








Epigenetic, rare earth element, gold, tin and tungsten, mineralisation in the northeast-trending, intracratonic branch of 

the deeply eroded, late Proterozoic/early Palaeozoic, Pan-African Damara Orogen is hosted by meta-arkoses, marbles 

and metaturbidites in the magmatic arc (Central Zone; CZ) of the orogen, a tectono-stratigraphic entity characterised by 

multiple deformation, green-schist/amphibolite-facies, low-pressure/high-temperature metamorphism and numerous gra-

nitic and pegmatitic intrusions. This memoir integrates regional and detailed geological mapping with petrographic stud-

ies, whole-rock geochemistry (obtained by X-ray fluorescence spectrometry, atomic absorption spectrometry, fire assay 

and infrared spectroscopy), mineral chemistry studies (electron microprobe and X-ray diffraction) and geochronological 

work (Rb-Sr whole-rock and mineral age determinations and Pb-Pb model ages) to examine six examples of metasedi-

ment-hosted epigenetic mineralisation in the Usakos-Karibib-Omaruru district, central Namibia. The investigated area 

straddles the magnetically defined Omaruru Lineament, which divides the CZ into southern (SCZ) and northern (NCZ) 

portions. Geological mapping and lithostratigraphic work support the geophysical evidence for this subdivision: in the 

SCZ, predominantly continental and shallow marine Damaran metasediments are floored by a 1.7-2.0 Ga granite gneiss 

basement inlier, that is transected by numerous east-northeast-trending auriferous megashears. These structures controlled 

late Proterozoic mafic dyke emplacement, Damaran rifting and sedimentation, alkaline volcanism and the localisation of 

hydrothermal fluids in the overlying cover rocks. In the NCZ, where basement inliers are not exposed, the metamorphosed 

equivalents of Damaran shallow marine carbonates are overlain by deeper water sediments and turbidites. Sedimentation 

was controlled by rifting, facies belts being oriented parallel to the axis of the orogen. Felsic and mafic volcanic rocks 

comprise only a fraction (<5 %) of the Damara Sequence.

Isoclinal folds in the Damara Sequence provide evidence for extensive crustal shortening across the CZ during early 

Damaran deformation (D1 and D2), but not for significant lateral displacement: facies belts remained essentially where 

they evolved. D3 deformation (F3 folding) and concomitant granite intrusion were responsible for the northeast-trending 

structural grain and domal structures of the CZ. Late orogenic semi-ductile and brittle D4 deformation was confined to 

the vicinity of major structural breaks such as the north-north east-trending Abbabis and Welwitschia lineament zones. 

Buchan-type metamorphic assemblages are described for the first time from central Namibia. Mineral assemblages of 

metapelitic units have been used to construct a petrogenetic grid for the CZ: results agree well with PIT estimates made 

from calcite-graphite geothermometry and dolomite-calcite solvus thermometry. Peak metamorphic conditions of -3 kbar 

and 650°C were attained in the field area at 520 Ma; the geothermal gradient was 55-65°C/km.

The majority of Damaran intrusions in the CZ are granitic in composition: the economically significant late-orogenic 

suite is dominated by leucogranites and pegmatites. No Damaran granitoid in the CZ contains any significant sulphide 

or precious metal mineralisation. Early and late orogenic granites are mildly peraluminous, those granites intruded at the 

peak of regional metamorphism are strongly peraluminous; most intrusions are S-type, have high (87Sr/86Sr)I ratios and 

δ18O values, and do not have a calc-alkaline chemistry. Most plutons have trace element signatures of intraplate granites. 

Three rare-element pegmatite provinces are present in the CZ: the lithium pegmatite province of the SCZ and the stan-

niferous pegmatites of the Sandamap-Davib Ost and Nainais-Kohero tin belts in the NCZ. New Rb-Sr whole-rock dates 

refute recent suggestions that Damaran stanniferous pegmatites have been modified by Jurassic-Cretaceous or post-Karoo 

greisenising fluids.

At the enigmatic Eureka rare earth occurrence west of Usakos, disseminated magnetite and monazite, both minerals part of 

a high-temperature assemblage in a dolomite-carbonate rock, are hosted by Etusis Formation quartzites. The monazite min-

eralisation formed at 500 ± 20 Ma, slightly after the peak of metamorphism, but the carbonate enclosing the monazite has a 

mantle (87Sr/86Sr)I signature. There is no field or petrographic evidence for the presence of a carbonatite intrusion of any size. 
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The Eureka occurrence bears some similarities with the middle Proterozoic Bayan Obo iron-rare earth-niobium deposits 

in Inner Mongolia, China, that were formed by the hydrothermal replacement of syn-rift sedimentary dolomite by fluids 

from a hidden alkaline-carbonatite in an intracontinental rift setting. Mineralising fluids at Eureka probably ascended via 

deep-seated tectonic breaks such as the Omaruru Lineament and the Welwitschia lineament zone during Etusis times.

At the Otjua Tungsten Prospect north of Omaruru, the largest scheelite-fluorite replacement skarn in Namibia is devel-

oped within Okawayo Formation marble in the aureole of the late-tectonic, highly fractionated but unmineralised Otjua 

leucogranite. Three zones or facies of skarn, successively vesuvianite facies, scheelite-bearing garnet facies and tungsten-

barren pyroxene facies, represent increasing degrees of replacement of calcitic marble. Systematic changes in mineralogy, 

mineral chemistry and whole-rock compositions of the skarn facies show that the subvertical calcitic marble acted as a 

reactive conduit for a channelised mineralising fluid that emanated from a point source at depth. The presence of widely 

distributed, pre-existing, tungsten/scheelite mineralisation in the metamorphosed marls (scheelite-bearing granofels) of 

the lower Swakop Group suggests that the Otjua granite, rather than being the source of the fluids as previously suggested, 

may merely have acted as a ‘heat-engine’ and mobilised fluids from the metasediments within its thermal aureole.

Carbonate-hosted auriferous quartz veins and associated alteration of hydrothermal origin that can broadly be referred to 

as distal skarn are widespread in the Karibib Formation in the Karibib area. Gold mineralisation is not spatially associated 

with a particular type of igneous rock: only the ubiquitous lithium pegmatites contain minor sulphide and gold-bearing 

phases. In the skarn, sulphide minerals include chalcopyrite, sphalerite, pyrrhotite, bismuth and silver tellurides, while sili-

cate alteration commonly comprises massive tremolite and more rarely vesuvianite, garnet and pyroxene. Mineralisation is 

hosted by late-tectonic, brittle deformation structures and locally thrust faults. The style of alteration and the Au-Bi-As-Te 

association bears certain similarities to the gold skarns of the western United States. Previous models for the origin of the 

gold skarn mineralisation of the Karibib area have stressed the importance of the relatively minor mafic volcanic rocks of 

the Daheim Member as a gold source. New geological mapping and geochemistry emphasise the auriferous nature of the 

megashears in the underlying granitic basement. Largely circumstantial evidence suggests that the sources for the gold-

bismuth mineralisation are hidden, late-/post-tectonic felsic intrusions, specifically lithium pegmatites and/or hydrother-

mal fluids derived from the basement.

Metaturbidite-hosted gold mineralisation discovered during the course of field work is believed to be of a style previ-

ously unknown in southern Africa. A 2500-metre-long zone of gold mineralisation is hosted by altered Kuiseb Formation 

schist, quartz veins and mylonite rocks in the aureole of a leucogranite and rare-element pegmatite dome on the farm 

Sandamap Noord, west of Usakos. Au/As fluids, either mobilised from the metasediments by and/or expelled from the 

stanniferous pegmatites, were concentrated in north-northeast-trending structures. The three main types of alteration/min-

eralisation are: a kaolinite-alunite rock (advanced argillic alteration) that contains < 1 g/t Au, a jarosite schist that contains 

up to 46 g/t Au and a massive grunerite rock that contains up to 0.5 g/t Au. Associated alteration includes a massive cal-

cite- graphite-tourmaline rock and galena- and pyrite-bearing quartz veins. Some of the high-strain zones surrounding the 

domal structure formed during the diapiric intrusion of the granites and pegmatites and are thus unrelated to the regional 

tectonism, but only the north-northeast-trending portions are mineralised with gold. The gold zone lies within 10 km of 

the north-northeast-trending Welwitschia lineament zone which played an important role in the localisation of late-/post-

tectonic uraniferous alaskites at the Rössing Uranium Mine. The mineralisation on Sandamap Noord has similarities with 

Archaean mesothermal gold deposits: epigenetic Au-As-W mineralisation is structurally controlled in late-tectonic (D3/D4) 

structures; the wallrock alteration is retrograde with respect to peak metamorphism; the mineralisation is ‘gold-only’ with 

high gold enrichment factors (103-104) moderate enrichments of As, Band Wand low enrichment of Cu, Zn and Pb.
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A structural analysis of metaturbidite-hosted tourmalinites on the farm Ohere, west of Omaruru, revealed that although 

tourmalinite is a stratiform rock on the decimetre scale, this type of mineralisation is confined to the hinge of an F2 fold. 

Elsewhere tourmalinites are oriented parallel to an axial planar S2 fabric and commonly occupy kink bands. The sub-

vertical S2 cleavage in the aureole of a granitoid provided a channel way for boron-rich fluids resulting in the selective 

replacement of schist and formation of crosscutting tourmalinites. Subsequent replacement of the metaturbidites along 

the essentially bedding-parallel S1 fabric in the hinge zone led to the formation of stratiform tourmalinites. Tourmalinites 

contain significant B-F- W-Sn mineralisation: scheelite is present, but no tin or fluorine phases have been identified. A 

mass balance calculation shows that the elements Si and Zr remained stationary during boron metasomatism, there was a 

net introduction of the elements B, C, Ai, Mg, Na, Ca, F, S, Sr and V and a net loss of the elements H, K, Fe, Ba and Rb. 

The amount of transfer of elements (in µmol g-1) during the tourmalinisation on Ohere was not too dissimilar from that 

reported in North America and was caused by a fluid derived from a granitic or pegmatitic melt. An exhalative origin for 

the CZ tourmalinites, a currently popular model for tourmalinites in general, is rejected.

Scheelite-bearing vesuvianite-quartz skarnoid rocks in the Kuiseb Formation on the farm Ohere represent a significant 

stratiform tungsten reserve that has certain characteristics in common with the Corruga-type, scheelite-bearing, bedded 

calc-silicate lithologies of the Broken Hill District, Australia. In Namibia, they are regional metamorphic rocks with a 

skarn-like mineral assemblage occurring as poorly layered to massive, discontinuous lenses several hundreds of metres in 

length and contain significant concentrations of W, Sn, Zn and F. Petrography and electron microprobe analysis of small 

(<50 µm) reddish-brown inclusions in sphene revealed the presence of stanniferous rutile and an unidentified zincian 

titanium mineral. This lithology is a type of metamorphogenic skarn whose development is related to the Buchan-style 

metamorphism that affected the area.	 There is no evidence that vesuvianite rocks are metamorphosed coticule rocks 

as has been suggested for the morphologically similar Australian examples.

The currently fashionable Andean-type collision model involving the northwestward subduction of the Kalahari Craton 

below the Congo Craton is unsuccessful in explaining the continental nature and paucity of the CZ magmato-hydrothermal 

deposits. The epigenetic mineral occurrences of the CZ have a strong intracratonic signature and bear some similarities 

with the Sn, W, Mo and U deposits of back-arc magmatic belts of the Eastern Cordillera of Bolivia and the Western Tin 

Belt of Thailand and Burma. Partial melting of pre-Damaran crust and the mobilisation of fluids from these inliers and the 

Damaran metasediments played the most important role in producing the relatively small, epigenetic gold, tin and tungsten 

deposits of the CZ. Late-tectonic, dextral movement on the Omaruru Lineament is believed to have been the underlying 

control on the localisation of late-D3/D4 epigenetic mineralisation. Peak metamorphic temperatures increased along the axis 

of the orogen from northeast to southwest: the Usakos-Karibib-Omaruru area lay within the 400°C-700°C ‘window’, span-

ning the greenschist-amphibolite facies transition. Thermal conditions were ideal for the emplacement and preservation of 

late-tectonic pegmatites and high-temperature skarns (400-650°C) and at a later stage, because of the rapid uplift, lower 

temperature (<300°C), epigenetic vein-type mineralisation.
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1.1 INTRODUCTORY COMMENTS

West-central Namibia is a major mineral-producing prov-
ince where a diverse range of commodities such as uranium, 
tin, tantalum, niobium, lithium, gold and tourmaline are mined 
(Fig. 1.1). All of these commodities with the exception of 
gold are extracted from pegmatitic intrusions. Between 1975 
and 1984, the mining industry contributed between 26.1 and 
46% of the Gross Domestic Product of Namibia (Chamber 
of Mines of SWA/Namibia report, 1985). If the diamondifer-
ous alluvial and raised-beach deposits of southern Namibia 
are excluded, then it is apparent that a substantial proportion 
of the country’s mineral revenue is derived from the district 
bounded by Swakopmund, Uis and Windhoek (Fig. 1.1). 
The region is essentially underlain by the intracontinental 
branch of the Pan-African Damara Orogen (Miller, 1983a). 
This contains a late-Proterozoic succession of meta-arkoses, 
marbles, calc-silicate rocks and metapelites with very minor 
meta-volcanic rocks, and rests unconformably on early Pro-
terozoic granitic basement. Basement lithologies crop out in 
a series of inliers in the vicinity of the Abbabis geanticline 
which extends from east of Swakopmund to south of Karibib 
(Fig. 1.2). The Damara Sequence and underlying basement 
lithologies were subsequently deformed, meta-morphosed 
and intruded by predominantly granitic intrusions during the 
late Precambrian/early Palaeozoic Damaran orogeny. The 
exact nature of the orogenic event has been the subject of 
much discussion. An ensialic aulacogen model has been pro-
posed by Martin-and Porada (1977) to account for the vari-
ous features of the Damara Orogen, while various plate tec-
tonic models (Kasch, 1983a; Miller, 1983a) and subsequent 
modifications (Martin, 1983) have been put forward. Both 
the basement gneisses and the Damara Sequence have subse-
quently been intruded by Karoo-age mafic dyke swarms and 
post-Karoo volcanic complexes.

1.2 RECENT SCIENTIFIC DEVELOPMENTS IN 
CENTRAL NAMIBIA

In recent years exploration and scientific interest has shift-
ed from the relatively well-documented intrusion-hosted 
uranium (Berning et al., 1976; Marlow, 1983) and tin depos-
its (Richards, 1986) to mineral occurrences in the Damaran 
metasediments. Some of these occurrences are amenable to 
opencast mining and have the potential to be significant earn-
ers of revenue, During the 1980s several discoveries of epi-
genetic metasediment-hosted mineralisation were made near 
the towns of Usakos, Karibib and Omaruru (Fig. 1.3). This 
area is underlain by the Central Zone (CZ) of the Damara 
Orogen (Miller, 1983a), where the Damaran metasediments 
have been multiply deformed, have undergone greenschist-
amphibolite facies metamorphism and been intruded by 
numerous syn-/late-tectonic felsic igneous intrusions. The 
scheelite-bearing skarn at the Otjua Tungsten Prospect (Ste-
ven, 1987) is one of the few documented tungsten skarns on 
the African continent.

