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SAMEVATTINO ABSTRACT 

Die Kompleks Tantalietvailei bestaan uit 'n swak 
gemineraliseerde (Cu- en Ni-sulfiede), min of meer 
kontentriese, intrusiawe liggaam wat langs 'n baie groot 
breuksone (dia Lineament Tantalietvailei) in 'n 
matasadimentira opaanvolging van migmatieta an gneissa 
ingedring hat Al boganoemde gastaentas hat 'n kompleksa 
metamorfiesc an taktoniase geskiedenis. 'n Aantal groot 
gemineraliseerde pegmatieta is ongeveer 1 000 Ma galede 
ingedring, en hat minerale van Nb, Ta, Bi, Li an Be in dia 
afgelopa twee dekades geltwer. 

The Tantatite Valley Complex, a poorly mineralised (Cu 
and Ni sulphides) body of roughly concentric 
peridotite-gabbroid intrusions was emplaced along a major 
zona of dislocation (the Tantalite Valley Lineament) into a 
metasedimentary sequence of migmatites and gneisses 
which, together with the complex, have experienced a 
complax matamorphic and tectonic history. A number of 
large mineralised pegmatites (producers of minerals of Nb, 
Ta, Bi, Li and Be over the past two decades), was intruded 
about 1000 Ma ago. 
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PLATE 1 

TANTAUTE VALLEY MINING AREA NO. IS SOUTH WEST AFRICA 

1 . INTRODUCTION 

1.1 Location and Extent of Area 

The area known as Tantalite Valley embraces 
portions of the farms Umeis 110 and Kinderzitt 132. It is 
approximately SO km2 in extent and is situ&ted about 
10 km north of the Orange River in the Warmbad District, 
South West Africa. The area is extremely well served by a 
winding mountain road built by the owner, Mr P. Weidner, 
which makes any part of the area readily accessible in spite 
ov its rugged topography (Plate 1). The area is connected by 
a good dirt road to the nearest village, Warmbad, which lies 
40 km due north, and to Karasburg, the railhead, a further 
50 km to the north. 

1.2 Previous Work 

Geological investigation of the area dates back to the 
period 1942-44 when S.C. Wiid, working on a scale of 
1:18 000, mapped 900 km2 from aerial photographs. This 
project also embraced Tantalite Valley. Wild's unpublished 
report gives only a general geological description, since no 
work of a petrographic nature was undertaken. 

Because an important part of the work of the 
Geology Division at the Atomic Energy Board concerns 
minerals that have a proven or indicated usefulness in the 

development of nuclear power, an investigation was 
undertaker nto the pegmatite minerals mined in Tantalite 
Valley du, ,ag the past two decades. These include tantalite, 
beryl, lithium, bismuth and niobium. A drilling program to 
explore the pegmatites in greater detail was also decided 
upon. Contrary to expectation, this revealed significant 
copper-nickel mineralisation in the metagabbro-amphibolite 
rocks of the Tantalite Valley Complex, into which the 
pegmatites are intrusive. The results were reported by von 
Backstrom (1970), after which the area was mapped in 
detail by Kach (1972) of the Atomic Energy Board (Fig. 1). 

The first detailed description of the Namaqualand 
pegmatites (which lie south of the Orange River) was given 
by Gevers (1937). More than a decade elapsed before the 
pegmatites of Gordonia and Kenhardt, which closely 
resemble those of Namaqualand, were described by 
Poldervaart and von Backstrom (1949), and later by von 
Backstrom (1964) and Hugo (1970). Still later, further 
contributions to the knowledge of the pegmatites from 
Namaqualand were made by De Jager (1964 and 1967), von 
Backstrom and de Villiers (1972), and by von Backstrom 
(1973). 

Recently Beukes (1974) mapped and described an 
area along the Orange River which includes Tantalite 
Valley, and Moore (197S) gave a detailed description of the 
Tantalite Valley Complex. 
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2. PHYSIOGRAPHY 4. GEOLOGY 

The area is one of marked surface relief. The most 
striking single feature is the central core, built by a gigantic 
jumble of bare, black and brown peaks and boulder piles. 
These consist of mafic and ultramafic rocks surrounded by 
the pink, red and grey metamorphic gneisses which make 
up the bare peaks and bands of highly sheared rocks that 
outcrop along the deeply incised gorge of the Orange River 
Valley. Streams of black talus mark the lower slopes of 
conical dor>es of the central core, and can almost be 
compared to tar which has been poured on the peak and 
then been left to form runnels down the mountainside. 
Between the steep-sided mountains dry stream-beds 
meander, the larger of which are filled with sand, mountain 
scree and economically valuable tantalite and bismuth 
alluvials. The latter are derived from pegmatites which form 
conspicuous white blotches and stringers on the mountain 
slopes. 

3. CLIMATE AND DRAINAGE 

The climate is healthy and of a semi-desert type. It 
becomes excessively hot during the summer months, 
especially in the area enclosed by the dark precipitous 
mountains. In the summer there is a marked difference 
between day and night temperatures, the nights being 
mostly cool due to cool winds which blow along the river 
canyon during the late afternoon. During winter the climate 
is mild, and, due partly to the low humidity of the 
atmosphere, the evenings get decidedly cold. 

The rainfall is low and averages 63,75 mm per annum 
at Warmbad. In summer, thunder conditions may arise and 
certain areas may receive more rain in an hour than they 
usually receive ir a year or more. Occasionally, soft winter 
rains may fall. 

In spite of the low rainfall, the drainage pattern is 
well-established and integrated. The Orange River, which 
lies ten kilometres to the south, is the master stream and all 
drainages are tributary to it. 

After the late Cretaceous, the climate evidently 
became progressively more arid, and the tributaries of the 
Orange River, if they had ever flowed continuously, now 

dried up completely. Therefore there was no lateral 
corrosion in the rivers, while very little incision took place 
later; what little was accomplished was caused by periodic 
torrential rains and was not sufficient at Tantalite Valley to 
keep the tributaries free from mountain talus. This 
accounts for the at. limitation of valuable deposits of heavy 
tantalite, columbite and bismuth alluvials at Tantalite 
Valley after they had weathered from the pegmatite bodies 
that outcrop against the steep mountain slopes. 

The Tantaliie Valley area forms part of the much 
larger Kheis geosyndine, which comprises large portions of 
southern South West Africa and the northwestern Cape 
Province. "P.e Kheis sedimentary rocks are generally 
considered to be of Archean age. 

Following the deposition of the Kheis Supergroup, 
the rocks were compressed into large open folds which 
Poldervaart and von Backstróm (1949) termed the Kheis 
Cycle of Orogenesis. Shortly after or during these 
movements, gabbroic magma ascended into the crust as sills 
conformable with the folded structure, as dykes, and as 
irregularly shaped bodies. This gave rise to the Tantalite 
Valley Complex (Fig. 1). Subsequently the rocks were 
metamorphosed and plastically deformed. This major 
orogenic event is related to the Gariep Cycle first described 
by de Villiers and Sohnge (1959). Except for superficial 
deposits of Recent age and a few dolerites (Karoo? ), all the 
rocks are of Archean age. There are a great variety of 
lithological types. Some grade into one another and it was 
found impossible in some localities to separate individual 
types. Genetically related rocks are therefore grouped 
together on the geological map. A classification of the rocks 
was based on their general field relationship, community of 
character, and mineral composition. Table I lists the 
different rock types as far as possible in their order of age, 
with the youngest at the top. 

TABLE I 
GEOLOGICAL FORMATIONS 

Rock Typo Formation Remark» 

Gabbro 
Amprtibolite 
Ultramafic Bodies 
Dykes 
Mornfets 

Tenralite Valley 
Complex 

Iniiosive complex 
of Archean age 

Grey Gneitt 
Pink Gneiss 
iVamanudand 
Porphyroblastic 
Gneiss 
Pegmatite 

Granitic and Migmatic 
Gneisses 

In part derived from Kheis 
Supergroup. 

Reconstitute J sediments. 
Migmelites and intrusive 

Granite-gneiss. 

Dvtovrta Pott-Karoo Ago uncertain 



PER-3-6 

4.1 Tantalitt Vallty Complex 

4.1.1 General description 

The Tantalite Valley Complex occupies a major zone 
of dislocation which can be traced over a distance of at 
least 270 km between Pofadder in the northern Cape 
Province, and Ai Ais in South West Africa. This shear zone 
is between 2 km and 7 km wide, and although lithological 
evidence for displacement is lacking, it has had marked 
metamorphic effects on the country rocks. 

The accompanying map (Fig. 1) shows the main 
portion of the gabbroic complex. The eastern part, which is 
oval-shaped, meas jres some 9 km by 3 km, while the 
western part forms a narrow appendix approximately 5 km 
long. The country rocks dip steeply inwards, suggesting a 
funnel-shaped intrusion; however, despite a 500 m vertical 
exposure, no zoning is present. 

