1200 Ore taken 100 feet east of cross--cut. 

.................................................................................. , .. 
' t 

; 
.............. , ..... t 

1000 : 0.7-2.7 Ferruginous, sheared ore taken 120 fe0t east of cross-cut. 
I 

18146 54.3 5.8 6.J 1.3 1000 : 0.7-2.2 \ Strin{~ers of ore in wall-rock from same locality as 18145. : 
.................................... ·•· ......................... .................................. . ...................................................................................................... ~···· .. ···· .. ····.... ... . .............. .... . ........................ ····•··· . .... ....... . .............. r. 

18147 81.0 3o7 6.0 6.0 2o0 1.3 600 0.8-J.2 1 Very granular ore taken 170 feet east of cross-cut. I 

l8l54 . 51 - 8 . 1 9~7 . 20 -5 . 3.5 \ l.3 . , 300 . l.J-5 .s. wall-rock 170 feet west of cross-cut. l 

• ! ~ + ! · ; ; ................................. ; .................. ••••• .. • .. ••••••••• .. ••• ...................... , ... • ••••••••••••••• .............................................. o••••• .. •••• .. , .......... , •• , •• ,,. •. ,.,., .... ••U••• .. •••••• ...................... ,,,.,, •• ,, .......... ,., ........... .,,,., ........................... u. ;i 

18156 1 55.9 8.5 3.3 8.1 21.7 Oo3 2.2 900 1 0.4-304 Sheared ore replaced by sulphides 190 feet west of cross-cut.! 
............................................................. : ....................................................................... , ................................................................................ ,................................................. . ............................. i ................................................................................................................. , ................................................................................................................................................................................................................................................................................................................ 1 

300
- 700 Sheared ore containing altered wall-rock 200 feet west of 

1.7 l.7 °- 8-3-l cross-cut. 16157 ; 78.8 7.8 7.0 
I 

·--;-

toi. n°I . 1U.Sl, i //~, l 
C. SALTPL~S FROM DIAiviOND-DRILL INTBRSJ:i.;UTIONS 

18503/A882 76.9 . 5. 5 , 0.6 800 Compact ore containing interstitial sulphides and oxides. 
............ , .............................. , ...................................... ; .. . .. . ..... . . ....... '.. .... . . . ~- .. ' ...................... ". , ...... ". ... ;" .................... . , "' ,, • • • • • • I ' 

. :..~.~?,~(~.?..~~ ..... ! .... ?.~ .. ~ .. ~ ..... j ................. ?. .. ~.~······[ .......... j. ~ .. ·.7 ~ ......... ~ .. · .. ? .... ; 4. 5. ( ... O. 3 . : . . \ ........... 1 ..... 0 ..... 0 ............... ,.......... Di·~·~? ... ~ ...... ~.~ .. ~ .. §.~~.~.t .... ~ .. ~~~.~~·~·n·o~·~··~•·• .. · .......................................................................................................................................................................... I 
18505/A883 47.0 l 36o4 ! j 10.8 J.2 2.4 0.2 500 ..................... Contact between ore and quartz-rich granite-gneiss. ! 

... ...................... ........... ......... . .... ; ............................ ;........ ; .. : . ~ ; . • : 1 '. 

18509/A884 81.5 0.2 l 308 1.0 l2o7 0.8 600 0.4-3.2 Highly concentrated monazite ore enclosing wall-rock. 1 

·······............................................ . ...... ; .............................. ) ......................................... ? ................................................... ~ ............................................ ! ········· .......................... :............. . .................................. .......... . ... ······ ................ + .............................................. ' ......................................................................... , ....................................................................................................................................................................................... ·. ·······-.......................... _ ............................. , 
18510/A885 42.5 47.4 6.3 2.2 1.4 0.2 410 0.4-5.11 Ore rich in apatite 7 containing xenoliths of wall-rock. 
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use of the results of the chemical analysis (see Table Noo 
7) as follows:-

TREO 
eTh02 

= 61.1 7 
8. 25 ~:-

= 7.41 

,. ,s1 

(c) Volumetric Composition 

Modal analyses of representative ore~samples 
are given in Table Noe 8. A Glagolev point-counter as des
cribed by Chayes (1949 9 PPo 1-11) was used. The proportions 
of the respective minerals have been reduced to per cent; 
the total number of points counted in each case is shown in 
one column, and the limits of error according to the curves 
of Barringer (1953, p. 33) are indicated in another columno 

Pronounced replacement of the ore by quartz, 
and the presence of wall-rock gangue 5 have been disregarded. 
To si~plify the interpretation of the results, all the iron 
minerals except pyrite were included in one group, and all 

the copper minerals in another. 

The follovving features emerge from the counts:-

1 o Except where the proportion of oxides and/or sulphides is 
very high i.e. where extensive replacement of the phos
phate minerals has taken place, the total phosphate per
centage (monazite + apatite) is in the vicinity of 80%+, 
irrespective of their individual percentages; 

2. The proportion of apatite tends to increase in depth; 

3o The proportion of zircon tends ~o decrease in depth; 

4. The oxide and sulphide minerals occur independently of 
the proportions of the phosphate minerals. 

~~ Radiometric assay of monazi te involves tl~e measure
ment of radiation from the uranium as well as t};_e 
thorium component of the sample; the apparent %'rh0,.., 
for this monazite, as revealed by radiometric assay~ 
is therefore expressed as 
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The results of the chemical analyses, radiometric 
assays and modal analyses 9 whether for systematic or random 
sampling, indicate irregular proportions of the individual 
minerals throughout the deposit. Attempts to clravr variation 
curves from the results have been unsuccessfulo Unfortuna
tely chemical, modal &nd rediometric analyses were not made 
of the same samples; those that are available can therefore 
not be compared inter seo 

Taking the aphosphate oreli, unreplaced by 
oxides and sulphides, as a unit 9 however, the total phositate 
minerals maintain a fairly steady proportion, in spite of 

the fact that the percentages of apatite and zircon increase 
arid decrease with de~th, respectively. If the zircon con
tent9 in the light of its small variation, can be regarded 
as constantj as well as the combined proportions of monazite 
and apatite, then the figures support the petrographical 
evidence that monazite, apatite and zircon represent a com
mon period of mineralisationo The figures also bear out the 
fact that the oxide and sulphide mineralisation has taken 
place quite independently of the prior phosphate mineralisa
tion, and has been capable of upsetting the total phosphate 
mineral proportion by replacement of these minerals. 

G. Mining, Ore-dressing and Production 

The mining of the ore-body, being a lode with 
well-defined boundaries and fevr ma :or irregularities in dip, 
is in theory a simple matter~ and the skeleton layout of 
the mine sketched in Fig. 7 ought to be quite straightfor~ 
ward. 

On top of the koppie at the surface, near the 
original prospecting pit, a vertical shaft was made 100 feet 
deep, and a cross-cut was made from it southwards at that 
depth to intersect the ore-bocy. From the intersection, 
drives were developed along strike to east and west, thereby 

forming the 100-foot level. 
Approximately opposite the 100-foot cross-cut, 

a winze was made on the dip of the ore-body to the 300-foot 
level, and another main level was developed east and west 

of it at 200 feet. 
The picture j_s then complicated by developme!lt 

along sub-levels with raises and other winzes between them 
for the purpose of following the lode and its small apophy
ses to the best advantage, and to overcome displacement due 
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to faultingo 
Hoists operate at both shafts. The ore is 

stoped out by the room-and-pillar method and falls into the 
main levels or sub-levels O The ore between the surface and 
the 100-foot level is lifted from the vertical shaft, and 
ore below the 100-foot level is lifted from the 300-foot 
level by means of the inclined shaft. The ore from t:J.e ver
tical shaft is transported to a chute constructed over the 
mouth of the inclined shaft~ so that the hoist which ope~ 
rates there can feed ore from both sources into the ore

dressing plant. 