Finely disseminated scheelite mineralisation, apparent-
ly unrelated to igneous intrusions, is widely distributed in 
calc-silicate rocks of the Damara Sequence. Scheelite-bear-
ing tourmalinites and scheelite-bearing vesuvianite rocks, 
initially believed to represent meta-exhalites, have also been 
discovered in the Omaruru and Usakos areas (Steven, 1987; 
Badenhorst, 1988a). Several of the tourmalinite rocks were 
found to contain anomalous gold contents (500 ppb Au). In-
terest in the gold potential of central Namibia was further 
stimulated by the discovery of gold bearing skarn minerali-
sation in the marbles of the Karibib Formation near Karibib 
during 1985-1987 (Navachab Gold Mine Field Guide, 1989) 
and the subsequent opening of the Navachab opencast gold 
mine in 1989. Prior to this date, only small-scale gold min-
ing had been conducted in Namibia, notably in the Rehoboth 
area (Fig. 1.1) from early Proterozoic lithologies. At the time 
of its discovery, the Navachab occurrence was believed to be 
the first record of skarn-hosted gold mineralisation in south-
ern Africa and was thus particularly exciting.

1.3 THE SIGNIFICANCE OF THESE RECENT 
DEVELOPMENTS AND THE IMPLICATIONS 

FOR GOLD METALLOGENY

Some of these discoveries were slightly unexpected be-
cause of the essentially ensialic nature of the Central Zone 
and the generally lithophilic character of the associated min-
eral deposits. The tungsten skarn mineralisation at Otjua is 
notable because of the lack of accompanying sulphide min-
eralisation in contrast to skarn deposits of the Circum-Pacific 
region (Einaudi et al., 1981). Steven (1987) considered that 
the presence of two types of tungsten mineralisation, one 
characteristic of the Proterozoic (the disseminated scheelite 
mineralisation) and one which is more representative of the 
Phanerozoic (the tungsten replacement skarn mineralisation) 
emphasised the transitional nature of the Damaran orogeny 
which spans the Precambrian-Cambrian boundary. The rec-
ognition of tourmalinite mineralisation in the Central Zone 
was regarded as significant because of the extensive lit-
erature describing, inter alia, tourmalinites as hosts to gold 
mineralisation (Fleischer and Routhier, 1973); the associa-
tion between tourmalinites and exhalative massive sulphide 
mineralisation (Plimer, 1988); and the use of tourmalinites 
as prospecting guides for massive sulphide deposits (Slack, 
1982) and gold mineralisation (McArdle et al., 1989). The 
scheelite-bearing vesuvianite lithologies of central Namibia 
have features similar to Corruga-style mineralisation (Slack, 
1987, pers. comm.), which is considered by Plimer (1983) to 
represent the distal exhalative facies of the Broken Hill mas-
sive sulphide deposit in Australia. The discovery of econom-
ic concentrations of gold in the Damara Orogen is important 
because there is a notable paucity of gold mineralisation in 
middle and late Proterozoic rocks (Woodall, 1979). Moreo-
ver, other than the turbidite-hosted gold deposit at Ondundo 
(Fig. 1.4; Reuning, 1937), relatively few significant occur-
rences of the precious metal have been located in central Na-
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mibia (Haughton et al., 1939; Frommurze et al., 1942; Smith, 
1965; Miller, 1983a) in spite of a 125-year prospecting his-
tory. Gold has only been mined profitably on a small scale at 
the Epako and Ondundo Prospects (Haughton et al., 1939). 
Although production figures are not available for these two 
prospects, it is unlikely that the combined gold production 

from all the prospects shown in Fig. 1.4 exceeded one metric 
ton prior to 1989. The proportion of mafic volcanic rocks and 
banded iron formations (BIF), both well-documented hosts 
to gold mineralisation, within the Central Zone is extremely 
small. Moreover, there are very few occurrences of those ele-
ments that are well known (Boyle, 1979) to accompany gold 
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mineralisation. For example there are no known occurrences 
of antimony and mercury in central Namibia, and the arsenic 
and bismuth showings are relatively minor. No precious metal 
mineralisation or significant hydrothermal alteration of the 
type normally associated with gold mineralisation has been 
recorded at any of the post-Karoo complexes (Pirajno et al., 
1990b).

The discovery of carbonate- and skarn-hosted gold minerali-

sation at Navachab in particular highlighted our limited under-
standing of the metallogeny of the province. Other aspects of 
the gold mineralisation of the CZ that had received little atten-
tion were the possible relationship between the newly discov-
ered gold skarn mineralisation and the documented auriferous 
quartz veins within the underlying Abbabis basement inlier 
(Smith, 1965). There appeared to be a broad spatial associa-
tion between gold skarn mineralisation and the late-tectonic 
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pegmatites of the Usakos-Karibib district, in areas directly 
underlain by early Proterozoic basement. Furthermore, there 
were reports of gold mineralisation within early Damaran 
quartzites that underlie the Chuos Mountains southwest of 
Usakos (Smith, 1965). Moreover, the gold potential of the 
metapelites and metagreywackes at the top of the Damara 
Sequence had never been seriously investigated. Woodall 
(1979) noted that the majority of Australian Proterozoic gold 
deposits were hosted by orogenic sequences, namely suc-
cessions containing abundant turbidites, or where deforma-
tion had been intense. The Kuiseb Formation, the uppermost 
Damaran stratigraphic unit, represents a Proterozoic oro-
genic sequence and, in early 1987, it was considered that, 
in spite of the presence of auriferous quartz veins at Ond-
undu, the various turbidite-hosted gold models had not been 
properly investigated in central Namibia. Furthermore, the 
concept that thick accumulations of metagreywackes and py-
ritic schists within the grabens of the northern portion of the 
Central Zone might represent a substantial gold reservoir had 
not been considered.

1.4 REASONS FOR UNDERTAKING THIS STUDY

This memoir is largely based on a Ph.D. thesis (Steven, 
1992) presented at the University of Cape Town. One of the 
prime motivating factors behind the thesis was the desire to 
describe several newly discovered, poorly documented styles 
of mineralisation from a relatively unknown terrain. Because 
of the common close spatial association between many of 
these mineral occurrences and granitic and pegmatitic in-
trusions, it was suspected that these styles of mineralisation 
would be restricted to those parts of the orogen, such as the 
CZ, where such plutons are abundant. The CZ was subjected 
to low-pressure/high-temperature metamorphism during the 
Damaran orogeny (Miller, 1983a) and it was thought that a 
high geothermal gradient, itself probably related to the wide-
spread granite intrusions, may also have played a key role in 
the formation of these essentially hydrothermal deposits.

Secondly, although the plate tectonic model for the Dama-
ra Orogen has gained acceptance amongst many geologists 
(Miller, 1983a), direct analogy with present-day collisional 
settings such as the Circum-Pacific reveals significant dif-
ferences in the types of mineral deposits in the two terrains. 
In my experience, plate tectonic models which invoke the 
large-scale subduction of oceanic crust are unsuitable as a 
predictive tool for mineral exploration in central Namibia. 
In this regard it was felt that Miller’s (1983b) review of 
the economic implications of a plate tectonic model for the 
Damara with its strong mobilist flavour was only partly cor-
rect and, in the CZ in particular, was out of date. Accord-
ing to Miller’s (1983a) interpretation, the CZ represents the 
magmatic arc generated above a northwestward-dipping 
subduction zone during the collision between the Kalahari 
and Congo Cratons. Although Miller (1983a) has consid-
ered the Damaran granitic rocks to be calc-alkaline in com-
position, there is an almost complete lack of intrusion-host-
ed base arid precious metal mineralisation similar to that 
developed in active continental margin batholiths such as in 
the Circum-Pacific region. In fact, there is a preponderance 
of highly fractionated S-type granites and pegmatites in the 
late orogenic suite of Damaran intrusions. All the intrusion-
hosted mineralisation in the CZ occurs in these late-tectonic 
plutons. The majority of the uraniferous alaskites have been 
derived from the large-scale anatectic melting of the granitic 
basement and the basal part of the Damara Sequence (Mar-
low, 1983; Hawkesworth and Marlow, 1983). The Otjua 
tungsten skarn was formed as the result of the intrusion of 
an S-type granite with abnormally high (87Sr/86Sr)I and δ18O 
values (Steven, 1987). Many of the stanniferous pegmatites 
also have crustal signatures and Haack and Gohn (1988) en-
visaged large-scale partial melting of Damaran metapelites 
to explain the high (87Sr/86Sr)I of these intrusions. It was 
suspected that if the intrusion-hosted mineralisation shows 
such a strong lithophilic signature, then the metasediment-
hosted deposits, which are commonly developed in the au-
reoles of these plutons, would exhibit a similar character.

Thirdly, ideas that I thought needed urgent addressing 
were suggestions that the pegmatite-hosted tin mineralisa-
tion of the CZ is of Jurassic-Cretaceous age (Diehl, 1986) 
or alternatively that stanniferous pegmatites have been 
modified by post - Karoo “greisenising fluids” (Pirajno et 
al., 1988). Because much of the tourmalinite mineralisation 
occurs in the immediate vicinity of tin pegmatites and geo-
chronological investigations of these intrusions had been 
planned, it was felt that a contribution could be made in 
resolving this contentious issue.

1.5 AIMS AND OBJECTIVES OF THIS STUDY

The main aim of this regional metallogenic investiga-
tion is therefore to describe six examples of metasediment-
hosted epigenetic mineralisation from central Namibia and 
place them within the existing tectono-stratigraphic frame-
work of the CZ. More specifically, this memoir aims to 
discuss what is believed to be epigenetic rare earth, gold, 
tungsten and tourmaline mineralisation hosted by the meta-
morphosed equivalents of the quartzites of the Nosib Group 
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and the carbonates and the turbidites of the Swakop Group. 
The relationship of these occurrences to the surrounding 
granitic and pegmatitic intrusions will be described. Particu-
lar emphasis will be placed on the relationship between the 
mineralisation and the tectonothermal history of the CZ. It is 
hoped that this regional metallogenic study of the well-ex-
posed, high-temperature zone of a Pan-African belt will have 
applications elsewhere in southern Africa.

1.6 PREVIOUS WORK IN CENTRAL NAMIBIA

Previous work in the Central Zone has concentrated on de-
scribing the regional geology. The areas covered by Smith 
(1965), Botha (1978), Klein (1980), Miller (1980), Watson 
(1982) and Steven (1987) are shown in Fig. 1.5. During 
reconnaissance work conducted for a mining company, 
the author compiled the most recent geological map of the 
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Omaruru area at a scale of 1:50 000 in 1985. A reduced 
version of this map (Steven, 1987; Map 1) was the first 
geological map of the Omaruru area to be published since 
Haughton et al. (1939). A provisional petrographic study of 
the granites in Area 2115B was completed by Badenhorst 
(1986a), who has been responsible for regional mapping of 
the Karibib and Omaruru areas in recent years (Badenhorst, 
1987). Much of our knowledge of the underlying structure 
of the western portion of the CZ is based on an interpreta-
tion of the aeromagnetic data that was completed by Corner 
(1983). This study was undertaken primarily to determine if 
there is a structural control on the localisation of uranifer-
ous alaskites such as are developed at the Rössing Uranium 
Mine. Corner (1983) was able to identify several linea-
ments and lineament zones which he interpreted as gean-
ticlinal ridges and he concluded that these faults control-
led sedimentation. One of his most significant discoveries 
was that the CZ is divided into two portions, a northern one 
(NCZ) and a southern one (SCZ), by the magnetically de-
fined Omaruru Lineament (Fig. 1.2). The SCZ is underlain 
by basement lithologies and Damaran meta-arkoses and 
marbles, while the magnetically quieter NCZ is character-
ised by Damaran marbles and overlying thick (4-10 km) 
accumulations of pelitic metasediments that were deposited 
in grabens. Badenhorst (1987) confirmed that the Omaruru 
Lineament is a major tectono-stratigraphic boundary. A sci-
entific discovery of note made during the mid-1980s was 
that continental, alkaline, mafic volcanic rocks in the Kari-
bib District, first recognised by Miller (1983a), were more 
widespread than originally thought (Badenhorst, 1989, pers. 
comm.). Several gold prospects, notably Onguati (Fig. 1.4), 
are developed in the immediate vicinity of these volcanic 

rocks (Pirajno et al., 1990a). Relatively little attention has 
been paid to the Karoo geology of central Namibia. The 
most recent description of the post-Karoo Erongo volcanic 
complex was given by Pirajno (1990).

Little has been published on the metasediment-hosted 
mineralisation of the area. The nature of the Otjua Tungsten 
Prospect was described by Steven (1987) and a note on the 
stratiform tourmalinites of the Kuiseb Formation was pre-
sented by Badenhorst (1988a). Short descriptions of gen-
eral geological features of economic interest noted during 
their regional work are given by Smith (1965) and Watson 
(1982). Most investigations into the economic geology of 
the area have concentrated on the tin and lithium pegma-
tites. Memoirs on the tin fields were compiled by Haugh-
ton et al. (1939) and Frommurze et al. (1942). The lithium 
pegmatites of the Karibib area were the subject of detailed 
studies by Roering (1963, 1966) and Von Knorring (1985). 
Late-tectonic lithium pegmatites from the Rubicon Mine 
and cassiterite-bearing pegmatites from the Uis Tin Mine 
have recently been dated by Haack and Gohn (1988). The 
most recent description of the alteration-mineralisation of 
the Krantzberg wolframite deposit on the northeast side of 
the post-Karoo Erongo Complex has been given by Pirajno 
and Schlögl (1987).

