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ABSTRACT 

Scheelite, wolfram Ite and cassIterIte mIneralizat ion is hosted wIthin 
numerous quartz-tourmaline-feldspar-fluorite veins at Van Rooi's Vley, N.W. 

Cape Province . MineralizatIon and hydrothermal alteration within, and 
around, these veins is hIghly complex and reflects the intricate interaction 
of hydrotherma l activity upon a structurally deformed sequence of 
ProterozoIc med ium to high-grade gneisses. 

Four distinct stages of alteration and mineralization occurred, including a 
l ate 'epithermal stage'. Although the location of mineralization was 
strongly controlled by st ructure, the concentration of mineralizati on was 
controlled by physicochemical variables, of which host-rock geochemistry was 
particularly important . 

Further W/Sn mineralization occurs on a local scale, some of which is 
spatia ll y related to minor leucogranite dykes. Leucogranite bodies are not 
uncommon within the region and some are enriched in Wand Sn. 

By comparing FI B ra tio s,W/Sn ratios, the alteration mineralogy, the ore 

mineralogy and the Fe-content of tourmaline, the deposits within the Van 
Rooi's Vley area can be placed into a 'proximal' to 'distal' classification, 

with respect to a common source of mineralizing hydrothermal fluids. The 
Van Rooi's Vley deposit, whilst affiliated to greisen-style deposits, 
represents a ' distal' quartz-vein lode deposit. 
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1. INTRODUCTION 

The Van Rool 's Vley W/Sn deposit IS situated on the farm Van Rool's Vley, 
45km WSW of Upington, NW Cape Province (Fig. 1.1). The area studied forms 

part of the Namaqua metamorphic complex (or province) a tectonically 
distinct region that developed adjacent to the Kaapvaal Craton, approximally 
between 2.0 and 1.0 Ga. 

. . 

I----".JO.-~(' 

N .. 

RAILWAY 

ROAD 

Figure 1.1. 

ProVI nee. 

Location of the Van Rooi' s Vley deposit, N. E. Cape 

Lying marginal to the SW edge of the Kalahari desert, the Van Rooi's Vley 
region is covered by thick layer of calcrete and Kalahari sand. 
Consequently, outcrop is poor. The generally low relief of the region is, 
however, occasionally punctuated by small hills that usually define domal 

structures. The Van Rooi's Vley deposit lies on the sheared edge of one 
such structure. 
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Minerai lldt i on wa s di scovered at Van R00 1'S Vley in 1 ~4 3 , and wa s 
periodica lly ext racted up to 19 ~8 . The currently dorma nt deposi t , IS now 
owned by She i l Sout h Afr ica Meta l s DiVisi on, in a joint venture with Phelps 
Dodge Mining. 

Von 6ackstrom (1964) first researched the Van Rooi ' s Vley deposit, and 
provided a detai led description of numerous important geo logical features. 
Wheatley and De Beer (1986), provided an account of more recent ideas as to 

the genes is of mineralization. The main object of the current study was to 
identify and describe the numerous and complex alteration / mineralization 
systems t hat occur at Van Rooi's Vley and to provide an explanation for the 
presence, intensity and distribution of this alteration and mineralization. 
In identi fying, explaining and characterizing the processes that led to 
mineralization the genesi s of t he deposit, and spatially related W/ Sn 

mineralizat ion, may be bet ter understood. Mineralization at Van Rooi 's Vley 
may then be placed into cont ext with more regional geological features. 
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2. GEOTECTONIC FRAMEWORK OF THE NAMAQUA PROVINCE AND A METALLOGEN IC 
APPROACH TO TECTONIC MODELLING 

2.1 Introduction 

A metallogen ic approach to tectonic modelling has been somewhat neglected in 
the past. Pioneering work by Hutchinson (1983), Sawkins (1984) and Mitchell 
and Garson (1981), has documented deposit types with specific or general 
tectonic settings. Developments in this field are now such that ·a 
metal logenic approach can be used to constraIn tectonic modelling. However, 

metallogeny is only part of a full picture, and must be considered in 
conjunction with other geological and structural data. 

The following section combines the work and ideas of the 1986 Rhodes MSc. 
Exploration Geology class (including the present author), 

of a two week field trip to the Namaqua Province, 
literature survey. Although the tectonic model that 

and is the result 
and a subsequent 

follows is based 
heavily on geological and tectonic information from the work of Hartnady et 
al. (1985i, attention is drawn to the technique employed below, of using 
mineral deposits to constrain tectonic models. 

2.2 Past models for Namaqua tectonogenesis 

Past opinion concerning Proterozoic crustal evolution is divided between two 
schools, the uniformitarian school (eg. Windley 1984), that invokes 
Phanerozoic-type plate tectonics, and the non-uniformitarian school (eg. 
Kruner 1981), that favour ensia\ic processes. Both schools have applied 
their ideas to the development of the Namaqua Province (see reviews by Albat 
1984) . However; neither has been entirely successful, mainly because many 

such attempts refer only to specific parts of the Namaqua Province. 

It is now generally agreed that the Namaqua Province, as a whole, is the 
product of a continental collision (the "Namaqua event") which occurred 
about 1200 - WOO Ma ago and produced Hie major metamorphic overprint 

throughout the region. Many geological manifestations of this collision, 
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dnd or the precedlng 'Orange River event', are closely remimscent of 
Phanerozolc plate tectonic processes. Certalnly, the mineral deposlts of 
the Namaqua Provlnce show characteristics of deposits related to such 
processes, and give good reason to infer that Phanerozoic-type tectonism was 
active In the Proterozoic of Southern Africa. 

2.3 Geotectonic Framework 

Hartnady et al. (1985) recognized three subprovinces within the Namaqua 
Province (Fig. 2.1), vis; the Richtersveld, Bushmanland and Gordonia 

Subprovinces. Each subprovince is characterized by a combination of 
lithology, structure, metamorphic grade and predominant radiometric age. 

Hartnady et al (op. cit . ) exclude the Kheis Belt from the Namaqua Province, 
on the basis of a major age discrepancy, although, the Richtersveld 
Subprovince developed during the same period as the Kheis Belt, some 500 Ma 
prior to the main Namaqua tectonic event. The Kheis Belt is thus included 
here as a marginal subprovince of the Namaqua Province. 

The Kheis Belt is bounded to the east by the Kaapvaal Craton, and to the 
west by the Gordonia Subprovince, and consists of a low grade (high 
pressure) metamorphic sequence dominated by quartzites, phyllites and 
amphibolite of the Matsap Group. Through correlation with the supracrustal 
Olifantshoek sequence, on the Kaapvaal Craton, the Matsap Group is dated at 
between 2068 ~ 70 and 1800 Ma (Barton and Burger 1983). In the north of 
Kheis Belt, at least five major easterly directed thrust sheets, and 
numerous east-vergent recumbent folds are recognized (Hartnady et al 1985). 
To the south, Coward and Potgieter (1983) recognize two dominant movement 
vectors, a 
direction. 
pericratonic 
thrusting, 

(Kaapvaal) 
1984) . 

southerly direction of overthrusting and a later northerly 
The proposition that the Kheis Belt was initially a broad 
shelf, coupled with the observed cratonward fold vergence and 

implies that this belt was developed on a stable sialic 
basement that became increasingly mobile westward (Stowe et al. 
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figure 2. 1. Map of t he tectonic subprovinces. belts and terranes. 
Namaq ua Prov i nce . AT - Aus Terrane; GT - Garies Terrane; JPL -
Jannelsepan Line; KT - Kakamas Terrane; OT - Okiep Terrane; PT­
Pella Terrane; IVL - lantalite Valley Line; UT - Upington Terrane; 
VI - Vioo lsdrlf Terrane; WL - Wortel Line WD - Wilgenhoutsdrif 

Formation. (after Hartnady et al 1985). 

The Richtersveld Subprovince comprises a 2. 0 Ga succession of calc-alkaline 
volcanics and interbedded sediments (the Orange River Group). intruded by 

1.9 to 1.7 Ga I- type granitoids of the Vioolsdrif SUite (6lignault et al 
1963). Hartnady et al (1985) suggest t hat the Richtersveld Subprovince 

developed through the reworking. along an active continental margin. of a 
2.0 Ga island-arc complex. The Richtersveld Subprovince may be divided into 

the Pella Terrane. to the east . and the Viool sdrif Terrane. to t he west. 
During the Namaqua event. rocks of the Pella Terrane were metamorphosed to 
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amphl Doi l le tac les and were defo rmed . Rare-element bearing pegmatites 
Intruded granitoids ot t he Vl oolsdrlf sUite, along the southern margin of 
t he subprov lnce. 

The northern boundary of the Rlchtersveld Subprovince is taken as the 
' Ta ntalite Val l ey Belt' (Fig. 2.1), a wide zone of mylonitization, whilst 
the southern boundary is taken as the 'Wortel Belt'. The l atter is a narrow 
zone of bioti t e gneiss that contains numerous mafic intrusives, dated at 2.2 
Ga (Joubert 1984). Blignault et al (1983), suggest that the Wortel Belt is 
the sole of a thrust that pushed rocks of the Richtersveld subprovince 
southwards , onto the Bushmanland Subprovince. 

The Bushmanland Subprovince is bounded to the east by the Gordonia 

Subprovince (Fig. 2.1 ) and to the north by the Richtersveld Subprovince. 
Although metamorphic grades decrease northwards towards the Wortel Belt, the 
Bushma nland Subprovince is dominantly composed of high-grade supracrustals. 
Paragenesis, orthogneises, granulites and granitoids indicate a metamorphic 
- plutoniC history that spans between 1200 and 900 Ma. The supracrusta l 
Bushmanland and Okiep Groups are characterized by a quartzite-schist-banded­
iron-formation association, and overlie a distinctive "Pink-Gneis" which has 
been var iously interpreted as originating from an arkosic, rhyolitic or 
granitic protolith (Tankard et al 1982). The igneous history of the 
Bushmanland Subprovince began, to the north, at about 1.8 Ga (Joubert 1984) 
with the intrusion of the Gladkop Suite of S-type granites (Reid and Barton 
1983). The late-tectonic (~1.2 - 1.1 Ga) I(?) - type (D. Gadd-Claxton, 

pers. comm.) Spektakel Suite was followed, within the Okiep district (Fig. 
2.1), by t he Koperberg Suite of anort hosites to hypersthenites. Four major 

phases of folding have been described in Bushmanland (Joubert 1971; 1981). 
The main period of deformation resulted in promi nent E-W trending, south­

vergent isoclinal folds (F2). These were refolded about a NE-trending axis 

(F3), prior to deflection by later shearing. The F3 and F4 deformations, 
and the later shearing, are almost certainly due to the main Namaqua event . 

The Gordonia Subprovince lies 
Subprovince (Fig. 2.1) and, 

between the Kheis Belt and the Bushmanland 
like the latter, is predominantly composed of 

orthogenesis and granitoids, related to a 1200 -supracrustal paragneisses, 
900 Ma thermal event. The subprovince was first a zone of convergent 
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thrusting and fololng. fo l lowed by extensive dextral shearing along numerous 

NW-trendlng shear zones (Hartnady et al 1965). One such shear zone, the 
Hrakbos fault (Fig. 2.2), divides the Gordonia Subprovince into the 

Uplngton rerrane, to the east, and the Kakamas Terrane , to the west. The 

Upington Terrane consists of 2.0 Ga quartz -pe lite equivalents of the Kheis 

Belt and is rapidly transitional , in both metamorphic grade and structure, 

from the Kheis Belt to the high-grade Kakamas Terrane . To the extreme west 

of the Upington Terrane, volcanic-plutonic amphibolites of the Jannelsepan 
Formation crop out and comprise calc-alkaline basalts and andes ites, as well 

as calcareous and argillaceous sediments. These rocks - may have formed 
within a magmatic-arc, between 1300 and 1100 Ma (Barton and Burger 1983) . 
In the NE of the Upington Terrane, pillow basalts and associated 
volcanoclastics of the Wilgenhoutdrif Formation crop out (Fig.2 . 2) and are 

dated at 1340 Ma (Stowe 1983). A continental rift origin is indicated by 

D ........ It 
B .... ·,' .. """"-
OUI_ro" ... 
GJII] •• --- J"_,~", 
D- .. II .... ,-

D·_·,....· 
D L.Io_ ...... ,Io. 
g::r] .. , ....... _'" ___ I ..... 

12m J_~""", __ ,Ihl ... _.~I", 

.:::- .,_ ' • • If 

'=.,'=. 

r ;· - ~~ : ' .1 

Figure 2.2. Regional pattern of tectonic terranes in the 
Gardonia and Kheis Belts (after Hartnady et al. 1985). 
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trace element ratios \~towe 1983), and Hartnady et al (1985) suggest that 

these rocks were deposited within a back-arc -basin, behind the Ja nnel sepa n 
arc. The Kakamas Terrane comprises a highly deformed zone of high-grade 
supracrusta l s (The Korannaland Seq uence ) , Incl udi ng calc-silicates and 
cordlerite-silli man ite gneisses. Thi s terrane was also the focu s of 
gran i tic intrusions. Granitoids that are syn-tectonic wi t h respect to the 
Namaqua event are well fo l iated I-types. Of particu lar interest is the 
Straussberg Suite of syn-tectonic granits, whic h shows a progressive 
en r ichment in potassium eastward. Post-tectonic granitoids are non­
foliated, have recognizable contact aureoles, and include leucocratic and 
pegmatitic phases. The Keimoes Suite of granitoi ds contains highly evolved 
post-tectonic phases (eg, within the Cnydas granites) which, according to 
Jankowitz (1986) are similar to the co llision-related "hercynotype" 
granitoids of Pitcher (1982). 

2.4 Metallogenic Framework 

A diversity of 

2.3 ) , Six of 

mineral deposits occur within the Namaqua Province 
the major deposits are briefly discus sed below, 

(Fig. 
with 

part icul arly reference to the i r geotectonic imp licat ions. 

The Haib River low grade porphyry Cu ~ Mo deposit occur s 20km NE of 
Vioolsdrif (Fig. 2.3 ) within the Vioo l sdrif Terrane of the Richtersveld 
Subprovince, and represent s one of the world ' s oldest known porphyry system. 
At Haib River, 2020 to 1970 Ma (Reid 1977) dacitic, andesitic and rhyolitic 
volcanics of the Orange River Group are intruded by a cogenetic suite of 
granodiorites to leucogranites (Vioolsdrif Suite). The latter suite 
intruded between 1960 to 1710 Ma (Reid 1977) and includes the metal bearing 

quartz-feldspar porphyry, which forms the Haib porphyry stock (Minnitt 
1986) . The porphyry Cu (Mo) mineralization is related to the Orange River 

event and closely resembles porphyry systems found in Andean-type magmatic 
arcs . 

The Aggeneys, Black Mt. and Gamsberg polymetallic sulphide deposits occur 

within the supracrustal Bushmanland Group of the Bushmanland 
(Fig. 2.3) . The base-metal sulphides are associated with 

Subprovince 
banded-iron-
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tormatlons . and according to Ryan et al (19136) are stratabound exhalative 

sedimentary deposits. Rozendaal (1980) draws an analogy between the 

syngeneti c Aggeneys - Gamsberg deposits and sulphidlc sediments presently 

forming on the floo r of the Red Sea; Implying a continental rift environment 

for the former. Indeed , sedimentary facies analyses of the Bushmanl and 

paragnel sses (Moore 1980) defines a large el ongate E-W trending ("rift"?) 
basin, that includes the Aggeneys - Gamsberg area. 

FIgure 2.3. Distribution of various mineral occurrences throughout the Namaqua 
Province. Also shown is a broad zone of rare-e lement occurrences that possibly 
relates to a 0.9 Ga to 1. 1 Ga period of compressional tectonics. 

Hartnady et al (1985) place the age of the Bushmanland Group (and thus the 

syngenetic Aggeneys - Gamsberg deposits) at between 1.7 and 1.6 Ga. 
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Copper-riCh mdssive SUlphide deposits occur within the Uplngton Terrane, of 
the Gordonla Subprovince, at Areachap, 80ksputs and Copperton (Fig. 2.3). 

They I ie as metamorphosed chemical sediments, conformably enclosed within 

massive amphibolite units of the Jannelsepan Formation. According to 
Geringer et al (1986), mineralization at Boksputs closely resembles that of 
the 8esshi-type bedded Cu-sulphide deposits of Japan. Such deposits are 
related to early Island-arc volcanics, adjacent to continents (Garson and 
Mitchell 1977). Furthermore, the amphibolites assoc iated with the Boksputs 
deposit are geochemically similar to island-arc volcanics (Geringer et al 
1986) . 

Koppel (1986) established the age of mineralization at Copperton to be 
+ 100 Ma, in accord with the 1300 to 1100 Ma (Barton and Burger 
formation history of the Jannelsepan Formation. 

1305 

1983) 

Numerous high - grade Cu depOSits occur within the Okiep distr ict in the NW 
corner of the Bushmanland Subprovince (Fig. 2.3). The mineralization is 
primary (Lombaard et al. 1986) and is confined to the more mafic members of 
the Koperberg Suite, which intruded the granulite-facies terrane at 1072 + 

20 Ma (Clifford et al 1975). Lombaard and Schreuder (1978) envisage the 
intrusion of the Koperberg Suite, and the formation of related piercement -

type folds, as a result of compressional tectonics, during which a deep 
crustal magma chamber was drained of Cu-rich magmas. 

The Van Rooi's Vley W/Sn deposit occurs to the west of Upington , within the 

Kakamas Terrane of the Gordon i a Subprovince (Fig. 2.3). Mineralization lies 
within a series of quartz-tourmaline veins hosted by pelitic gneisses of the 
Korannaland sequence. it is thought, to best relate to the intrusion of 
highly evolved and volatile-rich post-tectonic granitoids (see sections 10 

and 11) probably belonging to the Keimoes Suite. These granitoids intruded 
at about 1.1 Ga (after the Namaqua event) and probably rei ate to a 

continental collision type tectoniC setting. 

Numerous rare-element bearing pegmatites occur to the south and west of the 
Van Rooi's Vley depOSit, and are also a manifestation of post-tectonic 

granitic magmatism. In fact, the occurrence of pegmatitic rare-element (eg. 
Nb, Ta, REE, Sn etc) depOSits may be traced, almost continously, from just 
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So of Kenhardt , northward through Kakamas, and then westward to VIoolsdrif 

(Fig . 2.3). MIneralIzatIOn nea r VIoolsdrIf includes the Blesberg Pegmatitic 
Be, BI, Ta -Nb, Li depos it which IS dated at 1.1 - 0.95 Ga (F. Pirajno pers . 
comm. ). 

It is possib l e that the abovementioned "belt" of pegmatites defines a broad 
continental collisional zone, extending from Vioolsdrif to Kenhardt (at 
least), that was active some 100 to 200 Ma after the peak of the Namaqua 
event , 

2.5 Constraints on a model 

Although the broad scale lithological, geochemical and structural nature of 

each subprovince 
evolutionary model 

(and divisions thereof) place obviOUS constraints on an 
for the Namaqua Province, such relationships are 

invariably difficult to interpret and are commonly ambiguous, However, as 
implied above, by analysing the mineral occurrences of a group of related 
tectonic entities, genetic constraints may become apparent. vis 

the Richtersveld Subprovince, in the north of the Namaqua Province, may 
represent an Andean-type magmatic arc, that developed between 2.0 to 1.7 
Ga, producing porphyry Cu (Mo) mi neralization at Haib River; 

the Aggeneys-Gamsberg region of the Bushmanland Subprovince may have 

been an area of intra-continental rifting, during the period 1.7 to 1.6 
Ga (at least), in which numerous polymetallic sulphide deposits were 

formed; 

the Areachap, Boksputs, Copperton area, within the Upington Terrane of 
the Gordonia Subprovince, is interpreted as an island-arc that developed 
adjacent to a continent, during the period 1.3 to 1.1 Ga; 

Two areas of continental collision and compressional tectonics may be 
indicated, in the Okiep area (NW Bushmanland Subprovince), and by a 

broad zone that stretches from Kenhardt to Vioolsdrif (including the 
area around Van Rooi 's Vley). These collisional events occurred during 
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the period 1.1 to 0.9 Ga. 