The main rock type is bronzite-gabbro (including 
olivine-rich varieties) and its automorphosed derivatives, 
mainly amphibolite. Two ultramafic bodies of relatively 
small size are exposed at the eastern and southwestern 
margin of the complex. They have sharp contacts with the 
adjacent amphibolite and gabbro, and are significant in that 
they are associated with copper-nickel mineralisation. 
Irregularly shaped dykes of aplite, which belong to this 
magmatic cycle, transgress the amphibolite. There is some 

evidence that the rocks of the complex were emplaced 
during or shortly after the Kheis cycle of deformation (von 
Backstrom, 1964). The existence of a sheared contact along 
which hornfels occur along its eastern and southern margin 
clearly indicates emplacement prior to the development of 
the major Pofadder zone of dislocation. 

4.1.2 Gabbro 

These unmetamorphosed rocks make up a large part 
of the centre of the complex, but also occur near the edges 
in places. In hand-specimen the rocks are medium-grained, 
dark grey to black, and consist mainly of basic plagiodase, 
bronzite and olivine, which are present in variable 
proportions. No zoning has been observed, and the crystals 
are usually unstrained and fresh. Orthopyroxene, ranging in 
composition between Mg82-89> *s dominantly 
xenomorphic, and is often embayed by plagioclase or fills 
the interstices between laths. Olivine occurs almost 
exclusively as xenomorphic crystals, and is in most cases 
completely surrounded and embayed by bronzite, showing 
characteristic poikilitic texture. Where the olivine has come 
into contact with plagioclase, kelyphitic reaction rims can 
generally be seen. The range of composition varies between 
forsterite and chrysolite. Petrographical data and modes of 
the gabbros, as determined by Kách (1973), are given in 
Table II . 

TABLE II 
GABBROS : PETROGRAPHICAL DATA AND MODES 

SAMPLE 
ORTKOrVROXINI OLIVINE HAOKJCLAM ACCIMODV DDNMALt 

SAMPLE 

2V TVFI VOLUMI TV TYPE VOtUMf 3V 

/WMTHrri% 

vm VOLUMf TVfl VOLUME ROCKTVPt 

SAMPLE 

2V TVFI VOLUMI TV TYPE VOtUMf 3V MOEROV REFRACTIVE vm VOLUMf TVfl VOLUME ROCKTVPt 

% % mocx % t 
- M MONZITE m LAMAOORITE •IOTITE 

28 •04 0RONZITE 33,3 +•0 ao LAMAOORITE CLINO-AMFHIÍOLITI GAMRO 
- M MONZITI 90 

-7» 
M 
1« 

m 
o 

LAMADORITE 
LAMAOOfllTi 

t*,1 OKI 
OUARTZ 

3.1 

- M MONZITi +•7 70 •YTOWNITI OlOfllDI 
TVM - M 

- N 
•RONZfTc 
MONZITE 

244 - 7 1 •4 
M 

•YTOWNITI 
•YTOWNITI 

70.Í CLINO-AMTHHOLITE 
ORE 

4,7 OAMRO 

TVS» - *7 MONZITE 3.1 OLIVINI *y» riAOIOCLAH 41.5 ORI 
KELEfHVTE 

CLINO-AHWHIOOLITI 
7.0 OLIVINE 

GAHRO 
-70 •3 •VTOWNITI ORE 

TVS» -•» MONZITE 14J OLIVINI aw »3,1 CLINO'AMfHI OOLITE 
KELEPMVTE 

4J OLIVINE 
OAOORO 

TVM -13 MONZITE ••0 FORTTERITI +« 7» •VTOWNITI •IOTITE 
- M MONZITI 14,3 -JO HVALMIDMITI V 71 a» •VTOWNITI 70.1 CLINO-AMfHIOOLITE 

KELEfHVTI 
3,3 OAIMO 
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4.1.3 AmphiooiHi 

The outer edges of the complex consist of gabbro in 
which the original ferromagnesian minerals have been 
completely replaced by amphibolite. The amphibolite and 
plagiodase can easily be distinguished from the black 
unmetamorphosed gabbro by their colours: green and white 
respectively. The majority of the amphibolites consist of 
actinolite and plagiodase (labradorite), together with a 
little quartz and biotite. Apart from amphibolite, 
amphibolite fels and quartz amphibolite have been 
distinguished (Table III). 

The major portion of the amphibolite consists of 
actinolite-amphibolite. The main constituents are the two 
minerals plagioclase and actinolite, with quartz and biotite 
sometimes forming additional minerals. The plagioclase, 
unzoned and mostly fresh, varies between labradorite and 
bytownite, and shows the same range of composition as the 
gabbro. The texture of this mineral is hypidiomorphic to 
xenomorphic, due to metamorphic overgrowths of 
actinolite which embayed the original euhedral crystals. 
The ophitic character, however, can still be recognised in 

most thin sections. An interesting feature of the mineral is 
its colour variations (ranging from black to grey-white), 
which can probably be attributed to the removal of 
submicroscopic hematite-ilmenite inclusions during the 
'deuteric' alteration. Anthophyllite and cummingtonite 
may be present as accessory minerals. Petrographical data 
and modes of the amphibolites, as determined by Kach 
(1973), are given in Table I I I . 

Cummingtonite-amphibolite represents an 
intermediate stage of alteration between gabbro and 
actinolite-amphibolite. Plagioclase has retained the original 
idiomorphic to hypidiomorphic, ophitic texture and black 
colour. Alteration is restricted to the ferromagnesian 
minerals, which have been completely reolaced by a 
pseudomorphic fibre aggregate, mainly cummingtonite. 
This slightly pleochro.c cummingtonite (grunerite) has 
reacted with the surrounding plagioclase to form a green 
border of actinolite. The metamorphic succession of 
cummingtonite to actinolite can therefore be regarded as 
having generally occurred throughout the present igneous 
complex. 

TABLE III 
AMPHIBOLITES : PETROGRAPHICAL DATA AND MODES 

MAFIC MINERALS SALIC NMMRALS ACCESSORY MIHERALS 

ROCKTVTE SAMPLE % ROCKTVTE 
NUMSJSR 

2% ZAC MINERAL VOLUME 2V 

ANOftTHITS 

MINERAL VOLUME MINERAL VOLUME 

NUMSJSR 

2% ZAC MINERAL VOLUME 2V FEOSROV REFRACTIVE MINERAL VOLUME MINERAL VOLUME 

% INDEX % % 
AWOKTE •7.3 HAEMATITE 

TV 27 AMOSITE 
SERPENTINE 30.1 

OLIVINE 
ORE 

2.S METAPERIDOTITi 

- H 
- 7 ! 

CHRYSOLITE 
CHRYSOLITE 

SAUSSURITI 
PLAGIOCLASE 7,1 METAPERIDOTITE 

T V S ) SERPENTINE 
OKI 

»3 
».7 

KELVPHITE 

*m •RONZITE • 77 SS LABRAOORITE CUMMINOTONITE 3.« 
N14-31 -71 

- f 
M 

•RONZITE 
CHRYSOLITE 
CHRYSOLITE 

27.1 
-S8 S7 a* 17,7 KELYPHITE 

SERPENTINE 
ORE 

METAGASS.RO 

N 1 * 733 t-SS 
-7J 
+71 

•RONZITE 
•RONZITE 

INSTANTS 
DIOPUDI 

«S.I CUMMINGTONITE 
SPINEL 

CALCITE 
*» 

PVROXENITE 

N14-2S3 CUMMINGTONITE 
AMOSITE 

a*A SERPENTINE 
ORE M PYHOKENITE 

CUMMINOTONITE •1.0 AMPHISOLITE 
N1«-2M AMOSITE 

SERPENTINE 41,7 ORE 7,3 
*m FORSTSRITE 31.S +SE 70 LASftAOORITE Í 7 J ORE 

N14-403 -* CHRYSOLITE 
WOTITE 7,3 

•S3 • 2 LAMADORITE SERPENTINE 
KELYPHITE 

1» OLIVINE GAMRO 

+N ENSTATITS 1S.3 - M W •YTOWNITE KELYPHITE 
NI4-41S -tt •RONZITE - M SI ANORTHITE 63J ORE GASRRO 

90 CHRYSOLITE 13,3 - 7 2 S3 •YTOWNITE SERPENTINE 
• IOTITI 

CUMMINGTONITE 

4,7 

SERPENTINE 4 1 4 OLIVINE 
N14-SS0 *n ».S CUMMINOTONITE M.4 ORE S,1 MBTAPIRIOOTITE 
NI4-S00 »71 w CUMMINOTONITE 

SAUSSURITE 
•2.S 
2S.3 

SERPENTINE 
•lOTITE/CHLORITf 

MUSCOVITE 
ORE 

S,2 METAGASMO 

+ M PORSTSR1TS 3S.S ENSTATITE 
«1(4-«0 +ta FORSTERITC 

SERPENTINE 
ORI 

2»J 
27,3 

KHYPHIT I 
PLAGIOCLASE 

4,7 MITAPIRIOOTITf 

-M CHRYSOLITE 1S,7 SAUSSURITE 22,2 
N14-747 M •RONZITE 

ORE 
• S J 

»,4 
KELYPHITE 

SERPENTINI 
3,3 METAGAMRO 

TVS» 
- M 

OLIVINE 
•RONZITE 

4J.7 
32.S 

- 7 0 S 3 * •VTOWNITS tSJ ORE 
KELYPHITE 

•ERfENTINE 
7.3 METAOAMRO 

http://metagass.ro
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4.1.4 Uttramafic bodies 

Chilltd facies of porphyritic actinoiite-amphibolite is 
confined to the western part of the intrusion, where it 
forms the narrow, dyke-like appendix mentioned 
previously. 