1.7 STUDY AREA

For the purposes of this memoir the term” central Na-
mibia” refers to the Usakos-Karibib-Omaruru area (Fig. 
1.3). It was decided at the outset that the study should focus 
on the mineralisation/alteration features within two districts 
that straddle the Omaruru Lineament as defined by Corner 
(1983). In the first area, located to the north of Omaruru, 
the various tectono-stratigraphic assemblages on the north-
ern side of the Omaruru River including tourmalinite and 
scheelite-bearing skarnoid rocks (defined as lithologies 
with a coarse-grained calc-silicate gangue whose develop-
ment is not obviously related to a granitic pluton) on the 
farm Ohere, the Epako Gold Prospect and the tungsten 
skarn minerali-sation on the farm Otjua (Fig. 1.3), are in-
vestigated. The second area, covering the farms Sandamap 
Noord, Sandamap, Eureka and Lukasbank, lies to the west 
of Usakos (Fig. 1.3) and was not only selected because of 
the recently discovered tourmalinite and scheelite miner-
alisation, but also because of the good exposure of a rep-
resentative stratigraphic section of the Central Zone within 
a relatively small area. Moreover, this second area cov-
ers the important tectono-stratigraphic boundary between 
the Southern Central Zone and the Northern Central Zone 
near the intersection of the Omaruru Lineament and Wel-
witschia lineament zone (Fig. 1.2). As the project evolved it 
was evident that a discussion of the gold skarn mineralisa-
tion in the Karibib Formation marbles would be meaning-
less without at least a preliminary investigation of the gold 
mineralisation in the underlying basement. For this reason 
a third area surrounding known gold mineralisation in the 
early Proterozoic inlier on the farms Abbabis and Narubis 
was examined (Fig. 1.3). In addition several occurrences of 
epigenetic gold minerali-sation hosted by Damaran litholo-
gies within the Usakos-Karibib-Omaruru area have been 
investigated.
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1.8 METHODS EMPLOYED

In order that limited funds should be spent cost-effective-
ly, extensive use was made of pre-existing regional maps 
and information that could be gained from the published 
literature. However, it was realised that the regional investi-
gation of a poorly known area would require a considerable 
amount of detailed mapping. In the Omaruru area (Map 1) 
the farm Ohere was mapped at 1 :20 000 (Map 2), not only 
because of the mineralisation, but also because of the unu-
sually good exposure of the upper portion of the Damara 
Sequence. A structural study of the tourmalinite minerali-
sation and the scheelite skarnoid rocks on Ohere was con-
ducted at a scale of I: 1000. To the west of Usakos, the four 
farms Sandamap Noord 115, Sandamap 64, Eureka 99 and 
Lukasbank 63 were mapped at a scale of 1 :25 000 (Maps 3 
to 6). Immediately south of the Navachab Gold Mine (Fig. 
1.3), an area surrounding known gold mineralisation in the 
early Proterozoic Abbabis Inlier was geologically mapped 
at a scale of 1:20 000. The geology of these three areas, 
where no detailed work had previously been conducted, has 
been integrated within the existing lithostratigraphic frame-
work compiled by the geological community over the last 
twenty-five years.

To aid interpretation, a total of 138 samples of Dama-
ran metasediments, intrusive rocks and alteration zones 
and a limited number of Karoo intrusive rocks were ana-
lysed by x-ray fluorescence (XRF) and combined with 35 
whole-rock analyses from a previous study (Steven, 1987) 
to provide a comprehensive lithogeochemical database for 
the Usakos and Omaruru areas. Gold concentrations were 
determined by atomic absorption spectrometry and by fire 
assay. The overwhelming majority of whole-rock analyses 
were selected from areas that were mapped in detail by the 
author. Basement lithologies (Abbabis Complex) were not 
analysed. Emphasis was placed on obtaining information 
on elements of economic interest and the pathfinder ele-
ments associated with the base and precious metal minerali-
sation developed in the area. The analytical methods used 
are discussed in the Appendix.

The results of petrographic studies have been integrated 
with the text. Certain silicate, oxide, sulphate and arsenate 
phases were identified by x-ray diffraction (XRD). Sulphide 
phases from the various skarns were analysed by electron 
microprobe and representative analyses are given in tables. 
Various silicate phases were also analysed by electron mi-
croprobe for confirmatory purposes. Whole-rock and min-
eral age determinations (Rb-Sr method) were conducted on 
granitic and pegmatitic intrusions that either host or crop 
out in the immediate vicinity of mineralisation. The isotop-
ic composition of galena samples from two gold prospects 
was also investigated.

1.9 A NOTE ON THE DIFFERENCE BETWEEN 
THE PH.D. THESIS AND THIS MEMOIR

There are three main differences between the thesis (Ste-
ven, 1992) and this memoir. Firstly, the colour maps of a 
portion of the Abbabis Inlier (1:20 000), the tourmalinite 
mineralisation on Ohere (1:1 000) and the scheelite skar-

noid rocks on Ohere (1:1 000) have not been reproduced 
here for financial reasons. Secondly, further Rb-Sr data 
(Steven et al., 1992) has been obtained for the granitoids 
and pegmatites that were dated for the thesis. Consequently 
the Rb-Sr whole-rock dates presented in this memoir are 
more accurate and the errors in (87Sr/86Sr)I ratios are smaller. 
Thirdly, a more comprehensive interpretation of the litho-
geochemistry of the Damaran metasedimetns is given here.

1.10 ACKNOWLEDGEMENTS

This memoir is based on a Ph.D. thesis that was pre-
sented in the Department of Geology, University of Cape 
Town (Steven, 1992). The thesis was generously supported 
by Gold Fields South Africa and Gold Fields Namibia to 
whom I am very grateful. Richard Viljoen, Erhardt Kostlin 
and Pat Vickers are particularly thanked for their assistance. 
Louis Kruger, and especially Volker Petzel, are thanked for 
logistical help in Namibia. Without Gold Field’s financial 
support this project would never have got off the ground. 
I also acknowledge the receipt of a CSIR doctoral bursary 
from the South African government.

In Namibia, many thanks to Franco Pirajno, Volker Pet-
zel, Frikkie Badenhorst, Roger Swart, Dudley Corbett and 
Le Roux van Schalkwyk for the exchange of geological 
ideas over the years. Gabi Schneider of the Geological Sur-
vey of Namibia is thanked for XRD work. Rob Carr and the 
management of Anglo American Prospecting Services Na-
mibia are thanked for permission to sample the Epako bore-
hole. The management of Navachab Gold Mine are thanked 
for granting permission to take four samples (NS324-327) 
of the Karibib Formation during a mine visit in May 1989 
and for allowing publication of the geochemical data on 
the Etusis Formation. Ted Grobicki and the management 
of Randex are thanked for permission to sample the Habis 
Gold Prospect. John Twidale and Genmin Namibia are 
thanked for providing logistical support on a field trip in 
1991. I wish to thank the farmers Klaus Byrne and his fam-
ily of the farm Ehuiro, Frau Gladys of Abbabis and Frau 
Arnold of Otjua for allowing us to camp on their properties 
and making our field work so pleasant. A very special thank 
you to Dieter and Thea Lauenstein for accommodating us in 
Windhoek and for financial support.

At Scientific Services Pty, Cape Town, I would like to 
thank Stuart Moir and, particularly, Ralph Freese for help 
with various analytical problems. At the Geological Sur-
vey of South Africa, Pretoria, I wish to thank Mr Trojak for 
help with the CO2 and H2O determinations and Dr Edge, 
Frikkie Snyman and Peter for their assistance with the gold 
analyses.

At the University of Cape Town I am indebted to many 
people. In the Department of Geology, a special thank you 
to my thesis supervisors John Moore and Chris Hartnady. 
Huw Humphreys is thanked for help with microscopy in 
general and for commenting on Chapter 5. Rose Kovats is 
thanked for help with draughting. Rob Oliver and Henry 
Hendricks are thanked for their efforts in cutting thin sec-
tions. In the Department of Geochemistry, I would like 
to thank Bruce Cairns and Dave Wilson for technical as-
sistance. Andy Duncan and Dave Hill are thanked for ex-

1. INTRODUCTION

8



plaining the intricacies of UNIX and help with computing in 
general. Dave Reid, and especially James Willis, answered nu-
merous questions on the analysis of rocks in general and XRF 
in particular. I am particularly grateful to Richard Armstrong 
and Chandra Harris for their help in the radiogenic isotope 
laboratory and to Dick Rickard and Marshall Otter for their 
assistance with electron microprobe analysis.

In the Department of Analytical Chemistry, Bruno Pougnet 
and Gary Gabriels are thanked for their help with the boron 
analyses. Kevin Faure is thanked for the front cover photo-

graph.
A very special thank you to Move, my wife, for her fantastic 

support and encouragement over the years in the field and the 
laboratory and especially her work in draughting the maps and 
diagrams.

Finally, although this memoir overlaps with my Ph.D. thesis, 
it has benefited considerably from the critical reviews of Roger 
Jacob and Judith Kinnaird. Dave Reid and Richard Armstrong 
commented on the revised Chapter 6.

1.10 ACKNOWLEDGEMENTS

9





2.1 INTRODUCTION

2.1.1 Pre-Damaran basement

The oldest rocks in central Namibia are the pre-Damaran 
basement gneiss lithologies of the Abbabis Inlier (Fig. 1.2). 
Gevers (1931) recognised the uncomformity with the over-
lying basal conglomerate of the Damaran Nosib Formation 
on the farm Abbabis 70 and proposed the name Abbabis 
System for this early Proterozoic assemblage. The term 
Abbabis Complex was accepted by SACS (1980). The first 
U -Pb age determination on the Narubis Granitoid Complex 
of the Abbabis Inlier (nomenclature of Brandt, 1987a) was 
conducted by Jacob et al. (1978). Zircons from “granite-
gneiss” yielded a concordia age of 1925+330

-280 Ma. These 
granitoids have intruded basement metasedimentary and 
metavolcanic host rocks and thus provide minimum ages for 
the inlier. The Narubis Granitoid Complex comprises vari-
ous granite gneisses with subordinate hornblende gneiss, 
quartz-feldspar-biotite-andalusite-garnet gneiss, biotite-sil-
limanite-garnet schist, quartzite and amphibolite (Fig. 2.1). 
Granite gneisses, formerly granitoids, comprise more than 
95% of the Abbabis-age rocks in the mapped area. Other 
lithologies are preserved as metre-size xenoliths or frag-
ments, up to one hundred metres in length.

Two notable discoveries made during the course of field 
work are that the Abbabis Inlier in the Usakos-Karibib area 
is locally cut by major east-northeast-trending shear zones 
and an east-northeast-trending metadolerite dyke swarm 
(Fig. 2.1) that shows similarities with the late Proterozoic 
Gannakouriep mafic dykes of southern Namibia. The Naru-
bis Granitoid Complex is transected by a number of sub-

vertical east-northeast-trending megashear zones that show 
evidence for significant lateral displacement. These shear 
zones are cut by undeformed pegmatites almost certainly of 
late Damaran age. Associated rocks include biotite phyllites 
(metamorphosed fault gouge?) with east-northeast-trending 
(Damaran?) foliations. South of Karibib the Abbabis Inlier 
has been intruded by a swarm of mafic dykes that were pos-
sibly intruded between 900 and 1000 Ma during the rifting 
that initiated the Damaran episode. The metadolerites bear 
similarities to the mafic dyke swarm in the Abbabis Inlier 
near Swakopmund (Jacob, 1988, pers. comm.). These sub-
vertical dykes postdate the development of the megashears 
and, as far as the author is aware, nowhere in the Usakos-
Karibib area do they crosscut the overlying Damaran lithol-
ogies. The metadolerites, which have not been identified in 
the NCZ, may be up to several tens of metres wide, have 
undergone greenschist facies metamorphism and minor 
post-crystallisation deformation. The term metadolerite is 
preferred over amphibolite because their subvertical intru-
sive nature can readily be seen in the field. A small number 
of dykes possess a faint foliation but the majority are un-
foliated and comprise actinolitic hornblende, plagioclase, 
minor quartz, K-feldspar, opaque minerals, and traces of 
epidote, chlorite and malachite. In what appears to be an 
older generation of metadolerite dyke (as determined from 
crosscutting relationships), biotite comprises up to ten mo-
dal per cent, but no primary mica was noted. In these ear-
lier dykes, strained, primary (igneous) andesine-labradorite 
laths up to 5 mm long are surrounded by randomly oriented 
metamorphic amphibole and biotite. Whether this relatively 
high potassium content is a reflection of the alkaline affinity 
of the magma from which the dolerite crystallised orresults 
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from metasomatism is difficult to say. A distinctive lithol-
ogy intimately connected with the metadolerites in the vi-
cinity of shear zones is coarse-grained, orbicular aggregates 
of anthophyllite, chlorite and magnetite. This unusual rock 
type may represent altered immiscibility products formed 
from the stoping of granite-gneiss wallrocks by the intrud-

ing mafic magma. In common with the shear zones, these 
anthophyllite-chlorite-magnetite rocks possess anomalous 
gold contents. Numerous xenoliths of magnetite-amphibolite 
(hornblendite) in undeformed late-tectonic magnetite-bear-
ing pegmatites found on the northern edge of the SCZ on the 
farm Lukasbank (Fig. 1.3; Map 6) are interpreted as frag-
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ments of pre- or early Damaran mafic dykes.

2.1.2 Damara Sequence

The intracontinental branch of the overlying Pan-African 
Damara Orogen, which contains only minor volcanic rocks, 
has been divided by Miller (1983a) into several tectono-strati-
graphic zones (Fig. 2.2). The Usakos-Karibib-Omaruru area 
is underlain by the Central Zone (CZ) of the Damara Orogen, 
which, according to Miller (1983a), is characterised by sil-
limanite-cordierite metamorphic assemblages, widespread 
granite intrusions and northeasterly trending D3 domal struc-
tures. However, recent mapping has shown that certain ar-
eas in the CZ have been metamorphosed to only greenschist 
grade. The CZ is divided into a northern portion (NCZ) and a 
southern one (SCZ) by the northeast-trending Omaruru Line-
ament-Waterberg Fault (Fig. 2.2). The term Omaruru Linea-
ment (Fig. 2.3) was introduced by Corner (1983) to distin-
guish between the “magnetically quiet domain of the northern 
portion of the Central Zone (NCZ) and the disturbed part of 
the rest of the Central Zone to the south (SCZ)” (the linea-
ment is best observed on the aeromagnetic colour composite 
map of central Namibia; Corner, 1981). There are significant 
sedimentological facies changes across the Omaruru Linea-
ment and Badenhorst (1986b) considered the structure to be a 
major tectono-stratigraphic boundary. However, the structure 
is commonly difficult to pinpoint in the field: for example 
to the east and south of the Erongo Complex the boundary 
between the SCZ and the NCZ is diffuse and marked by a 
series of east-northeast-trending magnetic features. Moreo-
ver, the extensive granite intrusions and poor exposure on the 
eastern side of the Erongo Complex hamper interpretation. 
That there is a major tectonic break between the NCZ and 
the SCZ to the northeast of the Erongo Complex is evident 

near Omaruru where several northeast-trending megafaults, 
that are southwestward extensions of the Waterberg Fault, 
are clearly visible (Map 1). Some of these faults were re-
activated during Karoo times. Corner (1983) also identified 
two north-northeast-trending magnetic features named the 
Welwitschia and Abbabis lineament zones (ALZ; Fig. 2.3). 
Corner considered these zones to correspond to exposures of 
basement and the former to have had an important influence 
on the localisation of uraniferous alaskitic granites such as 
are developed at the Rössing Uranium Mine. More recent-
ly, Hoffman (1989) has referred to the Central Zone as the 
‘Swakop Tectono-stratigraphic Terrane’. Because Hoffman’s 
work concentrates on the southern Damara and the southern 
foreland and he did not subdivide the Swakop Terrane into 
northern and southern portions, the term Central Zone (CZ) 
has been retained for this memoir.