2.6 A Geodynamic-metallogenic model for the Namaqua Province 

An evolutionary model, proposed to account for the metallogenic and tectonic 
development of the Namaqua Province, is presented below. The model draws 
heavily from the work of Mallinson (in prep) and is divided into six 
evolutionary stages, depicted in Fig. 2.4 ( a to f) . Four continental 
plates are involved, the Kaapvaal Craton, the Kgalagadi Province (on which 
the Richtersveld Subprovince developed), the proto-Namaqua Province, and a 
'southern continent'. 

Stage 1 (-2.1 Ga) Continental attenuation and breakup (Fig. 2.4.a). A 
triple junction forms as the proto-Namaqua Province, the Kgalagadi Province 
and the Kaapvaal Craton separate from each other. 

Stage 2 (2.1 - 2.) Ga}. Whereas ocean opening isolated the proto-Namaqua 
Province, to the south, separation between the Kgalagadi Province and the 
Kaapvaal Craton proceeded no further than an incipient rifting stage (Fig. 
2.4.b). A prograding clastic wedge (the Olifantshoek sequence) filled the 
Kga lagadi-Kaapvaal rift basin, with the major sediment supply comming from 
the Kaapvaal Craton. 

Stage 3 (2.0 - 1.5 Ga) . The Kgalagadi -Kaapvaal aulacogene closed, forming 
the Khe is Belt as the Olifantshoek Sequence was folded and thrust onto the 

Kaapvaal Craton (Fig. 2.4.c). 

Subduction occurred along the edge of the Kgalagadi and proto-Namaqua 
Provinces. A steady state between spreading and subduction was achieved and 
was maintained for a long period of time. Subduction along the Kaapvaal 
Craton was inhibited by the thickness of the Kaapvaal lithosphere. The 
Orange River Group volcanics (and sediments), and the Vioolsdrif intrusive 
suite, developed on the edge of the Kga lagadi Province whereas the Gladkop 
intrusive suite, and volcanic equivalents, developed along the edge of the 
proto-Namaqua Province. Recycled sediments and/or microplate collisions 
mark a later, more felsic phase of calc-alkaline magmatism, during which the 
Haib porphyry copper deposit was developed. 
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A bacK drc extensIona l rift developed in the proto-Namaqua Province, where 

the Bushmanla nd Sequence and the Aggeneys-Gamsberg mass ive sulphide deposits 
developed. 

Stage 4 (1. 5 - 1.3 Gal. SUDduction was initiated off-shore of the Kaapvaal 
Craton as the ' Namaqua ocean' closed (Fig. 2.4.d). The Jannelsepan magmatic 
arc , associated Besshi-type sulphide deposits (ie Boksputs - Areachap 
Copperton) and the Wilgenhoutsdrlf rift sediments (and volcanics) developed. 
The spreading ridge met up with the proto-Namaqua Province and terminated 
subduction along the edge of that province. 

Stage 5 ( 1. 3 - 1. 05 Ga) . The proto-Namaqua and Kgalagadi Provinces 
collided, with partial subduction of the former, beneath the latter. 
south-moving thrust wedges developed (Fig. 4.2.e) and supracrustals 

Major 
caught 

between the wedges were isoclinally folded and sheared. During this period 

the F1, F2, and F3 folds and fabrics of the Namaqua Province developed and 
metamorphism peaked (The Namaqua event). Within the Springbok-Okiep area, 
silicic granitoids intruded along thrust fabrics, and were followed by 
Intrusion of the Cu-rich Koperberg suite. The latter may have resulted from 
multi-stage partial melting of an asthenospheric wedge that was brought into 
the crust on the sole of a thrust slice. The Springbok area is 

radiometrically enriched and it is considered that the Proterozoic 
geothermal gradient within the area, was high. 

During Stage 5, the central portion of the Richtersveld. Subprovince was not 
substantially thickened by thrusting, as were the regions immediately north 
and south of that portion. This central portion wou ld have subsided in 
sympathy with subsidence of the adjacent thickened areas and thereby be 
protected from erosion. As the adjacent areas eroded, so the whole region 
lifted, leaving a central low-grade portion of the Richtersveld, flanked by 
two high grade regions. 

At about this stage, subduction along the southern margin of proto-Namaqua 

Province was initiated . Remnants of this subduction zone are inferred, 
today, as the reason for the Southern Cape Conductive Belt, a 1200 km long 
geomagnetic anomaly, to the south of the Namaqua Province. 
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Stage 6 (1 , 0 , - 1, 0 Gd). A contInent-continent collision is envisaged to 
have occurred between the now Namaqua Province and a southern continent. 

The collIsion marks the assembly of Gondwanaland. Crustal shortening was 
achieved by oblique sideways movement of large portions of the Namaqua 
Province along mostly dextral slip lines or wrench systems (Fig, 4.2.f) . 
The Kaapvaal Prov ince acted as a rigid buttress. In the Prieska region, 
original thrust faults that had been turned on end by back-folding were 
reactivated as dextral wrench faults. The Jannelsepan/Wilgenhoutsdrif 
arc/back-arc couplet was shunted along the Kaapvaal-Kheis boundary and 

juxtaposed with slivers of Namaqua and Kheis material, in the Gordonia 
subprovince. 

During this final phase of the Namaqua Orogeny, various anatectic "S"-type 

granitoids were generated and intruded along NE shears. Tin/tungsten 
mineralization at Van Rooi's Vley is of this age . Large belts of pegmatites 

were al so developed along the lines of collision between the Bushmanland and 
Richtersveld/Gordonia Subprovinces. Individual pegmatite emp lacement was 

often controlled by NW trending shear fabrics. 
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3. LOCAL GEOLOGICAL SETTING 

3.1 Geology 

3.I.a Stratigraphy 

The Van Rooi 's Vley deposit lies within the Kakamas Terrane of the Gordonia 

Subprovince (Fig. 2.2) and is hosted by the pretectonic Korannaland Sequence 

of supracrustals. The stratigraphy of the Korannaland Sequence is presented 
in table 3.1 and is represented by a series of upper-amphibolite to 

granulite facies schists and gneisses. Lithologies outcropping at the Van 
Rooi's Vley deposit are detai led within Section 3.2. 

ROOldam 

Formd t1 on 

Toes I aan 
FormatlOn 

Goedehoop 

Formation 

Bi esj epoort 
Formation 

Rlemvasmaak 
Formation 

TABLE 3.1 
LITHOSTRATIGRAPHY OF THE KORANNALAND SEOUENCE 

Banded. garnetiferous, Quartz-feldspar -biotite gneiss, With 

biotite schist , amphioolite dnd Quartzofeld'pathic layers. 

Dark garnet-silllmanite-cordlerite-blotite gneiSS, with 

disseminated magnetite and Quartzofeldspdthic 

intercalations . 

Thin-bedded sericitic Quartzite. 

Banded blotite-cordierite gneiss With thin magnetite-rich 

tourmaiine or feldspathis Quartzite layers and calc­

silicate rock, marble and hornblende gneiss with 

ferruginous quartzite intercalations. 

Pink, banded, Quartzofeidspathlc, biotite gneiss , locally 

porphyroblastic and granitoid in part. Discontinuous 
Quartz-magnetite-hematite lenses, biotite-sililmanite-

cordierite gneiss and local tourmaline enrichment in the 
upper 'pa rt. 

(after Wheatley and De Beer 19B6) 
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A di stinct i ve quartz- feld spar gneiss (Riemvasmaak Formation), local ly termed 
t he "Pink Gneiss" because of its abundance of pink feldspar, forms the base 
of t he Kor anna land Sequence. The Pink Gneiss IS overlain Dy the Biesjepoort 
Formation, which i s dominated, at the base, by marbles, calc-silicates and 
hornb lende-feldspar gneiss, but is progressive upwards into pelitic units. 
These rocks are locally termed "Dark Gneiss". The Biesjepoort Formation 
crops out at, and to the west of, the Van Rooi 's Vley deposit but is 
apparently absent from the stratigraphy to the east of the deposit (Fig. 

3.1), Furthermore, only the pelitic units of the Biesjepoort Formation are 
present at Van Rooi ' s Vley, and here they lie directly upon the Pink 
Gneiss. 

Locally, thin and discontinuous layers of tourmaline (.!:. magnetite) 
quartzites occur near the top of the Biesjepoort Formation (Fig. 3. 1 ) . 
Tourmal i ne quartzites also occur within the upper-most un i t of the 
Riemvasmaak Formation (Plate 3. 1 ) , near Kakamas to the west, and 
approximately 2km NE of the Van Rooi's Vley deposit, within the lower units 
of the Toeslaan Formation, Slack (1982) uses the term "tourmalinite" to 
describe essentially 
tourmaline>15%), and 
boron-rich fluids. 
tourmalinites within 

A 

bimineralic tourmaline quartzites (wi th modal 
ascribes their origin to the subaqueous exhalation of 

similar origin may be suggested for at least some 
the Korannaland Sequence (i . e, the Kakamas 

tourmalinite), Some of these tourmaline layers are spatially related to 
the Van Rooi's Vley deposit and their significance is assessed in Sections 
3,4 and 10 , 

The Goede Hoop Formation, 
stratigraphy at Van Roo i' s 

of sericitic quartzites, 
Vley. Instead, the 

transgresses from the Biesjepoort Formation, in the 

is missing 
Toeslaan 
west, down 

Riemvasmaak Formation to the NE (Fig. 3. 1 ) , although most 

from the 
Formation 

to the 
contact 

relationships are hidden by the Quarternary Kalahari sand cover. The 
Toeslaan Formation dominantly consists of coarse grained garnet + 
sillimanite + cordierite + biotite gneisses and granulites. 
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Pldte 3.1. Well-bedded tourmallnlte layers (dark) at the 

top of the Riemvasmadk Fm. near Kakamas. 

The Korannaland Sequence is intruded by numerous syn- to post-tectonic 
granitoids. Although no granitoids crop-out at Van Rooi's Vley, they are 
encountered within drill core and do crop-out to the north of the deposit 
(see Fig. 3.4 and Section 3.3). 

3.1.b Structure 

Mineralization at Van Rooi's Vley occurs within five major E-W trending en­
echelon quartz-tourmaline vein zones. These vein zones lie within a steep 
(78°to 85°) northerly dipping and E-W trending shear zone, here termed the 

Van Rooi's Vley shear (Figs. ·3.1 and 3.2a). The mineralized shear zone is 
transgressive to bedding and cuts a tight westerly plunging synform 
developed on the northern edge of a domal structure. 'Dome and basin' 
tectonics is typical of the region (Von Backstrom 1964) and represents 
interference folding at the intersection of the F2 and F3 fold axis of the 
Namaqua Province (Fig. 3.1). 
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The ore -bodIes occu r wI t hIn the upper pelitic units of the Biesjepoort 
Formation . and withIn a tecton ical ly dislocated sliver of Pink Gneiss 
(Flg. 3.2.b). The ore-bod Ies. and the Pink Gne i ss sliver. plunge t o the west 
(Fig. 3.3 ) In common wi th the synform in which they I ie. Major NE trending 
faults (e. g. the East Quarry Fault ). offset the ore-bodies and dominantly 
dIsplay a sInis tral reverse dIsplacement (Fig. 3.2.a). 

Further W/Sn mineralization occurs at Witkop. appro ximately 1km NW of the 
Van Rooi's Vley deposit. again near the Pink Gneiss-Dark Gneiss contact . 
The area between the two deposits is covered by Kalahari sands and although 
t he Wi tkop deposit roughly aligns with the direction of shearing along the 
Van Rooi 's Vley shear. geophys ics has failed to identify any connecting 
shear zone (P. Friggens pers. comm). Possibly. such a connection has been 
complicated by movement along the NE trending series of faults. 
Alternat i vely. the Witkop deposit represents part of a less well defined 
shear zone (the Witkop shear) that trends s lightly east of the Van Rooi's 
Vley shea r (Fig . 3.1). 

The Van Rooi's Vley and Witkop shears lie close to , and are probably 

offshoots of. the prominent NE trending Cnydas shear (Fig. 3_4) . According 
to Tankard et al . (1982). movement along the Cnydas shear was sinistral . in 
contrast to the dominantl y dextral shear ing within the Gordonia subprovince. 
Shearing was active during at least part of the mineralizing event at Van 
Rooi's Vl ey as evidenced by occassiona l contorted veins (Plate 3.2). The 
intrusion of the late-tecton ic Cnydas granite su ite . to the north of Van 
Rooi 's Vley. was facilitated by the Cnydas shear. 

3. 1. c Mineralization 

The five mineralized zones within the Van Rooi's Vley shear are numbered 
from north to south. Although mineralization and alteration types are 
essentially the same within all zones. only zones 4 and 5 intersect the 
sl iver of Pink Gneiss (Fig. 3.2 and 3.3) and carry grades of economic 
interest. Zone 4 is the most economic zone and has a strike length in 
excess of 300m and a depth in excess of 250m. 
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Mineralization at Van Rooi 's Vl ey IS concentrated within veins comprised of 
quartz, quart z + feldspar, quartz + tourmaline or quartz + tourmaline + 

flu or i te. The mineralized veins are typically 'telescoped' (ie. multi-
generation). Scheellte , wolframite and cass iterite are the main ore 
minerals, with the proport ions of scheelite and wOlframite being 
approximately equal, and together exceeding that of cassiterite. Other ore 
minerals include magnetite, pyrite, molybdenite, hematite and chalcopyrite. 

The nature of the surrounding wall-rock alterations depend, to some extent, 

on the nature of the original lithology. Tourmaline + fe ld spar ~ fluorite ~ 
chlorite are the dominant alteration minerals within Dark Gneiss hosted 

veins, whereas the assemblage chlorite + tourmaline + magnetite ~ fluorite ~ 
feldspar is characteristic of Pink Gneiss hosted veins (Fig. 3.3). 
Magnetite is not abundant within the Dark GneiSS hosted veins or wall-rocks, 
however, minor pyrite is commonly present. Possibly, the pelitic Dark 
Gneiss represents a more reduced lithology compared to the Pink Gneiss . 
Highest W/Sn grades commonly occur within, or ad j acent to, Pink Gneiss 
hosted veins. (Fig. 3.3) . 

3.2 Host lithologies 

3.2. a. Dark Gneiss (Biesjepoort Formation) 

Only the highest stratigraphic units of the Biesjepoort Formation crop-out 
at Van Rooi's Vley. These units are character i stically pelitic in 
composition, and, on the local scale, are moderatly uniform in mineralogy. 
They are very similar to the overlying pelitic rocks of the Toeslaan 

Formation. 

The Dark Gneiss displays a distinct gneissic foliation and commonly shows 
small scale, but distinct, dark and light banding (Plate 3. 3). Quartz is 



the dOmlndnt mlnerdl within the lighter oands and IS accompanied by 
plagioclase (An 10_Z0 ) 

varying proportions of 
and perthl teo The darker bands are composed of 

slilimani te, biotl te , garnet (andradi te), Quartz and 
plagioclase and cordierite (now mostly magnet i te, 

plnl te). 
layers, as 

With lesser amounts of 

Garnet IS erratically distributed, 
porphyroblasts (Plate 3.3) up to 5cm 

occurring only in certain 
in diameter. Sillimanite Is 

very abundant and IS commonly present in both prismatic and fibrous habits. 

Green spinel (hercynite or gahnite), green-brown tourmaline, zircon, apatite 
and pyrite are accessory phases within the Dark Gneiss. 

Plate 3.3. Drill-core i ntersec tion of the Dark Gneiss. 
Note the gneissic foliation, banding, garnet porphyroblasts 
(g) and the presence of large quartz sweat-outs (q) (Lense 

cap for scale). 

Quartz and pegmatitic sweat-outs, of metamorphic (anatectic) origin, are 
common within the Dark Gneiss (Plate 3.3) and may exceed IDem in length. 
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3.2.b Pink Gneiss (Rlemvasmaak Formation ) 

The Pink GneiSS a l so shows a distinct gneissIc lineation, WhiCh, In rare 

cases, IS crenulated (Plate 3.4). Commonly tile lineation is defined by 
sma ll scale aiterndtions of quartz (:!:. perthite)-rictl bands, with bands rich 

In perthite, quartz: plagioclase (An 10_20 ) :!:. biotite (mostly chloritized). 
Perthlte forms De tween 40 - 60% (by mode) of the latter bands, and is pink 

to red in colour. Magnetite commonly forms 1-5% (by mode) of the Pink 
Gneiss, whilst Sillimanite, zircon, tourmaline and apatite are accessory 
phases. Sillimanite is the only pelitic mineral found, and never exceeds 
accessory proportions. 

The Pink Gneiss of the Upington-Kakamas area has been previously interpreted 

as a metamorphosed arkose, derived from pre-Kheiss granites to the east 
(Poldervaart and Von Backstrom, 1949), although a volcanic (rhyolite) origin 

has also been suggested (Botha et al., 1976). 

Plate 3.4. Dr il l-core section of the Pink GneiSS, here 
showing a distinct crenulated gneissic foliation (DH31) . 



3.3 Local granitic rock-types 
3.3.a introductIon 
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Four grani tic rock-types occur wi thin the Van Rooi' s Vley region. The 
Cnydas granite complex and the Colston granite crop-out to the NW of Van 
Rooi's Vley (Fig. 3.4), and represent late to post-tectonic rock-types, 
whilst syn-tectonic and late to post-tectonIc granitic dykes are encountered 
within drill core at Van Rooi 's Vley. It is possible that a complex 
granitic body underlies the deposit. 

3.3.b The Colston granite 

The major outcrop of Colston granite lies approximately 20km NNW of Van 
Rooi 's Vley, aithough numerous smaller bodies crop-out as close as 3km from 
the deposit (Fig. 3.4). The essentially unfoliated nature of the Colston 
granite suggests a late to post-tectonic (ie. 1.2 Ga) age of intrusion. 

Only one sample of the Colston granite was studied (HS8) and was collected 
from a small outcrop 10km NW of Van Rooi's Vley. This sample is a 
mesocratic, medium-grained and equigranular granitoid. Quartz, K-feldspar 
(perthithe microcline) and bIotite dominate the mode, with lesser amounts 

of plagioclase (An 15_20 ). Garnet is often associated with biotite, 
indicating a peraluminous (possibly S-type) composition for the granitoid. 
Zircon, apatite, monazite, tourmaline and magnetite? were the accessory 
phases. 

3.3 .c The Cnydas granite complex 

The Cnydas complex i s a composite granitic body that lies 30km WNW of Van 
Rooi 's Vley (Fig. 3.1). The grani toids have a radiometric age simi lar to 
other post-tectonic granitoids of the Gordonia subprovince (Jankowitz 1986) 
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and are unfollated, except close to the Cnydas shear zone, along which the 
comp lex Intrudes (Fig. 3.4). 