Phenocrysts of andesine are set in a fine-grained, 
equigranular matrix of actinoHte, andesine-labradorite and 
quartz. The piagioclase insets of hypidiomorphic to 
xenomorphic texture vary in size between 5 and 10 mm, 
and are usually embayed by the constituents of the 
groundmass. A regular distribution pattern within the 
groundmass is dominant, but piagioclase crystals are 
occasionally found in accumulated lumps. Complete 
saussuritisation and poikilitic intergrowth with quartz, 
usually along cracks in the host crystal, are very common. 
In contrast with the other amphibolites described, the 
accessory biotite has been partially changed into chlorite. 
Hydrothermal alterations such as saussuritisation, 
replacement of the piagioclase by quartz, and chloritisation 
may have been caused by the action of residual liquids 
during crystallisation. 

Two small ultramafic bodies, which make up only a 
small portion of the complex, may have economic 
significance due to their copper-nickel content. The larger 
of the two lies south-west of the Signaalberg Peak and is 
roughly oval-shaped, with two extensions at its western 
end. The other body, approximately half the size of the 
former and more elongated, is situated at the southwestern 
border of the complex (Fig. 1). 

Both bodies show sharp contacts with the 
surrounding gabbro and amphibolite of the host rock. The 
three main mineral constituents are olivine, 
bronzite-enstatite and basic piagioclase, that form 
peridodite, pyroxenite, meta-gabbro and gabbro. 
Orthopyroxene can be recognised megascopically by its 
greenish tint. Under the microscone it often shows 
inclusions of diopside lamellae, divine appears biack, due 
to the 'exsolution' of magnetite along a dense network of 
cracks, caused mainly by partial serpentinisation. 
Petrographical data and modes of the ultramafic bodies, as 
determined by Kach (1973), are given in Table IV. 

TABLE IV 
ULTRAMAFIC ROCKS - PETROGRAPHICAL DATA AND MODES 

SAMPLE 
MAFIC MINERALS SALIC MINERALS ACCESSORY MINERALS 

ROCK-TYPE 

SAMPLE 

2V ZAC MINERAL VOLUME 2V 

ANORTHIT I % 

MINERAL VOLUME ZV MINERAL VOLUME 
ROCK-TYPE 

SAMPLE 

2V ZAC MINERAL VOLUME 2V 
FEOEROV REFRACTIVE 

MINERAL VOLUME ZV MINERAL VOLUME 
ROCK-TYPE 

% % % 
T V 2 - 7 6 ACTINOLITE 

ORE 
27.3 
15.1 

QUARTZ 
PLAGIOCLASE 

34.E 
22.7 

+83 CUMMINGTONITE 0.3 OUARTZ AMPHIBOLITE 

TV 20 +67 CUMMINGTONITE - 7 6 80 6YT0WNITE ACTINOLITE AMPHIBOLITE 
- » 3 CRUNERITE 25.8 90 73 BYTOWNITE 82,1 ORE 2.1 

TV 21 ACTINOLITE 31.4 +7» 49 ANOESINE AMPHIBOLITE 
SIOTITE 12.3 52 LABRADORITE 55.7 ORE 0.6 

TV 22 - 1 6 20.0 ACTINOLITE 37,2 73 BYTOWNITE 
+78 
+63 

ANTHOPHYLITE 
ANTHOPHYLITE 

6.8 - 6 6 * 0 
75 

BYTOWNITE 
BYTOWNITE 

55,7 ORE 0.3 AMPHIBOLITE 

TV 23 ACTINOLITE 26.6 - 7 2 80 BYTOWNITE 30.0 EPIDOTE 
ORE 

OUARTZ 

3.2 AMPHIBOLITE 

TV 24 - 7 » ACTINOLITE Í3 .J 61 LA6RAOORITE 34,4 ORE 
QUARTZ 

2.3 AMPHIBOLITE 

+7» CUMMINGTONITE 10.3 56 LABRADORITE ORE 
TV 46 +72 

- 7 6 
- 7 6 

20,3 CUMMINOTONITÉ 

ACTINOLITi 16.8 

52 
56 

LABRADORITE 
LA6RAOORIT6 

OUARTZ 

42,3 

28.2 

2.4 OUARTZ AMPHIBOLITE 

TV 47 ACTINOLITE 
• IOTITE 

67.6 
16,2 

46 AN0E8INE 
OUARTZ 

8,3 
7 « 

ORE 
ZIRCON 

0.7 OUARTZ AMPHIBOLITE 

TV 46 ACTINOLITE 73.4 73 BYTOWNITE 21.0 ORE 
QUARTZ 

6.3 AMPHIBOLITE PELS 

TV 60 ACTINOLITE 68,3 BAU68URITE 26,5 ORE 
OUARTZ 

6.2 AMPHIBOLITE FELS 

- 7 3 17,0 ACTINOLITE 43,7 «0 75 6YT0WNITE 55,1 ORE 

T V » 1 - 6 4 15,0 ACTINOLITE +86 64 LABRADORITE 1,2 AMPHIBOLITE 
N13-133 ACTINOLITE 6 7 J 46 ANOESINE 16,0 6IOTITÉ 

ORE 13.2 QUARTZ 12.S ZIRCON 1,2 OUARTZ AMPHIBOLITE 
ORE 

N13-286 ACTINOLITE 63,7 80 LABRADOR ITS 32,2 CUMMINGTONITE 
ZIRCON 
QUARTZ 

4,1 
AMPHIBOLITE 

1*1*264 ACTINOLITI •6,1 38 
81 

ANDE8INI 
LABRADORITE 29,6 

OUARTZ 
CUMMINOTONITE 2,3 AMPHIBOLITE 

60 LABRADORITE 40.4 0 R I 
N13--4*» ACTINOLITE 42.3 61 LA8RAOORITI 

QUARTZ 18,6 
ZIRCON 
« O T I T I 

1,7 OUARTZ AMPHIBOLITE 

71 BYTOWNITE CUMMINGTONITE 

N 1 3 - « 3 ACTINOLITE 47,1 66 LABRADORITE 6 1 « ZIRCON 
OUARTZ 

1,3 AMPHIBOLITE 

N U - 5 U I ACTINOLITI 23,6 

1 
- 7 8 63 

76 

BYTOWNITI 

BYTOWNITI 
7 3 * 

6 I O T I T I 

O R I 
ZIRCON 

3,2 AMPHIBOLITE 
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Automorphism of the ultramafic bodies differs 
sharply from that of the host rocks: alteration of the mafic 
constituents is restricted to cummingtonitisation and 
serpentinisation. Orthopyroxene is partly or completely 
altered to cummingtonite. and in crystals containing 
diopside lamellae, calcite is formed in the process. Olivine is 
serpentintsed along a network of cracks. In the centre of 
these serpentinised cracks there are usually small veins of 
ore which formed during serpentinisation. Occasionally, 
however, ore veins within the crystal do occur without a 
serpentine coating. 

Along the contact of the pegmatite intruded into the 
Tantalite Valley Complex, and belonging to the 
granitisation cycle of the country rocks, a contact 
metamorphic zone several metres wide can always be 
found. Within this zone the original minerals have been 
almost completely altered to cummingtonite, serpentine 
and saussurite. Idioblasts of muscovite are typical of the 
contact zone. Where complete serpentinisation of olivine 
has taken place, cummingtonite often replaces serpentine. 
This replacement, which has only been observed in the 
contact zone, begins either from within the serpentine 
pseudomorph or, more frequently, the cummingtonite laths 
cut from outside through the serpentine filling. 

From the above it is evident that a distinction must 
be made between, firstly, automorphism and, secondly, 
contact metamorphism due to the intrusion of pegmatites, 
the latter being essentially deuteric. Automorphism caused 
alteration of femic minerals into cummirgtonite and 
serpentine. In contrast with the earlier crystallised gabbroic 
host rocks, in which barroisitisation has mainly taken place, 
automorphism caused the alteration of the femic minerals 
into cummingtonite and serpentine. 

A system of very fine-grained hornblende-amphibolite 
dykes and sills cuts through the Tantalite Valley Complex. 
This may represent a late, separate magmatic front. In 
contrast with the actinolite-amphibolite, the hornblende 
crystals are of discrete shape and do not represent 
pseudomorph fillings of orthopyroxene. 

4.1.5 Dykes 

There are two kinds of dykes. The first is mainly 
associated with the formation of irregular bands of 
porphyritic amphibolite, with some preferred orientation. 
The main constituents are andesine and qitartz, with 
accessory biotite, chlorite and epidote. Andesine usually 

shows poikilitic intergrowth with quartz, but orientated 
myrmekitic texture is the exception. The «ndesine is 
strongly saussuritised and its size varies from 0,1 to tu mm. 
The quartz content varies between 20 - 35 %, indicating 
eutectic conditions during crystallisation. 

The second kind of dyke is more widespread, and is 
mainly made up of fine-grained amphiboiite. Both types 
probably derive from the gabbroic parent magmp. 