The lithostratigraphy of the Damara Sequence in the CZ 
has been reviewed and significantly revised by Badenhorst 
(1981), who has also correlated the stratigraphy across the 
Omaruru Lineament. Badenhorst’s (1987) review integrat-
ed his work with the regional geology compiled by Smith 
(1965), Botha (1978), Klein (1980), Watson (1982) and 
Brandt (1985). The stratigraphy of the CZ (slightly modified 
after Badenhorst, 1987 and 1988a, p.67) is given in Table 2.1. 
The SCZ is characterised by granitic gneisses of the Abbabis 
Complex and Damaran Nosib Group arkoses and lower Swa-
kop Group shelf carbonates, mantled gneiss domes and am-
phibolite facies metamorphism. One of the best stratigraphic 
sections in the northern SCZ is exposed on the farm Oka-
wayo (Fig. 1.3; Steven and Badenhorst, 1988).

The NCZ is underlain by very minor Nosib Group sedi-
ments and upper Swakop Group shelf carbonates (including 
the important marker marbles of the Karibib Formation) and 
overlying pelagic sediments (Kuiseb Formation), which have 
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generally been metamorphosed at lower grades than the SCZ 
and intruded by a number of syn- and late-tectonic granites 
and pegmatites. Badenhorst (1987) has divided the NCZ itself 
into six tectono-stratigraphic zones (NCZa-f; Figs. 2.4 and 
2.5) and the distribution of the formations within the zones 
is given in Table 2.2. This division is based on differences 
in stratigraphy, structure, grade of metamorphism, age of in-
trusive rocks and geophysical characteristics (Klein, 1980; 

Watson, 1982; Badenhorst, 1986a; Steven, 1987). Bounda-
ries between these subzones form major east-north east- or 
northeast-trending linear features and are either faults, strati-
graphic boundaries or combinations of these. Northeast-
trending faults are considered to have played a major role 
in controlling sedimentation in the NCZ. In NCZa (which 
includes the Sandamap-Davib Ost Tin Belt) and NCZe (the 
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Nai-nais-Kohero Tin Belt) only the higher levels of the 
Kuiseb Formation crop out (Fig. 2.5). The absence of Nosib 
Group sediments in the tin belts (Corner, 1983) suggests that 
these were basement highs during Nosib times; reverse dis-
placement probably occurred along the listric faults during 
Kuiseb times (Fig. 2.5). In NCZe the peak regional meta-
morphic grade is significantly lower (i.e. greenschist) than 
in the other zones. In NCZb, Nosib Group sediments crop 
out locally and the Karibib Formation comprises several thin 
marble horizons which rarely attain a thickness of more than 
100 metres. Only the lower levels of the Kuiseb Formation 
crop out in NCZb. In NCZc only very minor Nosib Group 
sediments are present, the thickness of the Karibib-Forma-
tion is highly variable and the lower Kuiseb Formation me-
tapelites and calcareous lithologies are well developed. Syn-
tectonic garnetiferous leucogranite intrusions in the Kuiseb 
Formation are widespread in NCZc. On the northern side of 
the Tubussis Lineament (the strike extension of the Wlotzka 
lineament zone; Fig. 2.3) in NCZd there is a pronounced 
thickening of the calcareous lithologies of the Swakop Group 
(the several-hundred-metre-thick Karibib Formation marbles 

in particular) and these are overlain by pelagic sediments 
of the Kuiseb Formation. To the north of Omaruru, NCZd 
is underlain by Swakop Group calcareous and calc-silicate 
lithologies, some of which may represent meta-evaporites. 
Large volumes of late- to post-tectonic granites commonly 
crop out in the cores of domal structures in NCZd north of 
Omaruru. NCZf lies outside the field area. In this chapter the 
important regional, tectonically controlled variations in the 
sediments are emphasised and the various styles of metasedi-
ment-hosted mineralisation are introduced (Table 2.3).

2.1.3 Post-Damaran geology

Post-Damaran activity in the CZ included considerable 
faulting, movement on the Omaruru Lineament-Waterberg 
Fault in the vicinity of Omaruru and the intrusion of a large 
number of Karoo dolerite dykes. In the Abbabis Inlier the 
dykes are oriented east-northeast (Fig. 2.1), in the vicinity of 
Omaruru a number of dykes have intruded parallel to major 
northeast-trending faults (Map 1) and west of Usakos a north-
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northeast-trending dyke swarm, approximately 25 kilometres 
wide, has intruded along the Welwitschia lineament zone 
(Fig. 2.3). In post-Karoo times (approximately 130-120 Ma) 
the Gross and Klein Spitzkoppe, Otjihorongo and Omaruru 
Hills granites and the Okonjeje and the Erongo complexes 
were intruded. A poorly exposed, undeformed hornblende-
diorite plug with gabbroic and lamprophyric portions on the 
farm Eausiro West 101 (Map 1) may be of post-Karoo age. 
The Tertiary to Quaternary Kalahari Group in the CZ is rep-
resented by sand and calcrete, the major river beds possess-
ing coarse- to fine-grained fill.

2.2 THE LITHOSTRATIGRAPHY OF THE 
DAMARA SEQUENCE

2.2.1 Nosib Group

The sediments of the Nosib Group in the CZ are dominated 
by the meta-arkoses of the Etusis Formation and the calc-
silicate lithologies of the Khan Formation. Evidence for the 
existence of minor metamorphosed felsic volcanic rocks in 
the Nosib Group elsewhere in the CZ was presented by Jacob 
(1974) and Blaine (1977).

2.2.1.1 Etusis Formation
Smith (1965) has described the nature of the “Nosib For-

mation” in the southern SCZ in detail. The arkosic metasedi-
ments of the Etusis Formation are best developed in the vi-
cinity of the Abbabis Inlier, where they attain a maximum 
thickness of 3300 m. The Etusis Formation is only locally 
developed in the NCZ and its most northerly occurrence in 
the area under review is just south of the Tubussis Lineament 
in NCZc (Fig. 2.3). In NCZb a sequence of pink-weathering 
feldspathic quartzites, approximately 1000 m thick, is poorly 
exposed in the core of a northeasterly trending domal struc-
ture in the northwest corner of Sandamap Noord (Map 3). 
The metaquartzites are locally cross bedded and possess a 
number of bedding-parallel ferruginous stringers which give 
a diagnostic pinkish colour to this lithology. A characteristic 
feature of the Etusis Formation where it has undergone up-
per amphibolite facies metamorphism is the presence of ob-
late spheroids of fibrolite usually less than 2 cm in diameter. 
Similar concentrations of fibrolite were noted in the Etusis 
Formation by Blaine (1977) in the vicinity of the Waldau 
Ridge (op. cit., p.11-12). Very subordinate marble, calc-sili-
cate rocks and quartz-biotite schists are also developed with-
in the Etusis Formation on Sandamap Noord, which has been 
extensively intruded by quartzo-feldspathic intrusive rocks. 
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This style of intrusion is confined to the Nosib Group and 
facilitates mapping in areas of poor exposure.

Samples of Etusis Formation quartzite from NCZb, 
namely the core of the Sandamap Noord dome and the 
northern SCZ in the Okawayo Section (Badenhorst, 1987), 
were examined microscopically and geochemically. The 
peak metamorphic conditions at these localities were up-
per amphibolite and lower amphibolite facies respectively. 
The quartzite comprises quartz (70-90%), altered feldspar 
(20¬30%), muscovite (0-5%), biotite (0-2%) and traces of 
pyrite, sphene and zircon. Interstitial iron oxides, primarily 
haematite and goethite (locally after pyrite) are concentrat-
ed in l-cm-long stringers and may comprise 5% of the rock. 
The quartz grains are embayed or lobate and locally grano-
blastic and oriented muscovite overgrows altered intersti-
tial feldspar. The composition of the feldspar cannot always 
be determined optically on account of the alteration, but 
the proportions of alkalis in the bulk-rock analyses (Table 
2.4) indicate that the majority was K-feldspar. The Etusis 
For-mation quartzites are subarkoses (locally arkoses) ac-
cording to the classification of Folk (1968). The fibrolite 
spheroids comprise fine-grained sillimanite with traces of 
muscovite, graphite and sphene.

Although no sedimentological facies analysis has been 
conducted, the Etusis Formation of the NCZ and the north-
ern SCZ is distinctly thinner and more mature than in the 
southern SCZ. For example, at the Nordenburg Gold Pros-
pect (Fig. 1.4) on the flanks of the Abbabis Inlier, the Etusis 
Formation is several thousand metres thick and possesses 
numerous grit layers. Concentrations of detrital iron miner-
als on bedding planes may be 5 mm thick. Conglomeratic 
bands are common in the Etusis Formation of the southern 
SCZ and crossbedding was noted near the SJ Claims (now 
Rössing Uranium Mine) by Smith (1965). In contrast, pebbly 
or gritty layers are absent and planar crossbedding is rare on 
Sandamap Noord and in the Okawayo Section. Iron minerals 
are important accessories, but concentrations are not as high 
as in the southern SCZ. The Etusis Formation is considered 
to represent a sequence of fluvio-deltaic sediments derived 
from pre-existing granitic basement (Miller, 1983a) and, 
from the limited data available, it would indeed seem that, in 
the CZ, this formation was derived from lithotypes similar to 
those found in the Abbabis Inlier. No further volcanic rocks 
in the Etusis Formation were discovered during the course of 
field work.

The Etusis Formation is known to host two styles of epi-
genetic mineralisation (Table 2.3). At the Nordenburg Gold 
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Prospect, quartzitic metasediments host minor auriferous 
quartz veins where they directly overlie basement litholo-
gies. Folded dolomitic marbles at the top of the Etusis For-
mation host unusual magnetite-monazite mineralisation on 
the farm Eureka (Map 5). This occurrence has variously 
been described as a skarn and an unusual carbonatite and 
will be discussed in detail in Chapter 7. The lithology that 
encloses this carbonate is a quartzo-feldspathic gneiss with 
minor biotite, carbonate, graphite, muscovite, zircon and 
iron oxides and is considered to represent a metapsammite 
(Table 2.4).

2.2.1.2 Khan Formation
The term Khan Formation was first used by Nash (1971) 

to describe a sequence of quartz-feldspar-clinopyroxene-
amphibole gneisses which overlie the Etusis Formation. 
This is the equivalent of the calc-granulite facies of the 
‘Nosib Formation’ of Smith (1965). Miller (1983a) de-
scribed the Khan Formation as a succession of marly sedi-
ments now consisting of pyroxene-amphibole-bearing feld-
spathic quartzite and Watson (1982) discussed the nature of 
the Khan Formation to the northwest of Usakos. The Khan 
Formation is confined to the SCZ (Table 2.2) and is best de-
veloped to the southwest of Usakos in the Khan River near 
the Rössing Uranium Mine (Smith, 1965). The most north-
erly outcrops are on the farms Sandamap and Eureka (Maps 
4 and 5). Here the formation is dominated by a 1500-m-
thick sequence of pyroxene-amphibole calc-silicate rocks 
with a characteristic streaky, almost gneissic, texture. Very 
subordinate quartz-biotite schist, graphite schist and calcit-
ic and dolomitic marbles are also present. Although poorly 
exposed, the sequence does not appear to be duplicated. As 
with the underlying Etusis Formation, the Khan Formation 
thins with increasing distance from the Abbabis Inlier and 
is less than 20 m thick in the Okawayo Section (Badenhorst, 
1987).

The calc-silicate rocks of the Khan Formation in the 
Sandamap area were examined in detail. No sedimentary 
features were noted in the calc-silicate gneiss which com-
prises quartz (35-45%), plagioclase (20-40%), hornblende 
(5-20%), clinopyroxene (5-10%), biotite (1-5%), chlorite 
(trace-5%), sphene (trace-4%), muscovite (0-3%), carbon-
ate (<1%), apatite (trace), graphite (trace), zircon (trace) 
and hematite (trace). Sulphides are a prominent accessory 
in almost all specimens and include subhedral pyrite and 
anhedral pyrrhotite and chalcopyrite. The plagioclase is ex-
tensively altered and microcline may also be present. The 
grain size is usually less than 0.7 mm, locally up to 2 mm. A 
poorly developed fabric in the gneiss is defined by the long 
axes of the micas. Textural features of note are the lobate 
or cusped and even angular nature of the quartz grains. An-
hedral hornblende exhibits a poikiloblastic texture and ap-
pears to overgrow pyroxene. Chlorite is locally associated 
with amphibole. A point of note is the absence of scapolite 
in the Khan Formation on Eureka, in contrast to the forma-
tion in the type area (Smith, 1965). Geochemical analyses 
of the Khan Formation calc-silicate rocks are listed in Table 
2.5. Graphite schist on Eureka may be the strike equivalent 
of the graphite deposits on Black Range (Fig. 1.3) and com-
prises quartz (±40%), altered K-feldspar (±40%), graphite 

(± 10%), altered mica and traces of hematite. Quartz is ar-
ranged granoblastically and enveloped by the feldspar, while 
the graphite flakes do not exceed 1 mm in length.
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The Khan Formation is of economic interest for a number 
of reasons. Firstly, bedding-parallel copper-bearing lay-
ers are present in coarse-grained calc-silicate rocks at the 
Khan Mine (Ramdohr, 1938). Miller (1983b) suggested that 
these were derived from the metamorphism of evaporitic 
layers rather than as the result of igneous intrusion. Thus 
the presence of disseminated pyrrhotite-chalcopyrite-pyrite 
mineralisation in the Khan Formation of the Eureka dome 
is noteworthy. Secondly, large amounts of ironstone float 
in areas underlain by the Khan Formation were noted on 
Eureka (Map 5). No outcrop of ironstone was discovered, 
but this concentration of ironstone float is unusual. Thirdly, 
stream sediment sampling of the farm Black Range by Jo-
hannesburg Consolidated Investment Co. in the early 1980s 
revealed the presence of a number of tungsten anomalies in 
areas underlain by the Khan Formation. Because of the lack 
of mineralised pegmatites at this stratigraphic level and in 
this area (Frommurze et al., 1942) it is considered unlikely 
that these anomalies are derived from degraded wolframite. 
Although this area has not been examined by the author, the 
presence of a style of mineralisation similar to the calc-sili-
cate-hosted scheelite of the Swakop Group (Steven, 1987) 
seems likely (Table 2.3).

2.2.2 Swakop Group

The Swakop Group comprises calcareous and overly-
ing pelitic lithotypes (Table 2.1) and hosts several styles of 
epigenetic gold, tin and tungsten mineralisation (Table 2.3). 
In addition, sulphide and scheelite mineralisation that can 
broadly be described as syngenetic will be reviewed.