According to Jankowitz t 1986), the complex consists of ten different 
granitic phases, ranging in composition and mi neralogy from hornblende + 
biotite-bearing granodiorites (and a charnockite), to highly differentiated 
leucogranites. The granitoids are generally calc-alka l ine and I-type 
(Jankowitz 1986) in composi ti on, however the more differentiated phases tend 
towards more alkaline compositions. Tourmali ne is commonly the major dark 
mineral within the leucogranites, which are essentially comprised of quar t z­

perthite- and almost pure albite (An 8-10) ~ biotite. 

Tourmaline becomes a major constituent in some of the leucogranites and may 
form into discrete tourmaline + quartz (+K-feldspar ~ al bite) pods. (Plate 
3.5). These pods ra nge up to 25 cm in diameter and may constitute up to 
approximately 10% of the rock mass. According to F. Pirajno (pers. comm), 
such pods may represent the initial stages in the development of a magmatic­
hydrothermal system. If so, it may be significant that the tourmaline pods 
contain up to 55ppm W, and the leucogranites themse l ves may contain up to 
735 ppm Wand 21 ppm Sn (Jankowitz 1986). 

3.3.d Syn-tectonic granitic dykes 

A coarse grained dyke was encountrered within a drill-core intersection of 
Zone 4 (VRD 14), at 75m depth . The dyke intrudes the Dark Gneiss at a high 
angle to fol iation and is approximately 2m thick. No outcrop is known to 
occur. 

Mineralogically the rock consists of quartz - perthite - biotite 
silliman i te ~ plagioclase, and is thus quite alka l ine, (yet peraluminous), 
in composition. The rock is well foliated and much of the quartz is 
brecciated, shows undulose extinction, and now forms a groundmass between 
'rolled ' perthite crystals. Biotite defines the foliation and is common ly 

altered to chlorite and sillimanite (Plate 3_6). 



Plate 3.5. Tourmaline pods within the Cnydas leucogranites. 
Mineralogically, these pods consist of tourmaline + quartz 

(! K-feldspar ! albite). 

The excessive amount of sillimanite (Plate 3.6) is not an igneous feature of 
this rock and suggests that the dyke is syn-tectonic, intruded prior to, or 
during, high-grade regionai metamorphism. The foliated nature of the 
granitoid also points to a syn-tectonic age of intrusion. 

3.3.e Late to post-tectonic granitic dykes 

Numerous fine to medium-grained leucogranite intrusions were 

within drill-core intersections of the Dark Gneiss, and 
Together, these granitic rocks define a large sheet-like dyke 

encountered 
of Zone 4. 

(Fig. 3.5) 
which strikes SW, dips northwards at approximately 60 and varies up to 
30cm in width. This sheet does not parallel gneissic foliation or the 
orientation of the mineralized shear zone, and intersects the Pink Gneiss 
hosted region of Zone 4 just above the intersection of that zone with the 



Edst Quarry Fault (Figs 3.5 dnd 3.3). [he leucogranltes are unfollated and 

unmetalnorphosed. and thu's Intruded at a late to post-tectonis stage, with 

respect to the Ndmaqua event . 

Plate 3.6. Photomicrograph of a syn-tectonic granitic dyke. 
It can be seen that sillimanite(s) is present in excessive 
amounts (for a purely igneous rock) and is forming, at 
least In part. from the break-down of biotite. Note the 
well Toliated nature of the rock and the presence of a 
brecciated quartz-rich groundmass around 'rolled' perthite 
crystals. (VR043. xP, 20). 

The composition of the leucogranites differs slightly. All are rich (up to 

70% by mode) in alkali-feldspar (perthite alone or perthite + albite), but 

are peraluminous, as evidenced by the presence of andalusite or, less 

commonly, of sillimanite and cordierite. Biotite is a common, but minor, 

constituent and is invariably altered to chlorite, whilst zircon , apatite, 

opaques and monazite are accessory phases. 
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Plate 3.7. PhOtomicrograph of a late to post-tectonic 

granitic dyke. This dyke was sampled within Lone 4 and 

contains cassiterite mineralization (ct). Cassiterite 

crystals are commonly surrounded by sericitic alterat ion of 

feldspa rs IVR 78, XP, X20) . 

The alteration paragenesis of the Van Rooi 's Vley deposit is discussed in 
Sections 7 and 8, where it is established that sericitic alteration and 
tourmalinization are closely related to the mineralizing event. Feldspars 
within the leucogranites are moderately to highly sericitized, secondary 
tourmaline is present, and indeed, minor cassiterite is encountered where 
the leucogranites intrude Zone 4 (Plate 3.7). Mineralization at Van Rooi's 
Vley thus post-dates intrusion of the late to post-tectonic leucogranites. 

The feldspar mineralogy of the ieucogranites reflects a low temperature of 
intrusion . Hypersolvus (perthite only) and sub-solvus (perthite + albite) 

rock-types are present and indicate that the leucogranite sheet intruded at 
temperatures close to the alkali-feldspar solvus (e.g. 657 C at 1kB - Smith 
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and Parsons 1974). A low temperature of intrusion IS consIstent with the 
presence of andalusite , at low pressures. 

3.4 Paleosetting of the Van Rooi's Vley area 

As noted in the previous section, the term "Pink Gneiss" is used to describe 
a pink quartzofeldspathic gneiss that occurs throughout most of the Gordonia 

and Bushmanland subprovinces and forms the base of the supracrusta l 
sequence. Given the structural complexity of the Namaqua Province, regional 
correlation of the Pink Gneiss is, however, dubious, particularly across the 
highly deformed Kakamas Terrane. Nevertheless, the striking similarity of 
the Pink Gneiss (and of the overlying supracrustal stratigraphy) across the 
Namaqua Province, invites such a correlation. 

The supracrustal sequence within the Bushmanland Subprovince has been well 

studied (e.g. Rozendaal 1978, Moore 1984). The generalized stratigraphy of 
the sequence (the Bushmanland Sequence) is presented in table 3.2 and 
differs only in detail from that of the Korannaland Sequence (c.f. Tables 
3.1 and 3.2). The most notable differences are the initially more 
calcareous compositions of the Biesjepoort Formation (directly overlying the 
Pink Gneiss of the Korannaland Sequence) and the presence of a B.I.F. 
sequence (the Aggeneys-Gamsberg-Fe-Formation) above the Pella Quartzite 
Formation of the Bushmanland Sequence. If regional correlation of the 
supracrustal sequences is valid, the abovementioned differences could 
reflect a change in the depositional environment, within a region of general 
subsidence. To the east, the basal portion of the Biesjepoort Formation 
was deposited within a shallow carbonate shelf environment, but, due to 

subsidence, saw an increasing influx of pelitic material. To the west, the 
entire Namies Formation of pelitic schists was deposited within a deeper 
water environment . 

Locally, at Van Rooi's Vley, the transgressive nature of the pelitic 
Toeslaan Formation probably represents a sed imentary facies change. The 
situation depicted in figure 3.6 is envisaged, whereby faulting along the 
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proto-Van Rooi 's Vley shear caused the Toesiaan Formation to transgress over 
the BiesJespoort Formation and onto the underlYing Rlemvasmaak Formation. 
rhe Van Rooi ' s Vley deposit occurs within the area of facies change. 
directly over the proto- Van Rooi ' s Vley shear. This suture not only 
controlled locai sedimentation. but also provided a pathway for later ( I ate 
to post-Namaqua 

Nousees mafiC 

gneiss 

Aggeneys­

Gamsberg 
Fe-Formation 

Pe l ia 
Quartz! te 

Namies 

Schists 

Haramoep 
GneIss PInk 

event) mineralizing flu ids. 

TABLE 3.2 
LITHOSTRATIGRAPHY OF THE BUSHMAN LAND SEOUENCE 

Semlpei ItlC quartz -feldspar gneiss, overlain by mafic 

' grey ' gneiss. 

Diverse-fe-Formati on (magnetite. hemdtlte, sulphides, 

bari te etc ) . 

WhIte metaquartzite , usuallY ferrugInous at base. 

Biotite and sIllimanite schists. 

'quartzofeldspa thic' gneiss. 

(afte r Razendaal 197B, SACS 1980) 

3.5 The McTaggarts Camp - Dyasons Klip deposits 

Further W. Sn and F mineralization occurs on the farms McTaggarts Camp and 
Dyasons Klip. to the east of Van Rooi 's Vley (Fig, 3,1). The country-rock. 
an augen granite. is pre to syn-tectonic and hosts a series of NNW trending 

fractures which contain scheelite-wolframite ~ cassiterite ~ arsenopyrite ~ 
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chalcoPYrlte :':. sphaler i te:':. molybdemte (F. Dooge pers. comm.). A quartz -
tourmaline-blotite-muscovite- fluorlt e-plagloclase alteration assembl age 
accompanies th iS mineralization. Tourmaline bearing leucogranites also 
intrude along the fractures, are unfolia t ed and are very simi lar to the 
Cnydas le ucogranites. Large E-W trendIng fluorite veins also occur with the 
augen grani t e on the Farm Dyasons Klip. 

Wes t Eas t 

res,epoor t fm . 
Van Rooi's Vl ey has t rocks . 

pel itic Jr calc-sil icate 
- - - - - - - - - - - - --_. - - - - - - - - - - - -.~ :-~~- :-:: ;f~~ 4."I-:;k~~: _ . 7 - -- - - - ---- =.~-, -

·-07~ - - -,-!:;-'-~-: .. !~.'.~~ -- - - -- --
. -.... - :"- :,... .. ~- ;_. :;-;i;-- . - -- -- --
~ ~ , , Toeslaon fm . 
~ ~ -- -- -- --

~,~ 
\' -- -- -- -

'-
, - - -
~ 

Basement grani te. 

,\~ ~"--
~ 

~ 

\ ' ....... R iemvosmogl1 ..... .E.!!!: 
~:-; ~ 

.---- ~ 

~ \\, 
Pro to 

~~/ 
Van Rooi's ' Viey shear. 

Figure 3.6. Schematic representation of the paleosetting within the Van Rooi's 

Vleyarea. before deformat ion and mineralization. The Van Rooi's Vley shear is 
envIsaged to have once been a large scale normal fault that locally controlled 
sedimentation , but l ater provi ded a pathway for ascending hydrothermal fluids. 
No te the facies change between the Toes l aan Fm and the Biesjepoort Fm. 

Many similarities exist between the Van Rooi's Vley - Witkop 

depOSits and the McTaggarts Camp - Oyasons Klip group of depOSits, 
which are late to post-tectonic in age and probably relate to 

group of 

both of 
the same 
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event. However, tn e mineralization/a lteration assemblages 

~lcTaggarts Camp - Dyasons Kl ip are distinctly more greisen-
like, W-rlcn and F-rlcn than tne tourmaline dominated and Quartz-ve i n 

hosted, Van ROOI 's Vley - Wltkop W/Sn deposits. The genetic significance of 

these differences is discussed in Sections 10 and 11. 
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4. STRUCTURE OF THE MINERALIZED ZONES 

4. 1 Introduction 

Detailed structural and mIneralogical studies of the Van Rooi 's Vley deposit 
were conf i ned to Zones 4 and 5 because these zones contained the hig hest 
grades, and because a meaningful analysis of all zones would not have been 
possible within the time given. Because of the larger number of bore-hole 
intersections of Zone 4, data pertaining to that zone is much better 

constrained than that pertaining to Zone 5. 

4.2 Conolly-contour diagrams 

4. 2. a Construction 

A Conolly contour diagram (e.g. see Conolly, 1936; Sc hwartz, 1986) is a 

longitudinal section on which the horIzontal distance from a vein footwall 
(or hangingwa l l) to an arbitrary reference plane (the 'Conolly plane') is 

contoured. This reference plane is chosen such that its attitude 
approximates the average strike and dip of the vein of interest. The 
measurements taken between the reference plane and the vein footwall are 
then transferred to a longitudinal section and are contoured (Fig. 4.1). 
Completed Conolly contour diagrams for Zones 4 and 5 are presented in 
figures 4.2.a and 4. 3.a respectively. Conolly contour diagrams may be 

interpreted in the same way as topographic maps, in terms of va l leys, 
hills, etc., with linear features possibly related to faulting. When used 
in conjunction with longitudinal sections contoured for strike, dip and 
vein thickness, Conolly contour diagrams may also yield valuable information 

on the overall structure of a vein . 

4.2.b 

Zone 4 

4. 2. a, 
appear 

Interpretation 

has an average orientation of 80° /OB5°N and, according to figure 
is essentially semi-circular in plan . Two low points (or troughs) , 

within a general valley shaped feature that runs up-dip, along the 
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202S0E grid line, and corresponds to an area of rapid lateral strike change 
(Fig. 4.2.b). The valley feature also roughly corresponds to that area of 
the vei n where the Pink Gneiss becomes the dominant host-rock (cf. Figs. 
4. 2.a and 3.3). The abovementioned features probably indicate that a 
competency contrast existed between thp. two host-rock lithologies, leading 
to either buckling or faulti ng of the contact zone during shearing. This 
westerly plunging contact zone is highly fractured and would be an excellent 
feeder zone for the mineralizing fluids. 

Vein 
footwall 

s 

Longitudinal 
section. 

N 

Figure 4.1. Method for .constructing a Conolly contour diagram. The 

'Conolly Plane' is commonly orientated at the average strike and dip of the 

vein footwall. 

Longitudinal plots of Zone 4 (Fig. 4.2), contoured for zone thickness and 
for change in dip, also indicate a prominent westerly plunge for that zone. 

Anomalous changes in dip occur within the central regions of Zone 4 (Fig. 
4.2.c), where contours are displaced down plunge. The direct ion of 
disp l acement parallels movement along the East Quarry Fault and is probably 
caused by two small faults of identical nature (and age) as the latter. 
These faults off -set (at right-angles) the general step-like, down-plunge, 

nature of the footwall surface. 
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C.Change in dip. 

o. Zone thiC\lness . 

/ Trace of Pink Gneiss 
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Although the accumulated thickness of vein material at anyone pOint within 
Zone 4 does not vary greatly, the thickness of the zone itself varies 
widely, and is generally greater within the Dark Gneiss (Fig. 4.2.d). This 

behaviour is again due to the greater competency of the Pink Gneiss which, 
under stress, provided a small number of wide fractures, as opposed to the 
Dark Gneiss, which provided a l arge number of finer fractures and 
incorporated large amounts of country-rock. 

Zone 5 has an average orientation of 78
%

76°N and in contrast to the 
essentially vertical lineations seen in Zone 4 (Fig. 4.2.a), 
pronounced horizontal lineation (Fig. 4.3.a). 

shows a 

The step-like features seen in figure 4.3.a are accentuated on figure 4.3.c, 
a longitudinal section contoured for dip, and relate to a series of E-W 
trending irregularities within the footwall surface. 

In common with Zone 4, the thickest areas of Zone 5 are hosted by Dark 
Gneiss (Fig. 4.3.d), and again this feature relates to the larger amounts of 
Dark Gneiss country-rock included within the zone. 

4.3 Determination of shear movement 

A technique used to establish the relative direction and 
movement is described by Schwartz (1986) and requires 
variation in the dip, strike and thickness of a vein. 

sense of fault 
knowledge of the 

The thickness of the vein is quoted as being either less than or greater 
than an arbitrary value, 'a', which is usually taken as the average 

thickness of that vein. The orientation of the vein at each selected 
intersection is plotted on a Wulff stereonet (Fig. 4. 4 and 4.5) and given an 
appropriate symbol according to the vein thickness at that point (e.g. X for 
thickness >'a'). The great circle that best separates points representing 

thickness > 'a' from those representing thickness < 'a' is then 
constructed. The intersection ('b') of the pole of this great circle with 

the great circle that defines the average vein orientation, allows the 
measurement of the apparent slip of faulting. 
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N 

oc>o· 

0«0' 90' 

0«0' 

. . .. 

s 

Figure 4.4. Stereogram showing attitude data for Zone 4 
(see text). Wulff's stereographic projection. lower 
hemi sphere. The intersection 'b' represents the 

apparent-slip direction along the vein (70/293) and 'a' 
i s taken here to equal the average thickness of the 

vein. Movemenet along Zone 4 is dextral (see text). 
and. taking into account the westerly plunge of the 
zone. is also reverse. 

A line drawn through the pole 'b' and the centre of the stereonet divides 

the net into four sectors. Each pair of diagonally opposite sectors has an 
'opening angle' ('~ ') of> 00 or < 00 respectively. where'~' is the 

acute angle between the apparent slip ('b') and the fault surface (see 
Fig.4.6). The sector which is clockwise adjacent to the pole 'b'. has an 
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angleD< > 0° (Schwartz 1986) and if this sector, or its diagonally opposi t e 
sector, contains t hose points for vein intersections with thickness>a , then 
(as depicted on Fig. 4.6) the fault has a sinistral displacement. 
Conversely, if those points fall in a sector with'" < 0°, the displacement 
is dextral. 

270' 

o::pomts «(I 
.r,:pc:lmli)Q 

\ . 
pll~h 68 

• 

x=: ... ) C'}= sil'listra\ "lIIOytlllfnl (su ttll) 0= ... ) rt' 

N 

'b' 

90' 

. .;: 
x x 

s 

Figure 4.5. 
5. Symbo l s 

Stereogram showing attitude data for 20ne 
as for figure 4.4. Movement along Zone 5 

is sinistral and normal. 

The appropriate structural data pertinent to Zones 4 and 5 have been plotted 
on figures 4.4 and 4.5 respectively. From these constructions, and taking 
into account the westerly plunge of both Zones 4 and 5, it is apparent that 

movement along the two shear zones has been dextral-reverse and sinistral­
normal respectively. 
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4.4 The formation of open-space, or low-pressure, zones 

Because a decrease in pressure is a factor leading to the precipitation of 
most metals from solution, areas of 'open-space', or 'low-pressure zones', 
are favoured sites of ore deposition. In many cases the formation of low­
pressure zones depends on the direction and sense of fault movement (Fig. 

4.6) , and on the attitude of the irregu l ar fault surface (Schwartz 1986). 

Taking the directions and sense of shearing, determined above for Zones 4 

and 5, postulated irregularities in vein footwalls (indicated by changes in 
strike and dip see Section 4.2.b) may be analysed in terms of their 
potential to form low-pressure zones. Commonly, proposed areas of low 

pressure do not coincide with areas of enhanced zone thickness, however, it 
must be remembered that zone thickness does not necessarily relate to the 
actual thickness of vein material. 
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Zone 4 

-Because the rapid change In footwall strike (Fig. 4.2.b) between 

20500 E and 19500 E (grid) forms an essentially vertical feature, only 
horizontal movement along the shear zone will cause this irregularity to 
produce low-pressure zones. In plan view, it can be seen that dextral 
movement a"long Zone 4 will lead to a low-pressure zone within, or 
immediately to the west of, the linear str ike irregularity (Fig. 4.7). 
This open space is designated 4S. 
-A better idea of the nature of dip irregularities, at the time of 
shearing, can be gained by accounting for movement along East-Quarry­
type faults, and reconstructing dip contours accordingly (Fig. 4.8). 
The dip irregularities thus seen are better defi ned and are orientated 
such that both vertical and horizontal movements along the shear will 
lead to the formation of low-pressure zones. Both the dextral and 
reverse components of shearing along Zone 4 cause the formation of low 
pressure zones within the same regions (Fig. 4.8), here designated 4Da, 
4Db and 4Dc 

Zone 5 
-Although 
pattern, 

strike contours for Zone 5 (Fig. 4.3.b) show no conclusive 
contours for dip show a series of E-W trending footwall 

irregularities and less distinct vertical irregularities. The 
irregularities are also orientated such that both vertical and 
horizontal shearing will lead to the formation of low pressure zones. 
The low pressure zones caused by sinistral and normal shear movement are 
shown in figure 4.9 and have been designated 5Da, and 5Db. 