After exhaustive tests and experiments on bulk 
samples of the ore had been conducted by the Anglo AL:.erican 
Corporation, a flow-sheet for a concentration plant was 
drawn up. As far as is known, there was at that time no 
plant treating ore of this nature, from which information 
could be obtained. In view of the complexity of the concen
tration process 9 the lack of power, transport facilities and 
water for either mining or domestic usej a great deal of 
thought had to be given to the design of the final plant 
(MacConoohie, 1957 9 pp. 95-100). The finely divided and 
often disseminated nature of the monazite requires the ore 

to be finely ground. The application of standard gravity 
separation methods was found to be uneconomic because of the 
high tailing losses involved in the treatment of such fine 
material, and flotation is therefore employed to concentrate 
the monazite insteadG 

Briefly, the ore is crushed and the pulp from 
classifiers is treated by flotation in tw-o stages. The 
first removes iron and copper sulphides, and the second 
floats off the monazite. The concentrate is filtered, dried 
and bagged for export. The plant is capable of producing a 
steady concentrate containing roughly 50% total rare earth 
oxides under normal conditions. If the amount of gangue 
entering the plant is reduced by hand-picking or by recently 
introduced heavy mediurE techniques, the efficiency is in
creased. The fineness of the secondary minerals from the 
altered wall-rooks tends to hamper the flotation process, 
as they form a very fine slime suspension, and for this rea
son water can pass through the plant once only. The details 
of the beneficiation process and its development are set out 

by Pinkney and Ward (1958). 
The consumption of water by the plant reaches 

tens of thousands of gallons per day. It is transported a 
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distance of 65 miles from the Olifants River at Rlawer by 
South African Railways water-lorries, which convey the 
concentrates to the station on the retur~ tripo 

Production started in November, 1951, and 
41,817 tons of monazite concentrate had been produced by 
the end of 1957. The production of 9,314.21 tons o:: 
concentrate during 19S7 rendered South Africa the major 
world producer of thorium and rare-earths (Kremers, 1958, 
p. 14S; Paone, 19S8, Po 144)0 

IV.- The Monazite Deposits on Roodewal and Uilklip 

Ao History 

The deposit on Roodewal forms a slie;ht but con
spicuous feature at the surface of the groundo It had been 
known by the local inhabitants for a long time? but had been 

regarded as a type of fulgurite and therefore of no economic 
significance. With the interest aroused by the prospecting 
of tbe Steenkampskraal deposit, and the subsequent identifi
cation of monazite in the ore 9 however, it was not long 
before the similarity between the two deposits was recog
nized. The Roodewal deposit was nrec1iscoverec_ii by a 
jackal hunter in 19S2. Prospecting subsequently in the 
immediate vicinity of this deposit, WJ.r. C.A. Gibson of the 
Anglo .P.Jnerican Corporation traced further small deposits on 
UillrJ.ip from the radiation afforded by their float patterns o 

B. Location 

The deposits are situated on either side of, 
and very near to, the boundary line between Roodewal and 
Uilklip,, in the south-western and south-eastern corners of 
the farms respectively. They are approximatelt two miles 
by farm track from the secondary road between ICLiprand and 
Vanrhynsdorp. As the crow flies they are seven miles NNE. 
from the Steenkampskraal deposit, and a total of 61 miles 
by road from Vanrhynsdorp (see Maps 1, 2, 3 and 8). 

Sediments of the l':uibis Series have been eroded 
away, exposing the crystalline basement in a small~ north-
ward trending river-valley O Vfuerever the sediments remain 
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they form krantzes or steep scarps 9 and the level of the 
exposed granite-·gneiss drops from them towards the bed of 
the stream. The deposits occur on either side of the small 
valley so formed. Scree from the krantzes and locally 
derived detritus from the crystalline basement build parts 
of the valley slopes, and the deposits were originally ob
scured to a great extent 'by tbese accumulations. 

s-w. I N-£ 
I 

UILKLIPI R00DEW~L 
I 
I 

+ 

+ + + + + + + 
Porphyroblashc grc1nite - Jn~lss 

+ t t + +- + + + 

+ + + + + + + 

Fig. 18 o - Diagrammatic section through the L1ineralised area 
on Roodewal and Uilklip 0 

Ce Geology of the Deposits 

1. Roodewal 

The deposit occurs in porphyroblastic granite
gneiss at the foot of a small 1crantz of Kuibis sediit1ents ~ 
and before prospecting operations began it was largely 
covered by these sedi~ents and screeo As originally ex
posed, the deposit formed a ·~reef Ii or 11 blowa which 7 at 

its most pro~inent point 1 stood about S feet above the sur
face of the grov..ndo It had a m&ximum width of 16 feet and 
a length of outcrop of about 90 feet. Having weathered to 
a dark-brown colour and being stained here and there by 

malachite and chrysocolla~ and surrounded by a considerable 
quantity of float, it provided a local ·feature whiah .. stood 
out markedly from the more easily eroded granite-gneiss. 

The strike of the ore- body as exposed vras from 
north-east to south-west, but the contacts were too poorly . 
exposed ori~inally for the dip to be observec. The de~osit 
appeared to be horizontally bedded and to rest on the 
granite-gneisso The contact apparently dipped gently 
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nort~~wards. There were distinct, near-vertical shear
planes both in the ore and in the country-rock. 

Prospecting 1Jy the Anglo .American Corporation 
has :presented a very much cle2~rer picture. 1,Iap 8 shows the 
area cleared of rubble and scree, and the actual behaviour 
of the ore-body. The greatest development of the deposit 9 

at its southern extremity, is in a shear-zone in the 
granite-gneisso This shear-zone trends parallel to the 

foliation but dips more steeply to the south-east O The ore-· 
body, however, swings out of the shear-zone northwards some 
75 feet from its south-western extremity, then syrnmetric2.lly 

, 

east and north again. It becomes n2rrower along strike 
until it is a mere 3 or 4 inches thick at its northern ex
tremityo 

Eere the ore~ body is truncated by the pre-1':ama 
erosion surface, and is overlain by boulders of granite

gneiss which are separated by fissure-fillings of a:r:kosic 
materialo The boulders have cliffe~ent directions of linea
tion. The fissure-fillings in contact with the ore are very 
weathered, and consist of limonitic and siliceous 5 calcar
eous tufa passing upwards into sandy, feldspathic sandstone. 
These fillings 9 wl~ic}~ are of Nama age, contain small quanti-

/ 

ties of monazite some distance from the contact. 

Frospecting trenches that have been sunk across 
the strike of ·she deposit reveal its structure and relation

ship to the country-rock. At its so~th-eastern extremity, 
the ore-body abruptly decreases in t~ic~ness from 18 feet 
to a number of thin, parallel stringers which pinch out in 
the granite-gneiss. At its greatest development in the 
south-west trending limb 5 the ore-body and stringers dip 
steeply north-west on the north-west contact, and steeply 
south-east on the south--east contact 1 giving the impression 
that there is an increase of thic1mess in depth. These 
features are deceptive, however, and diamori.d-drilling by the 
Anglo American Corporation has shown the ore-body to pinch 
out at very shallow depth indeed. As the body swings to the 
north~ the dip is to the east anc~ slightly shallower, becom
ing more so along the strike, and then it steepens again on 
the northerrunost limbo In general, therefore, the lode may 
be described as trending north-east with a predominant dip 
to the south-east. 

The ore-body and the surrounding granite-gneiss 
have undergone jointing and slight movement along faults. 
This has produced slickensides along planes in the ore. 
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Fig. 19.- Diagrammatic section across the 
monazite deposit on Roodewal. 

The faults are probably old joint-planes along which post
Nama movement has taken place. The joints in the granite
gneiss are too irregular to be regarded as primary in ori
gin, and are considered, therefore 9 to be related to the 
post-Nama tectonics. Their surfaces are smooth, coated 
with limonite and sometimes slickensides as well. 