2.2.2.1 Rössing Formation
The Rössing Formation is confined to the SCZ (Table 2.2) 

and is not developed east of the Abbabis lineament zone 
(Fig. 2.4). The large number of lithologies which consti-
tute the Rössing Formation in the type area in the southern 
SCZ have been discussed by Jacob (1974). In the northern 
SCZ west of Usakos, the Rössing Formation is represented 
by dolomitic marble (Watson, 1982). The outcrops in the 
Sandamap-Goabeb area, immediately south of the Omaruru 
Lineament, represent the northern limit of its distribution. 
Here dolomitic marble with very subordinate calcitic mar-
ble and calc-silicate rocks is exposed within the core of the 
Eureka, dome (Maps 4 and 5). The original thickness of 
the formation is probably in the order of 300 m, but as-
sessments are complicated by the folding. A pale yellow or 
buff colour and the presence of coarse-grained crystals of 
tremolite, forsterite, serpentine and phlogopite clearly dis-
tinguish this carbonate from the more calcareous marbles 
higher up in the Swakop Group. This marble is extracted as 
an ornamental stone on the farm Namibfontein. The Röss-
ing Formation hosts a number of predominantly scapolitic 
skarns with subordinate garnet and pyroxene. Watson 
(1982) attributed the development of these skarn minerals 
to the metamorphism of a type of evaporite deposit, though 
in many instances pegmatitic bodies are present in close 
proximity to the skarn and a magmatic origin or modifica-
tion by magmatic fluids appears more plausible.
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The Rössing Formation in the Sandamap-Eureka area 
was examined microscopically and geochemically (Table 
2.6). The dolomitic marble comprises dolomite (30-95%), 
calcite (2-40%), forsterite (trace-20%), serpentine (trace-
8%), tremolite (trace-5%) and phlogopite (trace-3%) and 
the grain size varies from a few microns to 4 mm. In general 
the marble has a granoblastic polygonal mosaic texture with 
some dolomite grains having a lobate nature and locally 
serrated grain boundaries. Calcite is anhedral and intersti-
tial to the larger dolomite grains. Forsterite and phlogopite 
are universally associated with calcite suggesting that they 
grew during dedolomitisation. A good example of dedolo-
mitisation can be seen in sample NS265 which contains 
nearly 8 wt% H2O. In this rock very fine-grained (<20 µm) 
rounded, subhedral dolomite is enveloped by a calcitic 
groundmass. Approximately ten per cent of the rock com-
prises aggregates of a colourless mineral that may be brucite 
or hydromagnesite. A cupriferous ironstone/gossan horizon 
has been discovered at the base of the Rössing Formation 
near Vaalkop on the farm Sandamap (Map 4). This horizon 
is traceable for a distance of approximately 700 metres and 
varies in thickness from two to five metres. Graphite and 
pyrite-bearing magnetite quartzites and an unusual mala-
chite-stained hornblende rock are also present. In addition 
several small copper showings were noted in the Rössing 
Formation in the core of the Eureka dome (Map 5).

2.2.2.2 Chuos Formation
The glaciogenic mixtite and associated Banded Iron For-

mation (BIF) of the Chuos Formation in the CZ have been 
exhaustively discussed by Gevers (1931), Smith (1965), 
Jacob (1974), Schermerhorn (1974), Martin et al. (1985) 
and Henry et al. (1986). Badenhorst (1987) reviewed the 
suitability of the Chuos Formation as a stratigraphic marker 
in the CZ. In the SCZ the Chuos Formation is well devel-
oped in the vicinity of the Abbabis Inlier (Smith, 1965) and 
is 220 m thick in the Okawayo Section, but is absent in 
the Sandamap-Eureka area (Maps 4 and 5). In the area of 
the NCZ investigated, the Chuos Formation is not present 
(Table 2.2), but Badenhorst (1987) has mentioned the pres-
ence of a pebbly schist below the Okawayo Formation in 
the NCZ to the southeast of the Messum Complex (in Area 
2114C, Tsaun). The Chuos Formation comprises interbed-
ded mixtite and magnetite-rich quartzite, the latter best de-
veloped close to basement highs (Martin, 1978). The only 
other known mineralisation hosted by this formation is the 
massive sulphide mineralisation in the vicinity of Rössing 
Mountain (Jacob, 1992, pers. comm.).

2.2.2.3 Spes Bona Formation
The term Spes Bona Formation was first used by Baden-

horst (1988a) to describe an intercalated sequence of biotite 
schist and calc-silicate rock below the Okawayo Formation 
marble. The formation is named after a farm in the Okawayo 
Section (Fig. 1.3), where it is approximately 30 metres thick. 
The Spes Bona Formation has not been recognised west of 
the Abbabis lineament and its distribution in the SCZ appears 
to be limited. On the northern side of the Erongo Complex 
the Spes Bona Formation is commonly the lower-most strati-
graphic unit developed in NCZc and NCZd (Table 2.2). To 

the north and west of Omaruru, the formation is at least 500 
metres thick (Map 1) and here calc-silicate layers host finely 
disseminated scheelite mineralisation. Because of the essen-
tially identical nature of the Spes Bona and the Oberwasser 
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Formation metasediments and metavolcanic rocks, they will 
be discussed together.

2.2.2.4 Okawayo Formation
Due to the lack of detailed mapping in the Omaruru area in 

the mid-1980s, Steven (1987) referred to the first carbonate 
unit below the Karibib Formation marbles proper as the Röss-
ing Formation. Badenhorst (1987) subsequently named this 
marble the Lower Marble Unit (LMU) of the Karibib For-
mation and, after he had recognised a more complete strati-
graphic section in the Okawayo area, introduced the term 
Okawayo Formation (Badenhorst, 1988a). The formation is 
now recognised in the NCZ and the SCZ, but it has not been 
identified west of the Abbabis lineament zone. In the Oka-

wayo Section it attains a thickness of 15 metres (Steven and 
Badenhorst, 1988) and in the Omaruru area, in NCZc and 
NCZd, the marble is 0.7-4 metres thick. The marble com-
prises calcite (95-98%), plagioclase (0-2%), clinopyrox-
ene (0-2%), pyrrhotite (0-2%), graphite (0-2%), and trace 
amounts of apatite, sphene, sericite and clinozoisite. Calcite 
grains vary in size from 1-5 mm, other minerals being inter-
stitial and very fine-grained. A granoblastic texture is ubiq-
uitous and plagioclase locally exhibits a poikiloblastic na-
ture. Geochemical analyses of the marble reveal its calcitic 
nature (Table 2.7). The extensive a real distribution of the 
relatively thin Okawayo Formation points to considerable 
crustal stability (at least locally) at the time of sedimenta-
tion. This marble hosts the Otjua Tungsten Prospect (Map 
1), the largest scheelite skarn found to date in the Damara 
Orogen (Steven, 1987), and gold-bearing skarn at the Nav-
achab Gold Mine (Badenhorst, 1989, pers. comm.).

2.2.2.5 Oberwasser Formation

2.2.2.5.1 Metasediments
The term Oberwasser Formation was first used by Botha 

(1978) to describe a 700-m-thick sequence of intercalated 
calc-silicate rocks, biotite schists and minor marbles that 
underlie the Karibib Formation carbonates in NCZd on the 
farm Oberwasser in the lower Omaruru River (Fig. 1.3). 
In the NCZ the Oberwasser Formation (or the Spes Bona 
Formation) is usually the lower-most stratigraphic unit de-
veloped (Table 2.2). The Oberwasser Formation thins and 
becomes more calc-silicate-dominated as one moves south-
eastwards from the type area towards the Omaruru Linea-
ment. In the northern SCZ, the Oberwasser Formation at-
tains a maximum thickness of 300 m in the Sandamap area 
(Map 4) and is of the order of 70 m in the Okawayo Sec-
tion (Badenhorst, 1987). Closer to the Abbabis Inlier the 
formation is thinner. Martin (cited in Watson, 1982) sug-
gested that the Oberwasser Formation is a facies equivalent 
of the Khan Formation on account of the interfingering of 
the Nosib and Swakop Groups elsewhere in the CZ. How-
ever, the two formations can be seen on Sandamap (Map 
4) and, as Watson (1982) has stated, a clear distinction can 
be made between the Khan Formation which interfingers 
with meta-quartzite and the Oberwasser Formation which is 
associated with calc-silicate rocks and marbles. Moreover, 
the two formations can easily be distinguished in the field, 
the Khan Formation being a dark green, streaky calc-sili-
cate gneiss, the Oberwasser calc-silicate rocks being a paler 
colour with no amphibole. North of Omaruru in NCZd, the 
Oberwasser Formation is notably more calcareous than in 
the type area, contains numerous scapolite-bearing calc-
silicate rocks (which may represent meta-evaporites), and 
hosts syn-genetic tungsten and epigenetic gold mineralisa-
tion (Table 2.3). The nature of the formation in the northern 
SCZ at Sandamap and in NCZc and NCZd in the Omaruru 
area has been investigated and will be compared with the 
unmineralised type area and the Khan Formation.

On the farm Sandamap, the Oberwasser Formation com-
prises alternating horizons of calc-silicate rocks, quartz-
biotite schist and very subordinate marble. This contrasts 
with the type area where the formation can more accurately 
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be described as a succession of biotitic calc-silicate rocks 
suggesting deposition in deeper water. At Sandamap, the 
calc-silicate rocks are fine-grained granofelses (<0.5 mm) 

containing plagioclase (40-50%), clinopyroxene (20-40%), 
sphene (1-2%), quartz (0-10%), hornblende (0-5%), sericite 
(0-5%) and traces of potash feldspar, zoisite, calcite, graph-
ite, pyrrhotite, pyrite and iron oxides. The rocks generally 
granoblastic in texture, but grain size is variable and the 
clinopyroxene is locally poikiloblastic. The calc-silicate 
rocks are notably less siliceous than those of the Khan For-
mation (compare Tables 2.5 and 2.8). The Oberwasser For-
mation schist is composed of quartz (40¬50%), untwinned 
plagioclase and potash feldspar (-30%), biotite (20-30%), 
tourmaline (0.5%) and traces of pyrite, hematite and zircon. 
The grain size rarely exceeds 0.4 mm, the tourmalines being 
only tens of microns in length. These tourmalines are unre-
lated to the pegmatitic intrusions in the area. Geochemical 
analyses of the schist are given in Table 2.9.

On the northwest side of the Omaruru Lineament in NCZc 
and NCZd near Omaruru, the Oberwasser Formation is de-
veloped in the cores of several domal structures (Map 1). 
The minimum thickness of the formation is estimated at 500 
metres and comprises an alternating sequence of quartz-bi-
otite schists, calc-silicate rocks, scheelite-bearing granofels 
and minor carbonate units. The proportion of carbonaceous 
units decreases from the basal contact and facies changes, 
both along and across strike, are a feature of this formation. 
The calc-silicate rocks represent metamorphosed marls 
and their intercalation with thin calcareous lithologies and 
a close association with the calcitic Okawayo Formation 
suggest their deposition in a shallow marine environment. 
The top of the sequence was deposited in deeper water. The 
extensive areal distribution of the relatively thin Okawayo 
Formation points to considerable crustal stability (at least 
locally) at the time of sedimentation. This contrasts with the 
Oberwasser Formation in the type area.

The base of the formation in the Omaruru area is best ex-
posed in the core of the Schönfeld Dome at the Otjua Tung-
sten Prospect (Map 1). Schist comprises 60-70% of the se-
quence and is composed of quartz and feldspar (60¬80%), 
biotite (15-40%), clinopyroxene (2-3%) and traces of apa-
tite, chlorite, calcite, pyrite and chalcopyrite. Equant quartz 
and feldspar crystals (<2 mm) are arranged granoblastical-
ly, while the schistosity is defined by fine-grained biotite. 
Pyroxene locally exhibits a poikiloblastic texture. Geo-
chemical analyses indicate higher Al2O3 and alkali contents 
in the schists from the Otjua Tungsten Prospect and hence 
a higher abundance of clay minerals in the original sedi-
ment than in the more siliceous schists from the Sandamap 
area (compare Tables 2.9 and 2.10). The calc-silicate rocks 
contain a very fine-grained granoblastic mosaic of quartz 
and untwinned plagioclase comprising 80% of the modal 
abundance, diopside (5-20%), biotite (0-20%) and traces of 
scapolite and sphene. Diopside is commonly poikiloblastic 
in texture. Geochemical analyses of the calc-silicate rocks 
from Otjua are given in Table 2.11.

The most distinctive feature of the Oberwasser Formation 
in the Omaruru area in both NCZc and NCZd, however, 
is the presence of scheelite-bearing granofelses (SBG). At 
the Otjua Tungsten Prospect, SBG comprise approximately 
2-3% of the Spes Bona and Oberwasser Formation meta-
sediments and are developed as thin, discontinuous interca-
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lations within the calc-silicate rocks. These granofelses vary 
in thickness from a few centimetres to several metres, but 
are more commonly in the 10-50 cm range and comprise 
quartz (0-40%), plagioclase feldspar (0-40%), diopsidic py-

roxene (10-60%), scapolite (0-60%), hornblende (0-10%), 
clinozoisite (0-15%), sericite (0-10%), sphene (1-4%), bi-
otite (0-20%), apatite (1-2%), carbonate (0-5%), scheelite 
(0-2%) and traces of pyrite, pyrrhotite and chalco-pyrite. 
SBG are equally well developed in the core of the Schön-
feld Dome, which has been intruded by several types of 
granite, and the Okakombo horst block, where felsic intru-
sions are essentially absent. Geochemical analyses of SBG 
from the Otjua Tungsten Prospect and the Okakombo horst 
block are given in Table 2.12.

Schists of the middle Oberwasser Formation host a swarn 
of auriferous quartz veins at the Epako Gold Prospect (Fig 
1.3 and Table 2.3). Calc silicate lithologies comprise only 
a minor component of the formation at this level but com-
monly contain scheelite. The schist contains quartz (15-
30%), K-feldspar (20-30%), plagioclase (10-15%), biotite 
(25-30%), opaque minerals (probably graphite, 2-3%), 
cordierite (0-15%), muscovite (trace-3%), andalusite (0-
3%), sillimanite (0-3%) and traces of tourmaline. The schist 
is considerably less calcareous than at Otjua (compare Ta-
bles 2.13 and 2.10). Here the close proximity (<100 m) of 
granites and pegmatites has resulted in the “schist” losing 
its lepidoblastic nature. The biotite is randomly oriented in 
the granoblastic mosaic. Porphyroblasts (up to 3 mm) and 
poikiloblasts of K-feldspar contain numerous inclusions of 
quartz and biotite. Another textural feature of note is the 
development of porphyroblasts of pyrite and loellingite 
rimmed by arseno-pyrite (up to 4 mm). Coarse-grained ag-
gregates of chalcopyrite and pyrrhotite are also present in 
the schists. The schists are locally chloritised, bleached and 
contain secondary carbonate (Table 2.13). However, the al-
teration described above is confined to the immediate vicin-
ity of the gold prospect and is atypical of the Oberwasser 
Formation. It is thus evident that the Oberwasser Forma-
tion close to the Omaruru Lineament both in the Usakos 
and Omaruru areas is considerably different from the type 
area.