The significance of areas of low pressure, within Zones 4 and 5, wil l become 
apparent in the next section (Section 5), when such areas are compared to 
areas of high Sn and/or W grades. 
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5. STRUCTURAL CONTROLS ON THE DISTRIBUTION OF MINERALIZATION 

5.1 Introduction 

Longitudinal sections of Zones 4 and 5 were contoured for grades of Sn and W 
in order to investigate the distribution of mineralization. By comparing 
these distributions with longitudinal sections depicting host-lithology and 
structure of the veins, many important relationships become apparent. 

5.2 Distribution of Sn 

5.2.a Zone 4 

The distribution of Sn within Zone 4 shows an excellent correlation with the 
position of low-pressure zones described in the previous section. Three 
major areas of high Sn concentrations are identified with Zone 4 and from 
east to west these correspond directly to low-pressure zones 4Da, 4Db and 
4Dc ( Fi g. 5.1 ). Of these, 4Da hosts the I argest and highest grade Sn 

concentration. Obviously, there is a strong structural control on the 
location of Sn-mineralization; the Sn-rich fluids preferentially permeated 
along zones of low-pressure that were created, upon shear i ng, by 
morphological irregularities within the vein. Within these zones of low­
pressure, the initial deposition, and ultimate concentration, of Sn would 
depend mostly upon; 

- the size of the low-pressure zone; 
- the distance of the low-pressure zone from the feeder zone for 

the mineralizing fluids; 
- the chemical environment within the low-pressure zone (ie. the host­

lithology). 

Low pressure zone 
space (Fig. 4.8), 

4Dc should contain the largest volume of low pressure 
but corresponds to the smallest and lowest grade Sn 

anomaly. In the previous section it was suggested that the highly buckled 
and fractured contact area between the Pink Gneiss and Dark Gneiss probably 
offered the best pathway for the mineralizing fluids that entered Zone 4. 
It would then be expected that Sn-grades should decrease away from this 
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lIthologIcal contact area; 4Dc is the most distal anomaly and thus its low 

grades are not surprIsIng. 
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Figure 5.1. Longitudinal section of Zone 4 contoured for Sn-grade. 

Also shown are postulated zones of low-pressure. 
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An analysIs of cassIterIte graIn sizes was carried out on numerous bore-hole 
intersectIons of Zone 4. Although results show a relatively simple 
dIstribution of cassIterIte grains within Dark GneIss-hosted regions, a 
distinct bimodal distribution IS apparent for cassiterite grains within Pink 
Gneiss-hosted regions, (Fig. 5.2). These distributions suggest that 
whereas 4Db and 4Dc were subjected to only one phase of Sn-mineralization, 
4Da was subjected to two such phases. The restriction of the second phase 
of Sn-mineralization to 4Da would explain why zone 4Da and 4Db can be 
situated at approximately equal distances from the inferred fluid feeder 
zone, and can have similar volumes of low-pressure space, yet differ so 
greatly in Sn-grade. The abovementioned restriction is probably a function 
of host-lithology; the chemistry of the Pink Gneiss (or its alteration 
product) being much more conducive to both phases of Sn-mineralization. 
Further evidence for a lighological control on the concentration of 
minera lization is presented in Sections 7 and 8. 

c Zone 4 Dark Gniess 
3 
z 
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1 g 5 

~ 'A?'~SS 
o 4 6 8 

Grain size(mm) 

~10] Zone 4 Pink Gniess 

'S1,~ 
o 2 4 6 8 10 12 14 16 

Grain si ze (mm) 

I 
18 

Figure~. Frequency histograms of grain size measurements for 
cassiterite crystals within the Pink Gneiss and Dark Gneiss hosted areas of 
Zone 4. The histogram for grains within the Pink Gneiss hosted regions 
shows a second (and coarser) peak, implying that at least two phases of 

Sn-mineralization occurred within these regions. 
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Low pressure zone 40a, and its correspondlng Sn anomaly, are truncated by 
the East Quarry Fault. The continuation of 40a cannot be located, however 
the slnistral reverse direction of displacement along the East . Quarry Fault 

suggests that this continuatlon should occur beneath, and to the north of, 

40a. 

5.2.b Zone 5 

"...,r "/H 'n_ 
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\ 

Figure 5.3. Longitudinal section of Zone 5, contoured for Sn-grade. Also shown are 
postulated zones of low-pressure. 



-53-

Only one area of (albeIt slIght) Sn concentration IS found within Zone 5 
(Fig. 5. 3) and is seen to correspond quite closely to the low pressure zone 
~Da. ThIS region al so shows a good correlation with the area of greatest 
zone thickness (c.f. FIg s. 5.3 and 4.3.d), and lies entirely within the Dark 
GneIss. Un like Sn-concentrations within Zone 4, no signif icant 
concentration of Sn occurs within the Pink Gnei ss hosted areas of Zone 5. 
The Sn anomaly corresponding to 5Da is probably of the same origin as those 
corresponding to 4Db and 4Dc ( low-grade anomalies also hosted within Dark 
Gneiss); the low grade of the Pink Gneiss hosted areas implies that only one 
Sn-mineralizing event affected Zone 5. 

5.3 Distribution of W 

5.3.a Zone 4 

Two large areas of anomalous W values occur within Zone 4 (Fig. 5.4) and 
closely correspond to the Pink Gneiss-Dark Gneiss contact area; the inferred 
feeder zone for mineral izing f luids (c.f. Figs. 5.4 and 3.3). Away from 
this region, W concentrations decrease rapidly. 

A relationship between Sn and W mineralization thus exists whereby 
mi neralizing fluid s permeated through the main fluid feeder zone, 
depositing W, before dispersing further into the country rocks and 
depositing Sn within (firstly) structurally and (later) chemically suitable 
sites. A similar phenomonon is common in many quartz vein - greisen 
depos its. For example, in describing the New Brunswick and Mount Pleasant 
deposits in Canada, Mulligan (1983) observed that W mineralization was 
confined to central quartz veins, surrounded by more disseminated, greisen 
bound, Sn and sulphide mineralization. Reasons for such element 

distribution are presented in Section 8.3.c. 
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5.3.d Zone S 

Although a clo se correspondence is seen between W concentrations and open 

space zones SOa and SOb, the highest W grades occur within the eastern 
portion of Zone 5, spatial ly associated with the area where Zone 4 and Zone 
S Intersect (Fig. S.S). Within Zone 4, high W grades are also associated 
with this intersection, which probably represents the point where 
mineralizing fluids entered Zone S (and possibly also Zone 4). Therefore, 
although SOa and SOb offered good structural traps for mineralization, W­
mineralization was (again) mostly concentrated around the feeder zone, with 

w/Sn ratios generally decreasing outwards. 

-, "IH - 'IT, ( " '>Of . .,\( on_ 

---------\ ~ SOn 

\ 
) 

--

- - Tract of 10\1 pressure lanes 

Figure 5.5. Longitudinal section of Zone 5, contoured for W-grade. Also shown are 
the postulated zones of low-pressure. 
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5.4 Distribution of other ore-elements 

Longitudinal sections were not contoured for Cu or Mo, the only ' accessory' 
elements notably concentrated within Zones 4 and 5. Thus the relationship of 
these elements to structure and lithology cannot be assessed here. 
However, within both Zones 4 and 5 the concentrations of Cu and Mo never 
exceeds 0.16 wt% and 0.24 wt% respectively and averages around 0.01 wt % and 
0.02 wt% respectively. The Van Rooi's Vley deposit does not show the high 
concentrations of elements such as As, Pb and Zn, which are associated with 
some Sn!W deposits. 

The variation of Sn, W, Cu and Mo, across veins, was studied from numerous 
bore-hole intersections. Although many detailed variations exist, a general 
pattern (F ig . 5.6) is apparent and is independent of host lithology. High 
concentrations of Cu and Mo were commonly found to surround areas with high 
W!Sn ratios, and commonly coincide with areas of low W!Sn ratios. This 
relationship is to be expected, given that the areas with highest W!Sn 
ratios probably represent localized feeder zones. Tin and sulphides 
(chalcopyrite and mo lybdenite) would be enriched in the altered zones 
surrounding such feeders. 
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Figure 5.6. Hypothetical cross-section through a 'typical' vein zone, showing 
the distribution of the elements 1-1, Sn, '~o and Cu. Areas of high Mo and Cu 
(both as sulphide minerals) are seen to envelope areas with high I-I!Sn ratios. 
This relationship is probably a result of changing temperatures of deposition 
(see text) and is apparently independant of host-lithology. 
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5.5 Conclusions 

Structure has strongly controlled the location of mineralization at Van 

Rooi's Vley. However, the actual concentration of Sn and W, within 
structura l sites, is a function of the preval ing phyicochemical environment, 
and is addressed in Section 8. 
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6. ORE MINERALOGY 

6.1 Introduction 

Scheellte. wolframite and cassiterite are the economically interesting are 
minera ls within the Van Rooi's Vley deposit. In additi on. magnetite, pyrite 
and hemati t e are also common constituents of the ore assemblage, and 

molybdenite, sphalerite and chalcopyrite occur in minor to access~ 

amounts. The paragenesis of the ore minerals is outlined in table 6.1, and 
in table 7.1 it is directly compared to the paragenesis of alteration 
minerals. As can be seen from these tables, mineralization was pro longed 
and mUlti-staged. and consequently, many are minerals are alterations of 
earlier ore phases. 

TABLE 6.1 
PARAGENESIS OF ORE MINERALS 

Mineral ization Event 

Snl 

SnZ 
Schl 
SchZ 

Sch3 
WI 
WZ 

Pyr i te ----------
Molybdenl te - ----
Chalcopyrite - ----
Spha lerite -- ---

6.2. Cassiterite 

As suggested in Section 5.2.a, at least two generations of Sn-mineralization 
occurred at Van Rooi's Vley. The early generation (Snl) is the earliest 
mineralization event recognized and typically forms small anhedral to 
subhedral grains that average around 5mm in diameter (see Fig . 5. 2) . Sn1 
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15 associated with an early phase of tourmallnlzatl on (Plate 6. 1). The 

cassiteri te crystals are most abundant within the tourmalinized selvage to 
t he mineral ized quartz-veins and are commonly brecciated by subsequent 
al tera tion events. Snl IS the least Important Sn-mineralizing event and its 
distribution is apparently independent of host lithology. 

Plate 6.1. Ca ssiterite(ct) aSSOCiated with an early stage 

of tourmalinization (Tl-see Section 7). The Cassiterite is 

spatially associated with (but pre-dates) minor mag netite 

[black). (VR71, PPL, X20). 

Cassiterite deposited during 5n2, the major Sn-mineralizing event, is 

subhedral to euhedral, with an average crystal size of around 11mm. Sn2 
accompanied, or immediately post-dated, the deposition of tourmaline (green­

brown and green-blue), magnetite, chlorite and (minor) pyrite (Table 7.1), 
all of which form inclusions within, or include , Sn2 cassiterite. Minor 
sericitic alteration of feldspars also occurs adjacent to cassiterite. Sn2 
occurred within, or immediately adjacent to, Pink Gneiss hosted mineralized 

veins. 
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6.3 Seheelite 

At least three generations of scheelite occur at Van Rooi 's Vley. The first 

generation (Sehl) is the only wholly primary generatIon of scheelite. and 
forms eIther subhedral grains that average around 1.5cm in diameter. or 

clusters of smaller grains. These grains are predominantly found within the 
early tourmaline-riCh selvages to the mineralized quartz-veins. sometimes 
in association with Sn l caSSiterite. The scheelite encloses the latter. and 
also "green-brown" tourmal ine and pethite. and thus closely post-dates Snl. 

Sch1 scheelite is always partially replaced by wolframite and fluorite 
(Plate 6.2). reflecting later Fe-rich and F-rich conditions. 

Plate 6.2. Photomicrograph showing wolframite (black) 
replacing scheellte{ s). The wol frami te l W2) forms rims 
around. and microfractur'es through. the scheellte (Seh1). 
ThIS replacement reaction IS always accompanied by the 
formatIon of fluorite{f) (VR55. PPL X20). 
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Second generatIon scheellte (Sch2) is domInantly primary and is probably 

the major generatIon of scheelite mineralization. Sch2 was deposited prior 
to a perIod of intense fluorltization (Table 7.1) and is enclosed by either 

fl uorite or quartz. The scheellte grains never exceed 1.5mm in dIameter but 
sometImes form into scheellte-fluorite clusters up to lcm in diameter (Plate 

6.3). All Sch2 grains are anhedral and have undergone extensive dissolution 

along their edges, presumably under conditions of high aF (see Section 

8.4 . a). Where Fe-rich minerals (eg. magnetite) are also present, Sch2 
scheelite undergoes extensive alteration to wolframite. 

Plate 6.3. Photomicrograph showing scheelite(s)+ fluorite 
(black) clusters, formed by the alteration of scheelite 
(SchZ) during an intense period of fluoritization. 
Individual scheelite grains are highly rounded as a result 
of dissolution (VR20, XP, X20) . 

The last generation of scheelite (Sch3) occurs very late in the paragenetic 

sequence (Table 6.1) and is a quantitatively insignificant. Sch3 scheelite 

occurs in microfractures within, or (rarely) as veins around, wolframite and 

results entirely from the alteration of the latter. 
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6.4 Wol frami te 

Only two generatIOns of wolframite are identified at Van Rooi's Vley. The 
first. and ma jor, generation (Wl) results in the primary depOSition of 
subhedral to euhedral wolframIte crystals, up to 3.Scm in size. These 
crystals may conta in inclusions of tourmal ine ("g reen-brown" and "green­
blue") magnetite, pyrite and chlorite, i ndicating that W1 probably occurred 
during, and slightly outlived, Sn2 (Tables 6.1 and 7.1). However, no 
contact relationships between W1 wolframite and Sn2 cassiterite were seen, 
although this may simply reflect a slight spatial separation of the two 
minerals (noted in Section S.3a), caused by slightly different requirements 
for deposition. Alteration of Wl wolframite to scheelite (Sch3) is never 
extensive, because Sch3 was only a minor mineralizing event. 

The second generation of wolframite mineralization (W2) occurred after Sch2 
(Table 6.1 ) and results from the alterat ion of both Schl and Sch2 scheelite 
grains. Fluorite always accompanies wolframite (Plate 6.2 - Table 7.1). 

6.5 Fe-oxides 

Concentrations of 
The latter mineral 
pyri teo 8ecau se of 
wi t hin the following 

6.6 Sulphides 

Fe-oxides occur in the form of magnetite and hematite . 
forms as a late stage replacement of magnetite and 

the abundance of these two oxides , they are considered 
section, dealing with wall-rock alteration. 

Pyrite greatly dominates the sulphide mineralogy and sometimes forms a major 
ore constituent. At least four generations can be identified although it is 
probable that pyrite was more or less continuously deposited throughout most 
stages of mineralization. Abundant pyrite is commonly associated with 
chloritic alteration events . Magnetite, deposited during the early 
mineralizing stages (Table 7.1) may be partially to completely altered to 
pyrite, which, in turn, may be partially to completely altered to hematite, 
during the final stages of mineralization. 
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IS widespread, but only in minor amounts. It is sometimes 
by the rarer sulphides, chalcopyrite and sphalerite , and 

was depoSIted throughout many stages of mineralization, and in 
numerous set tings, eg; 

1) as inclus ions within quartz, fluorite, chlorite or pyrite 
2) as part ial rims to chlorite or pyrite 
3) as late cross cutting micro veins _ 
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7. WALL ROCK ALTERATION 

7.1 Introduction 

Pronounced wall rock alterations are associated with the mineralized veins 
at Van Rooi 's Vley. Tourmalinization, silicification, potassic alteration 
and chloritization are the dominant alteration types although the nature and 
intenS ity of these alterations may differ slightly, depending on the nature 
of the host rock (ie. either Pink Gneiss or Dark Gneiss). 

Table 7.1 outlines the paragenesis of alteration minerals found at Van 
Rooi's Vley whilst figure 7.1 presents an idealized section of the typically 
'telescoped' veins . Silicification and the deposition of vein quartz has 
been omitted from table 7.1 because of the continuous nature of that 
alteration. The greatest amount of quartz deposition was, however, related 
to the main mineralizing stage (A2). 

It should be noted that the actual sequence of alteration events is much 
more complex than is indicated in table 7.1. For example, not only does 
potaSSiC alteration occur in three main events, readily apparent throughout 
the deposit , but it is also encountered as local potassic fronts, 
enveloping alteration types that result from the destruction of K-bearing 
minerals (eg. chloritization and tourmalinization). Furthermore, each 
potassic front is, in turn, enveloped by localized areas of sericitic 
alteration and chloritic alteration. This sequence (potassic-sericitic­
chloritic) is commonly associated with Sn/W deposits (eg . see Taylor 1979 
and Pollard et al., 1983) and in broad terms results from a progressive 
increase in the H+/K+ ratio of the altering fluids. Further complications 
to the alteration paragenesis arise from the fact that mineral deposition 
was prolonged and intense; as a result the preservation potential of early 

alteration types was low. 

For the purpose of this study three alteration zones are recognized, viz; 
- the vein-zone, including the mineralized veins (ie. gangue minerals) 

the vein-margin zone; a distinct selvage to the mineralized veins that 
results, at least in part , from the telescoping effect of successive 
alteration/mineralization events. Alteration within this zone, and 



Alteration Event 

AI Pre-Ore Stage 

Kl Potassic 
T1 Tourmalinization 
K2 Potas si c 
Cl - Chloriti e 

A2 Mineralization Stage 
12 - Tourma l ln i zation 
Ferrugi nization (magnetite) 
C2 - Chlorit ic 
Fl - Fluoritlzation 
Sericitic 
C3 - ChlOritie 

Shear/fauit movement (East Quarry Fault) 

A3 Post - Ore Stage 
C4 - Chloritic 
F2 - Fluoritization 
C5 - Chloritie 

Break in time of unknown duration 

At Epithenaal Stage 
Ferruginization (hematite) 
k3 - Potassic (adularia) 
C6 - Chloritie 

TABIE71 

PARAGENESIS OF ALTERATION MINERALS 
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Mineralization Event 
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within the veln zone, may commonly be complete. 
- the wall -rock zone; an area of fracture-controlled to pervasive 

alteration of a still recognizable protolith. This zone surrounds the 
vein-margln zone and extends for up to 30m into the country rock. 

Four main stages of alteration 
a mineralization stage (A2), 
(A4) • 

can be identified, vis; a pre-ore stage 
a post-ore stage (A3) and an epithermal 

(A1) , 

stage 

The original mineralogy of the high-grade gneissic country rocks, and the 

distribution of these rock types with respect to mineralized Zones 4 and 5 
was discussed in Section 3. 

7_2 Pre-Ore Stage (Al) 

Potassic metasomatism (Kl) is the earliest alteration event recognized 
within the deposit and is best identified within Dark Gneiss hosts. This 
alterat i on 
metamorph i c 
relationships 

is distinguished from potassic-pegmatitic segregations of 
origin (eg . see Plate 3.3) by both the cross -cutting 
to the latter and by the more pervasive nature of Kl. 