Rapid changes in the strike of the ore-body 
could be misinterpreted as having resulted from faulting 9 

especially where they are accompa,nied by abrupt changes in 
thickness. Post-Nama jointing and faulting have affected 
the ore-body to a small degree as described. In one place 
it has been eroded away together 1\Ti th the wall-rock 1 and the 
resultant depression has been filled by boulders of granite
gneiss and arkosic matter. The whole is now consolidated 
and obscures a good deal of the ore-body. The apparent 
change in thickness and the sudden transition from granite
gneiss to monazi te ore could be'erroneously dismissed as 
having resulted from faulting. There is, besides, no fault
breccia or filling to indicate a lateral movement of at 
least 10 feet, or the vertical throw which would have been 
required to thin the lode from a width of about 15 feet to 
an apparent width of 1 or 2 feet. 

The granite-gneiss in which the ore has been 
emplaced is typical porphyroblastic granite-gneiss. Its 
foliation strikes east-west and dips south, and an east
west lineation is brought out by recrystallised quartz. 
The granite-gneiss is a deep-red colour over parts of the 
southern half of the area (Map 8) 9 and this is considered 
to be due to hydrothermal alteration and to be associated 
with small, frequently occurring zones of shearing. In the 
south-eastern corner of Uilklip, small, en echelon quartz 
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veins are present in the grani te--gneiss parallel to the 
foliation, and a large quartz vein which is transgressive to 
the foliation occurs south-west of themo 

Mineralisation has taken place on the site of 
shearing in the granite-gneiss, but has not been controlled 
by it. Rather, the minerals tend to be associated with 
zones of hydrothermal alteration in the granite-gneiss, and 
so this alteration seems to be a prerequisite to the miner
alisationo The altered rock varies in colouT from v1hite to 
green due to the presence of one or more of sericite, epi- · 
dote and chlori te. W:::ere stained by secondary iron oxides, 
the product is dark-red in co~our. The wide-spread dissemi
nation of the phospbate minerals in the vvall-rock, apart 
from their presence in the main ore-body and stringers 9 sug
gests that thorough impregmdion by mineralised vapours or 
solutions followed the hydrothermal alteration. 

A lode of titaniferous magnetite? largely 
altered to haematite and leucoxene, cuts the foliation of 
the granite-gneiss in the second trench, at right angles to 
the strike of the ore-body, illustrating the irregularity 
of replacement. Near the point where the ore-body is par
tially eroded and covered by boulders and arkosic material, 
more haematite is present in smallj irregular veins and 
stringers. It exhibits good crystal form pseudomorphous 
after magnetite. In polished section 5 the leucoxene may be 
observed along the octahedral exsolution-planes (polished 
section D.P. 169). The haematite is usually characteristic 
of the contact between the monazite ore and the granite
gneiss. 

2. Uilklip 

The ore is present in the form of pods, small 
veins or lodes, and stringers, all of which are rather irre
gular both vertically and laterally. A pre1dominantly east
west strike can, however, be recognised, and most of the 
ore-bodies dip in a northerly direction. Their size varies 
from that of mere mineral ~rains disseminated over a few ._,, 

inchesj to bodies a few feet in length and girth. The maxi~ 
mum thickness measured was 2 feet. It is assumed tl1at the 
greater part of the ore has been removed by erosion, since 
a great deal of material has been found as float and in 
Recent conglomerate in the stream-bede 
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The country-rock is porphyroblastic granite
gneiss, generally biotite-rich, and usually weathered. In 
the stream-bed, a small patch of anorthosite is exposed. 
It grades outwards into the granite-gneiss through zones of 
white, then pink, feldspar-chlorite rocks containing a zone 
of recrystallised quartzy and deep-red granite containing 
much epidote. A faint horizontal folj_ation is provided in 
the anortbosite by the orientation of the flakes of biotite. 

Veins of pegmatite cut the foliation and linea
tion of the granite-gneiss. They vary from fractions of an 
inch to a few feet in thiclmess 5 and up to 200 feet in 
lengtho Their presence provides a valuable clue for dating 
the mineralisation. In the northern lot of exposures, the 
largest ore-body cuts two parallel pegmatites 1 and two small 
ore-bodies stop against two more parallel pegmatites. This 
indicates quite clearly that the mineralisation is post
pegmatite in age. 

A structural map (Map 9) of the crystalline 
basement, drawn by tentatively joining the strike-lines of 
the foliation, shows a distinct 11 whorla of the type des

cribed from Steenkampskraal. It seems significant that 
mineralis2.tion has again taken place where the strike of 
the foliation changes markedly from the regional pattern, 
and it might suggest that mineralisation had favoured a 
weakness in the crust at this point. The lineation in the 
granite-gneiss maintains a very constant east-west trend in 
spite of any change in the direction or the dip of the 
foliation. 

The monazite ore can be traced by following the 
small zones of alteration in the granite-gneiss. The wall
rock is characterised by sericitisation of the feldsparj 
anQ the presence of abundant chlorite and secondary ferru
ginous mattero The foot-wall contacts are generally sharp, 
but the hanging-wall contacts, especially if nearly para
llel to the foliation of the granite-gneiss, are more highly 
altered and irre~ularlv mineralised. The whole of the :...; .., 

country-rock is well jointed, and the joints pass through 
the pods of ore. These joints are not mineralised, which 
indicates that they are of a later age. Post-mineralisation 
faults displace the ore-bodies slightly and occasionally 
truncate them altogether. The feult~planes are filled by 
myloni tic material containing abundant chlori te, hydroxic_es 
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and other secondary mineralso 
A common feature of the pods is their near

horizontal disposition to one another, at slightly different 
levels in the granite-gneiss. It would seem as if the 
mineralising solutions or vapours had "s-o.a.ke.d,,- the granite~ 
gneiss along flat-lying joints, or in the case of ore with 
better defined boundaries, along more steeply dipping joints, 
and so gave rise to this feature. 

D. Mineralogy of the Deposit~ 

The macroscopic si~ilarity of the ore to that of 
SteenJrn.mpskraal is borne out by petrographical examination 
(18512-18515). There are, in fact, no essential differences, 
and the relationships of the minerals to each other and to 
the altered wall-rock are exactly the same. 

In a thin section cut from a sample of the Roode
wal deposit (18512), part of the wall-rock contains a few 

grains of highly altered amphibole, which can be recognized 
by its cleavage. The occasional occurrence of hornblende 
in the granite-gneiss is mentioned by Brink (1950, p. 163). 

The mosaic texture of the equigr§inular nphos
phate ore" is very striking (see Plate XLVII). The ore 
encloses many xenoli ths of altered wall-rock, and its re-~ 
placement of the wall--rock is very distinct. In the thin 
sections cut from samples of the Roodewal ore, parallel 
fractures pass through all the mineral grains regardless of 
their orientation or cleavage (Plate XLVII). These frac
tures run in the same direction as the vertical shear-planes 
in the ore-body and are no doubt related to themo This 
shearing must, therefore, post-date the mineralisation; 
even the replacement of the ore by quartz, which is the 
youngest mineral, is not controlled by it. It probably 
represents renewed movement along the original shear-plane 

in which the mineralisation took place. 
The monazi te is well cleaved, but seldom t\vin

ned, and shows no discolouration of the sort recorded on 
Steenkampskraal. Monazite and apatite occur for the most 
part in normal proportions, but may tend locally to exclude 
one another as well (Plate XLVII). 

Aluminian strengite (barrE~ndite) is present in 
small quantities interstitial to the monazite crystals on 
Roodewal. It is present in fine blades, fla}rns, laths and 
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spherulites, and in 11 concertinaa or radiating aggregates 

(18~13)o The strengite is light-buff to b~ownish in colour, 
and is nonpleochroic; the darker tints are apparently due 
to alteration. The basal sections are euhedral and pseudo

hexagonal in outline. The optical character (2V = 74°), ex 
positive elongation and maximum extinction angle Y.cl = 6° 7 

were established on the Universal Microscope Stage. There 
is one good cleavage parallel to the basal pinacoid, and 
another distinct cleavage at right angles to it. The mean 
index of refraction is 1.68; the birefringence is low. 
In 2 twinned crystal, the composition-plane is parallel 
to the basal pinacoid, and there is a maximum symmetrical 
extinction angle of 6°. The mineral was identified by means 
of X-ray powder photographs which placed it in the scorodite
varisci te group, and microchemical tests for Fe+++ and 

P04~ were positive. Qualitative spectrographical anelysis 
of a very small sample confirmed the presence of Fe and Al 
(probably Fe> Al) and the absence of As. The mineral dis

solves in 1:1 HN0 3 with difficulty. 