2.2.2.5.2 Metavolcanic rocks in the Spes Bona and Ober-
wasser Formations

There is evidence for minor felsic volcanism in both the 
Spes Bona and Oberwasser Formations north of Omaruru. 
At the Otjua Tungsten Prospect, several boreholes inter-
sected a well-foliated, laterally impersistent, quartzofeld-
spathic rock (referred to as a sulphidic tonalite by Steven, 
1987) that varies in thickness from a few tens of centime-
tres to several metres. Unfortunately, this lithology is not 
exposed on surface and from the limited information avail-
able it is unclear whether these are intrusive or extrusive 
rocks. The very fine-grained nature of these rocks suggests 
an extrusive origin and thus the term dacite would be more 
appropriate than tonalite (Streckeisen, 1976). Locally these 
lithologies interfinger on a centimetre scale with the schist 
and comprise an anhedral mosaic of quartz and plagioclase 
with microcline (5-15%), biotite (0-5%), muscovite (0-
2%), clinozoisite (0-2%), pyrrhotite (0-3%) and traces of 
chalco-pyrite and pyrite. The rock is granoblastic in texture, 
the grain size being approximately 250 µm. Jacob (1974), 
Blaine (1977) and Miller (1980) have described similar 
quartzo-feldspathic rocks from the Etusis Formation or 
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stratigraphic equivalent which they considered to represent 
metamorphosed felsic volcanic rocks. The textures of the 
recrystallised Naauwpoort rhyolite (Miller, 1980, p.13, Fig. 
4.8) and the samples of Etusis Formation examined by Jacob 
(1974, samples 8400, 8401, 8402, 8411) are similar to those 
from Otjua. A geochemical analysis of a more siliceous sam-
ple (Table 2.14) reveals a rhyolitic composition. The high 
calcium content of this sample (which was extruded onto or 
deposited within a marly sequence) relative to the analyses 
of Nosib alkaline to peralkaline rhyolites listed by Miller 

(1983a) may be the result of alteration. The Spes Bona/Oka-
wayo/Oberwasser sediments to the northwest of Omaruru are 
considered to have been deposited on the margin of a basin 
whose southeastern edge was defined by the Omaruru Linea-
ment. If this is correct then the rhyolitic and dacitic volcanic 
rocks described above are confined to the graben margins as 
are the Nosib extrusive centres (Miller, 1983a, p. 438).
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2.2.2.5.3 The Oberwasser Formation problem
The correlation of Oberwasser Formation from the type 

area with the calc-silicate lithologies immediately below the 
Karibib Formation in the Usakos-Omaruru area is problem-
atic. Within the study area the only rocks which appear to be 
the direct equivalents of the Oberwasser Formation as de-
scribed by Botha (1978) are found west of Usakos in NCZb, 
NCZc and NCZd in the area examined by Watson (1982). To 
the east of the Abbabis lineament zone and its northern exten-
sion, the lithologies below the Karibib Formation are more 
calcareous, marbles are present and the calc-silicate rocks 
commonly contain disseminated scheelite mineralisation. 
An alternative stratigraphy has been proposed by Badenhorst 

(1989, pers. comm.) for the area to the east of the Abbabis 
lineament zone. The new names are given in Table 2.2a. The 
thick sequence of Karibib Formation marbles is now referred 
to as the Karibib Formation Upper Marble Unit (UMU). In 
the two tectono-stratigraphic zones where a thick sequence 
of predominantly schistose rocks has been identified imme-
diately below the Karibib Formation marble (to the east of 
the Abbabis lineament zone and its extensions), the schist/
calc-silicate rock package is referred to as the Karibib For-
mation Upper Schist Unit (USU). The thin marble (formerly 
Okawayo Formation) becomes the Karibib Formation Lower 
Marble Unit (LMU) and the underlying schist is now referred 
to as the Karibib Formation Lower Schist Unit (LSU).
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2.2.2.6 Karibib Formation

2.2.2.6.1 Mafic Volcanic Rocks
The first report of mafic volcanic rocks in the Karibib For-

mation of the SCZ was given by Miller (1983c). Massive 
amphibolites (Omusema Member) and amphibolitic pillow 
lavas (Daheim Member) from the base of the Karibib For-
mation were described. The Omusema Member is up to 500 
metres thick and is best developed to the south and east 
of Karibib (De Kock, 1985). Recent geological mapping 
north of Karibib has confirmed that the volcanic rocks of 
the Daheim Member, which may be several hundred me-
tres thick, are confined to a geographically small area, south 
of the Erongo Complex and east of the Abbabis lineament 
zone (Badenhorst, 1988, pers. comm.). Both members were 
interpreted, on the basis of their geochemical signatures, 
to be alkaline volcanic rocks associated with a continen-
tal (rifting?) environment (Miller, 1983c, p.131). Damaran 
mafic volcanic rocks or the metamorphosed equivalents 
thereof are essentially absent from the NCZ (Steven, 1987). 
The volcanic rocks of the Daheim Member are known to 
contain minor gold mineralisation (Petzel, 1988, pers. 
comm.) and Pirajno et al. (1990a) have suggested that the 
carbonate-hosted gold mineralisation at the Onguati Mine 
was derived from metals that had been leached out of the 
orthoamphibolitics. This model for the origin of gold de-
posits, which involves the derivation of auriferous fluids 
from mafic volcanic rocks during prograde regional meta-
morphism, has gained widespread attention (Keays et al., 
1989). It was thus considered important during the course 
of field work to pay particular attention to the nature of the 
Karibib Formation elsewhere in the CZ and, more specifi-
cally, near gold prospects. The Sandamap-Eureka area, on 
the SCZ/NCZ boundary, was chosen for an examination 
of the Karibib Formation because of the detailed mapping 
available in the vicinity of significant gold mineralisation 
(Maps 3 and 4).

A thick sequence of mafic volcanic rocks that could rep-
resent the equivalent of the Omusema or Daheim Members 
is not developed in the Sandamap area. However, several 
minor horizons (less than 10 cm thick) of fine-grained fer-
ruginous cherts with ovoid structures and several greenish 
carbonate layers were discovered within calcitic marbles on 
a low knoll west of Hill 1166 in the northwest corner of 
Sandamap 64 (Map 4). It was initially thought that these ho-
rizons might represent tuffaceous material that would have 
been broadly contemporaneous with the Daheim Member. 
Petrographic study reveals that the ‘chert’ is a scapolite-pla-
gioclase-tremolite calc-silicate rock. The green carbonate is 
a tremolitic marble. No patches of meta-igneous material 
that could represent volcanic bombs were identified. Sev-
eral unusually dark green calc-silicate horizons (up to one 
metre thick) are developed within the Karibib Formation on 
the Sandamap-Sandamap Noord boundary (Maps 3 and 4). 
It was also thought that these might have a tuffaceous com-
ponent. Geochemical analyses are given in Table 2.15. The 
more mafic nature of the calc-silicate rocks is evident from 
the presence of actinolitic amphibole rather than tremolite, 
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but the presence of microcline and scapolite suggest that the 
rock was derived from a clayey marl. It has thus not been 
possible to state unequivocally that minor tuffaceous mate-
rial is absent from the Karibib Formation west of the Abba-
bis lineament zone. However, the lack of metalavas in the 
Sandamap area is important because it is considered unlikely 
that the very minor volume of (possibly) tuffaceous material 
could have significantly contributed to the gold budget at the 
Sandamap Noord Gold Prospect (see Chapter 7). Moreover, 
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the presence of gold mineralisation in an area where there 
are no significant mafic volcanic rocks means that alternative 
models to the one proposed by Pirajno et al. (1990a) for the 
origin of some of the gold mineralisation in the CZ must be 
considered.

2.2.2.6.2 Metasediments
The most prominent stratigraphic marker in the CZ is the 

sequence of Karibib Formation marbles, but an assessment 
of its true thickness is complicated by the tectonism. In the 
SCZ, in the vicinity of the Abbabis Inlier, the formation at-
tains a maximum thickness of 660 metres and comprises 
mainly dolomitic marble with subordinate calcitic marble, 
calc-silicate rocks and biotite schists (Smith, 1965). On the 
northern side of the Omaruru Lineament there is a marked 
increase in the proportion of calc-silicate lithologies at the 
base of the formation and dolomites are replaced by calcitic 
marbles. In NCZb the formation consists of calcitic marble 
with minor calc-silicate rocks that may be less than 100 me-
tres thick (Map 3), while in NCZc the formation may attain 
a thickness of several hundreds of metres (for example im-
mediately south of the Gross Spitzkop). On the northwest 

side of the Tubussis Lineament (Fig. 2.4) there is a notable 
thickening of the Karibib Formation (Watson, 1982) and 
Klein (1980) has divided the formation into three members. 
The Harmonie Member (calc-silicate dominated with rare 
stromatolites), the Otjongeama Member (marble dominated) 
and the Arises River Member (pure coarse-grained calcitic 
marble) attain a maximum thickness of 1560 metres in NCZd 
north of Omaruru (Badenhorst, 1987). The Karibib Forma-
tion is an important host of gold-bearing skarn in the CZ and 
an unusual tin skarn at the Gross Spitzkop in NCZc (Fig. 1.3 
and Table 2.3). The nature of the formation near the Navachab 
Gold Mine and the Habis, Onguati and Sandamap Gold Pros-
pects has been investigated (Fig. 1.3). At the four localities, 
the Karibib Formation was sampled several hundred metres 
from the nearest known/visible gold mineralisation and its 
nature is discussed in order of increasing distance from the 
Abbabis Inlier. No unequivocal sedimentary features were 
recorded in the carbonates which have undergone amphibo-
lite facies metamorphism. Estimates of the modal carbonate 
abundances were made after staining the thin sections with 
Alizarin Red S.

The Habis Gold Prospect is located near the centre of the 
Abbabis Inlier where metasediments of the Chuos and Ka-
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ribib Formations overlie basement gneisses (Smith, 1965). 
A sequence of fine-grained white carbonates (lower mar-
ble), several hundred metres thick, is overlain by schistose 
sediments which are in turn succeeded by a several-hun-
dred-metre-thick sequence of fine-grained, light grey and 
grey dolomitic carbonates (upper marble). Zones of massive 
tremolite associated with auriferous gossan are present in the 
upper marble approximately 500 metres north-northeast of 
the Habis farmhouse (Chapter 7.4). The dolomitic nature of 
the lower and upper marbles is evident from Tables 2.16 and 
2.17. The marbles generally possess an annealed metamor-
phic texture. However, approximately 10% of the lower mar-
ble comprises randomly oriented fractures and cavities filled 
with very fine-grained carbonate and microcrystalline quartz. 
In the upper marble there is a concentration of coarse-grained 
(2 mm) dolomite crystals with quartz in lensoid stringers up 
to several centimetres long. Minor poikiloblastic tremolite is 
an integral part of the metamorphic assemblage in both the 
lower and upper marbles.

The Navachab Gold Mine is situated on the northern 
flank of the Abbabis Inlier, where sediments of the Swakop 

Group have been deformed into a northeasterly trending 
domal structure (Smith, 1965). Gold skarn mineralisation is 
primarily hosted by calc-silicate marble (MC) and dolom-
itic marble (DM) of the Karibib Formation, and to a much 
lesser extent by the calcitic marble (CM; Anglo American 
nomenclature, Navachab Gold Mine Field Guide, 1989). Pet-
rographic and geochemical analyses reveal that the so-called 
dolomitic marble is in fact highly calcitic (Tables 2.16 and 
2.18). All the marbles possess an annealed polygonal mo-
saic and, although dolomite grains tend to cluster together, 
there is no evidence for the replacement of one carbonate 
by another. Small poikiloblasts of tremolite derived during 
regional metamorphism are common in the dolomitic and 
calc-silicate marbles.

The Onguati Copper Mine is located towards the northern 
edge of the SCZ. Auriferous copper skarn and quartz veins 
are hosted by calcitic marbles of the lower portions of the Ka-
ribib Formation in the core of a major east-northeast-trend-
ing anticlinal structure, the Onguati-Otjimbojo anticline (1:1 
000 000 Geological Map of Namibia). The calcitic marble 
(Tables 2.16 and 2.19) that hosts the majority of the miner-
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alisation is overlain by virtually pure dolomitic marble. Both 
lithologies possess an annealed mosaic of carbonate grains 
with minor interstitial quartz. The dolomitic marble has 
several crosscutting zones of recrystallised coarse-grained 

dolomite as well as small poikiloblastic tremolite.
Minor gold mineralisation in quartz veins is hosted by the 

calcitic marbles of the Karibib Formation at Hill 1166 on 
Sandamap. This prospect is located in the core of an F4 fold 
on the northern edge of the SCZ near the intersection of the 
Omaruru Lineament and the Welwitschia lineament zone. 
The thickness of the Karibib Formation varies between 80 
and several hundred metres due to the tectonism (Maps 3 
and 4). The formation comprises calcitic marble with very 
subordinate calc-silicate rocks and biotite schist (Steven, 
1988). Petro-graphic and geochemical analyses (Tables 
2.16 and 2.20) reveal the purity of the marble, which has 
an annealed metamorphic texture. However, many of the 
calcite grains have deformed cleavages and twin lamellae 
indicating that a major deformational event postdated the 
annealing process which was probably the peak of meta-
morphism. The significance of this late-tectonic F4 defor-
mation will be discussed in Chapter 4.

In summary, the Karibib Formation comprises carbon-
ate units with very subordinate calc-silicate and biotite 
schist. In the SCZ close to the Abbabis Inlier dolomitic 
marble predominates over calcitic marble, but the propor-
tion of the latter increases in a northerly direction. In the 
NCZ the Karibib Formation is represented by calc-silicate 
rocks and calcitic marble. Gold mineralisation in the CZ is 
hosted by both calcitic and dolomitic marble and appears 
to be confined to the SCZ. The origin of the dolomite is of 
particular interest because Pirajno et al. (1990a) have stated 
that dolomitisation of the Karibib Formation was one of the 
‘ore-forming processes’ that led to the development of gold 
skarn mineralisation in central Namibia. However, near 
the Abbabis Inlier dolomitic marble forms the bulk of the 
Karibib Formation (Smith, 1965, p.29). No evidence (such 
as crosscutting veins) for late-stage dolomitisation of the 
Karibib Formation could be found in any of the samples ex-
amined in this study. Since it is unlikely that the entire Kari-
bib Formation was dolomitised at the time of the formation 
of the late-Damaran hydrothermal gold veins, a primary or 
syndiagenetic origin for the dolomites of this formation ap-
pears more plausible (see discussion in Chapter 7.4).