4. i.o Honvfets 

A narrow zone of contact metamorphic mineralised 
homfels occurs along the eastern margin of the complex, 
where it forms a consistent band 50 m in width. A few 
small isolated outcrops also occur along the southern 
margin. The mineral composition varies over short distances 
and apart from cordierite, which is ubiquitous, one or more 
of the following minerals are also present: anthociiyllite, 
staurolite, garnet, biotite. ptagioclase and quartz. Tins 
assemblage represents *he low-pressure magnesian 
hornblende facies as defined by Fyfe, Turner and 
Verhoogen (1956). 

4.1.7 Chemical relationships 

Field and petrographic evidence suggests that 
actinolite-ainphibolite and cummingtonite-amphibolite are 
isovolumetric metamorphic derivatives of bronzite gabbro. 
CIPW norms and Niggli value* (Table V) and Barth 
Standard Cells (Table VI) were calculated from chemical 
analyses (Table V I I ) for bronzite-gabbro, 
actinolite-amphibolite and for cummingtonite-amphibolite. 

The combined water-content constitutes the most 
significant chemical difference between gabbro and 
amphibolite. The slight differences for the other cations are 
probably due to variations in the mineral proportion of the 
original rocks, and may disappear by comparing a larger 
number of analyses. Although the four existing analyses 
only give a rough indication, it is evident that the 
introduction of. water alone could have produced the 
changes observed. 

In the cummingtonite-amphibolite, the combined 
water is slightly lower than in actinolite-amphibolite. This 
could indicate that a water deficiency is responsible for the 
incomplete metamorphosis of this rock type. 



TABLE V 
CIPW-NORMS AND NIGGLI VALUES OF GABBRO AND AMPHIBOLITE 

arwMvoRMs 1 
SmaaaNo. T V » TV2? TV24 TV25 TV26 TV4C 

Q 1,831 2,858 2338 1,361 0,163 19.333 
or 0,945 0,591 0332 2,599 0.768 0327 
tb 11342 9,136 8343 18.863 12.688 17.763 
an 47,525 46,525 42,313 46,280 41,688 32,228 

«wo 7,311 2.096 9,412 4,461 10,009 2332 
di an 4,668 1,388 6,171 2,917 6,682 1,438 

ft 2,169 0,556 2.580 1.233 2.587 1,441 
14,701 23,956 17.156 12392 16370 8370 
6,830 9.600 7,174 5.450 6332 8387 

H2O 1360 1360 1,660 1.280 0,790 1,190 
op 0,022 0,087 0,044 0,175 0,022 0346 
mt 0,391 1,131 1,711 1380 1,131 1,725 
il 0,380 0,551 0,494 0,817 0,475 2.336 

chrom. 0,092 0,153 0,076 0,076 0,092 0346 
Totals 100,236 100.488 100,794 99384 100,497 99.162 

NIGGLI VALUES 

Si 116,6 1333 112.2 1123 111,4 { 176.6 
al 27,0 25,1 22,5 30,1 23.1 27,6 
fm 37,3 47,2 44,1 34,0 42,4 393 
c 32,* 25,2 31,1 30,0 31,1 26,7 

•Ik 3,4 2 3 2,3 63 3,4 6,4 
mg 0,7 0,7 0,7 0,7 0,7 0,5 

c/fm 0,9 0,5 0,7 03 0,7 0,7 
TÍO2 0,3 0,6 0/4 03 0/4 2 3 
P2O6 0,0 0,0 0,01 0,1 0.0 0 3 
H2O 11,1 123 113 9,3 6,2 11,2 
q* 3,1 33 3,0 03 2,1 503 

Total! 232^ 232,2 22831 226,6 220,61 34234 

MAGMA TYPE AMD ROCK TY PE 

Magnwtypt Laucogabbroid Gabbroid Gabbroid Laucog •bbroid Gabbroid Quartzdioritic 
Rock type Cummingtonrta- Barrotoiu Barroittta Lauco- LMco- Quartz-barroitita 

arnphiboifta arnphfbofita arnphibolita bronzil «gabbro broruitagabbro amphibolita 

Rtfaranca TV20 Amphiboiita 
TV22 
TV24 Amphlbolltt fall 

TV46 Quartz amphibolita 
TV25 
TV26 Gabbro 



TABLE VI 
BARTH STANDARD CELLS OF 6ABBR0 AND AMPHIBOLITE 

•ARTH STANDARD CELL 
arafcatiaM latin aMaaMcaN 

A B C 

Sana* Ma. Caaaaa 
T V S ! Fa» T V » 

Sana* Ma. Caaaaa 
T V S ! Fa» T V » 
T V » TV22ATVM 

SHJj 523 523 52.2 — -0,6 
T,02 0.2 02 0.2 - -
AI203 12,0 10,8 12.0 -1.2 -
N2O3 6.0 53 4 3 +03 -0.4 
NO 
MgO 12,3 143 12,0 +23 -0 ,3 
CaO 133 123 143 -1.1 +0.6 
N»20 13 1.2 1.4 -0,6 -0.4 
K2O 02 02 0.2 - -

Totals 98,2 96,6 97.1 — — 
OH 6.4 11.2 103 +43 +3.6 

Totals OH 104,6 1093 107,1 - -

0 153,6 148,6 ISO - -

TABLE VII 
CHEMICAL ANALYSES OF 6ABBR0 AND AMPHIBOLITE 

CHEMICAL ANALYSES 

Nmppf No» TV20 TV22 TV24 T V » TV26 TV46 

SÍ02 6039 60,61 60,72 5033 6033 68.20 
A1203 19,89 18,94 17,27 21,11 1739 1532 
F»203 0,27 0,78 1,18 139 0,78 1,19 
FtO 5.12 6.36 637 4 / » 636 639 
MgO 7,78 10,18 9,37 636 936 436 
CaO 13,12 10/44 13,10 1136 13,26 8,21 
N»20 1,40 1,08 131 2,23 130 2,10 
K 2 0 0,16 0,10 039 0,44 0,13 0,14 
H20p 1,44 1,71 1,60 1,16 0,71 1,11 
H30m 0,11 0,16 036 0,12 036 036 
TÍO2 0,20 0,29 0,26 0/47 0,26 1,23 
P 20s 031 034 0,02 0,08 031 0,26 
MftO 0,11 0,13 0,13 039 0,12 0,18 
&203 

Total» 

0,06 0,10 0,06 036 0,06 033 &203 

Total» 100,26 10031 10032 100,01 10032 99,19 
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4.1.8 Copper-nickel imnet el nation 

In the course of exploration drilling of the pegmatites 
intrusive into the Tantalite Valley Complex, it was 
discovered that the olivine-hypersthene-piagiodase country 
rock in borehole Kj held disseminated sulphides of copper 
and nickel in places. Twelve exploration boreholes with a 
total depth of more than 1620 m were drilled, and 
copper-nickel values, over thicknesses of mineralised ore of 
more than 50 m and at depths between 100 and 200 m 
below the surface, were proved in foui boreholes. Average 
values for nickel and copper for mineralised core varied 
from 0,21 to 0,58, and from 0,30 to 0,50 per cent, 
respectively, for certain selected mineralised zones. (Refer 
Appendix A.) 

As described previously, the copper-nickel-bearing 
rocks range from amphibole fels (consisting of actinolite 
and ore minerals) through amphibotites (composed 
essentially of plagioclase, actinolite and ore) tr quartz 
amphibolites. 

The ore minerals are largely concentrated within 
amphibole layers as irregular veinlets and patches. Other ore 
minerals occur along alteration cracks and as minute 
inclusions in olivine in metaperidotite, and as rounded to 
irregular intercumulus patches in metagabbros. The highest 
copper-nickel values were obtained from the amphibolite, 
but the copper-nickel content of representative samples of 
core sections that were analysed gave, in the majority of 
cases, disappointingly low values in spite of core that 
looked promising. The sulphides seem to consist mainly of 
pyrrhotite, and there appears to be some spatial 
relationship between sulphides on the one hand, and 
quartz, shear zones and contact zones on the other. A few 
of the metagabbros also show relatively high nickel-copper 
values, but differences in petrography, mode of occurrence 
of the sulphides, and nickel-to-copper ratios suggest that 
the sulphides in these rocks have a different mode of origin. 

Successful boreholes were confined to the ultramaf ic 
bodies of the Tantalite Valley Complex, and the hornfels 
zone which is developed along the contact between these 
ultramafic bodies and the country rocks. No relationship 
between mineralisation and any structural elements could 
be established. 

De Waal (1970), who did the mineralogical 
investigation, found a paragenesis of pyrrhotite (with 
exsolution of pentlandite), chalcopyrite, pyrite, ilmenite 
and chromite. Pyrrhotite and ilmenite are dominant. Pyrite 
with loosely-bounded, polygonal aggregates and a strong 
tendency towards idiomorphism, is the dominant opaque 
mineral. Occasionally it shows replacement by pyrrhotitc. 
The grains of chalcopyrite are strongly digitated. Magnetite 
with roundish exsolution bleb* of ilmenite is always 
present. Where no disseminated on occurs, the assemblage 
is limited to magnetite, which .derives mainly from the 
serpentinisation of olivine. I t forms net-like veins within 
these crystals, coated on both sides with serpentine. The 
high nickel content of the periootites is confined to olivine. 
O c c a s i o n a l l y t h e r e \r an intramagmatic 
pyrrhotite-penttendite-chalcopyrfte paragenesis responsible 

for the Ni-Cu «say values. It is evident that assay results 
without ore microscopic studies are inconclusive. 