Jarosite forms finely crystalline~ granular 
aggregates interstitial to the monazite in the same thin 
section. It is weakly pleochroic in shades of yellow. The 
birefringence is extreme 9 and approximate determinations cf 

the refractive indices gave w = 1.81 and E = 1.72. The 
jarosite gave a distinctive X-ray powder pattern, and the 
identification was confirmed by positive microchemical tests 
for Jfe +++, K+ and SO 4_=. This mineral is also· present in 

very small quantities. 
Zircon is more abundant than at Steenkampskraal 5 

and forms 4% of the ore where it is best developed. The 
grains are e1J.b.edral 9 oval or round. in shape 5 and are usually 
strongly zoned. 

The sulphides are represented by pyrite, chalco
pyrite, galena, covellite and chalcociteo The galena is 
more plentiful than at Steenkampskraal. Alteration of the 
copper minerals at the ground-surface has yielded malachite 

and chrysocolla. 

Very little magnetite remains, having largely 
been altered to haematite and limonite. The successive 
stages of the alteration are quite distinct. Abundant leu
coxene occurs along octahedral exsolution-planes in the 
altered material (polished section D.P. 169). Very little 
free haematite remains in the ore-body; most of it is pre
served as impregnations in monazite, and the rest has been 

altered to limonite. 
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Quartz occurs in somevrhat irregular blebs ~ re
placing the ore-minerals in the same way as in the Steen
kampsk:raal deposito It exhibits no strain shadows or signs 
of :recrystallisation. 

E. Prospecting Methods 

The prospecting in this area was done in the 
first instance by the Anglo American Corporation. 1he out•-· 
crop on Roodewal was the only one known at the start, and it 
was through systematic traversing of the rest of the area 
with a portable Geiger-Muller counter by :Mr. C. A. Gibson, 
the geologist in charge, that the other deposits were loca
ted on Uilklip. Traverses were made across the slope of the 
ground to establish a float pattern, and having been found, 
the float was then traced back to its o~igin. 

By far the greater part of the deposits was 

covered by detritus and scree~ and the area had to be 
cleared as shown on Map 8 before information could be 
gathered. Trenches were made across the deposit on Roode
wal, and the middle and soutLern exposures on Uilklip. In 
addition, diamond-drilling was done on Roodewal to trace any 
extension of the ore- body in depth. The results ·were very 
disappointing, however, and showed the ore to be restricted 
virtually to what had already been exposed near the surface 

of the ground. 

At about the time this prospecting came to an 
end, the author and Messrso P.W. de Lange and Z. de Velde 
Harsenhorst of the National Physical Research Laboratory, 
were assessing the capabilities of car-mounted radioactivity 
detection equipment for field use. The relatively undis
t-u:rbed nature of these deposits presented a unique opportu
nity to test the C. 1LR O G. 0. -~~ unit. Traverses were made 
across the slopes from the deposits on either side of the 
valley 9 in order to determine the sensitivity of the equip
ment to naturally distributed float. It was also hoped to 

establish the measure of success which might be expected 
from traverses done in the ordinary course of a survey for 
radioactive deposits. 

Detailed descriptions of the C.A.R.G.0. 

~:- C .A.RoG.0. is a mnemonic derived from car-mounted 

Qeiger ~perationo 
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equipment and its use have already been published by Simpson 

(19549 pp. 57-60) and Bowie, Hale 9 Ostle and Beer (1955 9 

PPo 1-23). Briefly, it consists of a ratemeter-type of 
Geiger-Mtiller counter and a scintillometer, both connected 
to automatic recording equipment 9 and mounted in a short 
wheel-base Land Rover. When the instruments are operating, 
a continuous record is made. This is in the form of a graph 
of the radioactivity registered in counts per minute, vs. 
the time or distance travelled by the Land Rovero The use 
of both instruments simultaneously, apart from providing 
records of different sensitivity, also provides a check in 
accuracy of one against the other. As it happened, the 
scintillometer vras at fault for some of these particular 
traverses, and so the results from the ratemeter records 
were used to compile the isorad map of the area (Map 10). 

The results indicate quite clearly how the float 
from even such small deposits becomes distributed, and can 
be detected by the increased radiation it affords above the 
background counte Especially significant is the fact that 
the float does not necessarily become concentrated in the 
stream-bed, but is more evenly spread over the sloping 
ground. The minerals from the deposit have a high specific 
gravity, and those that do reach the stream-bed make their 
way to the bottom of the d$tritus a~d are easily covered by 
lighter sand and silt. These sediments effectively mask the 
radiation 9 and prevent the minerals from being detected. 

V. - Detri tal Deposits in the Nama ?;(~~-~m 

The relationship between the radioactive mineral 
deposits and the Nama System. could not be established with 
certainty until the disconformable contact between the lode 
and the overlyi~g Nama sediments was encountered on Roode
wal. The fact that the ore--body is truncated by the pr,3-
Nama erosion surface, and the presence of monazite in tbe 

overlying arkose, indicate immediately that the basal for
mations of the Nama System could conceivably carry detrital 
concentrations of monazite, which had undergone mechanical 
weathering and been removed by erosion from the primary 
deposits in the Archaean Complex. 

How far the monazite would have been transported 

was a matter of conjecture: the exposed basal sediments of 
the :~ibis Series were examined 9 however, for a radius of 
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approximately one Y'lile around tne Roodewal-Uilklip occur
rences 9 and a banded sandstone which was radioactive over a 
small area was discovered. It occurs on Uilklip ~ immediately 
underlying Schwarzkalk limestone on the down-thrown side of 
a small dip-fault in the south-eastern portion of the farm 
(see Maps 2 and 3). This is much higher in the succession 9 

therefore 9 than might be expectedo Tbe bands are thin, 
alternating layers of ferruginous and non-ferruginous sand
stone; a superpanner concentrate of the heavy minerals 
contains detrital grains of monazite and zircon. 

Following upon this discovery, Mr. de Velde 
Earsenhorst, during the cqurse of traversing with the 
CoA.RoG.0. unit on Leeuw Kuil, located three radioactive 
areas at the contact between the 1~uibis Series and the 
Archaean Complex. This farm is adjacent to the area that 
had already been mapped, so the mapping was extenc.ed to 
include it as well? and the deposits were exarnined at the 
same time. 

' They occur. in a radius of one and a half to two 
miles from the nearest known primary deposit, that on Roode
wal (see Maps 2 and 3). The radioactive zones were traced 
with the portable probe unit of the C.AoRoG.0o scintillo~ 
meter, and were found to be intercalated in the basal por
tions of the feldspathic sandstone and arkose, very near to 
the contact. They are flat-lying 9 thin and lenticularo 
The material is coarse-grained and dark in colou2, being 
stained by secondary iron rn.inerals. The occurrences are 
small in size, the most extensive one (the southernmost) 
having beEn traced for approximately 400 feet along strikeo 
The dark-coloured layers of the rock contain the radio
active minerals, as they do on Uilklip; heaV"IJ mineral 
fractions separated from these layers contain monazite, 
highly impregnated and coated by ferruginous matter, zir
con, and highly altered titaniferous magnetite. All the 
erains are well roundede Although the layers occu:r over a 
thickness of 6 feet of strata, tl':ey are very narrow by com

parison, seldom exceeding 2 inches in thickness~ and it is 
doubtful whether they can ever be anything other than of 

academic interest. The most radioactive of the random 
samples that were taken 9 assayed 0.3% (6 lbs./ton) eTh02 • 
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VI.- Other Occurrences of Radioa~tive-Zinerals in the Area 

During the course of field-work in the area, 
many and varied reports were received of suspected occur
rences of radioactive minerals. All except two of them 
turned out to be groundless. 