2.2.2.7 Onguati Formation
The term Onguati Formation was introduced by Baden-

horst (1988a) to describe an intercalated sequence of schist, 
marble and quartzites (up to 800 m thick) that represents a 
transitional zone between the shelf carbonates of the Ka-
ribib Formation and the pelagic sediments of the Kuiseb 
Formation in the northern SCZ. In the type area, quartzites 
are the most predominant lithology and comprise quartz 
(50-55%), sericite and chlorite (30-40%), altered feldspar 
(0-5%), limonite (5%), and traces of tourmaline and zircon. 
The overall texture is fine-grained (the grain size seldom 
exceeding 150 µm) and equigranular with quartz crystals 
granoblastically arranged. Chlorite and limonite are inti-
mately related and randomly oriented micas overgrow feld-
spar. Geochemical analyses of the Onguati Formation are 
listed in Table 2.21. On the farm Onguati 52 (Fig. 1.3) on 
the south bank of the Khan River quartzites host tourmaline 
rocks which are broadly stratabound, but are crosscutting 
within that zone (Table 2.3). The area has been intruded by 
several Damaran pegmatites and the development of these 
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zones of tourmalinisation is probably related to these intru-
sions or possibly to the Erongo Complex.

2.2.2.8 Kuiseb Formation
The sediments of the Kuiseb Formation are widely dis-

tributed throughout the CZ. In the SCZ, the formation is 
represented by quartz-biotite schists, but sedimentary fea-
tures have been destroyed during metamorphism and de-
formation and the top of the formation is not seen. Smith 
(1965) noted a minimum thickness of 3300 metres for 
the formation south of the Abbabis Inlier and Badenhorst 
(1987) recorded a minimum thickness of 40 metres in the 
Okawayo Section. A complete section through the Kuiseb 
Formation is nowhere exposed in the NCZ. Klein (1980) 
considered the contact with the underlying Karibib For-
mation to be commonly faulted and he divided the for-
mation into two levels (Table 2.2). In general, the lower 
levels found in NCZb, NCZc and NCZd are characterised 
by pelagic metasediments that have undergone amphibo-
lite-facies metamorphism and have been intruded by syn- 
and late-tectonic granites. Calc-silicate lithologies possess 
finely disseminated scheelite, and marble horizons host 
tungsten skarn mineralisation in NCZc (Table 2.3). The up-
per levels of the Kuiseb Formation (Klein’s informal Uis 
Formation) are found in NCZa and NCZe and, in the lat-
ter, the formation exceeds 4000 metres in thickness (cf 10 
000 metres near Ondundo in the NZ; Miller, 1980). The 
upper Kuiseb is dominated by metaturbidites that have been 
regionally metamorphosed to greenschist facies in NCZe 
and amphibolite facies in NCZa. The metasediments have 
been intruded by late/post-tectonic granites and stannifer-
ous pegmatites that have caused a thermal metamorphic 
overprint of the metasediments. Thus two metamorphic 
episodes can clearly be distinguished in NCZe. The upper 
Kuiseb Formation is of economic interest for a number of 
reasons (Table 2.3). Firstly, this stratigraphic level hosts the 
Sandamap-Davib Ost, Nainais-Kohero (Fig. 2.4) and Strath-
more-Uis tin belts. Secondly, the Kuiseb Formation schists 
of NCZa host gold-arsenic mineralisation where they have 
been sheared (Chapter 7.5). Thirdly, tourmaline schists and 
zones of tourmalinised schist (discussed in Chapter 7.6) and 
scheelite-bearing vesuvianite calc-silicate rocks (discussed 
in Chapter 7.7) are present in both NCZa and NCZe.

In NCZb, NCZc and NCZd the lower levels of the Kuiseb 
Formation are represented by biotite schist which is lo-
cally garnetiferous (for example on Pforte; Fig. 1.3). The 
mineralogy of the schist varies with composition and meta-
morphic grade. Due to the deformation and metamorphism 
no sedimentary features can be identified. In both NCZb 
and NCZc, the base of the formation is notably calcareous 
and contains a high proportion of calc-silicate rocks, some 
of which possess finely disseminated scheelite mineralisa-
tion (Table 2.22). Minor marble horizons, usually less than 
five metres thick, are present at the base of the formation 
in NCZc and host tungsten skarn mineralisation on Pforte. 
These marble bands are comprised largely of calcite (Table 
2.23).

In NCZa the upper levels of the Kuiseb Formation are 
represented by biotite ± andalusite ± sillimanite schists. 
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A locally rapid alternation in the grain size of the schist: 
suggests the presence of graded bedding (as in a Bouma 
sequence), but no unequivocal sedimentary features can be 
identified. The mineralogy of the schist varies with com-
position and metamorphic grade and will be discussed in 
detail in Chapter 5. For the sake of completeness, bulk-rod 
analyses of upper Kuiseb Formation schists from the farm! 
Sandamap Noord and Kassandara (both in NCZa) and 
Ohere (NCZe) are presented in Tables 2.24, 2.25 and 2.26, 
Minor muscovite-bearing quartzites with planar crossbed-
ding (which are not representative of the Kuiseb Formation 
in general) are developed in the west-central portion of San-
damap Noord (Map 3) and comprise quartz (60-75%), feld-
spar (15-25%), muscovite (trace-5%), chlorite (trace¬5%), 
biotite (0-4%), sillimanite (0-3%) and tourmaline (0-2%) 
and traces of calcite and opaque minerals. Much of the 
feldspar is untwinned and altered making compositional 
determination difficult. The quartzite has a fine-grained 
(approximately 300 µm) granoblastic texture with porphy-
roblasts of muscovite up to several millimetres in diameter. 
This mica invariably contains numerous randomly oriented 
fibrolite needles. Geochemical analyses of these quartzites 
are listed in Table 2.27.

In NCZe the Kuiseb Formation comprises a sequence of 
metaturbidites with subordinate phyllite (Chapter 5) and 
minor arsenopyrite-pyrite-pyrrhotite-bearing schist, scheel-
ite-bearing calc-silicate rocks, marble, tourmaline schist 
and zones of tourmalinisation (Chapter 7.6) and scheelite-
bearing vesuvianite rocks (Chapter 7 .7). A section through 
the upper Kuiseb Formation in NCZe is best exposed on 
Ohere (Map 2). Bouma sequences are well-developed in 
the turbidites. Other sedimentary features of note include 
rip-up clasts, flame structures and scours. The proximal 
turbidites are represented by metaquartzites (greywackes) 
which comprise quartz (± 75%), untwinned plagioclase 
and K-feldspar (± 20%), muscovite (3%), chlorite (2-3%), 
sphene (trace-l %), opaque minerals (probably haematite 
and possibly rutile-1 %) and traces of biotite, tourmaline, 
calcite and zircon. The quartz and feldspar are arranged in 
a granoblastic mosaic with interstitial calcite and poikilob-
lastic or ragged muscovite. The grain size seldom exceeds 
200 µm. Geochemical analyses are given in Table 2.28. The 
graphitic marble, which is usually less than one metre thick, 
contains quartz (± 40%), calcite (± 20%), untwinned feld-
spar (± 15%), tremolite (± 10%), clinopyroxene (± 10%), 
clinozoisite (3-4%), graphite (± 2-3%) and sphene (± 1%). 
The rock possesses a polygonal mosaic texture and the 
grain size is usually less than 150 µm. A single geochemi-
cal analysis is given in Table 2.29.

The calc-silicate rocks of the upper Kuiseb Formation in 
NCZa and NCZe possess a diverse mineralogy and are of 
interest because, in both the Sandamap Noord and Ohere 
areas, they host finely disseminated scheelite mineralisation 
(Table 2.3). Calc-silicate horizons or lenses are usually in 
the order of several tens of centimetres thick and, on ac-
count of the tectonism, commonly have a lensoid or spindle-
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shaped geometry. These lenses, which represent boudinaged 
horizons, are notably flatter in NCZa than in NCZe, attesting 
to the more intense deformation closer to the Omaruru Linea-
ment The mineralogy of these equigranular calc-silicate rocks 
comprises quartz (35.80%), plagioclase feldspar (2-25%), 
clinopyroxene (trace-35%), hornblende (trace-20%), garnet 
(trace-IO%), chlorite (0-10%) tremolite (0-5%), clinozoisite 
(0-3%), biotite/phlogopite (0-2%), calcite (trace-10%), mi-
crocline (0-3%), scapolite (0-2%), scheelite (0-2%), sphene 
(trace-2%), epidote (0-1 %), pyrrhotite (0-1 %), pyrite (0-1 
%), chalcopyrite (0-0.5%), graphite (trace) and iron oxides 

(trace). The quartz and feldspar form a granoblastic mosaic 
that is poikiloblastically enveloped by pyroxene and horn-
blende in particular. Garnet is poikiloblastic or xenoblastic 
and may be several millimetres in diameter. The grain size of 
the mosaic seldom exceeds 400 mm. The scheelite crystals 
are usually only several hundred microns in size, but may 
have a poikiloblastic habit up to one centimetre across. The 
sulphides are clustered in elongate aggregates which lie par-
allel to the metamorphic banding. Bulk-rock analyses of calc-
silicate rocks from Sandamap Noord and Ohere are given in 
Tables 2.30 and 2.31.
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Particular attention was paid during field work to the possi-
ble presence of mafic volcanic rocks in the Kuiseb Formation 
of the CZ which would represent equivalents of the Match-
less Member amphibolite of the SZ (Miller, 1983c). No 
such volcanic horizons have previously been reported in the 
Omaruru-Usakos area. Two instances of possible volcanic 
horizons were noted during field work. Neither is more than 
five metres thick, nor do they comprise more than a fraction 
of the stratigraphy of the area. In NCZa a two-metre-thick 
zone of pale-green schist with extensive ferruginous staining 
on the northwest of Sandamap Noord (Map 3) was initially 
considered to represent a metamorphosed tuffaceous horizon. 
This lithology (sample NS255) comprises sericite (± 35%), 
quartz (± 20%), green biotite (± 15%), plagioclase (± 10%), 
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K-feldspar (± 10%), muscovite (± 5%) and traces of sphene, 
zircon, serpentine and iron oxides. The sericite has entirely 
replaced a poikiloblastic feldspar. No volcanic textures were 
noted in thin section. Moreover, the bulk composition of this 
lithology (Table 2.32) is similar to unaltered Kuiseb Forma-
tion schists on Sandamap Noord.

In NCZe on Ohere (Map 2) on Grid 7 an amphibole-bearing 
rock (sample NS240) that is several metres thick is traceable 
for over 150 metres. The lithology contains quartz (45-60%), 
tremolitic amphibole with possibly a significant hornblende 
component (± 25%), plagioclase (15-25%), microcline (0-
10%), sphene (± 1 %) and ore minerals (± 1 %). The fabric 
of the rock is defined by oriented amphibole which locally 
assumes a poikiloblastic habit and envelops the granoblastic 
mosaic of quartz and feldspar. A single geochemical analysis 
of this rock (Table 2.32) reveals a bulk composition similar to 
the calc-silicate rocks (for example NS202) and it is unlikely 
that NS240 contains a significant tuffaceous component. To 
conclude, there is no evidence for significant volcanic ac-
tivity in the CZ which could be equated with the Matchless 
Member volcanism in the Southern Zone of the orogen (Fig. 
2.2).

2.2.3 Summary of the Damaran depositional episode

The Damaran sedimentary package in central Namibia 
can now be related to the formation of the northern Nosib 
graben (Miller, 1983a) and subsequent basin development in 
the CZ. Major facies changes in both the Nosib and Swakop 
Groups across the Omaruru Lineament (Fig. 2.5) testify to 
the strong control exerted by this structure on Damaran sedi-
mentation (see also Henry et al., 1990 and Stanistreet et al., 
1991). In general, the SCZ comprises continental, shallow 

marine and minor pelagic sediments, while the NCZ contains 
shallow marine sediments overlain by pelagic sediments up 
to 4 km thick. Deposition of fluvio-deltaic quartzites of the 
Etusis Formation occurred during rifting of granitic base-
ment between 1000 and 900 Ma. This rifting was followed 
by spreading and gradual basin subsidence resulting in the 
deposition of shallow marine (or possibly lacustrine) cal-
careous lithologies during Khan times. An evaporitic or la-
custrine depositional environment is indicated for at least 
some of the Khan Formation. The development of massive 
ironstone, sulphide mineralisation and graphite schists at 
the top of the Khan Formation and the base of the Rössing 
Formation appears to be localised in the vicinity of a major 
rift, namely the Omaruru Lineament. As far as the author is 
aware, the Sandamap-Eureka occurrence is unique in the CZ. 
The Rössing Formation BIF may be the chronostratigraphic 
equivalent of the Chuos Formation which is not developed in 
the Sandamap-Eureka area. These lithological associations 
invite comparison with a similar situation in the Pan-Afri-
can Gariep belt in southern Namibia at the Hilda Subgroup/
Numees Formation contact in the Dabie River (Hartnady et 
al., 1990 p.35). Immediately below the Numees Formation 
(a diamictite with associated BIF) massive dolomite, iron-
stones, graphite schist and grunerite rocks of the Dabie River 
Formation are developed. Hoffman (1989) correlated the 
Numees Formation diamictite and BIF with the Naos pebbly 
schists rather than the Chuos Formation diamictites and BIF. 
However, the BIF-sulphide-graphite association immediately 
below a glaciogenic unit may be more widespread in Pan-Af-
rican belts than was originally thought Although the Chuos 
Formation mixtite is considered to be a glaciomarine deposit 
(Badenhorst, 1988b), the large variations in thickness are at-
tributed to syn-sedimentary faulting associated with deposi-
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tion of the sediments in half-grabens (Henry et al., 1986). In 
mid-Swakop times the presence of possible evaporites in the 
Spes Bona and Oberwasser Formations and stromatolites in 
the carbonates of the Karibib Formation imply shallow ma-
rine sedimentation. Crustal instability is indicated by felsic 
volcanism in Spes Bona and Oberwasser times close to the 
Omaruru Lineament. The extension of mafic alkaline pyro-
clastic rocks and lavas on the basin margins (Daheim Mem-
ber) point to the presence of deeper- seated fractures near 
granitic basement in the SCZ. Syn-sedimentary breccias at 

the top of the Karibib Formation in the Arises River Member 
marbles (Klein, 1980) are indicative of further syndeposition-
al faulting related to spreading. A transition to more pelagic 
sedimentation during lower Kuiseb times implies an increase 
in the rate of basin subsidence which culminated in localised 
rifting with accompanying deposition of the upper Kuiseb 
Formation turbidites. On the basis of a westward increase in 
sediment maturity, Miller (1983a) argued that these flysch 
deposits were derived from Kibaran and Katangan rocks to 
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the northeast. The evidence from the proximal turbidites on 
Ohere suggests that the sediments were more locally derived. 
In the CZ, rupture of the crust did not occur and thus the 
graben has an ensialic intracratonic nature.