The logs of the boreholes are given in Append'x A 
and the assay results for copper and nickel in Appendix B. 

5. GRANITIC AND MIGMATIC GNEISSES 

5.1 Grey Gneiss 

Grey Gneiss is a convenient general designation for 
various tonalitic and granitic gneisses which either contain 
oily biotite, biotite and muscovite, or biotite and 
hornblende. Such rocks may have originated as 
synkinematic intrusions. Alternatively they may be hybrids 
in various stages of assimilation and transformation and 
locally may even include migmatites or permeation gneisses. 

Contacts with the other country rocks are both sharp 
and gradational. The gneiss is intensively banded, especially 
with Pink Gneiss and innumerable small and large lenses. 
Tcngues of the latter appear as islands in the Grey Gneiss. 

There is generally little difference in the field 
between rocks that should be termed granite, tonalite, 
granodiorite or even quartz diorite. No consistent 
boundaries could be determined in the field between the 
Grey Gneiss and paragneiss, and there are widespread 
seriate gradations of various gneisses into one another. 

In the field the Grey Gneiss, as its name denotes, is 
generally grey. It may locally become pinkish-grey where 
pink feldspars are developed, or dark-coloured where local 
concentrations of biotite or hornblende occur. 

In general the Grey Gneiss is even-grained and 
contains quartz, plagioclase (An20-30)< microcline and 
biotite as major constituents. Amphibole, garnet or 
muscovite are present in many localities as additional 
constituents. 

5.2 Pink Gneiss 

Pink Gneiss is a specific name first given by the 
author (1949) to a remarkably uniform gneissic rock with a 
very typical orange-brown colour first encountered in the 
Kakamas area of the Cape Province. Its main constituents 
are quartz, microcline and albite-oligoclase, and the 
subsidiary minerals present are iron ore (magnetite and 
hematite), biotite, sericite, tourmaline, apatite, zircon and 
fluorite (found only in heavy residues). 

The Pink Gneiss is intimately banded with the Grey 
Gneiss, and together they sweep around the Tantalite 
Valley Complex. The texture is non-porphyritic and varies 
from fine to coarse-grained. Contacts with the surrounding 
granitoid country rocks are not always clearly defined, 
there being a gradual transition locally into pink biotite 
gneiss and Grey Gneiss. Contamination with hornblende 
was occasionally observed. This gradational variation in the 
mineral composition across the strike often made it 
difficult to determine the contacts. 

On Kinderzitt the Pink Gneiss not only resembles a 
typical igneous rock west of Melkboomfontein, but has 
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been rendered mobile and cuts across the country rocks at a 
low angle. However, a number of factors enumerated by 
Poldervaart and von Backstrom (1949). indicate that the 
Pink Gneiss, which has a wide distribution throughout the 
northwestern Cape Province, is a product of regional 
metamorphism of psammitic Kaaien sedimentary rocks, 
most probably an original arkose. 

5.3 Namaqualand Porphyroblastic Biotite Gneiss 

The Namaqualand biotite-gneiss is generally 
porphvroblastic. It contains lenses of leucocratic and mafic 
granulitic rock which lie in the plane of the foliation, and 
contacts tend to be gradational rather than sharp. The 
porphyroblastic biotite gne>ss appears to have been formed 
by the assimilation and granitisation of reconstituted 
sediments, and is generally a coarse-grained, well-foliated 
rock of granitic composition, and contains clots of 
quartzo-felspathic material wrapped in foliae of biotite 
md/or amphibole. 

The metacrysts of the porphyroblastic biotite gneiss 
are white to pink, ovate to lenticular crystals of microcline 
and plagioclase containing inclusions of quartz, plagioclase, 
biotite and Iron ore. 

They are contained in a matrix consisting of quartz, 
plagioclase, microcline, biotite, muscovite and minor 
amounts of iron ore, garnet, sphene, allanite, apatite and 
zircon. 

These rocks are mineralogically similar to the Grey 
Gneiss, but are considerably richer in microcline. 

6. PEGMATITES 

6.1 General Description 

Compared to the other areas of the northwestern 
Cape Province, pegmatites on Tantalite Valley are relatively 
scarce. They outcrop along the steep sides of rather high 
mountains, which facilitates exploitation by means of adits 
driven into the mountainside. 

They occur as thin lenses and dykes, and as sheet-like 
and irregular bodies. Lenticular bodies commonly fill 
fractures and joints that cut the well-developed foliation in 
the various types of gneiss, whereas irregular forms of 
pegmatite are emplaced in the mafic rocks of the Tantalite 
Valley Complex. The pegmatites are between vertical and 
horizontal in inclination; those with a high dip 
predominate. Pegmatites that occur as a dyke swarm have 
uniform characteristics, being clearcut, parallel-sided, 
transgressive dykes dipping at steep angles. The mineral 
assemblage consists essentially of quartz, potash feldspars, 
soda feldspars and mica. Zoning in the ore-bearing 
pegmatites is usually well-developed and commonly 
repetitive on each side of a core most frequently consisting 
of massive quartz. 

Most zonal pegmatites appear to have been formed by 
the crystallisation of megmatlc fluids within dilations in the 
country rock. Crystallisation proceeded from the walls 

inward, producing a definite pattern of zones which is 
common to most pegmatites. In this simplified pattern 
there is a narrow border zone with a width of a few 
centimetres, at the contact with the country rocks. This is 
usually composed of quartz, associated with albite, 
muscovite and tourmaline. Adjacent to this is a wall zone, 
consisting predominantly of albite, frequently fine-grained 
or 'sugary', associated with quartz and muscovite. The 
intermediate zone is characterised by an increase in 
microcline-perthite, which becomes dominant in the 
potassium- -ich pegmatites, and sometimes occurs as large 
crystals up to a metre or more in diameter. Finally, there is 
the development of quartz in the core. 

The chief variation in this simplified sequence occurs 
in the lithium-rich pegmatites, in which further 
intermediate zones are developed adjacent to the quartz 
core. These zones are usually albite-rich cleavelandite, 
mostly of the lamellar variety, and contain discontinuous 
units of one or other of the lithium minerals, lepidolite or 
spodumene. The cross-cutting nature of many of these units 
suggests a late-stage, and probably replacement, origin. 

Beryl may occur in any of the zones of a zoned 
pegmatite, but is generally restricted to one or two. Within 
the zones it may be evenly distributed, particularly when of 
fine grain, but it is more commonly restricted to randomly 
distributed pods of coarser grain-size. 

In the sodium-rich and lithium-rich pegmatites, beryl 
may occur in very fine-grained form with the 'sugary' albite 
of the wall zone where it is seldom visible to the naked eye. 
Here it may be accompanied by tantalite. Secondly, it may 
occur towards the inner side of the microcline-bearing 
intermediate zons, in a range of grain sizes from fine to 
coarse, generally up to 15 cm in diameter but occasionally 
as giants of up to 3 m or more. In the lithium pegmatites, 
beryl may also be present within the lithium units, 
particularly as very fine-grained to medium-grained, 
shapeless and often transparent crystals within fine-grained 
lepidolite, where It may be accompanied by microlite. In 
general, it does not occur in the pure units of petal ite, 
amblygonite c; spodumene-quartz. 

In the potassium-rich pegmatites, the beryl is 
generally absent from the wall zone and is normally 
confined to the junction between the intermediate zone of 
larger microcline crystals and the qurru core, where it may 
form medium to very coarsr crystals, with an apparent 
absence of any fine-grained beryl. The occurrence of beryl 
appears to depend on the development of the quartz core, 
being absent in those sections of the strike where the core is 
not developed. In pegmatites where the quartz is limited to 
small patches within a core of perthite crystals, beryl may 
occur at the junction of the albite and perthite zones. 

6.2 Developed Pegmatites 

Four large pegmatites, known as Witkop, White City, 
Homestead and Lepidolite, as well as five smaller ones, have 
been mined in the past for one or more of the minerals 
listed in Table V I I I . Such minerals are extracted by 
selective mining from units rich in one or more of the ores 
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TABLE V I I I 
MINERALS OF ECONOMIC VALUE CONTAINED 

THE TANTALITE VALLEY PEGMATITES 

M M n t it i ftA^ftal Gnwnical Compoaition 

Btryl Btryllium Bt3Al2<Si03>6 
Amblyeonite Lithium LiAl (F. OH) PO4 
Lepktolita Lithium KLiAtyOH. F) S13O10 
Spodumant Lithium LiAl (»03 )2 
Columbit* Niobium FtNb20s 
Tantalitt Tantalum FtTajOs 
Microti» Tantalum C^T«2C7 
Bfcmuthinitt Bitmuth K2S3 
Native Bismuth Bismuth Bi 
Monazitt Cerium (Ct. La. Oi) PO4 
Gadolinrit Yttrium Bt2F«V2Si20 
Uraninitt Uranium Ur. Pb. Th. La, Yt , ttc. 
Mfcrodine Potauium KAISÍ3O8 
Muscoviti Potassium, 

Aluminium 
K A I 2 I O H ) 2 (AISÍ3O10) 

described in the previous chapter. It is well-nigh impossible, 
however, to delineate such unite or zonal structures in 
advance from outcrops alone. The zoning only becomes 
apparent where large artificial exposures have become 
available for study due to exploitation. Even where zonal 
structures can be established, it is still very difficult to 
estimate tonnages and reserves, owing to the erratic 
distribution of valuable minerals within the zones 
themselves. 