One of these occurrences is on the farm Taai
boschoek, Calvinia Division, where the Archaean Complex 
has been exposed through erosion of the Dwyka Series. 
Numerous pegmatites occur there~ and one of them, near the 
Trigonometrical beacon Heuningnes 9 in the north-eastern 
corner of the farm, contains slightly radioactive 
columbite-tantalite. This is, to the best of the author's 
knowledge 1 the southernmost pegmatite mineralisation of its 
kind, and may indicate the position of the southern, miner
alised, marginal zone of the Archaean Complex in the western 
Cape Province 9 corresponding to the northern, mineralised 

pegmatite zone along the Orange River. The locality is 
marked on field-sheet 8 in Fig. 1 and on Map 1. 

The other occurrence is on the farm Meu.1 9 20 

miles Nmv. of Bitterfontein on the main road to Garies. 
Diamond-bearing gravels cover an irregular erosion surface 
which now forms the northern slopes of the valley of the 
Swart Doring River. The clayey matrix in which the ·w2,ter
worn pebbles are set contains distinct quantities of 11 black 
sand 1

i ~ which w2s found in the field to be slightly radio
active. Wn.en this is vrashecl and concentrated~ a virtually 
magnetite-free, ilmenite sand is obtained, which contains 
a few per cent each of monazite and zircon. The locality 
is marked on field-sheet 10 in Fig. 1 and on Map 1. 

Traversing with a portable Geiger-Mtiller coun•
ter across the strike of the granite-gneiss and metasedi
ments resulted in the discovery of slightly radioactive 
quartz veins on Karragas, portion of the farm Kobeeb, Van
rhynsdorp Division. The locality is indicated on field
sheet 5 in Fig. 1 and on Map lo The veins are en echelon 
in distribution and outcrop intermittently over a distance 
of 600 feet, the largest occurrence being about 50 feet in 
length and a maximum of 2 feet in widtho They are inter-,. 
foliated with the metasediments and have apparently recrys
tallised to accornmodate the tectonics which g2ve rise to 
them. The quartz bodies and an adjacent biotite schist are 
ferruginous, and are enriched in patches by tlisseminated 
monazite and xenotime, whic~ were identified in a heavy 
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mineral concentrate separat8d from the crushed rockso The 
occurrence is of no economic importance, but does indicate 

that radioactive mineralisation post-dating the formation of 
the Archaean Complex has taken place in this part of the 
area as well. 

Traversing of the whole area by lVIr. de Velde 
Harsenhorst with the C.A.R.GoOo unit followed the author's 
mapping of the geology and topocadastral features by plane 
table. No radioactive deposits other than those already 
described ,vere discovered 9 but a few points of interest did 
emerge which could be mentioned at this stage. 

Of all the crystalline rocks traversed in the 
area, the porphyroblastic granite-gneiss provides the high
est radiometric normal. Unusually high radioactivity is 
encountered locally in the granite~gneiss on Leeuw Kuil 
and Warm Viool (approximately in the centre of field-sheet 

14 in Fig. 1 and on Me,p 1). The granite-gneiss in the for
mer locality is dark in colour and apparently somewhat 
altered; a heavy mineral concentrate separated from tbe 
crushed rock contains abundant zi:rcon 1 to which the abnormal 
radioactivity may be ascribed. The granite-gneiss from the 
latter farm, by contrast, appears to be normal, but a heavy 
mineral fraction similarly concentrated from it contains 
abundant zircon, and also monazite. Its radioactivity could 
therefore be ascribed to both mineralse 

Naturally concentrated 11 black sandsH in the 
flatter parts of the area are often responsible for high 
radioactivity. This is due to the presence of abundant 
zircon and monazite. 

The generalised basement structure map of the 
Roodewal-Uilklip deposits (Map 9) shows a small Hwhorli. in 

the stri2re of the foliation near the Kruispad - Leel::w Kuil 
boundary. Unfortunately, exposures of the granite-gneiss 
here are poor, and the structure is by no means definite. 
It seems significant, however 9 that the radioactivity from 
this section of the granite-gneiss is very much higher than 
that obtained by traverses over the same rock-type elsewhere 
in the immediate vicinity. Although no sign of monazite 
mineralisation was observed during mapping, the radio~ctiv
ity anomaly that is repeatedly encountered here indicates 
that some mineralisation has definitely taken place. 
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VII. - Minerals of Economic .. Importance other than Mo1:1_E:~~-~e 
-·--

The only minerals which occur in economic 
quantities in the area are those found in the monazite 
deposits. These have already been describedo 

Excavations for plant foundations and pipe-lines 
on Steenkampskraal exposed several zones of hydrothermal 
alteration, slightly mineralised by malachite, galena and 
fluorite. Fluorite also occurs in a hydrothermal zone near 
the monazite deposit on Roodewal, and as these appear to be 
small replacement deposits in the granite-gneiss, they are 
possibly related to the monazite mineralisation. 

Small veins of barite are present in a shear
zone near the homestead on Uilltlip (see Maps 2 and 3). 
They outcrop intermittently over a distance of 400 to 500 

feet and reach a maximum thickness of 4 inches. 

Reference has already been made to small occur
rences of magnetite at the contacts between granite=gneiss 
and metaquartzite (seep. 17; Maps 2 and 3). 

In the Nama System, disseminated cubes of limon
ite pseudomorphous after pyrite form replacements in the 
lower members of the i~ibis Series, and in the grit and 
arkose of the Scbwarzkalk Seriee.. The pseudomorphs are 
largely euhedral, up to 2 inches in diameter, and the stri

ations which are typical of pyrite, are retained both on 
themselves and on t:Ceir casts ( see Plate XVIII). The indi·· 
viduals are perfectly discrete and no mineralising veins or 
stringers were observed between them. Large crystals occur 
near the base of the succession,.and small ones further 
away from it. In diamond-drill cores, py~i·te_ .±~ present 
in qua:rtz:it.e and grit ; and calcite, pyrite and chalco
pyrite fill joints in shaleo 

Deposits of gypsum were found on the ::arms Kalk 
Gat Vlakte and Zoovoorby, to the east of the area covered 
by Map 2. They are situated at intervals in river banks 1 

extending in each case for approximately 2 miles. No sam
pling could be done or a detailed survey maQe at the time 
of discovery. The ~ineral occurs beneatb a capping of sur
face limestone which is everyvrhere present iL the ir::.mediate 
area. Crystalline gypsum is well developed in the usual 
fawn-coloured gypsiferous earth. It might have originated 
from the overlying surface limestone, but the fact that it 
often gives rise to the latter by weathering, suggests that 
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it has originated from the Schwarzkalk Series which out
crops near by. In this Series~ sulphides for oxidation, 
and lime, are both available to form gypsum. Wasserstein 
(1935, p. 33) proposes a similar origin for other gypsum 
deposits near Vanrhynsdorp, where the Malmesbury Formation 
appears to have supplied the material to form the gypsum. 
The gypsum beneath the surface limestone in the area des
cribed by the present author is therefore probably more 
extensive than that which is exposed. 

VIII.- Underground Water 

In this semi--arid area, with its irregular and 
uncertain rainfall, underground water is very valuable and 
has been difficult to locate. Successful bore-holes have 
been drilled in dipping and folded Nama strata, in granite

gneiss overlain by Recent deposits, and in river-banks for 
seepage water. Unsuccessful holes have been drilled vd th-· 
out adequate regard to structure anQ topography, or at ran
dom in river- banks i~ hopes of finding seepage Vlater o The 
strength of the supplies is not known, but is yrobably ~1,111ell 
under 1,000 gallons per hour in each case. The quality of 
the water varies from slightly to strongly brackish. 

Natural springs occur to the north of' the area 
covered by Map 2 on tl:e farms Brakfontein, Remainder of 
Tafelberg Lot B, and on Puts, where slightly to very brack
ish water issues from fracture-zones in the metasediments. 
Except for water which is very brackish, it is suitable for 
domestic use and for stock. 