Within the Dark Gneiss, Kl appears as a distinct pink colouration, 
paral le ling foliation, with occasional K- feldspar veinlets cross-cutting 
this foliation. Perthitic feldspar ~ biotite (brown-green) are the main 
alteration minerals and form at the expense of original feldspars (K­
feldspar and plagioclase) and original biotite (brown) . 

The effects of K1 are not readily apparent within the Pink Gneiss, probably 
due to the alkali ne na ture of that rock type. The formation of low 
temperature alkali-feldspars (perthite and microcline) is possibly a result, 
in part, of Kl, but more likely relates to a later period of potaSSiC 

alteration (K2). 

Primary tourmaline was only identified within the Dark Gneiss and never 
exceeded accessory proportions. It is a light green to brown Fe tourmaline 
(schorl) and is optically identical to tourmaline depOSited during the first 
period of tourmalinization (Tl). As seen on figure 7.1, Tl is most intense 
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wI t hIn the vein-margIn zone, where a tourmaline-quartz ~ feldspar 
assemblage forms a distInct selvage around the veIn-zone . Where identified 
wI t hin the Inner vein-margIn zone or within the vein-zone, Tl tourmaline is 
commonly altered and brecciated by subsequent alteration events. 

Magnet Ite is also ass ociated with Tl as semblage, 
the mode, and minor Sn-mineralization may also 
ThIS magnetite was probably origina lly within, 

but rare ly exceeds 
occur (Snl - Plate 
or remobilized 

5% of 
6. 1 ) . 

a I tered Pink Gneiss or Dark Gneiss host. In addition, Tl 
from, the 

assemblages 
that developed within the Dark Gneiss may also contain accessory spinel 
(hercynite or gahnite) and garnet, both of which are original const ituents 
of the host rock. 

Within the wall-rock zone, Tl commonly produces discontinuous to continous 
tourmaline-rich layers that parallel the gneissic foliation of the host. 
Tourmaline-rich microfractures cross-cut this foliation. Tourmaline-quartz 
veins, up to 1m thick, also cross-cut the gneissic foliation of the wall­
rock zone, carry minor mineral ization (most ly Sn), and poss ibly reflect 
fluid permeation along small ,shears peripheral to the main shear zones. 

Intense potaSSic metasomatism (K2) follows Tl, often causing substantial 
alteration of the feldspar -rich Pink Gneiss and producing a medium-grained 
perthite - microcline - quartz - biotite assemblage. Turbid feldspars (ie. 
K-feldspar with submicroscopic hematite inclusions) are characteristic and 
cause a distinct reddening of the Pink Gne iss . Moderately fresh K2 
feldspars are observed within the wall-rock zone, particularly withi n the 
Pink Gneiss, where cross-cutting relationships with the products of Tl are 

common (Plate 7. 1). 

Within the vein-zone and the vein-margin zone, biotite (original and K2) is 
chloritized and the feldspars (original, Kl and K2) have variously been 
chloritized and sericitized. This chloritic alteration (el) may also alter 
tourmaline (Tl) and ferromagnesian phases within the Dark Gneiss (ie. 
garnet, cordierite), and is the last recognizable event of the pre-ore stage. 
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PI ate 7. 1. Photoml crograph showi ng a T1 tourma l ine 

dssembiage I l Ight gr een-brown) , cross cut by a K-feldspa r 

vein (K- f), related to the K2 per iod of potassIc 
met asomati sm . The photomicrograph was taken of a samp le 

(VRDll ) collected from with In the wall -rock zone of a Pink 
Gnei ss host ed ve in (Zone 4) . (PPL , X20) . 

7.3 Mineral ization Stage (A2) 

The mineralization stage (A2) was the mo st intense st age of alteration 
associ at ed wi th the Va n Roo i' s Vley depos it and re su lted in extens ive 
mineralogical changes t o both the or ig inal rock const i t uents and to 
assemb lages produced du ri ng A1. The majority of t he W/Sn mineralizat ion was 

deposited in the early t o middle periods of A2 . during . or associated with, 
extensive tourmalinization (T2) . ferruginization (magnetite), chloritization 
(C2 ) and flu oritization (F1). As noted in Section 3.1.c, many of these 
alterati ons are best deve loped wi t hin . or immediately adjacent to, the Pink 
Gneiss hosted reg i ons of Zone 4 (in particular) and Zone 5. Fluid flow to. 
or effect upon. the Dark Gneiss hosted regions may therefore have decreased 
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dur l ng A2 . 

Intense tourmalinization (T2) is the first recognized event of A2. T2 

tourmallne also has the composition of schorl (see Section 10) but is deep 

green to blue in colour, in contrast to the green to brown tourmalines of Tl 
(cf. Plates 7.1, 7.2 and 7.3). Where the two generations of tourmaline are 
seen together, Tl forms a finer grained selvage to veins comprised of 

coarse-grained (2-3mm), and commonly more euhedral, T2 (Plate 7.3). T2 is 
particularly well represented within the inner vein-margin zone and the 
vein-zone. Here, assemblages mineralogically ~imilar to those formed during 
Tl, are encountered, commonly forming a thick (up to O.Sm) se lvage to well 

mineralized quartz, quartz-fluorite or quartz-fluorite-feldspar veins, and 

are often mineralized themselves. 

Plate 7.2. PhotomicrograDh taken to show the contrast in 
colour between tourmaline related to Tl(Tl) and tourmdline 
related to T2(T2) (YROI31, PPL, X20J . 
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Plate 7.3. PhOtomicrograph taken to show the 

characteristicaily 

euhedral, nature 
tourmalines (Tl). 

11 selvage to a 
fluorite (black). 

coarser-grained, and slightly more 
of T2 Tourmalines (T2), compared to T1 

This photomicrograph shows a fine-grained 
vein consisting of T2 tourmaline and 

The sericitic alteration(s) follows the 

F2 period of fluoritization and is seen here to be altering 

T2 tourmalines (in part icular). IVR087, XP, X20). 

Ferruginization (magnetite) 
Gneiss (Plate 7.4) commonly 

follows T2. Magnetite veining within the Pink 
increases in intensity from the inner wall-rock 

zone into the inner vein-margin zone and the vein-zone, where T2 assemblages 
locally become highly brecciated and replaced by magnetite (Plate 7.5). 
Within these inner alteration zones, the footwall is commonly richer in 
magnetite (up to 60% by mode) than the hanging wall, possibly as a result of 
minor density gradients within the altering fluids. Magnetite may directly 
form a selvage to the main quartz, and quartz-fluorite, veins of the inner 
vein-zone, although ferrugenized T2 tourmalinites more commonly form such 
selvages. As noted in Section 3.1.c (see Fig. 3.3), magnetite is not 
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abundant within the Dark Gneiss hosted areas of Zones 4 and 5; pyrite is the 

dom inant Fe-phase and probabl y reflects the more reduced nature of this 
host-rock. The vein-margin zone and the vein zone within the Dark GneiSS 

dre slightly enriched In magnetite with respect to the wall-rock zone, 
although it is presumed that much of this magnetite may be related to the T1 

event. Ferruginization (magnet ite) reflects conditions where Fe-rich 

fluids encountered a high f02 and/or low fS2 environment. Given that such 
physico-chemical conditions would not be conducive to the local 
remobilization of original magnetite, and/or magnetite associated with T1, 

it seems likely that a large net input of Fe must have occurred. Indeed, 
the preceding event (T2) also required the involvement of Fe-rich fluids and 
it is possible that the change from tourmalinization to magnetite deposition 
simply reflects a reduction in the activity of B within the altering 
fluids. Notably, the period between the end of T2 and the beginning of F1 

Plate 7.4. Magnetite veining within Pink GneiSS. The 
sample shown was collected from the outer vein-margin zone 
(VR74J. 



Plate 7.5. Photomicrograph showing a T2 tourmaline 
assemblage (dark green-blue) that has been brecciated and 
partially replaced by magnetite (black) within the vein-lone 

of Zone 4. (VRD 72. PPL. X20). 

(fluoritization), marks a transition from a B-dominated system to a F­
dominated system. The main phase of both Sn and wolframite deposition (see 
Section 6) seems to relate to the early stages of this transition period, 
whilst scheelite deposition relates more to the end of this transition, and 
is terminated by F1 (see Section 8.3.a). 

Chloritization (C2) follows ferruginization (magnetite) and extensively 

alters tourmaline, magnetite, K-feldspar and biotite. The inner vein­
margin zone and the vein-zone of the Pink Gneiss are particularly affected 

by C2. Intense quartz veining occurred during, and immediately after, C2 
and caused the recrystallization of the Pink Gneiss into a coarse grained 
(up to Scm) assemblage that is dominated by K-feldspar. Both the Pink 
Gneiss and the recrystallized Pink Gneiss were subsequently brecciated. In 
extreme cases of C2 the brecciated clasts are extensively chloritized 
(Plate 7.6); high Sn grades may also occur (see Section 8.4.c). 
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Plate 7.6. Photomicrograph showing what was once a piece of 

Pink Gneiss host- rock but has now been altered by the C2, 

C3, C4 and CS per iods of chloritization (VRD 91, PPL, X20). 

During fluoritization Fl, quartz veins within the middle of the vein-zone, 
and at the boundary between the vein-zone and the vein margin-zone, are 
brecciated and replaced by f luorite. Minor flu orite (~ quartz) veins, up to 
3mm in width , penetrate into the vein-margin zone and (rarely) into the 
wall-rock zone. Fluoritization of wall-rocks adjacent to fluorite veins is 
not intense and is confined to plagioclase-rich (ie. Ca-rich) areas, 
particularly within the Dark Gneiss. Clear, colourless fluorite is 
characterist ic of Fl and commonly forms as fine (lmm) anhedral to subhedral 
crystals. Minor amounts of white mica (sericite) may occur along the grain 

boundaries of fluorite but probably relate to a period of sericitization 
that immediatly post-dates Fl. 

Only one significant event of sericitization has been 
event immediatly follows Fl and affects areas within, and 

identified . This 
peripheral to, the 

middle vein-margin zone . Such areas represent assemblages where chemically 
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sUi table host minerals (I e. feldspar-tourmaline-biotite) ~ remain. Rare 
feldspar ~ tourmaline ri ch areas, (particularly within the vein margin zone) 
are pervasive ly altered to sericite (or rarely muscovite) but greisen-type 
assemblages (eg . Plate 7.7) are rare. Assemblages, of both T1 and T2 
origin, commonly show minor degrees of sericitization. 

Plate 7.7. PhOtomicrograph of a (rue) greisen-like 

assemblage, found wi th i n the midd l e vein-margin zone. The 

original host, a Pink Gneiss, has be altered into the 

assemblage quartz (q), sericite (s) and minor tourmaline 

(t).(VR15, XP, X20). 

No significant ore deposition 
of sericitization, however, 

was association with the abovementioned period 
minor sericitization is associated with all 

periods of Sn-mineralization (Table 7.1l, altering feldspars adjacent to 
cassiterite crystals (Plate 3.7). 

Pyrite commonly accompanies sericitization but is more abundantly associated 
with the chloritization (C3l that follows sericitization. Chlorite 
deposited during C3 is restricted to the vein-zone and inner vein-margin 
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zone, where extensIve chlorItization + pyrit i zati on of tourmalinites, and 

of magnet Ite-rich tourmalinite, occurs. C3 is the last recognizable 
alteratIon event of the mineralIzatIon stage. 

7.4 Post-Ore Stage (A3) 

The post-ore stage (A3) of alteration is readily apparent within those Pink 
Gneiss hosted regions of Zone 4 that were fractured and brecciated by post 
A2 movement along the East Quarry Fault. The East Quarry Fa ult does not 
int ersect Zone 5 which , like the remainder of Zone 4, shows very little 
evidence of A3 activity. 

Alteration assemblages developed during the later part of A2 and during A3 
are similar, indicating that the conditions of alteration had not changed 
significantly. It is likely that A3 closely follows A2 and does not simp ly 
represent a later, genetical ly unrelated, permeation of f luids along the 
East Quarry Fault. The East Quarry Fault was therefore active during the 
genesis of the deposit, although at a late and essentially barren stage. 
Alteration of scheelite to wolframite was the only feature of significance 
as regards mineralization. 

Chloritic alteration (C4) closely follows brecciation of the Pink Gneiss and 

either forms a chloritic selvage to the brecciated vein walls, or rims 
brecciated cla sts (Plate 7.6). Minor pyrite is associated with C4, as is 
minor al t eration of wolframite to scheelite. 

Fluoritization (F2), again associated with minor sericitization, immediately 
post-dates C4 and deposits pale green fluorite within the brecciated 
'interclast ' spaces. Like FI, F2 causes minor alteration, or removal, of 
scheelite . 

Chloritic alteration (C5) occurred directly after F2, again associated with 

minor pyrite, and forms a second chlorite rim to brecciated clasts within 

the vein-zone. As shown in plate 7.6, silicification occurred between C4 
and C5, possibly in association with F2. Abundant quartz is also associated 
with C5. 
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7.5 Epithermal Stage (A4) 

Disp lacement along the East Quarry Fault included at least two major periods 
of movement, firstly immediately prior to A3 and secondly immediately prior 
to A4, the epithermal stage of alteration. The timing of A4, with respect 
to prevIous alteration events, cannot be established. However, by A4, the 
conditions under which al teration occurred had changed dramatically. This 
stage of alteration is on ly apparent where the East Quarry Fault intersects 
Zone 4. 

The epithermal nature of A4 is characterized by an abundance of adularia and 
of large (up to 1.5 cm) euhedral quartz crystals (Plate 7.8). The latter 
contain up to three growth rings, defined by hematite inclusions, and 
probably crystallized during numerous rapidly consecutive fluid inpulses. 
Minor vugs are encountered (particularly within core from D.D.H. VRD 24/02) 
and indicate a very low pressure 'open- space filling' environment, as does 
t he presence of adularia and large, euhedral, quartz crystals. 

Extremely oxidized conditions prevailed during A4. Local areas of abundant 
hematite occur and can be traced into, or texturally matched with, sulph ide-
or magnetite-rich areas. 
the latter two minerals. 

The hematite is obviously an oxidation product of 

No mineralization is known to be directly associated with A4, although 
alteration of a similar nature is characteristic of many high level Au 
deposits. The association of A4 with Sn/W mineralization at Van Rooi's Vley 
may simply be fortuitous, as no genetic relationship can be established. 

7.6 Van Rooi's Vley - a greisen deposit? 

A greisen can be defined as 
metasomatism and consequently 
lepidolite)-fluorite - topaz 
rutile ~ apatite ~ sulphides. 
vein-greisen Sn/W deposit, 

a peraluminous rock that has undergone H+ 
contains the assemblage quartz- muscovite (or 
+ tourmaline + cassiterite + wolframite + 
This assemblage is characteristic of quartz 

although such deposits invariably also show 

(often intense) alkali metasomatism, chloritization and sericitization. 
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Plate 7.B. A4. the epithermal stage of alteration produces 
a distinctive a·ssemblage that is confined to areas close to 

the intersection of the East Quarry Fault and Zone 4. The 
photomicrographS above show a typicai epithermal assemblage. 
characterized by bladed and turbid K-feldspar (adularia -
'a') and multi-generation Quartz (Q). Each generation of 

Quartz is defined by a series of fine-grained inclusions 
(!). (VRO 122, PDL and XP, X20). 
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Although no true grelsen assemblage I S found at Van Rooi ' s Vley, alkali 
metasomatism, chloritization and sericitization are common, and it is 
suggested here that, on the whole, the deposit is of a quartz vein - greisen 

greisen assemblage may affiliation. In this context, the lack of a typical 
relate to ; 
(1) the lack of a suitable host assemblage . A wide vein selvage developed 

during T1 and T2 that contained a mi neral assemblage which may have 
been stable under condition of low pH; 

(2) low pressure during alteration. Given that the A4 Stage of alteration 
was epithermal in nature, the possibility exists that the entire 
mineralization/alteration event developed at low P, possibly below the 
muscovite stability field. At low P, K-feldspar is the stable 
potassic phase. The muscovite stability field has been determined at 
high P and T but, according to Miller et al., (1981), is not well 
defined under low P and T conditions; 

(3) overprinting. A greisen assemblage may have developed, however, due 
to the very complex and prolonged alteration history of the deposit, 
th i s assemblage may not have been preserved; 

(4) A lack of F within (or the loss of F from) the hydrotherma l 
Because HF is an extremely powerful acid, an abundance of F 

system. 
may be 

essential in the development of a greisen. Compared to HF, boric acid 
is very weak, and it may then be expected that a system dominated by B 
would undergo less H+ metasomatism than an otherwise similar F­
dominated system. An overwhelming dominance of tourmaline, over 
fluorite, attests to the dominance of B within the Van Rooi's Vley 
system. Given that the solubility of fluorite is very low (Mulligan 
1983), and that the stability field of tourmaline is extensive 
(Plimer 1983), decreasing F/B ratios within a fluid (and hence the 
tendency not to form greisenous alteration) may be a function of 
increasing distance from the fluid source. At Van Rooi 's Vley, the 
source of mineralizing fluids is not seen and it can be assumed that 
it is distal; the tourmaline/fluorite ratio is correspondingly high 
and greisen assemblages are absent. 

A similar situation is encountered within the Sn-fields associated 
with the acid phase of the Bushveld Igneous Complex. Here, 
'endogranitic' mineralization (eg. Zaaiplaats - See Crocker 1986) is 
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often greisen-bound and associated with high FIB ratios, whereas 
dis t al, 'exogranitic' , mineralization (eg. Rooiberg - See Rozendaal et 
aI., 1986) shows minimal greisenization and is associated with low FIB 

ratios; 
(5) the extent of country rock fracturing. In a tight (ie. almost closed) 

system, in which fluid movement is diffuse and slow, we would expect 
extensive greisens to form, whereas a well-fractured country rock is 
more likely to yield mineralized quartz veins (Eugster and Wilson 
1986) . 
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8. CONTROLS ON MINERALIZATION 

8.1 Introduction 

In Section 5 it was established that there was a strong structural control 
on the location of mineralization at Van Rooi's Vley, but that the 
concentration (i.e. grade) of mineralization was basically a function of 
physicochemical factors. Section 7 documents the progressive changes in 
host-rock mineralogy during mineralization . These mineralogical changes 
place some constraints on the physicochemical conditions under which 
accompanying mineralization occurred. Such conditions are further discussed 
below. 

A brief study of fluid inclusions was also undertaken in order to constrain 

the temperature range, and fluid salinities, under which mineralization 
occurred. Unfortunately, only secondary fluid inclusions were identified 
and the measured temperatures of homogenization gave a rather obvious 
minimum temperature for mineralization of around 18if C. The failure to 
identify primary fluid inclusions is attributed here to poor sampling 
(particularly) and to the highly fractured nature of the mineral deposit. 

8.2 Geochemistry of tungsten and tin 

8.2.a Geochemistry of Wand Sn 

Tungsten and tin exhibit close geochemical similarities . Both elements are 
strongly incompatible and lithophile under most geological conditions and, 
as a result, they; 

have an affinity for felsic (granitic), as opposed to mafic, igneous 

rock-types; 
do not enter into common, and early formed, felsic minerals (eg. 
quartz and feldspar), and are consequently concentrated within residual 

melts; 
form common stable compounds only in their highest valence state and 
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consequently eXIst dS oXIdes; 

require similar physicochemical conditions (eg. an increase in f0 2, 
increase in pH, decrease in temperature) to destabilIze their soluble 
complexes wIthin hydrothermal fluids. 