Since no single mineral assemblage or zone can be 
selected as the sole source of any valuable mineral, the 
entire pegmatite must be considered a potential ore-body, 
and reserves must be calculated on this premise. 

6.2.1 Witkop 

The Witkop pegmatite forms a prominent ridge of 
over 1 000 m long and 120 m wide, and is intrusive into 
reconstituted Pink Gneiss. It is situated south of the 
Tantalite Valley Complex and straddles a small stream that 
drains the complex. 

It is a typical zoned pegmatite and was mapped by 
plain-table on a scale of 1:600 (see Fig. 2). 

There are four well-developed zones, but no signs of 
chilling which may be indicative of a syngenetic 
relationship with the country rocks. The wall zone 
represents the outermost zone of the present pegmatite, 
and consists of two rock types which are strongly 
intermingled in places. Both types are essentially 
quartz-feldspar rocks. The first is a medium to 
coarse-grained, grey whitish rock. The quartz is irregularly 
distributed within the feldspar matrix. Oreen muscovite 
books and garnet are accessory constituents. The latter 
ihows exactly the same mineral constituents, but graphic 
intergrowth between quartz and feldspar is the rule. The 
two rock types have not been mapped separately. 

The zone is especially well developed at the eastern 
flank of the pegmatite, where it reaches a width of up to 
70 m in the river-bed. At the southern tip of the pegmatite 
the wall zone is equally well developed. Inversion between 
the wall zone and the outer intermediate zone occurs at the 
southern flank north of the river-bed; the wall zone there is 
in contact with the core for a distance of 25 m and the 
outer intermediate zone takes the place which is usually 
occupied by the wall zone. This inversion is very difficult to 
explain if one nsumes concentric growth of the different 
zones beginning with the outermost zone and ending with 
the core. The outer inti 'mediate zone is only developed in 
the central area of th« pegmatite north and south of the 
river, where it attains a width of up to 10 m. It consists of a 
fine-grained quartz-feldspar rock with muscovite, and shows 
roughly concentric (as regards to zone boundaries) layers of 
garnet Most of the economic minerals (columbite-tantalite, 
beryl, bismuth) are to be found in this zone. These 
economic minerals are mostly concentrated at thr contact 
with the quartz core, or at least in the clou vicinity of it. 
The zone does not always adjoin the core or the inner 
intermediate zone. Some isolated outcrops of it occur at 
the northern tip of the pegmatite within the wall zone, but 
this is rather the exception. 

The inner intermediate zone occurs only south of the 
river-bed and is even less consistent than the outer 
intermediate zone. There is one occurrence immediately 
above the river on the eastern side of the quartz core. The 
second occurrence is situated at the southern end of the 
pegmatite. The zone consists of almost pure feldspar (very 
little quartz) with grain sizes ranging from 5 - 2 0 cm. The 
occurrence at the southern end of the pegmatite contains 
more quartz and has not been worked yet. 

The core forms the innermost zone and consists of 
milky fine-grained quartz, which shows a yellow-red 
staining (iron) as well as manganese dendrites in places. The 
core is divided up into three main lens-shaped portions. The 
northernmost portion (north of the river-bed) has a length 
of 220 m and a width of up to 17 m. The portion 
immediately south of the river has an approximate length 
of 170 m and a maximum width of 35 m, while the small 
southernmost portion has a length and breadth of 70 m and 
10 m respectively. 

6.2.2 White City 

The White City pegmatite has, over a number of 
years, been a very good producer of tantalite-columbite, 
microlite and beryl. It forms an elongated body 180 m long 
and between 10 and 30 m wide, which bulges on the 
northern side. It terminates abruptly and then reappears a 
little further along the strike, after which it continues as a 
much narrower body for another 70 m (Fig. 3). 

Apart from the chill zone, which is intermittently 
developed, this pegmatite has a well-developed zonal 
structure. The chill zone is between 2 and 5 cm thick. It is a 
very fine-grained greissen consisting predominantly of fine 
muscovite flakes intergtown with quartz, and containing 
some quartz stringers. The border zone represents the 



PER-3-16 

A-

M'& 

S N i ' 'siï 

FIG 2 

THE WITMOP PEOMWITE 

Wormbod OWriet.SW.» 

COUNTRY ROCKS 

; ' O O M » , Kh»i» Sup*ryoup 
AniptMbolite 

PEGMATITE ZONES 

Í E Í won i 
OuMc «Hm»*c«« icn» 

' mrwr intarnwdnt» zom 

H Core 

V r PHUMOVII» boo» 

RubMt 
fonMHt-Cokimtit» 
Bwyl 

Dump, warlnng 

•**«* ^ * * a ^ : * \ 

M •' < -

\ • • i 

\ J 



PER-3-16 

FIG. 3 
WHITE CITY PEGMATITE 
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F G 5 IDGS OF BOREHOLES, HOMESTEAD PEGMATITE 

outermost zone, and consists predominantly of muscovite 
intimately intergrown with quartz and feldspar. It is from 
15 to 50 cm wide. 

The wail zone has been an extremely good producer 
of beryl, tantalite-columbite and microlite over a number of 
years. These minerals are intergrown with muscovite, quartz 
and feldspar. The wall zone varies from about one to more 
than 3 m in thickness. 

The core zone consists of huge blocks and irregular 
masses of quartz and microcline intergrown with some finer 
material, including lithio-phyllite. 

6.2.3 Homestead 

West of the Tantalite Valley homestead, a number of 
large pegmatites outcrop through mountain scree, along the 
lower slopes of Signaalberg. Large white waste-dumps from 
opencast workings scar the mountainside. These pegmatites 
$n collectively referred to as the Homestead pegmatites 
(Fig. 4). 

Four boreholes, K2 to K5 (Fig. 5), proved that the 
largest body/ referred to as homestead, has an almost 
horizontal disposition and is no more than 10 m thick. It 
outcrops over a length of 450 m and a width of 45 to 
180 m. The borehole logs, K4 and KB (Fig. 5), indicate that 
there are a multiplicity of pegmatites which underly the 
main homestead body. 

The largest of these have been given local names, e.g. 
Compressor Site, Nek and Cofumbite. 

At the Compressor Site, 10 m of pegmatite are 
exposed in a quarry face, the top 5 m of which are graphic 
granite. The body dips east at 10 o. North of the road the 
Nek pegmatite outcrops over a strike length of at least 
250 m, and has been opened up in a number of small, and 
two large, opencast workings. It dips into the mountainside 
and has been exposed over a thickness of 5 m in a quarry, 
without revealing its lower contact. South of the road it is 
exposed over a 150 m strike length, is 25 m wide and is 
exposed over a thickness of 10 m in a quarry face. These 
pegmatites all consist of feldspar, mica and quartz, with 
garnet, apatite, and less commonly, monazite and zircon, as 
conspicuous accessories. The feldspar is albite, and both 
musoovite and biotite are present. Although there is a 
marked variation in mineral proportions, there is an 
apparent lack of sharply contrasting zones, which may not 
have been observed due to the intermittent nature of the 
exposures in quarries which are quite far apart. Beryl, 
bismuth, tantalite, rticrolite and columbite have been 
produced over a number of years, and alluvial» along 
drainages near the foot of the mountain yielded an 
excellent production in the early years of exploitation. 

The Columbite pegmatite lies at a higher elevation 
than those described above. It outcrops over a strike length 
of 60 m, is 16 m wide and 5 m thick. In an opencast 
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working it is seen to rest on a tectonic breccia, and it 
appears to be a fairly large pod with steep sides that dip 
into the mountainside. It has a fine-grained micaceous 
border zone followed by a well-developed wall zone and a 
white quartz core. In contrast with the others, this 
pegmatite was much richer in beryl and columbite than is 
normally the case. 

Logan and van Huyssteen (1970) have given a 
detailed mineralogical and petrographical description of 
26 m of pegmatite core samples taken from borehole K3 
(Appendix B), which was drilled to a depth of 76,50 m. In 
addition to the abovementioned minerals, some fluorite, 
tourmaline, sillimanite and chrysoberyl. together with very 
minor amounts of pvrite, chalcopyrite and possibly 
betafite, were shown to be present in the heavy fraction 
after bromoform separation. 

6.3 Extraction Metallurgy Tens 

Samples of pegmatite containing beryl, bismuth, 
tantalite and lithium-bearing minerals were submitted to 
the National Institute for Metallurgy, for extraction 
metallurgy tests. These teste comprised: mechanical 
concentration; spodumene recovery by heavy-medium 
separation; dry concentration for the recovery of bismuth, 
tantalite columbite, amblygonite and spodumene; and 
various techniques for the recovery of muscovite, lepidolite, 
beryl and tantalite. The tailing samples from the various 
workings consisted mainly of quartz, feldspar, mica, 
tantal i te columbite, spodumene, lepidolite and 
amblygonite. 