Apart from the shallow wells tbat have been 
sunk to exploit these springs, no bore-holes or wells have 
been sited on shear-zones or faults in the area 1 most of 
which are regarded as promising for underground water. 
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IX.- Discussion 

A. Possible Sources of the Radioactive blements 

The geochemical affinity of primary thoriU;ffi
bearing minerals for carbonatitic, alkaline and granitic 
igneous rocks 9 and particularly their residual solutions, 
is well establishedo 11hese minerals find prominence in the 
pegmati tes and hydrothermal veins associated ·with these 

rock-types (Frondel, 1956 9 p. 576; Kerr, 1956, PPo 36-37)0 

The epigenetic nature of the mineralisation 
having been established, it might logically be related to 

Jansen's third phase of intrusive activity in the Archaean 
Complex, which is represented ·west of Bi tterfontein by the 
following sequence of rock-types (19~5: 1956, pp. 6-8):-

1. Dykes of lamprophyres (minette, kersantite> camptonite), 
gabbro and pyroxene diabase; 

2. Intrusive bodies composed of syenodiorite, syenite, 
quartz syenite and granite, and small intrusions of 
aegerite syenite; 

3. Dykes of bostonitic rocks (bostonite, bostonite porphyry, 
quartz bostonite), syenite aplite, gauteite and s~lvs
bergite; 

4. Large dykes of quartz porphyry, alkali granite porphyry 
and occasionally granophyre; 

5. Large intrusions of graniteo 

Jansen considers that the origin of these 
younger rocks could possibly be found in a mobile palingene 
magma which originated by large-scale anatexis of the por
phyritic rocks and also of the gneissic and metamorphic 
rocks. The sequence of emplacement is characterised by a 
gradual increase in the K20:Na2o ratio, the ratio for the 
granites being approximately equal to the ratio for the 
Pink Gneiss (aplogranitic type). The fair to large amounts 
of accessory minerals present in these rocks, of which 
apatite is quoted as an example, are apparently comparable 

with those in the porphyroblastic rocks. 

The granite intrusions so far mapped by Jansen 
form three plutons and seven cupolas (see Map 1) which most 
likely merge into one large pluton at depth. The contacts 
between the granite intrusions and the rest of the Archaean 
Complex, where observed., are sharp and steep, so that tr_,_ere 
is no indication of the possible sub-surface extent of the 
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granite at the present time. 

The composition of these rock-types, especially 
of those in the middle of the sequence, is more in keeping 
with the geochemical requirements of monazite than is the 
composition of the porphyroblastic granite-gneiss. The 
possible origin of the monazite from a deep-seated source 
genetically associated with the regional granitisation, 

seems on geochemical grounds to be unlikely. On the other 
hand, the suite of younger syenitic rocks displays very weak 
radioactivity, both in the rock-types themselves and within 
the restricted area of their invaded marginal and hood
zones. It is unfortunately impossible to illustrate the 
distribution of the dykes and apophyses of the intrusives 
on Map 1, but Jansen's mapping has shown them to be very 
restricted. It is possible that similar intrusions occur 

nearer to the area of monazite mineralisation, in parts 
which have not yet been mapped in detail. Excepting this 
possibility for the present, however, the distance of the 
primary monazite deposits from. the known intrusions and 
their area of influence minimises the likelihood of a gene

tic relationship between them. 

The restriction in the number of mineral species 
and their high concentration in either phase of mineralisa
tion in these deposits suggests very strongly that they 
originated from a concentrate~ residual source, in prefer
ence to a magmatic source ·which would have given rise to a 
suite of hyQrothermal minerals of more general composition 
and distribution. The points-which arise are the 
following:-

1. vmether the two phases of mineralisation have a common 
origin or not; 

2. Wbether the eme,nations which promoted the processes of 
granitisation promoted the formation of the economic 

minerals as well as the rock..:forming minerals; 

3. Whether the magmatic stage in which the regional grani
tisation culminated at depth, coulQ support the differ
entiation and associated processes necessary to give rise 
to deposits of this nature and composition; 

4. Whether the tectonics preceding the phosphate minerali
sation w·ere related to the emplacement of the syeni tic 
suite of rocks; 
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5o Whether the tectonics preceding the oxide and sulphide 
mineralisation were related to the emplacement of the 
syenitic and granitic suite of rockso 

Both favo~rable and unfavourable arguments can 
be advanced for mineralisation from either source, but in 
the opinion of the author the evidence is yet too scanty 
for a definite decision to be made. The problem·of origin 
is best left to conjecture until more evidence is provided 
by further detailed surveys of the area. 

B. Depth and Agents of Mineralisation 

In attempting to assess the depth at which 
mineralisation took place, it should be borne in mind that 
there is a considerable lapse in time between the formation 

of the Archaean Complex or the emplacement of the Cape 
granite plutons, either of which may have given rise to the 

mineralisation, anc.. the deposition of the Nama System. 
During this time interval a great deal of rock has no doubt 
been removed by erosion. Considering that the ore-bodies 

occupy positions in the mobilised zone of the granite
gneiss, it is reasonable to assume that the contact with 
metasediments was not far distant, and that the granite
gneiss here was overlain by a reasonable thickness of meta
sediments. There is nothing to suggest that the c-over of 
rocks which underwent granitisation was any thinner th2,n 
that observed elsewhere in the area. This is, however, 
only indirect evidence of the depth of mineralisation 7 and 
for more definite criteria it is necessary to return to the 
features exhibited by the ore-bodies themselves. 

The alteration features in the granite-gneiss 1 

the textures, metallic minerals and general features of the 
ore-deposits, when compared with the gangue minerals~ ore
minerals, ore-texture and characteristics suggested by 

Grout (1932j PPo 426-427) and Lindgren (1933, pp. 529-533, 
543-544, 637-643) seem to indicate a depth of hydrothermal 
action between the Mesothermal and Hypothermal Zones. The 
granite-gneiss in which the mineralisation took place bears 
all the indications of being near the metasediments on 

Steenkampsk:raal, but shows on Roodewal and Uilklip the 
better-defined structures and composition characteristic of 
the rock some distance away from any such contact~ 
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The nature of the alteration is typically t~1at 
produced by hydrothermal solutions, and the presence of 
strengite and jarosite on Roodewal is an indication of the 

high temperature and pressure under which they were intro
duced. The phosphate mineralisation in all likelihood 
proceeded from the same source as these solutions. The 
distinct replacement features and sharp contacts generally 
existing between the altered wall-rock and the phosphate 
minerals, however, suggests a definite interval between the 
alteration and mineralisation processes. 

Regarding the earliest-formed minerals them
selves, zircon and apatite are usually associated with high 
temperature veins or pegmatites (Lindgren, 1933, pp. 763-
764). Monazite in quantity has been classed up to the 

present as a pegmatite mineralo Fluorite is a "persistent 
mineraln (Lindgren, 1933, p. 90) and cannot be considered 
as diagnostic. 

Since this deposit is definitely not pegmatitic 
in character, these minerals have probably been introduced 
by hydrothermal solutions. The volatile nature of some of 
their constituents (Po4=, F-) suggests that a vapour phase 
might also have been present. This may be supported by the 
fact that the ore-contacts are very much sharper in the 
upper, probably cooler, portions of the deposit, where 
somewhat less pressure than in the lower portions would 

have prevailed; any vapour present here would be prone to 
condense more easily than at lower levels. The fine, even 
grain of the phosphate minerals may &lso indicate rapid 
cooling. Niggli has relegated the formation of the rare 
earth minerals to the pneumatolytic-pegmatitic stage of 

magmatic ore-formation (1929, pp. 15, 36-37, 39). 

The introduction of magnetite and the primary 
sulphides into the already crystalline .rphosphate ore 1

: 

may have been brought about by mineralising solutions or 
vapours, as suggested by Brown (1950, pp. 20-21). The com
plete sequence of replacement in t~e order magnetite, 

pyrite, chalcopyrite and covellite corresponds to either 
process, whether regarded from the point of view of hydro
thermal paragenesis or vapour metasomatism in order of 

decreasing and increasing Specific Gravity (Brown, 1950, 
pp. 20-21). The "phosphate ore1r, prior to replacement by 
the oxides and sulphides, was compact, yet there had been 
sufficient space for all the minerals to tend towards idio
morphism. The ore is therefore judged to have been 
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reasonably porous, and the fact that the oxides and sulph
ides are more widely dispersed in the wall-rocks than are 
the phosphate minerals cannot be used as an indication of 
replacement by vapours in preference to solutions. The 
close association between the metallic minerals and quartz 
seems to indicate that this mineralisation has proceeQed 
through the medium of siliceous solutions. Moreover, the 

presence of siderite as the last-formed mineral, shows that 
hot solutions were still present at the end of the minerali
sation process. 