The valency of tungsten ranges from +1 to +6 although in nature it is almost 
exclusively hexavalent (+6), forming stable complexes mainly with oxygen 
(ie, as the wolframite and scheelite series of minerals), but also with 
ha l ides and other elements . 

Molybdenum and hexavalent W have the same valency. These two elements are 
separated by the Lanthanide group of elements and as such have greatly 
different atomic numbers (Mo = 42, W = 74), although, through the Lanthanide 
contraction phenomenon, their ionic radii are very similar (~O.062nm). As 
a result, Wand Mo may substitute for each other within the scheelite 

(CaW04) - powellite lCaMo0 4) series of oxide mi nerals. However, covalent 
bonding of W to S is weak, partly because of the higher electronegativity 
of W (compared to that of Mo), and whereas Mo occurs predominantly as the 
sulphide molybdenite (MoS2), the analogous W sulphide (tungstennite) is rare 
(Mulligan 1983) . 

Tin has only two valence states, +2 (stannous) and +4(stannic), and although 
most readily transported in the reduced state, stannic oxide (ie. 

cassiterite - SiOZ) is overwhelmingly the most abundant Sn-bearing mineral . 
Stannite (Cu 2FeSnS4) may also be a significant concentrator of Sn4+. 

Bivalent Sn tends not to form natural stable compounds, except as rare 
sulfo-salts in combinations with CU,As, Pb and Sn 4+. Native Sn is rare and 

possibly refelcts the later 
of both a reductant (e.g. 
flow). 

natural smelting of cassiterite, in the 
oroganic matter) and a heat source (eg. 

8. 2.b Concentration of Wand Sn 

presence 
a basalt 

A very close and almost universal relationship has been established between 

fractionated granitoids and deposits of W (eg. see Mulligan, 1983) and of Sn 
(eg. see Taylor, 1979) . This relationship is discussed further in Sections 
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10 and 11 and is tdken to be el ther 

(a) genetic, the mineralization caused by classical 
processes of incompatible element enrichment within, 
phase transport from, a highly fractionated granite; 

or, in the case of many scheelite bearing veins, 

magmatic-hydrothermal 
and subsequent fluid 

( b) non-genetic, the W+Sn mobilized, through granitization and 
assimilation, from within bedded rocks surrounding granitic intrusions. 
Conceivably, high-grade regional metamorphism may also cause such 
remobilization, as has been suggested in connection with mineralization at 
Van Rooi's Vley (Wheatley and De Beer 1986). 

At any rate, concentration of Sn and W within a fluid phase that coexisted 
with a highly felsic assemblage, is suggested in all cases. 

8.Z.c Transport and deposition of W 

Although little work has been done concerning the transport of W within 
hydrothermal fluids, tungstic acids, halide complexes and polytungstates are 
the most commonly invoked agents for such transport. 

According to Mulligan (1983), W is possibly transported as undissociated 

tungstic acid (eg. HZ W0 4), or as HW04, the former favouring temperatures 
a 

above 350 C and the latter favoured by lower temperatures . 

Various neutral, oxy-halogen complexes with W6+ have been proposed, in 

particular, WX6, WOX4 and W02XZ' (where X is CI or F). These complexes may, 
however, be readily hydrolized and thus destabilized. According to Manning 
and Henderson (1984), protonated, anionic W-O-X species such as WOFS' W03F3-

and (W03)Z CI-, are more likely to be present in aqueous solutions at high 
temperatures and pressures. 

Manning and Henderson (1984) consider isopolytungstates (eg. HEfH2W1Z04d) 
and heteropolytungstates, where elements such as P, As, Si and B substitute 

for H within the isopolytungstate structure (eg. HjfW1204~)' as possibly 
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significant transporters of W. 

Deposition of W from a hydrothermal flUid wil l occur through changes in the 
physicochemical environment. In particular, decreasing temperature, 

decreasing pressure, increaSIng f0 2 and increasing pH will effectively 
destablize all of the abovementioned W complexes. 

The PIT conditions at the site of W (and Sn) deposition are obviously 
dependant upon such parameters as the prevailing regional and/or contact 
metamorphiC grade, distance to the hydrothermal source and the initia l 
temperature at that source, and on the structure of the fluid pathway (ie. 
open or closed). The latter parameter is of particu l ar importance . Within 
an open system only minimal wall rock reaction will occur and W-deposition 
will largely be a function of 'physical' (eg. PIT) variables, whereas, 
within a more closed system, more extensive wall rock alterations (eg. 
greisenization) will occur, and chemical means of ore deposition may be 
important. 

It was suggested in Sections 4 and 5 that, at Van Rooi's Vley, W 
mineralization is closely associated with the pathways of the mineralizing 
fluids, whilst Sn may be dispersed away from such zones. Therefore physical 
variables (particularly temperature) possibly played a greater role in the 
deposition of W than in the deposition of Sn. 

8.2.d Transport and deposition of Sn 

Tin is transported within hydrothermal fluids as Sn2+ and, according to 
Patterson et al. (1981) and Eugster (1984), is only significantly solub le as 
the chloride complexes SnCI+, SnCl Z and SnCI-3. Patterson et al. (1981), 
also suggest that under a very low pH and/or a high aF, SnF+, and higher 
fluoride complexes, may readily form. However, the l ow solubility of 

fluorite within hydrothermal fluids would control the concentration of F, 
and such complexes may not be important. 

Deposition of Sn, as cassiterite, requires the same physicochemical changes 
as described for W deposition. However, deposition of Sn requires both the 
destabilization of a chloride complex and a valence change in Sn (ie. 
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5nz+ __ 5n4+ ) , and consequently, a change in pH and (particularly) oXidation ' 
must be in volved. 

8.3 Ore mineral relationships at Van Rooi's Vley - Chemical controls on 
mineralization 

8.3.a 5cheelite - Wolframite 

It is apparent from Section 6, that the W-mineralogy at Van Rooi's Vley is 
complex . Although the major developments of both scheelite and ferberite 
are primary features, later generations of these minerals show a replacement 
nature. Ferberite commonly rep laces scheelite, although the opposite 
reaction also occurs. Variations in the activity of Fe, Ca, F and CO Z' 
within the mineralizing system, can explain the relationships between these 
W-phases and also the high scheelite/wo lframite ratio of this essentially 
greisen -affiliated deposit. 

Because of the very low solubility of wolframite (Eugster 1984), it is 
unlikely that W could be transported within the same fluids as Fe and Mn. 
Eug ster (1984) suggests that W derives from the hydrothermal fluids while 

FeC IZ and MnCI Z are provided by acid alteration of the country rocks, 
through reactions such as, 

3 Fe304 (mt. or biot. etc.) + 1B Hel + 3HZ~ 9 FeCI Z + 1Z H20 

In this respect it is significant that the main phase of primary ferberite 
deposition (W1) at Van Rooi's Vley occurred immediately following the 
ferruginization (magnetite) stage of alteration. Minor alteration of this 
Fe-rich assemblage, during the CZ period of chloritization to which the 

ferberite relates, may have increased the aFe within the W-rich hydrothermal 
f lui ds enough to cause primary ferberite precipitation. Because no 
scheelite accompanies ferberite, the relatively lower activities of Ca, F 

and COZ must have been unimportant under these Fe-rich conditions. 
Furthermore, given the large amount of magnetite, the fOZ of the system 
would have been buffered, at a high value, further aiding the formation of 
ferberite. 
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Scheelite IS t he normal W mineral in ass oci at ion with carbonate rocks and is 
accounted for either through direct precipitation, ego 

or through exchange reactions , eg o 

Fe W0 4 (wolf) + CaCI 2"","CaW04 (sch) + FeC1 2 

It may be argued that the abundance of scheelite at Van Rooi 's Vley, and the 
high scheelite/wolframite ratio, reflects skarn-style mineralization. 
Indeed, the same may be said of fluorite which, although quite a common 
phase, is not as abundant as within most greisen-style depOSits, where large 
fluorite-rich sheets occur . However, the fact that normal greisen deposits 
are greatl y enriched in fluorite indicates that even a pelitic 
(peraluminous) rock-type (eg. the gneissic rock at Van Rooi ' s Vley ) can 
supply a moderate amount of Ca to a mineral i zing system. Therefore, it is 

probable that the lack of extensive fluorite at Van Rooi' s Vley indicates 
that the system was deficient in F, not Ca. Such a situation would lead to 
the format ion of scheelite (even though it is more soluble than fluorite 
Mulligan 1983), becau se more Ca would be present than is required to f i x 
all F as fluorite. In suppo rt of the above hypothesis, it has already been 
noted that, unlike other Sn/W deposits, Van Rooi's Vley is a B-dominated 
system. In fact, the B/F ratio probably only approached unity immediatly 
prior to Fl, after the ma in stage of mineralization. 

The main stage of primary scheelite deposition (Sch2) occurred after primary 

wo lframite deposition (W1) and immediatly prior to Fl . During Sch2 the aFe 
of the system must have been low, requiring a marked change in conditions 
from those under which W1 occurred. Such a change may have been brought 
about by the abundant depOSition of vein-quartz. Consequently, the old Fe­
rich inner selvage to the vein system was inhibited from reacting with in ­
coming fluids, by the new quartz selvage. Such a mechanism explains why 
much of t he primary scheelite lies within the inner vein-zone, whilst 
primary ferberite is more confined to the outer vein-zone. 

Like the magnetite r i ch assemblage, pr imary ferberite would, to some extent, 
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ha ve been l so la t ed from the scheeli t e deposi ti ng fluids . As a result, only 
mlnimal scheelite replacemen t of ferberite occurs at this stage. 

The influence of F upon scheel i te-wolframite stabilities is demonstrated on 
fig ure 8.1 . As predicted by figure 8. 1, the deposition of primary scheeli t e 

ended during Fl (Table 7.1), when the aF became too great and ferberite (W2) 
replaced scheelite as the stable W mineral. High concentrations of F 
during Fl led to a partial destruction of the preceding scheelite 
assemblages . Isolated scheelite grains, or partially dissolved scheelite 
masses (Sch2 - Plate 6. 3), remain within the quartz-fluorite dominated 
inner vein-zone, whereas partial replacement of scheelite (Schl and Sch2), 
by ferberite ( W2), occurs within the Fe-rich (ie. magnetite-tourmaline) 
out er vein-zone and vein-margin zone (P late 6.2). Here, ferberite probably 
forms according to the reaction, 

CaW04 + FeO (any mineral ) + F20 ~ FeW04 + CaF2 (see plate 6.2) 

A net input of W need not have occurred. The small amount of Fe required 
during W2 was not as great as during Wl, and was probably met through (the 
albeit inhibited) reaction with the Fe-rich outer-vein zone . Possibly, 
brecc iation of the vein zones , during Fl, increased fluid f l ow to the Fe­
rich and scheelite-rich regions . 

After Fl the aF again decreased. Scheelite (Sch3) once more became the 
stable W-phase (Fig. 8.1) and formed minor replacements of ferberite (Wl and 
W2 ) during later alteration events. 

8.3.b Cassiterite 

The concentrations and distribution of cassiterite ,the only Sn-rich phase 
identified at Van Rooi's Vley, was discussed in Section 5. The first 

concentration of cassiterite (Snl) occurred near the end of Tl (Table 7.1). 
The second, and major, generation of cassiterite (Sn2) occurred near the end 
of T2 (Tab le 7.1) , continued throughout ferrugenization (magnetite), and 
into C2. Cassiterite deposition during Sn2 is basically restricted to 
areas of Zones 4 and 5 that are hosted by Pink Gneiss. 
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Figure 8.1. Schematic f1 F20_ 1 -jJC02 projection of the 
system Ca-Fe-W-C-O-F in skarns, veins and greisens. The 
assemblage fluorite-ferberite, characteristic of greisens 
and veins, is stable in the area with vertical hachures. 
The assemblage calc ite-scheelite, characteristic of skarns, 
is stable in the area with horizontal hachures (after Burt, 
1972) . 
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The precipitation of casslterlte involves changes In both the pH and the 
oXl datlon state of a mineralizing system, and may be represented by the 
react! on : 

Because the solubility of cassiterite increases with increasing pH and 

decreasing fO Z' additi onal reactions must occur to counter-act the effect of 
the above reaction. If substantial amounts of cassiterite are deposited, 
the effects of such counter-reactions, or buffers, should be detected within 
the wall rocks. Such reactions include K-fe ldspar--muscovite, biotite ___ 

muscovite and biotite-chlorite, and, combined with the reaction for 
cassiterite deposition may be writen as (for example), 

SnCI Z + 3(Na,K) Al Si 30S (K-fel d) + ZHZO ~ Sn02 + KAl3 Si 3010(OH)Z (mus) 

+ 6 Si 0z + Z NaCI + HZ 

At Van Rooi's Vley, conditions were apparently more conducive to Sn 
deposition during SnZ than during Sn1. In Section 5.5, it was stated that 
although structure controlled the location of mineralization, physico­

chemical variables (eg. T, pH, fOZ) controlled the concentration. Following 
Section 7, we can now assess the nature of the host rock, and alterations, 
prior to Sn1 and SnZ, and thus the nature of the physicochemical controls on 
these mineralizing events. 

Prior to Sn1 an almost monomineralic assemblage of tourmaline (T1) formed as 
a wide selvage to fractures and inclusions of potassically (K1) altered 
country rock that remained within the vein zones. 

For the reasons discussed above, such an assemblage has no long-term 
potential to maintain the conditions required for Sn deposition ; sericitic 

alteration of the volumetrically insignificant K-feldspar has occurred and 
completion of this reaction would have been a factor limiting 
mineralization. However, it is probable that during this early stage in 
the development of the deposit, high temperatures, high pressures and low Sn 

concentrations may have been equally, if not more, important than host-rock 
controls in limiting the amount of Sn-mineralization. 
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In contra st to Snl, t he wall-rock assemblage prIOr to Sn2 wa s bot h alka li­
rich and greatly oxidized, and as such could maintain conditions of Sn­
depos I t IOn. 

Mineralization during Sn2 is again associated with minor ser icitic 
altera tion, particularly of partially altered inclusions of Pink Gneiss 
within the vein-zone, and of the leucogranite sheet (Plate 3.7 - Section 
3.4.c) tha t intrudes the vein-zone. Chloritization (C2) of these wall rocks 
is also prom inent, affecting biotite and tourmaline- K-feldspar-magnetite 
assemblages. Such reactions may possibly have maintained the pH at high 
enough leve l s for the continuation of Sn deposition. 

Minor pyrite is also associated with Sn2, particularly during C2, and forms 
mainly as a replacement of magnetite. This reaction is probably a response 

both to an increasing fS2 within the system, and, more importantly, a 
decreasing f0 2 due to cassiterite depOSition. The magnetite rich wall-rocks 
thus effective ly buffered the mineralizing environment against a decrease 
(or increase) in the f02, again maintaining conditions conducive to Sn 
deposition. As noted in Section 3.1.c, the Dark Gneiss hosted region of 
Zones 4 and 5 are pyrite-rich and magnetite-poor (Fig. 3. 3) and would thus 
not be chemical ly conducive to Sn deposition. 

8.3.c. The zonation and separation of Sn and W mineralization 

The location of structural sites (eg. low pressure zones) is the principal 
control on the location of Sn mineralization, which typically occurs in 
structurally prepared pockets, at various distances from the pathway of the 
mineralizing fluid. For Zone 4, the pathway was along the Pink Gneiss 
Dark Gneiss contact, whilst 

4 and Zone 5. Tungsten 
immediately adjacent to, 
located. 

for Zone 5, it was the intersection between Zone 

is more-or-less confined to areas within , or 
these pathways, and is thus also structurally 

Obviously, temperature (and aF, aCa ' aFe , f02, fS2, Ph etc) also had a 
cont rol on the location of Sn and W mineralization, and in the spatial 



separa t ion of these elements. Wolframite and (under conditions of high aCa 
and low aF) scheellte wil l become insoluable within an aqueous solution at a 
higher tempera t ure than will cassiterite, and would thus tend to be located 

more proximally to a fluid pathway than would cassiterite (e.g. Fig. 3.3). 



9. THE WITKOP W/Sn OEPOSIT - A COMPARISON WITH VAN ROOI'S VLEY 

9.1 . Introduction 

The Witkop deposit lies approXimate ly lkm NW of Van Rooi 's Vley and displays 
many features that are of critical importance in the understanding of Wand 
Sn metallogenesis within the Van Rooi 's Vley - McTaggarts Camp district. 
Given the time available for this study, the Witkop deposit could not be 
investigated in the same detail as was Van Rooi's Vley. Therefore, only 

salient features of the deposit will be discussed below, particularly those 
that draw contrasts with the Van Rooi's Vley depOSit. 

9.2 Local Geology 

Mineralization at Witkop dominantly occurs within a series of quartz (~ 

tourmaline ~ fluorite) veins, hosted within a 'quarter-moon' shaped sliver 
of micaceous gneiss, 
Formation (Fig. 9.1) 
approximately E-W and 
flattens out at depth, 

tectonically isolated within rocks of the Riemvasmaak 
micaceous gneiss. The micaceous gneiss strikes 
dips almost vertically, at surface, but rapidly 

o 
to an average dip of 53 N (Fig. 9.1). The origin of 

the micaceous gneiss is unclear, however, a strongly pelitic mineralogy 
(biotite - sillimanite - cordierite - Plate 9.1) suggests that the gneiss 
belongs to either the Toeslaan Formation, or more likely, to the Biesjepoort 
Formation. The micaceous gneiss differs from the Dark Gneiss at Van Rooi's 
Vley, in that primary biotite is much more abundant within the former, and 
in places may constitute up to 85% (by mode) of the rocks. 

9.3 Ore Mineralogy 

The ore assemblage at Witkop is dominated by scheelite, with lesser amounts 
of wolframite and only minor cassiterite. Scheelite occurs in at least two 
generations, the original generation being primary and volumetrically the 
most significant. The second generation of scheelite is probably also 
pri mary, but is only minor and occurs very late in the ore paragenesis. 
Much of the wolframite occurs as an alteration of early scheelite , although 
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the dominant deposition of 
generation of scheelite 
f luorite (Plate 9.2 ) . 

wolframite is also pri mary, post-dates the early 
and IS accompanied by abundant deposition of 

Pink Gnei s s, 

Sliver at mic.aceous gneiss . 
) -----... 

ii -
1\; Zo ne of mlMrolizeO quorH -
Ii \1 lourmallne - fluorl te vems 
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Figure 9.1. Schematic representation of the 
geology of the Witkop W/Sn deposit. 

~iagnetite is common, both within the altered wall-rocks and within the ore 

assemblage, 
Van Rooi's 
assemblage . 

however, it is present in much I esser amounts than wi th i n the 
Vley deposit . No hematite is seen within the Witkop are 

Pyrite is usually the dominant sulphide although pyrrhotite is common and in 

some cases may constitute up to 70% (by mode) of the ore assemblage. 
Pyrrhotite and pyrite often occur together and grain boundary relationships 
indicate a stable co-existence (Plate 9.3). Magnetite is not stable within 
the sulphide assemblage, and where present, is seen to be altering to 



pyrrhotite (Plate 9.3). 

deposition of scheellte. 

only assocIated with 

The deposition of pyrrhotite post-dates the main 

wolframite and of cass Iterite. and IS apparently 

quartz. pyrite. chlorIte + fluorite. Minor 
chalcopyrite and molybdenite also occur wIthIn the Witkop are assemblage, 

common ly associated with the other sulphides. 