6,3.1 Gravity separation tests 

The gravity separation tests were conducted on 
fractions below 0,5 mm, and between 0,5 and 7,5 mm in 
size. The former contained 12,4 kg/t (1,24 % of Ta2<>5 -
ND2O5). The tests showed the possibility of recovering 
high-grade concentrate (65 % Ta20s - ND2O5) from the 
jig concentrate by grinding and table concentrations. 
Grinding was done to approximately 30 mesh. Although 
the larger sized fraction contains only 1,9 kg/t (0,19% 
Ta20s - Nb20s), it can be fairly readily concentrated to 

obtain the concentrate containing 60 % (Ta20s - ND2O5). 
In the first case at least 65 %, and in the second, 80 % of 
the mixed oxides were recovered. 

6.3.2 Heavy-medium tests 

Heavy-medium separation was found to be an 
efficient method for the recovery of spodumene and 
amblygonite, provided that the content of thin mica flakes 
in the material does not exceed 1,0%. The presence of 
greater quantities of mica flakes results in high losses and 
medium, to lower grades of concentrate, and low recovery. 

Mixed tantalite and columbite constituted between 
0,19 and 1,24 % of the heavy-medium separation (HMS) 
concentrates, and more than 8 0 % of the 
tantalite-columbite may be recovered by crushing and 
gravity concentration. 

Spodumene concentrates having a L1O2 content of 
approximately 5 % can be produced in a single stage and 
concentration, but retreatment is necessary for the 
production of a significantly higher grade. 

Estimates obtained from similar deposits in 
Namaqualand indicate that only around 2 0 % of the 
spodumene and 15 % of the beryl, tantalite-columbite, and 
mica in the ore are recovered by present-day methods of 
hand sorting. The waste-dumps therefore contain 
considerable quantities of these minerals. 

The operating costs of a pilot plant for medium, 
water and power conducted during 1971, were 38c/t of 
feed, but the costs of an industrial plant would be lower, 
mainly because of lower fuel costs. Heavy-medium 
separation can therefore be considered to be a practical 
method of treatment for the recovery of spodumene, 
amblygonite and tantalite-columbite from the pegmatite 
ores in this area. 

Unfortunately, no promising method for the recovery 
of beryl has, however, yet been found. 

For mon detailed results the reader is referred to 
reports by Levin (1969), Overbeek en Lewis (1972) and 
Overbeek (1973). 
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APPENDIX A 
ASSAYS OF BOREHOLE CORES 

— . 6 * 

Dtotfcta ~*m TT %c % M — . 6 * 
F fMI To TT %c % M 

K.1 0.60 15,9 15.3 0.054 n.d. 

16.2 31.5 15.3 0.043 n.d. 

32.0 - 0.07 0.16 tr 

37,0 3/.G 0.5 0.26 0.13 

49.2 62.7 13,5 0,70 n.d. 

61.2 61.5 0,3 0.05 0,05 

66.8 - 0.06 0.24 0,14 

12» 73,1 0,3 c o m " 0.24 0.14 

76,2 - 0.07 P 0 " t e 0,24 0.14 

77,4 90.3 12.9 0,24 0,09 

100,6 102,1 •1,5 0,17 0,17 

102,1 104,2 2,1 0,16 0,15 

108,5 110, 1,5 0,17 0.15 

110 111,6 1.6 0,12 0.18 

111,6 112,4 0 3 0,12 0.13 

116,7 118.2 1 3 0 3 8 0.13 

118,2 1193 1,6 0,20 0.18 

132,3 1393 7 3 0,47 0.33 

152,8 - 0,04 0.164 0 3 6 0 

1763 - 0,03 0/442 0330 

1783 - 0 3 6 0,106 0 3 9 

K.2 9 7 3 4 14032 - 0,0064 0,006 

tC3 67,66 6 8 3 8 - 0,16 0 3 4 6 

K.4 61,61 141,73 - 0,020 0 3 4 0 

K.S 60,66 7 6 3 1 - 0,026 0342 

V839^PJf^RV PoV» 

Dfffkfci WWW 
COfVlM0tfV 

%Cv % M V839^PJf^RV PoV» 

ftum To 

COfVlM0tfV 
%Cv % M 

N.1 81,4 8 2 3 0 3 0 3 2 4 0,21 

82,0 84,1 2,1 0 3 7 3 0,17 

84,1 P £ 1 4 3 0 3 3 0 0,18 

88,1 80,6 1 3 0 3 8 7 0,20 

80,6 90,6 0 3 0 3 6 7 0,20 

9 0 3 99/4 8 3 cor»lo»t 

99,4 103,3 3 3 0 3 8 6 0,14 

103,3 104,2 0 3 0,133 0,26 

104,3 107,3 3,1 0 3 7 8 0,16 

107,3 1103 2,7 0 3 4 9 0,12 

1103 1 1 0 3 0,6 0,201 0 3 0 

110,6 113,7 3,1 0 3 3 6 0,12 

113,7 116,7 3 3 0 3 1 7 0,16 

116,7 1193 3,1 0 3 2 2 0,18 

1193 124,0 4,2 0 3 3 1 0 3 9 

1343 128,0 4 3 0 3 2 7 0,09 

1 2 ( 3 131,0 3 3 0 3 3 3 0 3 8 

131,0 134,1 3,1 0 3 2 6 0 3 8 

134,1 137,2 3,1 0 3 3 1 0,10 

137,3 140,2 3 3 0 3 4 8 0,10 

OoraMtNo . 

Doptfiio mmm C M * tan» 

tMtrw 
%CH %m OoraMtNo . 

From To 

C M * tan» 

tMtrw 
%CH %m 

140.2 140,5 0.3 0.041 0.04 

140.5 140.8 0.3 0,156 0,19 

140,8 142.0 1,2 0,227 0.35 

142.C 142,3 0,3 0,167 0,24 

142.3 144.8 2,5 0.149 0.32 

144,8 145,1 0,3 0.030 0.02 

145,1 148,1 3.0 0,130 0.28 

148,1 151.5 3.3 0,236 0.36 

151,5 156,1 4.6 0,066 0.14 

156.1 156,7 0.6 0.042 0,01 

156,7 160,0 3,3 0,035 0.10 

160,0 161,5 1,5 0,027 0,09 

161,5 162,5 1.0 0,028 0 3 1 

162,5 164,6 2,1 0,152 0.25 

164,6 168,2 3.66 0.296 0,47 

168,2 171,3 3.06 0,114 0,21 

171,3 173,7 2.41 0,160 0 5 9 

173,7 175,9 2.13 0,230 0,60 

1763 Í77.7 1 3 3 0,161 0,40 

177,7 178,9 1,22 0328 0,01 

1763 182,0 3 3 6 0,166 0 3 3 

1823 186,0 3 3 4 0,277 0,46 

186,0 187,6 2,44 0,297 0 3 2 

187,6 189,6 2,13 0 5 6 0 0/48 

189,6 192,0 2/44 0546 0 3 8 

192,0 196,0 3 3 6 0 3 9 0 0 3 0 

196,0 198,1 3,06 0 3 8 0 0,20 

196,1 201,1 3 3 6 0317 0,18 

201,1 204,2 3.06 0324 0,16 

204,2 207,2 3,06 0 3 3 3 0,17 

207,2 210,3 3,06 0327 0,20 

210,3 213,3 3,06 0 3 2 9 0,20 

213,3 216/4 3,06 0341 0,18 

216,4 217,3 0,91 0 3 2 6 0,16 

217,3 220,3 3,06 0327 0,06 

N.2 » , 4 6 46,72 - 0,016 0,016 

46,72 6 0 3 6 - 0,026 0,032 

6 0 3 6 76,20 - 0,018 0,012 

76,20 91/44 - 0,022 0,016 

91/44 10831 - 0,020 0 3 0 8 

10631 12132 - 0,016 0 3 0 4 

121,93 134,11 - 0,010 0,003 

134,11 144,47 0,012 0,006 

N.3 30/48 46,72 0,010 0 3 0 4 

46,72 6 0 3 6 - 0,013 0 3 0 8 

60,96 76,20 - 0,0076 0 3 0 3 

76,20 91/44 - 0312 03036 

91/44 10638 - 0,006 03034 

106,68 11837 - 0,010 03038 
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Dw*h. mmm C l l l l W I * 
XCM % M 

ta. T« 

C l l l l W I * 
XCM % M 

N.4 18230 21.33 0.051 03t» 
21.33 23.16 - 0.029 0320 
2632 2835 - 0.030 0.019 
543» 56.68 - 0.016 0310 
6136 6431 - 0.010 0316 