X.- Summary and Conclusions 

A. Results of Inves~!&ation 

The radioactive phospbate of the cerium eart:b 
metals, monazite, occurs with apatite, zircon~ primary and 
secondary iron and copper minerals in epigenetic bodies and 
lodes in the Archaean Complexo Geographically, the occur
rences are near the southern extremities of the Kamiesberge 
where they disappear beneath the Knersvlakte peneplane 5 

leaving an inselberg topography controlled by the semi-arid 
climateo Geologically the area is one in which the Archaean 
basement has been e:r.::posed through the removal of overlying 
Nama and younger sedimentary formations~ some of which re
main as outliers. 

The Arcbaean rocks 9 because they present certain 
features which are inconsistent with the intrusion of pri-· 
mary granites into metamorphic rocks) are believed to have 
formed by regional granitisationo They are represented by 
granulite, m.etaquartzite and aplogranite which have been 
correlated with the italmesbury Iormation j and porphyroblas
tic granite-gneiss, wbich is regarded as representing the 
highest grade of granitisation. Small occurrences of pyrox
enite, anorthosi te and lamprophyre, anc_ veins of pegmati te 
and quartz also form part of tbe Complex. 

On Steenka~pskraal, mineralisation has taken 
place in the altered roe~ of a shear-zone. It was represen
ted firstly by the introduction of zircon) monazite and 
apatiteo After these minerals had crystallised, renewed 
shearing took place on a small scale, and this was followed 
by the introduction of iron and copper min0r2ls, probably 
through the medium of siliceous solutions. The quartz has 

largely recrystallised at some time post-dating its 
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introduction. On Uilklip and Roodewal exactly the same 
minerals occur; they also favour the repl2.cement of altered 
porphyroblastic granite~gneiss, but are not restricted to 
zones of shearingo 

The ore-bodies are characterised by their dis
tinct replacement of the eltered granite-gneiss, by the 
equigranularity of their minerals, and by the perfect mosaic 
texture formed by the phosphate mineralso None of the mine
rals shovrn any unusual properties, except for monazi te ,Nhich 
is sometimes polysynthetically twinned parallel to t:t.e basal 
pinacoid. This rare form of twinning probably resulted from 

the shearing of the "phosphate ore"o The discolouration of 
certain monazite crystals is attributed to the physical dis

ruption of the crystal lattices. 

Tbe phosph2te minerals are replaced to a vari
able extent by the later iron and copper minerals and the 
accompanying quartzo Where this replacement is not extreme, 
the phosphate minerals maintain a combined proportion of 
RO% or more of tbe ore; apatite tends to increase 9 and zir
con to decrease in proportion 1 in deptho 

The trunc2.tion of the Roodew21 deposit by the 
pre-Nama erosion surface clearly reveals that the minerali
sation is older than the Nama System, and fossil detrital 
deposits of zircon, monazite and titaniferous magnetite have 
been located in the Kuibis Series. 

Other primary occurrences of radioactive mine

rals in the area are attributed to t~e apparent enrichment 
of the granite-gneiss in zircon and monazite 1 and of a 
recrystallised. quartz vein in monazi te and xenotime. The 
first two minerals are also present in irblack sands:, ·which 
have been concentrated from the mechanical disintegration 
products of the_ granite-gneiss. A pegmatite vein contains 
primary colmnbi te-t2cntali te which is slightly rac.ioactive o 

Other minerals which occur in the area, but not 
in economic quantities, are fluorite 5 magnetite and barite. 
Deposits of gypsum are worthy of further investigation. 
Underground water is scarce but not uno~tainable. 

Bo Nature of the Mineralisation - ·-

The investigation of the monazite deposits was 
two-fold in purpose. Firstly, a bi therto un}i:nO'wn type of 

monazite occurrence had to be investigated; secondly, the 
surrounding area had to be examined so that possible 
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controls for the mineralisation could be established. A 
knowledge of these controls vrnuld assist in the prediction 
of other areas favourable for mineralisation, after a study 
of the regional geology had been made. Combining the re
sults of both aspects of the investigation, the following 
conclusions may be drawn:-

1. The minerals are present in zones of hydrothermal altera
tion in the porphyroblastic granite-gneiss. 

2. This alteration has taken place in rigid granite-gneiss, 
often faulted or sheared~ and it must therefore post
date the formation of the Archaean Complex. 

3. The radioactive and other ore-minerals clearly replace 
the alteration products in these zones and must therefore 
post-date their formation, even if only by a short periodo 

4. The total period. of mineralisation was sufficiently long 
for the "phosphate ore 0 to crystallise and then become 
fractured and brecciated by renewed shearing, after which 
the oxides and sulphides were introduced. 

5. Mineralisation by zircon and the phosphate minerals else
where than on Steenkam.pskra2.l ~ Roodewal and. Uilklip takes 
the form of metasomatic enrichment in mylonites 5 a recrys~ 

tallised quartz vein and in granite-gneiss. 

6. The mineralisation post-dates the emplacement of pegma
tites in the Archaean Complex. 

7. The mineralisation is pre-Nama in age. Erosion of the 
primary ore-deposits in the surrounding Complex has given 
rise to fossil placer deposits containing detrital mona
zi te and zircon in the lower members of the Nam.a System. 

8. In every case, the mineralisation has taken place in the 
originally mobilised zone of the granite-gneiss near its 
contact with the metasediments. 

9. The mineralisation seems to be associated with marked 
deviations from the normal trend of the foliation in the 

granite-gneiss. These are distinct structures which 
should not be confused with the locally contorted fea~ 
tures that are occasionally encountered at the contact 
bevNeen the granite-gneiss and the metasediments. 
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The formation of the monazite and the other 
minerals associated with it can be c1c:.ted 9 but not referred 
to a definite source. ~10 possibilities that may be consi
dered, however, are:-

(i) The mineral constituents may h&ve been concentrated at 
depth during a magnatic stage following the regional 
granitisation, and may have been released subsequent to 
the consolidation of the Complex, ·when rupture of the 
crust took place after internal pressure had been redu
ced through cooling; 

( ii) The mineralisation is connected ·with the intrusion of 
the granitic and syenitic rocks west of Bitterfonteinj 
out w'1:ich have not yet been observed in the immediate 
vicinity of the monazite deposits. 

The evidence at the moment is insufficient to relate the 
mineralisation to either possibility. 

SQrri..marising the information which has been 
gained from the investigation, the following seem to be the 
controls whicl-:_ will be of practic.al use in locating further 

primary occurrences:-

1. Tt.e deposits will be :pre-Na.ma in age i.e. they will only 
occur in the Archaean Complex; 

2. They will probably occur in the granite-gneiss near its 
contact with the metasediments; 

3. They are likely to favour areas of hydrothermal al terz.
tion; 

4. They will probably favour vrnaJ.::nesses in the crust, where 
there are unusue,l departures from the regional structure; 

5. They are likely to be associated with tectonic features 
like fault-zones, mylonites etco in the Complex. 

It should be borne in mind, hov,-ever ~ that the faults and 
shear-zones are r.ot confined to the porphyroblastic granite
gneiss, but affect the metasediments as vrnll. There is no 
reason, therefore 5 T.1hy a mineralised fault-zone could not 

occur in the metasediments as uell as in the granite-gneiss. 
All exposures of the crystalline basement are therefore 
potentially mineralised areas until detailed 1::.apping and 
radiometric traversing prove them to be otherwise. 