Plate 9.1. Photomicrograph of the pelitic micaceous gneiss 

tound at the Witkop depos i t. 1 mportant mi nera! ogi ca I 

features include the presence of biotite (b). sillimanite 

(s) and cordierite(c). (WK51, PPL . X20). 

9.4 Wall-rOCk Alteration 

Wall -rock alterations developed at Witkop differ only in relative intensity, 

from those developed at Van Rooi's Vley. The same alteration types (e.g. 

tourmalinization, potassic alteration, fluoritization etc.) are developed in 

both depOSits. 
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Plate 9.2 . PhotomIcrograph showing primary wol frami te 
(black) and scheelite (s). Deposition of wolframIte was 
accompanIed by deposition of fluorite (f), reflectIng 

conditIons of high aF, under which scheelite is not stable. 
At least some of the wolframite may represent an alteration 

proouct of scheelite. (WK 55, PPL, X20). 

. I 

I , 
py - . , 

Plate 9.3. Photomicrograph showing the pyrrhotite-rich 
sulphide assemblage developed at the Witkop deposit. No 

reaction relationship is seen between pyrrhotite (po) and 
pyrite (py), indicating that these two minerals stably co­

exist. Magnetite (mgj is, however, not stable within this 
assemblage. as evidenced by reaction rims around all 

magnetite graIns (WK56, Reflected lenght, X20). 



In particular. the ratio of fluorite to tourmaline. withIn the alteratIon 

paragenesIs 
Vley. The 

latter also 

as a whole, seems slightly lower at Witkop than at Van Rooi's 
same two phases of tourmaline that were identified within the 

affect the former, however later fluoritization is more intense 

at Witkop. Abundant deposition of wolframite relates to an early phase of 

fluoritization (Plate 9,2), which Immediately post-dates the deposition of 
the first generation of scheelite, 

Muscovite locally forms an extensive alteration of original feldspars and 
biotite (Plate 9.4), indicating that H+ metasomatism (greisenization) may 
have been a significant alteration process within the Witkop deposit. This 

alteration immediately post-dates the second phase of tourmalinization (as 
evidenced by inclusions of euhedral tourmaline crystals within muscovite), 

and possibly relates closely to cassiterite and wolframite mineralization. 

Plate 9.4. Photomicrograph showing a greisenous assemblage 
rich in coarse grain muscovite (m) with lesser amounts of 
fluorIte (f) and tourmaline. (WK45, XP, X20). 



9.5 Comparison with Van Rooi's Vley 

The Witkop and Van Rooi 's Vley deposits share many close similarities apart 
from an obvious spatial relationship. 
deposits have; 

Most importantly, both of these 

- the same geological setting and associations; 
- the same alteration types and paragenesis; 
- similar ore mineralogy. 

Although not proven, it is likely that the two deposits are of a similar 
age, the above similarities impose similar constraints on the genesis of 
these deposits. It is also probable that both deposits are the result of 
the same hydrothermal event and as such. the following differences must be 
explained; 

- the higher WISn ratios at Witkop; 

- the slightly higher FIB ratios at Witkop; 
- the presences of greisenous alteration only at Witkop; 
- the presences of pyrrhotite only at Witkop. 

Interestingly, the Witkop deposit and the McTaggarts Camp deposits are also 
quite similar, although the latter has even higher WISn and FIB ratios, 
and greisenous alteration is more abundant, but has no pyrrhotite. It was 
suggested in Section 3. 5 that the McTaggarts Camp deposits probably also 
relate to the same hydrothermal event that produced mineralization at Van 
Rooi's Vley. 

In Section 7.6 it was suggested that the FIB ratio within a mineralizing 

system may decrease with increasing distance from the mineralizing source. 
The change in the FIB ratio would be reflected by a decrease in the ratio of 
fluorite (or topaz) to tourmaline. If such a relationship holds true, it 
would imply that the Witkop deposit formed closer to a mineralizing source 
that did mineralization at Van Rooi's Vley . The McTaggarts Camp deposit 
would have formed still closer to such a source. 

The presence of a greisenous assemblage at Witkop supports the 



-98-

abovementioned spatial relationships. Greisenization is probably best 

affected by dissoc ia tion of the powerful acid, HF. This would be a rapid 
reaction In the presence of a plagioc la se-ric h assemblage, and would cause 
H+ metasomatism (of that assemblage) and the deposition of fluorite and / or 
topaz. Greisenous assemblages are t herefore characteristically F-rich and 
occur proximal to the source of volati le- rich hydrothermal fluids. 

From the discussions above, it would follow that the Witkop deposit formed 
at higher temperatures than the Van Rooi 's Vley deposit. This may explain 
not only the higher W/Sn ratios at Witkop (see discussions in Section 8. 3.c) 
but, as figure 9.2 indicates, it may also explain the differing Fe-sulphide 
mineralogy between the two deposits; pyrrhotite only forming at Witkop, 
within the slightly higher temperature ore assemblage. 

-9r-----------~r---------------------------~ 

-10 
Sn sulphides 

Sn02 

-11 
N 

V) 

~Condi tions under 
which are 

--1~~~,:j.::-;;;;;~~'y,,/ assemblages may have 
,>, formed. 

'" .3 

py 

-12 
po 

-13 

-14L---~~---+----~----~----~----4-----+---~ 
-38 -37 -36 -35 -34 -33 -32 -31 -30 

log f02 
Figure 9.2. Log f52 - Log f02 diagram showing how a small decrease 
in temperature (~lO·C) can cause a change in a su lphide mineral 
assemblage. The assemblage pyrite - pyrrhot ite - magnetite occurs 

at Witkop, whereas the assemblage pyrite-magnetite i s typical of the 

Van Rooi's Vley deposit. 



10. PREViOUS GENETiC MODELS FOR MINERALIZATION AT VAN ROOI'S VLEY 

10.1 Introduction 

ro explain the formation of the Van Rooi 's Vley Sn/W deposit, a genetic 
model must also be able to account for W/Sn mineralization at Witkop and at 
McTaggarts Camp. Mineralization at both Van Rooi 's Vley and McTaggarts 
Camp is synchronous with, or slightly post-dates, the intrusion of 
leucogranites that are late-to-post-tectonic (i.e. unfoliated) with respect 
to the Namaqua event. The distinct similarities between the Witkop and Van 
Rooi's Vley aeposits further suggest a similar age of mineralization. It is 
therefore likely that a late-to-post-tectonic age can be placed on all of 
the hydrothermal mineralization within the Van Rooi's Vley-McTaggarts Camp 
district in general. 

The genesis of the Van Rooi's Vley deposit has, however, been a matter for 
conjecture mainly because nowhere within the Van Rooi's Vley - McTaggarts 
Camp district can a strikingly obvious source for mineralization be 
identified. Similar problems are encountered in deciphering the 
metallogenesis of ma ny high-grade metamorphic terranes and, unfortunately, 
necessitate the more extensive use of circumstantial data than would 

otherwise be desirable. 

10.2 Two contrasting models for the genesis of the Van Rooi's Vley deposit 

Wheatley and De Beer (1980) outline two principle alternative models for the 
genesis of mineralization at Van Rooi 's Vley, vis 

1. the metamorphic remobilization of a sedimentary/exhalative proto-ore 
during the waning stages of the Namaqua event (see Section 3.4) 

2. the degassing of a 'specialized' granitoid . 

The remobilization model envokes a close genetic relationship between the 
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Van Rool 's Vley deposit and tourmallnites. that are located near the top of 
bo~ h the Rlemvdsmaak and Blesjepoort Formations. Metamorphic remobllization 
of these tourmallnites is envisaged to have prov ided B for the depOSit (as 
tourmaline selvages). and also to have provided a ligand for the transport 
of Sn and W. Both Sn and Ware thought to have been leached from the 

81esjepoort Forma tion . Tourmalinites within the Riemvasmaak Formation 
crop-out near Kakamas. some 40km west of Van Rooi 's Vley, and are well 
bedded (Pla te 3.1). They are not found at Van Rooi's Vley. Tourmalinites 
are, however, also found within the Biesjepoort Formation, just to the south 
of Van Rooi 's Vley, (Fig. 3.1) and crop-out mostly as scattered rubble. It 
is unlikely that these tourmalinites are as well bedded as the Kakamas 
tourmalinite, and it is possibly that they are not of a sedimentary origin. 

However, it is perhaps significant that, in view of the absence of the 
Goede Hoop Formation (correlated with the Pella Quartzite of the Bushmanland 
Sequence?) from the stratigraphy at Van Rooi' s Vley , tourmal inites at the 
top of the Biesjepoort Formation may lie stratigraphically close to the 

Aggeneys-Gamsberg-Fe formation (see discussion Section 3.4 and c.f. Tables 
3. i and 3.2 ). The latter formation hosts the Aggeneys -Gamsberg series of 
sedimentary exhalative Cu-Pb-Zn deposits, and correlation with the 
Biesjepoort tourmalinites (exhalatives?) may indicate a regional 
stratigraphic interval, rich in exhalative products. Such products may 
include a proto-ore for the Van Rooi's Vley deposit. 

The following points do, nevertheless, argue against the remobilized 

exhalative model. 

No Sn and/or W deposit has satisfactorily been shown to be of exhalative 
origin . 

Mineralization apparently post-dates intrusion of late- to post tectonic 

leucogranites and is thus not synchronous with the thermal peak of the 
Namaqua event. 

No local unmineralized supracrustal unit is known to be anomalous in Sn 
or W (P _ Friggens pers. comm) , i.e. no sedimentary source (proto-ore) of 

Sn or W is known. 
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[he sedImentary (exha latIve) nature of th e 'tourmalinites' In questIon 
IS fa r f rom establ i shed. 

Late to post-tectoni c granitoIds intrude the region and are anomalous in 
Wand Sn. 

It i s hard to attempt to model t he genesis of any Sn/W deposit without 
showing a bias for processes genetically related to granitic 
Such are the relationships established between Sn/W depOSits 

magmatism. 

and highly 
fractionated 'specialized' granites, that even when these granitic bodies 
are not seen, their presence is always inferred. Evidence for a granitic 
influence on the Van Rooi 's Vley deposit is not quite so circumstantial. 
Although no granitoids crop-out at Van Rooi 's Vley, they are encountered in 
drill core, and do crop-out at McTaggarts Camp. The former granitoids 
consIst of at least three generat ions (Sect i on 3.4), the latest being 
leucocratic and late to post -tectonic in age (but pre-mineralization). The 
grani toids at McTaggarts Camp are tourmaline-rich leucogranites tha t are 
late to post-tectonic in age and closely relate to mineralization (Section 
3.5). In view of these leucogran i tic occurrences, one cannot help but 
consider the tourmaline-rich leucogranitic phases of the Cnydas granite 
complex as a possible source of mineralization within the Van Rooi 's Vley -
McTaggarts Camp district . These pha ses are late-to-post-tectonic in age , 
anomalous in Sn and Wand may be l i nked to the abovementioned district by 
the Cnydas shear zone (Section 3.4c). Granitoids of a similar nature may 
very well occur beneath the Van Rooi ' s Vley-McTagga rt s Camp district. 

An abundance of tourmaline is a feature common to both the sites of 
mineralization and, therefore, probably also to t he source of 
mineralization. Possibly, tourmali ne from the former may adopt some 
composit ional features of the tourmaline from the latter. Because the 
composition of granitiC tourma l ine and sedimentary/exhalative tourmaline 
contrast so greatly (Plimer, 1986; Henry and Guidoffi, 1985) an attempt was 
made to characterize the tourmaline associated with the Van Rooi's Vley 
McTaggarts Camp deposits. 
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10.3 The geochemistry of tourmaline - a clue to the origin of 
mineral ization 
10.3. a. The tourmal ine system 

Tourmaline is a complex borOSilicate wi th a general formula of 

XY3Z6(B03)3Si01S(OH,F,CI)4 

where 

x = Na, Ca, K, 

Y = AI, Fe, Fe, Li, Mg, Mn 

Z = AI, Fe, Cr, V. 

The principal end-members are: 

elbaite, Na(Li, AI)3AI6(B03)Si601S(OH)4 
schorl NaFe2+3AI6(B03)3Si601S(OH)4' 

dravite NaMgAI6(B03)3Si6018(OH)4' 
and uvite CaMg3(MgAIS)(B03)3Si601S(OH)4. 

According to Henry and Guidotti (1985), most natural tourmalines belong to 
two completely miscible solid solutions; schorl-dravite and schorl-elbaite. 
An apparent miscibil i ty gap exists between dravrite and elbaite. 

The very large stability field (Plimer 1986) and complex chemical 

variability of tourmaline make this mineral a potential indicator of the 
environment in which it formed. In fact, certain compositions of tourmaline 
are specific to certain hydrothermal ore-deposits. In particular, drav ite 
is commonly associated with sedimentary/exhalative deposits (massive 
sulphide deposits) whilst granitic related deposits commonly contain schorl. 
The potential of tourmaline as an exploration guide for such mineralization, 

is obvious. 

10.3.b The na t ure of tourmaline of Van Rooi's Vley and McTaggarts Camp 

The composition of tourmaline from Van Rooi 's Vley, Witkop , McTaggarts Camp, 
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the Kakdmas tour ma llnite , the Bie sJ epoort tourmallnite and the Cnydas 
leucogranite, were analysed by el ectron microprobe. Tourmaline analyse s are 
Ylven In table 10.1 and are plotted on figure 10.1. 

fourmallne from all populations analysed, fall within the sChorl-dravrite 
solid solution series with only limited substitutions with the uvite (Ca,Mg) 
component (Table 10.1). The best discr imination between population s was 
obtained by compari ng MgO vs.FeO/(FeO + MgO) (Fig. 10.1). 

lourmaline from the Kakamas tourmalinite ha s a composition close to that of 
pure dravr ite , 
t ourma l i ne (Fi g. 

and 1 i es within the f ield of sedimentary/exhalative 
10. 1 ) , 

~nydas leucogranites has 
lies within the field 
Biesjepoort tourmallnite 
granitic tourmali nes 
tourmal ini te o 

whilst tourmaline fr om tourma line pods within the 
a composition close t o that of pure schorl, and 
of granitic tourmaline. Tourmal ine from 
also lies within the compositional field 

indicating a non-sedimentary ori gin for 

the 
for 

th is 

Tourmaline assoc ia ted with mineralization contains more of the schorl 

component than of the dravite component, and lies within, or near, the 
compositional fie l d for granitic tourma l ine. Tourmaline from tourma lin ized 
selvages at Mc Taggarts Camp is closer to pure schorl in composition than is 
tourmal ine from the Cnydas leucogranites , whilst tourmaline from the 
leucogranite ba nds at McTaggarts Camp is almost pure schor I (Fig . 10 .1) . 
First generat ion tourmaline (T l) from tourmalini zed selvages at Van Roo i's 
Vley, and at Witkop, is slightly more Mg (dravite)-rich than tourmaline from 
the Cnydas leucogranites. Second generation tourma l ine (T2), from both 
depOSits, may conta in up to 40% of t he dravite component and falls just 
outside the compOSitional field for granitic tourmaline, but is distinctly 
separate from the compositional field for sedimentary / exhalative tourma line 
(Fig. 10.1). Both the Tl and T2 tourmalines from Witkop are slightly more 

Fe (Sc horl)-rich than the corresponding tourma lines from Van Rooi's Vley. 
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PARflAL CHEMICAL ANALYS ES OF TOURMALINES 
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32.12 
12.36 
0. 11 
2.91 
0.48 
2.00 

85.75 

0.B1 

34.32 
0.83 

32.15 
12.88 
0.08 
2.59 
0.63 
2.02 

85.50 

0.83 

34.89 
0.42 

32.22 
12.70 
0.07 
2.67 
0.39 
2.02 

85.38 

0.83 

35.81 
0.29 

32.24 
12.47 
0.12 
2.60 
0.26 
1.97 

85.76 

0.83 

34.96 
0.77 

31. 56 
12 . 55 
0.09 
3.16 
0.53 
2.06 

85.68 

O.BO 

35 .08 
0.54 

33.32 
11.33 
0.08 
2.78 
0.45 
1.96 

85.54 

0.80 

34.50 
0.84 

31. 53 
13.01 
0.11 
2.67 
0.46 
2.05 

85 . 17 

0.83 

32.95 
1. 38 

28.40 
12.53 
0.07 
5.38 
3.69 
0.75 

85.19 

0.70 

34.95 
0.36 

30.57 
11. 74 
0.08 
4.85 
1.12 
2.03 

85.69 

0.71 

33 .55 
1.03 

29.60 
11. 89 

O. 11 
5.22 
2.81 
1.23 

85.44 

0.69 
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IMLI .. LQ.J 
PARTIAL CHEMICAL ANALYSES OF TOURMALINES 

6RANlrEI~(rl TOUR"ALINES-~(TAGGARTS CA~P 

"T" IH /Z r1Tn "TH "T 15 "Tlb HT 17 HTi8 

5102 3U3 33.86 35.63 55.H 34.99 33. ~b 35.00 34.62 
1102 0.10 O.ll 0.34 0.21 0.39 0.90 0.66 0.89 
AL~O:; 32.14 32.95 32.57 33.17 32.n 33.7J 32.68 32.27 
fED lUI 14.84 12.60 13.7l 13.56 12.04 12.81 12.47 
"NO 0.07 0.10 0.02 0.03 0.01 NO NO NO 
"GO 0.87 0.60 2.42 I. 57 1.77 2.33 2.57 2.48 
CAD 0. 13 0.44 0.20 0.20 0.38 0.65 0.51 0.66 
NA20 1. 53 I. 76 1.94 1. 81 1. 79 1. 79 1.81 1.75 

TOTAL 84.38 84.70 85.72 86.08 85.32 84.90 80.04 85.14 

fEOI 0.94 0.9b 0.84 0.90 0.88 0.84 0.B3 0.B3 

TOURHALINES-ZAAIPLATS TOURMALINES-ROOIBERG 
III li2 ZJ3 114 R/I RI2 R/3 Ri4 R/5 

SIOl 34 .87 35.58 34.83 34.68 36.12 35.83 36.04 36.07 35.72 
TI02 0.04 0.00 0.:)4 0.04 0.41 0.68 0.97 0.37 0.16 
AL203 28.39 31.70 28.32 28.81 27.69 28.04 29 . 42 28.80 27.35 
fED 20.48 17.26 21. 05 21.14 10.99 10.43 9.71 11.08 12. 82 
Him NO 0.01 0.01 0.01 ND NO HD NO ND 
M60 0.13 0.09 0.16 0.13 7.03 7.53 7.15 6.&5 6.49 
CAD NO ND NO NO 0.35 1. 03 0.81 0.33 0.10 
HAlO 2. 39 1.50 2.52 2.27 2.58 2.20 2.48 2.BB 2.96 