1MLM 194.16 - 0.017 0310 

N.7 «37 732 336 0313 033 
732 :asn 335 0312 036 

10197 1432 336 0316 03» 
1432 17.07 3.06 0313 0.10 
17,07 20.12 336 0313 039 
20.12 23.17 335 0311 0,12 
23,17 2633 335 0311 0.13 
2 M 3 30.48 336 0312 0.12 
303» 3334 3,06 0310 0.12 
33184 J | M 336 0311 0.12 
363» 38.64 3.05 0312 0.12 
3»,64 42.08 234 0314 0,11 
424» 48.74 336 0315 0,11 
45,74 4736 132 0322 039 
4736 46,17 0 3 . 0310 0,04 
46,17 S030 2.13 0312 0,10 
SO 30 52,13 133 0316 0,11 
S2.13 5436 2,13 0316 0,10 
S4.26 55,48 132 0319 0.13 
66,48 56,09 031 0325 034 
86,0» 69,44 336 0325 035 
80.44 62,49 335 0326 036 
62,40 6634 336 0324 036 
69*4 6831 2.74 0324 035 
68,61 70,64 2,13 0317 037 
7034 72,77 2,13 0313 036 
72.77 7337 030 0321 034 
73.07 7531 2,74 0.015 0,17 
7831 7733 132 0311 0,17 
7733 80,38 336 0317 0,09 
80,3» 8130 132 0325 037 
8130 83,42 132 0318 9,13 
8332 88,47 3.06 0326 037 
86,47 89.52 3.06 0332 036 
8832 9237 3,06 0326 006 
9237 96,62 3,06 0331 037 
98,63 9837 336 0320 036 
9837 102,32 3,35 032B 036 

102,32 106,37 3,05 0320 036 
106,37 108,11 2,74 0356 037 
108,11 109.33 132 03«2 034 

D a p * » mmm C M * h u t * %c> %M 
C M * h u t * %c> %M 

Htm T» • * • 

N.7 10933 112.38 3.05 0327 0.06 
(com.) 112.38 114.82 2.44 0348 0,10 

11737 120.92 3.05 0321 036 
12032 12337 3.05 0320 0.05 
12337 127.02 3.05 0323 036 
127.02 130.07 335 0320 036 
130.07 1313» 1.52 0323 036 
1313» 133.11 132 0360 035 
133.11 136,16 3.05 0.046 038 
136.16 13931 33$ 0325 037 
13831 141.86 2.44 0325 037 
141.86 14236 031 0360 03» 
14236 144.08 132 0339 038 
14438 146.60 132 039» 037 
146.80 14731 031 0332 039 
14731 15036 335 0331 037 
18036 15432 336 0333 037 
16432 15737 335 0.170 031 
15737 1563» 132 036 031 
166.W 16133 2.44 035 030 
16133 162.75 132 030 03» 
162.76 16437 132 031 03» 
16437 16732 3.05 037 0.16 
16732 169.76 234 032 0.18 
169.76 173.11 335 0.16 034 
173,11 17636 335 030 03» 
176,46 176,76 335 033 037 
176.76 17639 2,13 0.10 0.17 
1783» 160,72 133 0.14 0.18 
180,72 182,24 132 034 037 
18234 184,07 133 0.11 03» 
18437 186,59 132 0,17 034 
1863» 18631 1.22 030 0 3 
18631 16732 031 033 033 
187,42 190,47 3.05 0.17 034 
19037 19230 2,13 0.16 031 
192,60 193,21 0,61 0,í? 034 
19331 196,26 3,05 0,19 038 
19638 199,00 2.74 0,14 031 
19930 201,74 2,74 0,17 033 
201,74 202,35 0,61 039 0,21 
202,38 206,40 3,06 0,11 033 
205.40 208,45 336 034 0.16 
206,46 21130 335 033 037 
21130 214,54 2,24 0,02 0,12 
214,54 217,78 2,74 034 0,16 
217,78 22033 335 032 0,12 
22033 225,19 436 031 0,10 
225,19 22530 031 033 034 
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APPENDIX B 

RESULTS OF CORE-LOGGING 

Ma. 

Mama Cartltaat» 
tatt Racktyaa Ma. 

FTWH Ta 

Cartltaat» 
tatt Racktyaa 

N i l 0 20.42 10,67 Amphibolita 
20.42 23.47 - Mttlajbbro 
23.47 60,65 3 4 6 Amphiboiitt 
60.65 61.57 - Quartz «tin 
61,57 78.94 - Amphibolita 
78.94 79.55 - Mtugtbbro 
79,55 86,26 - Amphibolttt 
86.26 87,48 - MtUgtbbro 
87.48 10445 - Amphiboiitt 

113,99 156.52 - Mtttajbbro 
155,52 142,65 - Amphiboiitt 
142.65 '53,92 - Amphiboiitt 
153.92 163.98 - Amphiboiitt 
163.98 201,17 5.79 Ouartz Amphiboiitt 
201,17 217,02 - Quanz Amphiboiitt 
217.02 266.48 9.45 Mtt ipbbro 
265.48 305.10 7.01 Amphiboiitt 

N.2 0 218.42 28.36 Mttagtbbro 

N.3 0 216.19 21.34 MtMgjbbro 

N.4 0 0,91 0.61 Mtttgjbbro 
0,91 1.22 0.15 Ptgmttitt 
1.22 4 4 8 2,13 Mtttajbbro 
4.88 5.49 143 Ptgrtittitt 

11.89 12,19 - Amphiboliu 
12.19 1444 2,13 Mtttgabbro 
14,94 15.54 - Ptgmttita 
15.54 19.20 143 Mtttgabbro 
19,20 24.38 1 4 2 Amohiboliit 
24,38 26.21 0,30 Mtttajbbro 
26,21 28,65 0,30 Qutriz Amphiboiitt 
28.66 » , 4 8 - MtUgibbro 
30,48 31,70 - Qutriz Amphiboiitt 
31,70 52,73 142 Mtttajbbro 
52.73 6344 - Ptgmttitt 
53,34 6446 - Mtttgjbbro 
64,87 56,69 - Ojartz Amphiboiitt 
56,78 62,79 0,61 MtHojbbro 
61,26 64,31 - Quartz Amphiboiitt 
64,31 75,29 - Mtttajbbro 
75,29 7640 - Quartz Amphiboiitt 
76,50 77,72 - Mtttgjbbro 
77,72 78,33 - Ouartz Amphibolrtt 
78,33 84,12 - Mtltajbbro 
84,12 84,43 3,66 Ouartz Amphiboiitt 
84/43 102,72 346 Ptamttitt 

102,72 16647 - Mtttajbbro 
166,67 157,28 - Quartz amphlbolrtt 
167,28 16346 - Matagtbbro 
163,88 16640 - Ouartz amphibolrtt 
166,20 19040 - Mtttajbbfo 
19040 194,16 - Outrtz tmphibolitt 
104,16 19742 - Mttaajbbfo 
197^2 22140 - Amphibolrlt 

No. 

Mam» CoratoaatJt 
laM 

Racktyat 
No. From Ta 

CoratoaatJt 
laM 

Racktyat 

N.5 0 150.57 5142 Amphibolitt 
150.57 174,07 - Mttagjbbro 
174,07 192.33 - Amphiboiitt 
192.33 19344 - Mtttajbbro 
193.24 233.17 - Amphiboiitt 
233.17 243.23 - Mtttgahhrn 
243.23 246.28 0.91 Milky quartz 
246.28 256.73 - Mttagabbro 

l_1 0 14.02 3.05 Amphiboiitt 
14.02 108.20 1.52 Mtttgabbro 

108.20 120,39 - Mttagabbro 
120.39 173,73 1.52 Mtttgaboro 

L.2 0 6.09 — Amphiboiitt M s 
and mttaajbbro 

6,09 67.36 10.36 Amphiboiitt and 
amphibelitt fai» 

67,36 6 9 4 0 0.46 Ptgmttiu 
6 9 4 0 74,37 0,61 Amphiboiitt 
74,37 8 1 4 8 2,44 Amph'boJitt M t 

(dark) 
81,38 8241 - Amphiboiitt 
82,91 86,56 — Amphiboiitt lab 

(dark) 
86,56 98,16 3.36 Amphiboiitt 
98,15 140,20 2.44 Amphiboiitt fab 

(dark) 
L.3 0 143 - Ptgmatitt 

143 4,57 - Mttagabbro 
4,57 32,61 3.66 Amphiboiitt 

32,61 46.33 142 Quartz tmphibolitt 
Minora) fetd 

K.2 0 2442 - Amphiboiitt 
24,92 50.29 - Ptgmttiu 
50.29 177,70 - Amphibolita 

K.3 0 1047 — Micacaoui schist 
with quvtz vtin» 

10,97 37,18 - Ptgmatitt 
37,18 7640 - Amphibolrtt schitr 

K.4 0 1047 - Ptgmatitt 
1047 1840 - Amphrbolfta 
1840 2246 - Ptamatttt 
22,66 5741 - Amfhibolrta 
5741 83,52 - rtgmatrtt 

K.5 1 4 2 1046 - Ptgmatrtt 
10,06 14,63 - Amphlbolrft 
14,63 20,73 - Ptgmatitt 
20,73 2743 - AmpfiMbolitv 
2743 2947 - Ptgmatiti 
2947 30,78 - AfTipn IDOf « • 
» , 7 8 3240 - PVQnwtKt 
32,00 9040 - AfTtpnHMtnv 
60,60 6243 - PlpVMtttt 

6 2 4 3 6647 - AfTtpniDOfNtf 
6647 6740 - Pvgntfiftt 
67,00 7143 - AfflpttHvolilf 
71,63 7246 - P a m i r » 
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FIG.1 
GEOLOGY OF SIGNAALBERG 
SHOWING PEGMATITE INTRUSIONS, 
TANTALITE VALLEY, WARMBAD DISTRICT, 
SOUTH WESTlFRICA 
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