There is, as yet 9 too little evidence to enable 
predictions to be made about the probable position of fossil 
placer deposits in the Eam2. System, except that they s.re 
likely to be associated with coarse-grained, ferruginous 

Kuibis sedi~ents. 
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C. Geological His~9~of the Are~ 

Reviewing all the information derived from the 
investigation, the following is the probable sequence of 
geological events which affected the area:-

1 o Orogenesis compressed the 1.falmesbury sedirn.ents into 
steeply folded and contorted strata, and depressed them 
to a level where they vrnre subjected to region2,l graniti
sation. 

2. The metanwrphism of the sediments proceec1ed in two stages. 
The first gave rise to granuli te ~ metaquartzi te and aplo-· 
granite, and the second to porphyroblastic granite-gLeisso 

The processes involved were mainly recrystallisation and 
enrichment in potash. 

3. Mobilisation of the more highly granitised rocks led to 
the formation of a magmatic phase in depth, during the 
existence of which certain differentiates were formed. 

4. The Complex became rigid. The anorthosi tic anc~ pyroxeni
tic differentiates crystallised as interfoliated bodies. 
The rest of the differentiates were emplaced at intervals> 
the youngest being represented by tte bodies ,v-hicr.L are 
transgressive to the present foliation. 

5. After consolidation, tectonics gave rise to the pre-Rama 
faults and shear-features. 

6. Hydrothermal alteration of tho granite-gneiss took place, 
pa.rticularly along zones of fracture 0 

7. Zircon, monazite and apatite were introduced 5 possibly 
from the same source as the solutions which vrnre respon
sible for the hydrothermal alteration of the wall-rock. 

8. Minor shearing of the "phosphate ore" was followed by 

oxide and sulphide mineralisation along the sar~e shear
zone.. The metallic minerals repl2~ced the wall~-rock :r10re 
extensively than the phosphate minerals. 

9. Post-mineralisation faulting of uncertain age followed~ 
The recrystallisation of quartz in the ore may be due to 
these movements. 

100 ~~e surface of the Complex was roughly peneplaned under 
climatic conditions similar to those existing at present. 
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Sub-aerial consolid2tion of boulders, detritus and grit 
derived from mechanical vreatJ-::_ering of the underlying 
rocks took place not far from their source. Tl1is vvas 
followed by sub-aqueous deposition 5 as indicated by the 
presence of ripple-marks, current bedding and sorting in 
the finer~grained sandstone~ and the thin, intercalated 
shale bands wbich terminate the Kuibis successiono 

11. A distinct period of time folloved the deposition of the 
I~ibis sediments, during which they were exposed and 
locally weathered. Small boulders and pebbles of quartz

ite formed a tbin, overlying conglomerateo The succession 
of Schwarzkalk rocks ·was laid down conformably on the 
Kuibis Series, at first alternately sub-aerially and 
sub-aqueously, giving rise to the limestone and inter
calated calcareous shale. The deposition of the finer
grained, T•.rell-la:minated shales then took place sub•
aqueously. The succession becomes more arenaceous to
wards the top until the conglomerates which begin the 
Middle Stage are reached, indicating a decrease in sor
ting, and therefore a relative lessening in depth. The 
conglomerates are followed by more arkose and shale, 
which suggests a reversal of the foregoing conditions. 

12. After the consoli~ation of tbe entire succession, the 
crust was subjected to buckling stresses which found 
expression in the development of one system of parallel 
fold-axes trending NNW Q C9 SSEo, and anotl1er, subordj_nate, 
system trending at right angles to the first. The main 
system gave rise to long sy:nclinoria e..nd anticlinoria~ 
some of vrhich commence very abruptly and are evlmost mono
clinal, and attenuation of the strata took place along 
the steeper limbs of tl.,_ese folds. The second system 
caused the pitching of the folded strata to north an~ 
soutb., and the formation of troughs and canoe-folds~ 
separated by transverse ridges. The tectonics were 
accommodated in the crystalline basement by slight f1ex
ure; most of the folding was taken up by differential 
movement along small faults and joint-planes 9 and along 
the old basement surface subjacent to the Nama System, 
which became transformed into flaser-gneiss. These tec
tonics probably took place 1:rhile the sedimer.;ts were still 
fairly plastic, thereby allowing their c~ttenuation; 
nevertheless, the :faults in the area, especislly the 
dip-faults, have clearly resulted from the failure of 
the sediments to accommodate, by folding, the effects of 
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the stresses imposed upon themo The prominent north
south step-faulting of the Nama System and. contempora
neous infilling of the fault-zones by vein quartz that 
has been recorded by Rogers (1912, PPo 1~ 9 31), Brink 
(1950, pp. 204-208) and Jansen (1955) west of this 
area, are probably rela.ted to this period of tectonics. 

130 The folded strata no doubt provided strong relief, and 
post-tectonic erosion removed much of the less resistant 
Schvrarzkalk Series before the deposition of the Cape or 
Karroo Systems took place. Peneplanation probably pre
ceded the deposition of each of these Systems, as the 
angular unconformity is quite distinct in the Escarpment 
to the east. 

14. The dolerite dykes were intruded and cut the present 
directional features of the crystalline basement, parti
ally intruding the Kuibis Serieso They do not appear to 
have undergone post-emplacement movement, and therefore 
probably post-date the Nama tectonics. 

15. Erosion of the area persisted until Tertiary(?) time, 
when silcrete iNas formed on Schwarzkalk shale, on dip
slopes of Kuibis quartzite, and on the exposed Archaean 
Complex. T~e silcrete, therefore, lay unconformably on 
a somewhat irregular surface which at present decreases 
in altitude from north-east to south-west, but which may 
have been more level at that time. 

16. Corresponding joints in the silcrete and the underlying 
Kuibis rocks suggest post-Tertiary(?) flexure, which 
might also have involved gradual tilting to the south
west. 

17. Subsequent erosion removed a great deal of the silcrete 
and the underlying rocks. A youthful landscape charac
terised by alternating ranges of hills and deep valleys 
developed, but a Recent rise in sea--level caused the 

latter to become choked by locally derivecl Recent depo
sits, and so gave rise to the present inselberg topo

graphy. The drain2ge system has recently become reju
venateds probably by a lowering of sea-levelo 
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XI.- Suggestions for Future -~eolo~ical Work in the .Area 

Certain of the results obtained through geologi
cal and geophysical work have clarified the general in1pres

sion that radioactive minerals are very common in Namaqua
land. It is felt, therefore, that a contribution has been 
made in assessing the economic possibilities of an area in 
·which comparatively little of the detailed geology is known. 

It is considered that the continued search for 
radioactive and other minerals would not go unrewarded, if 

it were based on considerations of regional structure and 
stratigraphy similar to those which apply to the known mona
zite deposits. Until sufficient geological evidence has 
been gathered to the contrary, the area must remain poten
tially favourable for mineralisation. The distribution of 

the various members of the Archaean Complex, vri th which the 
minerals may be associated, is not yet accur2,tely known, 
but to judge from such geological reports as are available, 
and from reconnaissance trips through the surrounding area 1 

there is no reason to doubt that further deposits of mona

zi te ore do occur. Rumours that further deposits are Imown 
to the local inhabitants are considered, therefore, not to 

be without foundationo 

If the search for prescribed materials is to be 
continued, factors of economy and efficiency must be taken 
into account. The planning of the work'.7 and the interpre
tation and assessing of the radiometric results requires 
the use of accurate and detailed geological maps, so that 
anomalous radiation can be distinguished from normal radia
tiono In the past the progress of geological mapping for 
this purpose has been retarded by the necessity of surveying 
by plane tablej which requires the erection of well-placed 
secondary beacons in dissected country$ dry weather and 
reasonably good visibility. Had aerial photographs of the 
area been available, the same vrnrk could probably have been 
done in a third of the time. They would also eliminate the 
need to map topocadastral information for the benefit of 
the C.A.R.G.O. unit operator, who requi:res it for the orien
tation and location of the radiometric traverses. It is 

suggested, therefore, that future investigations of this 
nature in unmapped areas be preceded by an aerial photo
graphic survey to ensure greater economy and efficiency in 

the subsequent field-work. 
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