TOTAL 8b.30 86. J4 86.93 87.08 85.17 85.74 86.58 86.18 85.70 

fEOI 0. 99 0.99 0.99 0.99 0.61 0.58 0.58 0.62 0.66 

SEDIMENTARY TOURMALINES (til 
VT 105 El272 AM2 CP 16 JS 79 BH-D-2 BH-O-4 BH-D-9 BH-D-15 

5102 38.36 38.84 39.72 38 . 05 3U8 37.24 36.44 37.17 38.20 
TI02 0.45 0.45 0.08 1.54 0.33 0.21 0.19 0.23 0.26 
AL203 33.29 34.48 3b . 14 32.22 36.64 32.73 33.92 32.68 35.90 
fED 2.78 2.78 1.47 3.02 3.55 1.07 3.15 0.90 2.33 
MNO NO NO NO NO NO NO NO ND NO 
MBO 11. 77 11. 36 11.43 11. 92 9.67 12.18 8. 62 12.38 9.21 
CAD 0.43 0.80 0.28 1. ~4 0.88 2.68 0.71 2. b7 0.47 
HAlO 2.81 2.35 2.95 2.33 3.03 1.21 2. 49 1. 21 2.08 

TOTAL 89.89 91.06 92.07 90.62 92.98 87.32 85.52 87. Z4 88.45 

fEOI 0.19 0.20 0.11 0.20 0.27 0. 08 0.27 0.07 0.20 

(*1 ) Analyses from Taylor and Slack (1984) 
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TAUL E JJl..L 

PARTIAL CHEMICAL ANALYSES OF TOURMALf NES 

KAKrlMS rOURMLI N I TE BIESJEPOOR[ [OUR"ALINITE 
K/ I '1.12 KtJ BPI 8P2 BP3 

5102 35.7b 35.91 35.78 32.94 34.94 33.5, 
[ 102 ~.I~ 0.43 0.38 1.38 0.3b 0.85 
AL203 32 . 13 )2.j9 32.57 27.95 29.bl 29.04 
fED 3. b8 3.50 ' " .J.l,} 12.b5 12. II 12.lb 
~HO 0.0) 0.05 0.05 0.07 0.08 0.08 
~GO 8. 75 9.01 8.84 5.38 4.n 5.12 
CAD I. 35 I. 43 1.15 2.95 I. 02 1.50 
HA20 I. 91 I. 90 2.09 0.73 I. 91 1.85 

TO[AL 84.01 84.82 84 .09 84.05 84.81 84 . 12 

fEOI 0.30 0.28 0.27 0.70 0.72 0.70 

[DURH~LlHES fROM GRAIHTES,APLl[ES ~ PE6M[J[ES.lt2) 

T I [2 T3 [b [7 18 T9 TID TIl 

5102 35.bl 36.00 34.90 35 . 00 35.07 35.17 35.10 35.10 35.92 
flO2 0.b8 0.77 0.73 0.31 0.58 0.13 0.48 O.bb 0.41 
AL203 33.16 31. 65 3b.l}4 33.b7 33.30 34.47 33.91 33.00 33.b7 
fED Il.bb li.54 10.47 13.22 12.90 IU3 II. 90 13.10 13.29 
~HO 0.13 0.12 0.08 0.21 0.21 0.40 0.15 0. 13 0.25 
~60 3.2b 2.b4 4.39 2.b7 2.07 0.21 3. 04 2.94 2.15 
CAD 0.12 NO 0.24 0.04 0.23 0.04 HO 0.03 0.19 
HA20 1.88 1.95 2.11 1.9b 1. 93 1.92 I. 90 I. 43 1.97 

TOTAL Bb.50 87.67 8B.9b B7 . 0B Bb.29 87.07 8b.48 Bb.39 87.B5 

fEOI 0.78 0.85 0.70 0.83 O. Bb 0.99 O.BO 0.82 0.86 

T1S TI6 117 fl8 119 T20 123 124 T25 

5102 34.40 35 . 13 34.55 34 . 15 35.22 35. 22 34.95 34.41 34.B3 
TI02 0.29 0.47 0.4b 0.58 0.25 0.40 0.53 0.18 0.54 
AL2D3 32.b2 33.45 33.0B 32.09 33.11 33.08 32.93 32.24 33.2b 
fED 16.52 13.12 14.24 15.00 14. 32 13.12 14.59 15.93 15.19 
HHO 0.28 0.15 0.20 0. 19 0.28 0.20 0.26 0.23 0.23 
~6D 1.05 l.12 2. 72 1.51 2.02 2.75 1.80 1. 10 l . b3 
CAD HO 0.03 0.05 HO 0.09 0.04 0.10 NO NO 
HA20 2.30 I. 98 1.7b 2.54 I. 75 I. 97 2.15 I. 97 I. 93 

TOTAL 87.4b 87 . 45 87.0b 8b.Ob 87.04 8U8 87.31 8b.Ob 87.bl 

fEOI 0.94 0.81 0.84 0.91 0.88 0.83 0.89 0.94 0.90 

("2) Analyses from Neiva (1974) 



.." 
rn 

:jj: 

" -n 

'" a 
~ 

.." 
rn 
a 
+ 
3: 

<0 

.9 

- 107 -

100~~--------------------------------------~ 

90 

80 

70 

60 

50 

40 

30 

20 

\ "" \0 "-

f "-
\ 0 \ 

\ 0 \ 
\ \ 

\<31) \ 

\1 \ 
Field for \ 6b '. 
9ranite hosted\ 0 •• 

tourmal ine. -- \ '" 
\ . \ 

\ 0"0 

" ". '-

• •• • 

renrmal joe pOPlI1a+j pos 
o McTaggartS Ccrnp. 
• Cnydas leucograni te. 
o T1 - Wi tkop. 
• T1 - Van Rooi's Vley. 
o T2 - Wi tkop. 
• T2 -Van Rooi, Vley. 

Bles lepoort tourmalinite. 
+ Ktl<amas tourmalini te . 

Field for sediment 
has ted tourmal ine. 

~j 
( +" ,-t+ +" , " , "-

" "-, "-
" +++'-" "­", "­, , 

o·L-----~----_.------r------r-----.------r--'~ 
2 4 6 8 10 12 

MgO ..,t% 

Figure 10.1. Fe#vs. MgO diagram showing the compositional 

variation of tourmaline from various locations within, and 
around . Van Rooi 's Vley. Also shown are the compositional 
fie lds for tourmaline from granites and from 

sedimentary/exhalative tourmaline beds. 
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10. 3. e DIscus sion 

On t he basi s of information presented in figure 10.1, It seems unlikely that 
t he tourmaline selvages wit hin the Van Rooi 's Vley-McTaggarts Camp series of 
deposits are rela t ed to sedimentary/exhalative tourmalinites. Tourmali ne 
f rom the Kakama s t ourmalinite i s characteristic of sedimentary/exhalative 
tourmaline and is very different in composition from all other tourmaline 
popu la t ions studied here. Tourmaline from the Biesjepoort tourmalinite is, 
however, not of a sedi mentary/exhalative origin, but is granitic in 
composition. The Biesjepoort tourmalinite is therefore more likely to be a 
replacement feature, related to the same event that caused tourmalinization 
at Van Rooi's Vley. 

The remaining tourmaline populations clearly show compositional s imilarities 
to granitic tourmaline and strongly favour a granitic-related mode of 
genesis for the abovementioned mineralization. 

The Feo/(ie. FeO/(FeO+MgO) ) of Tl and T2 tourmalines is higher at Witkop than 
at Van Rooi's Vley, but is lower than the Fe#of tourmalines from the Cnydas 
leucogranite (an inferred source of mineralization). A similar change in 
the Feitof tourmaline is also di splayed by analyses from the Zaaiplaats and 
Rooiberg Sn-deposits (Fig. 10. 2) in central Transvaal, which are 
considered here to represent a classic exogranitic-endogranitic Sn­
mineral i zed system. It therefore seems that, in a relative sense, the Fe# 
of tourmaiine may be inversely proportional to the distance from a source of 
Sn/W mineralization . This relationship is, however, probably a combined 
result of fluid/wall-rock conditions . For example, the progressive leaching 
of Mg (in preference to Fe) from wall rocks or the progressive precipitation 

of Fe (sulphides) from a sulph idic fluid. 

Tourma l ine at McTaggarts Camp has a higher Fe++than tourmaline from the 
Cnydas leucogranite, and thus, seem inconsistent with the abovementioned 
relations hip. However, the latter are from tourmaline pods (see Section 
3.4.c) that clearly formed as a replacement of the host leucogranite. As 
such, this tourmaline would also be enriched in Mg with respect to 
tourmaline at the (unseen) source of the B-rich fluids, deeper within the 
leucogranite body. Tourmaline from the leucogranite bands at McTaggarts 
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comparative purposes) analyses of tourmaline from the 
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Camp (Fig . 10.2) is euhedral in shape and probably represent a primary phase 
of that rock. Therefore, the composition of tourmaline from McTaggarts 
Camp is probably more representative of the composition of tourmaline at 
the source of mineralization. The tourmaline-rich leucogranite bands 
either belong to the Cnydas complex itself, or to a granitic body very 

si milar to the Cnydas complex. 

Taking the tourmaline within the leucogranite bands at McTaggarts Camp as 
source tourmaline, the Fettof tourmaline is seen to progressively decrease 
in the order McTaggarts Camp selvages (adjacent to the leucogranite 
bands), Witkop, Van Rooi's Vley. This spatial relationship repeats 

relationships already established based on changing F/B ratio, alteration 
(greisenization) and ore-mineralogy (Section 9.5), and substantiates not 
only an affiliation of the mineralization to a granitic source, but also the 
hypothesis that mineralization at McTaggarts Camp, Witkop and Van Rooi's 
Vley formed (in that order) at successively greater distance from that 
mineralizing source. 

10.4 Conclusions 

The genesis of mineralization within the Van Rooi ' s Vley - McTaggarts Camp 

district seems best related to the degassing of a specialized granite. 

Leucogranitic dykes occur within the area and resemble leucocratic phases of 
the Cnydas granite complex, which are known to be anomalous in Sn and W. 

The geochemistry of tourmaline, associated with mineralization, also 
indicates a granitic origin for mineralization rather than an origin 

through the remobilization of a sedimentary/exhalative proto-ore. The 
remobilization model is inadequate in explaining mineralization at Van 

Rooi's Vley, for numerous reasons, as outlined in Section 10.2. 
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11. CONCLUSIONS:- THE GENESIS OF THE VAN ROOI'S VLEY OEPOSIT, AND RELATED 

MINERAL OCCURRENCES 

At approximately 1.0 to 1.1 Ga, granitoids that were late-to-post-tectonic, 
with respect to the Namaqua event, were generated, and intruded the Gordonia 
Subprovince along numerous NE trending shears. This magmatism was probably 
the result of a continent-cont inent collision, between the Namaqua Province 
and a 'southern continent' (Stage 6 - Section 2.6). Apparently, both J- and 
S-type granitoids were generated, reflecting a complex source region which 
probably included sediments that were rich in refractory minerals (e.g. 
zircon, cassiterite) and that were der i ved from basement granites of tIle 
Kaapvaa l Province. 

Through processes of magmatic fractionat i on, each successive phase of the 
intrud ing granitoid bodies became more extreme in composition. The Cnydas 
granite complex intruded along the Cnydas shear zone (a major crustal 
suture) and evolved leucocratic phases that were highly B(+F?)-rich and 
that concentrated l arge amounts of incompatible elements (includ ing Wand 
Sn). According to Jankowitz (1986), the Cnydas granite complex is I- type in 
composition, despite its anomalous Sn and W contents 
commonly associated with S-type granitoids. 

a feature more 

The surface of the Cnydas granite complex, as a whole, is thought to be 
inclined towards the south (P.Friggens pers. comm) , in the direction of the 
Van Rooi ' s Vley - McTaggarts Camp district. The Complex may very we II 
underly that district, as suggested by the presence of unfoliated 
leucogranit ic dykes as far south as McTaggarts Camp. 

Tourma line is very abundant within the Cnydas leucogranites and is commonly 
concentrated into distinct pods (Plate 3.5). These pods could represent the 
f rozen early stages in the development of a magmatic/hydrothermal system (F. 
Pirajno pers. comm). Evidence that these tourmaline pods acted in a s imilar 
way to bubble within a liquid, is seen in plate 11 . 1, which shows comet-like 
tails on the ends of individual tourmaline pods. These pods would stream 
upwards, throug h the dense, 
in the apical regions of the 

and largely consolidated magma, to concentrate 
leucogranite body. Extreme oversaturation, 
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with respect to vollUles such as 8, CI t F and Li , would occur within these 

dplcal regions and a separate fluid phase would exist. Furthermore, 
according tu Lundon (1986), the crystallization of tourmaline, from a 

Silicic melt, IS a reaction that leads to the exsolution of large amounts of 

H20 (approximately 8 mol of H20 per mol of tourmaline), Therefore, any 
flUid phase present within the apical regions of the Cnydas leucogranite 
would also be aqueous. 

Plate 11.1. Comet-like tails on the ends of tourmaline pods 
form within the Cnydas Leucogranites. These pods seem to 
have 'streamed' up through the leucogranite, like gas 
bubbles through water. 

Rare-elements, such as Sn, Mo, W, Nb,Ta etc would partition strongly towards 
a volatile rich aqueous phase (London 1987). The release of the aqueous 

phase (and associated rare-element complexes) from the leucogranites could 

have initiated a large-scale hydrothermal system, with the potential to 

form rale-element deposits. A viable release mechanism could have been 

hydrostatic overpressuring, simply due to crystallization and the consequent 

evolution of the magmat ic aqueous phase. Alternatively, movement along 
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the Cnydas shear zone may have cau sed flUid release. 

Hyoroth ermal f luids emanating from t he Cnyda s leucogranltes would follow 
paths of least resistance through the high-grade gneisses that characterize 
the regi on. The Cnydas shear zone, and related shears such as the Van 
Roo l' s Vley and Witk op shears, would offer excellent fluid pathways. 
Mineralization would occur along the fluid pathways, in structural sites 
where local physicochemical cond i tions dra stically decrease the solubility 
of Wand Sn wi t hin the f luid. 

In the simplest terms, individual deposits within the Van Rooi's Vley 
McTaggarts Camp district may be modelled as representing specific levels 
within one hydrothermal system that derived from the Cnydas (or similar) 
leucogranites. These deposits may be classified on a 'proximal' to ' distal' 
facies basis according to the systematic changes in five variables, vis; 

the FIB ratio of the deposit as a whole; 
the WISn ratio of the ore assemblage; 
the presence or absence of greisenous alteration 
the nature of the Fe-sulphide assemblage; 
the Fe+tof tourmaline. 

Apparently, the FI B rati o of the mineralizing fluids changed, not only with 
distance from the source, but also with time. Changes in the FIB (or more 

correctly, the aF of the fluid) caused changes in the W mineral ogy of the 
ore assemblage at Withkop and (particularly) at Van Rooi 's Vley . Initially 
B- rich fluid conditions were favourable to both wolframite and scheelite 
deposit ion, depending 
fluctuations in the FIB 

aF, Ca complexed with 
scheelite within the 

on local activities of Fe and Ca. However, later 
ratio meant that, under periodic conditions of high 

F in preference to W, increasing the solubility of 
hydrothermal fluids. Periodic dissolution of 

scheelite, and formation of wolframite rims around scheelite, occurred. 

A general increase in the FIB ratio , with time, can be explained in terms of 
the contrasting behaviour 

co-existing fluid phase. 
melt phase (Manning 1981 ) , 

of F and B, in the presence of a silica melt and a 
Under such conditions, F partitions towards the 
whilst B partitions in favour of the fluid phase 
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(tlurnhdm dna Nekvds ll 1986). Fluor Ite would thu s concentrate In late-
magmatIC mInerals (eg. fluorIte, muscovite, topaz), but may, however, be 
readIly released from the mineral s durIng subso lidu s (hydrotherma l / 
autometasomatlc) alteratIon. Consequently, the first fluid s to leave the 
oversa turated apical regIons of a leucogranIte would be aqueous B-rich 
magmatic f lUI ds. However, as these fluids progressively alter the late 
magmatIc (F-rich) assemblage, through which they pass, they become enriched 
in F. 

The McTaggarts Camp deposit represents the highest temperature phase of 
mi nera l ization, forming adjacent to leucogranite dykes that originate from 
an underlying magma chamber (Fig. 11.1). Greisenization, high FIB ratios , 
high WISn ratios and tourmal ines with a high Fe1t(--90) characterize this 
'proximal facies' of mi neralizati on (Table 11.1). Further greisen-sheet 
style mineralization may occur at deeper level s , within (and adjacent to) a 
'cupola facies' of the hydrothermal system (Fig. 11.1). 

TABLE 11.1 

COMPARISON OF LOCAL WLSn DEPOSITS 

Depas i t F/B ratIo W/Sn ratio greisenlzation, Fe-sul ph ide Fe#of 
present/absent assemblage tourma linE 

Mclaggarts Camp high high common ? 90 

WI tkop meaium- Iow high -meDium noticable + pyrrhotite 70 

Vdn Kooi' s Vley low meaium absent no pyrrhotite 65 

The Witkop deposit would represent an 'intermediate facies' of 
minera li zation, characterized by lower FIB and WISn ratios, tourmalines with 
Fe# s around 70 , minor greisenization and a moderate temperature sulphide 
assemblage. 
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,·lInerallzatlon at Van Rool ' s Vley would represent the most 'distal facies' 
of hydrothermal mineralization seen within the district (Fig. 11.1 ) and is 
characterized by still lower FIB and W/Sn ratios, tourmalines wIth Fe# 

around 65 and a lower tempe rature sulphi de assemblage than at Witkop 

(assuming similar values for f02 and fS2). 

at Van Rooi's Vley, although the deposi t 
No grei senous alteration occurs 

is definetely affiliated to 

grelsen- style deposits. The Van Roo i's Vley deposit would be more correctly 
classified as a granite-related quartz - lode deposit. 
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APPENDIX 1 

Li st of sample numbers and locations 

Sample No. Thin Section/ Rock Type Location * 
Hand Specimen 

DH13 HS Pink Gneiss VRD44 (808 . 5m) 
VR15 TS,HS Sericitized Pink Gneiss VRD42 (299.14m) 
VR20 TS,HS fluoritized Pink Gneiss VRD42 (302m) 
VR55 TS,HS fluoritized Pink Gneiss VRD24/D2(119.3m) 
VR71 TS,HS Tourmalinized Pink Gneiss VRD24/D2(139.8m) 
VR74 HS Ferruginized Pink Gneiss VRD41/D 1(225.2m) 
VR78 TS,HS Leucogranite VRD41/D 1(234 . 9m) 
VRD43 TS,HS Leucogranite VRD50 
VRD72 TS,HS Ferruginized Pink Gneiss VRD50 (262.3m) 
VRD87 TS,HS Tourmalinized Dark Gneiss VRD42 (236.2m) 
VRD91 TS,HS Mineralized Pink Gneiss VRD42 (287.6m) 
VRD122 TS,HS K-altered Pink Gneiss VRD45 (322.7m) 
VRD131 TS ,HS Fluoritized and si I icified VRD27 ( 149m) 

Dark Gneiss 

* Location refers to diamond drill core numbers and depths - All core is 
held by Shell South Africa, Metals Division, at Upington. 

The samples quoted above represent only those which have been referenced 
within this theses. Numerous other samples were used to establish 
relationships and paragenetic sequences and all are held within the 
Department of Geology, Rhodes University. 



APPENDIX 2 

Analytlcal Techniques 

Electron ~Iicroprobe. 

A Jeol Superprobe 733 wavelength dispersive electron microprobe was used to 
determine the composltion of tourmaline. Accelerating voltage was 15 kv 
with a current of 25nA. Natural Silicate standards were used and data 
reduc tion was carried out automat ically . 

• 
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