2.3 THE GEOCHEMISTRY OF THE CLASTIC 
METASEDIMENTS OF THE DAMARA 

SEQUENCE

2.3.1 Introduction

A comprehensive treatment of the geochemical data pre-
sented here is beyond the scope of this memoir. Thus this 
section only highlights some features of the major element 
geochemistry. Nomenclature is a key problem when discuss-
ing and comparing the geochemistry of metasediments and 
has recently been addressed by Moore (1989). Consequently 
the terms “clastic”, “greywacke” (taken to mean a sand-
stone), “metasediment”, “quartzite” and “schist” have been 
used sensu Bates and Jackson (1987). The word schist has the 
prefix metapsammitic or metapelitic (sensu Moore, 1989; up-
per-amphibolite-facies terrane) depending on the whether the 
“pelitic” components (biotite, muscovite and garnet) make 
up <20% or >20% of the rock respectively. A fundamental 
assumption made in the discussion below is that the com-

Table 2.33 (left): Average composition of Damaran quartzites 
from the CZ
A = Etusis Formation arkoses and subarkoses (SandClass); 8 = On-
guati Formation quartzites (classified as wackes, locally shales by 
SandClass); C = Kuiseb Formation muscovite quartzites (classified 
as arkoses by SandClass); D = Kuiseb Formation greywackes (clas-
sified as litharenites, locally arkoses by SandClass)

* Averages have only been calculated for those samples (given be-
low) containing concentrations of the element in excess of the LLD. 
True values for the populations are lower.
A: MnO (3), U (3), Mo (2), Sn (2), W (2), Co (1), As (3); 
C: MnO (2), S (1), W (1), Sb (2);
D: S (3), Mo (1), Sn (3), W (2), Co (3)
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positions of the metasediments are dehydrated equivalents of 
the original sediments, i.e. there has been no significant loss 
of material or migration of elements during metamorphism 
(see Moore, 1989 for a discussion).

2.3.2 Geochemical classification of the clastic rocks

Numerous systems for the classification of clastic rocks 
exist (Pettijohn et al., 1972; Blatt et al., 1980). More recent-

ly, Herron (1988) has reviewed the various shortcomings of 
these schemes and proposed the SandClass system for the 
geochemical classification of sands and shales. The ratio of 
total iron expressed as Fe2O3 to K2O (an indicator of minera-
logical stability) is plotted against the ratio SiO2/Al2O3 (an 
indicator of mineralogical maturity). The main advantage of 
this system over Pettijohn et al. ‘s (1972) is that it does not 
make use of the relatively mobile element Na. Moreover, the 
ratio Na2O/K2O used by Pettijohn et al. (1972) is not well 
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suited to distinguishing lithic fragments from feldspars. The 
48 analyses of clastic metasediment presented in this memoir 
are plotted in Fig. 2.6. Quartzites of the Etusis Formation are 
classified as subarkoses or arkoses, those of the Onguati For-
mation as wackes or shale, and quartzites of the Kuiseb For-
mation as litharenites, arkoses or subarkoses. The majority 
of the Kuiseb schists are classified as shales; the four schists 
classified as wackes are the only two schists that are metap-
sammitic and two metapelites with K2O contents in excess 
of 6.5 wt%. The data presented in Fig. 2.6 can be compared 
with the few other whole-rock analyses available for the CZ. 
Thirteen analyses of Etusis Formation quartzite from the im-
mediate vicinity of the Navachab Gold Mine are predomi-
nantly subarkoses (Fig. 2.7). Five analyses of metasediment 
from southwest of Uis (Botha, 1978) are given in Fig. 2.8. 
The Tsaun Formation (Etusis equivalent) is classified as an 
arkose, the Oberwasser Formation from the type area as a 
wacke and the Rietkuil formation (Kuiseb equivalent) as a 
wacke or a shale.

2.2.3.1 Geochemistry of the quartzitic rocks and 
determination of the tectonic setting of deposition

Sandstone composition is a function of the interplay be-
tween provenance, weathering, transportation and diagene-
sis, but the primary control is tectonism (Bhatia, 1983). Blatt 
et al. (1972, 1980) were some of the first authors to relate 
sandstone composition to tectonic setting. Average composi-
tions of the 14 samples of Damaran quartzite (Table 2.33) 
have been plotted on a Fe2O3 (total)+MgO-Na2O-K2O terna-
ry diagram (Fig. 2.9) which includes the three tectonic envi-
ronments recognised by Blatt et al. (1980). The first point of 
note is that the CZ metasediments with the exception of the 
Onguati Formation have low total iron and MgO contents. 
This emphasises the intracratonic nature of the source areas 
for the CZ sediments. The majority of the Etusis quartzites 
and the Kuiseb Formation quartzites from Sandamap Noord, 
having been deposited closest to the granitic basement in-
lier, have compositions similar to the taphrogeo-synclinal (or 

faulted cratonic basin) types. The Onguati Formation quartz-
ites are exgeosynclinal in nature: their ferromagnesian nature 
is probably a result of the presence of mafic volcanic detri-
tus from the underlying Daheim Member. In contrast, those 
Kuiseb quartzites (essentially greywackes) from Ohere and 
Kassandara which were deposited furthest from the Abbabis 
Inlier are sodic sandstones and compositionally similar to eu-
geosynclinal sediments.

Bhatia (1983) has attempted to classify the sandstones of 
Australian Palaeozoic sequences in terms of four plate tecton-
ic settings: oceanic island arc, continental island arc, active 
continental margin and passive margin. The 14 analyses of 
CZ quartzite have been recalculated on a volatile-free basis, 
normalised to 100 wt% and plotted on two of Bhatia’s (1983) 
diagrams (Figs. 2.10 and 2.11). The quartzites of the Etusis 
and Kuiseb Formation show most affinities with passive mar-
gin sandstones, while those of the Onguati Formation show 
certain similarities with oceanic island-arc sandstones.

2.3.2.2 Geochemistry of the schists
Thirty-four analyses of unaltered Oberwasser and Kuiseb 

Formation schist are given in the memoir; average composi-
tions of the latter are given in Table 2.34. Only two samples 
(NS283 and NS284) are metapsammitic; the remainder are 
metapelitic. Those schists which contain muscovite have 
been plotted on an AFM diagram (Thompson, 1957) where 
the coordinates are given as follows (element oxides in mo-
lecular proportions):
A=([Al2O3]-3 [K2O]/Al2O3]-3[K2O ]+[MgO]+FeO]),
F=(FeO/MgO+FeO) and M=(MgO/MgO+FeO). The ranges 
in cordierite and biotite composition are taken from Winkler 
(1976): a single cordierite analysis from Ohere is given, but 
tie-lines have not been drawn. The two features of note in 
Fig. 2.12 are the highly potassic nature of the Kuiseb Forma-
tion schists on Kassandara and the relatively constant FeO:
MgO ratio in both Oberwasser and Kuiseb Formation me-
tapelites and metapsammites.
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3.1 INTRODUCTION

Information on the predominantly granitic intrusions of the 
Central Zone is available from the regional studies of Smith 
(1965) and Miller (1973). One of the most intriguing aspects 
is the marked confinement of granite and pegmatite types to 
specific stratigraphic levels. Miller (1983a) divided the vari-
ous syn- to post-tectonic granitic rocks of the CZ into three 
groups:

1) Red, medium- to fine-grained granites which intrude 
basement or Nosib Group lithologies and are thus concen-
trated near the Abbabis Inlier,

2) syn- to late-tectonic coarsely porphyritic, biotite mon-
zogranites and associated biotite dioritic rocks of the Salem 
Granite Suite which are essentially restricted to the Kuiseb 
Formation,

3) late- to post-tectonic, fine- to coarse-grained leucogran-
ites, pegmatitic alaskites and pegmatites.

This subdivision has been widely used by workers in the 
Damara Orogen. Other minor groups of intrusions are present 
within central Namibia, two of which crop out within the field 
area. Firstly, hornblende-magnetite rocks (hornblendite of 
Miller, 1983a), which may be xenoliths of Gannakouriep(?)-
age metadolerites (see Chapter 2), are present as inclusions 
in undeformed, younger magnetite-bearing pegmatites on 
Eureka (Map 5) and Lukasbank (Map 6). Secondly, a small 
number of hornblende diorites crop out south of Karibib 
(Smith, 1965). The nature of the uraniferous granitic intru-
sions of the SCZ has been discussed by Marlow (1983), who 
proposed a fourfold subdi-vision of the CZ granitoids into 
red granites, Salem granites, leucogranites and alaskites. All 
of these lithologies, with the exception of the Salem granite, 
may host uranium mineralisation in the SCZ. Marlow (1983) 
concluded that the intrusion of uraniferous leucogranites and 
alaskites was restricted to a late- to post-tectonic event.

The distribution and petrographic characteristics of the 
granites of the NCZ, where red granites are essentially ab-
sent, have been described by Badenhorst (1986a). Members 
of the Salem Granite Suite, both syn- and late-tectonic, are 
essentially restricted to the Kuiseb Formation and, within 
the field area, are concentrated in NCZa and NCZc near 
Omaruru and in NCZe. Several types of late-/post-tectonic 
leucogranite crop out in the NCZ, but there are differences 
between those hosted by the Kuiseb Formation schists and 
those hosted by the more carbonaceous lithologies of the 
lower Swakop Group. Similarly, the late-tectonic stannifer-
ous muscovite pegmatites hosted by the upper Kuiseb For-
mation in NCZa and NCZe can easily be distinguished in the 
field from the relatively anhydrous biotite-garnet-tourmaline 
pegmatites hosted by the lower Swakop Group formations.

There is a close spatial relationship between mineralisa-
tion and the younger granites in the CZ and in this chapter 
particular attention is given to the late- to post-tectonic intru-
sions. For example, Steven (1987) concluded that the devel-
opment of skarn-hosted tungsten mineralisation at the Otjua 
Tungsten Prospect was caused by the intrusion of a late-tec-

tonic leucogranite. Tin mineralisation in the NCZ is hosted 
by late-/post-tectonic pegmatites (Richards, 1986; Haack and 
Gohn, 1988; this work). An important aim of this chapter will 
be to assess Miller’s (1983b) claim that the granitic plutons 
are calc-alkaline in nature (op. cit. p.391) and thus deter-
mine the tectonic environment in which these magmas were 
generated. This has important implications for the styles of 
mineralisation that one might expect to be developed in the 
CZ.’ It was decided to focus on the intrusions of the NCZ, 
which have not been investigated in detail, in contrast to the 
SCZ where a large amount of mineralogical and geochemical 
data is available on the mineralised pegmatites of the Kari-
bib area (Roering, 1963, 1966) and the uraniferous intrusions 
(Marlow, 1983). To illustrate the different types of granite 
intrusion in the NCZ, six examples of early, syn- and late-
tectonic intrusions (three from the Usakos area, three from 
Omaruru area) have been selected and are discussed in order 
of decreasing age in each subsection. The nature of the four 
main types of pegmatite within the field area is subsequently 
examined. Emphasis has been placed on a stratigraphic over-
view. The geochronological work that has been completed by 
the author will be discussed in Chapter 6, though the Rb-Sr 
whole-rock ages are presented here. All lithological names 
and the “leuco-” prefix are used sensu Streckeisen (1976).

3.2 EARLY TECTONIC LEUCOGRANITES 
ALONG THE OMARURU LINEAMENT

On the northern side of the Omaruru Lineament in NCZc, 
early tectonic, foliated, garnetiferous leucogranites possess-
ing a penetrative foliation are common in the lower Kuiseb 
Formation. On the southern side of the Kompaneno Fault on 
Gross Okandjou (Fig. 3.1), garnetiferous leucogranites have 
been isoclinally folded indicating an early orogenic age at 
the youngest. This type of (possibly lopolithic) intrusion is 
common at this stratigraphic level elsewhere in the CZ (Mill-
er, 1983a). However, because of the intensity of the defor-
mation and the poor exposure it is impossible to determine 
whether these were intruded as sills or dykes. Miller (1983a) 
has contended that the base of the Kuiseb Formation formed 
a barrier to intrusion of these granites to higher levels. The 
characteristics of a garnetiferous leucogranite that is several 
tens of metres wide on Pforte (Fig. 3.1) are listed in Table 3.1 
and a geochemical analysis is given in Table 3.2.

On the eastern side of the Omaruru Fault Zone on Kas-
sandara (Fig. 3.1), foliated leucogranites without garnet are 
particularly common in the upper Kuiseb Formation. To the 
southwest, on Sandamap Noord, the local presence of thin 
(from approximately one centimetre to several tens of cen-
timetres) foliated quartz-feldspar-biotite rocks in the schists 
suggests the presence of minor syntectonic granite intru-
sions. These rocks have a broadly granitic composition (as 
determined from petrographic study) comprising quartz, un-
twinned K-feldspar, albite, biotite (5-10%), opaque minerals 
(1-2%) and traces of muscovite, apatite and zircon. These 
aplites have an equigranular granoblastic texture, the grain 
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size seldom exceeding 250 µm.

3.3 SYN- AND LATE-TECTONIC GRANITOIDS 
OF THE NCZ IN THE USAKOS AREA

3.3.1 Sandamap Noord peraluminous leucogranite

In the immediate vicinity of the Omaruru Lineament in 
NCZa on the farm Sandamap Noord (Fig. 3.1), a folded, 
lens-shaped, leucogranite phacolith lies in the core of a D3/D4 
domal structure (Map 3). The presence of significant (-5%) 

primary muscovite is unusual amongst granites of the NCZ. 
Peraluminous granites are comparatively rare in the Damara 
Orogen, the largest being the well-known Donkerhuk intru-
sion (Miller, 1979, 1983a) which also intruded along and 
immediately to the south of a major tectonic break, namely 
the Okahandja Lineament. The term ‘phacolith’ (defined by 
Bates and Jackson [1987] as a minor syntectonic concord-
ant, concavo-convex intrusion within folded strata) for the 
Sandamap Noord intrusion is preferred over ‘laccolith’ (a 
concordant igneous intrusion with a known or assumed flat 
floor). However, the formation of the domal structure was 
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partly related to this intrusion and thus the term laccolith as 
originally described by Hatch et al. (1972) where ‘the intru-
sion causes the arching of the roof’ may be more appropri-
ate. The morphological and mineralogical characteristics of 
this 8-km-long intrusion are listed in Table 3.1. The phaco-
lith possesses banding rather than a true foliation indicating 
that this syntectonic granite postdates the early, more intense 
deformational phases. In thin section the grains are some-
what rounded and are commonly lobate suggesting minor 
metamorphic recrystallisation. The leucogranite comprises 
quartz, microcline, oligoclase, muscovite, biotite, garnet, 
tourmaline, zircon and chlorite. The feldspars are universally 
fresh, though slight sericitisation of the microcline has oc-
curred locally. The micas tend to be preferentially oriented. 
The muscovite in the Sandamap Noord leucogranite is mag-
matic according to the criteria of Miller et al. (1981). A nota-
ble feature of the Sandamap Noord leucogranite is the pres-
ence of local accumulations of apatite in stringers. Within 
these zones, pale green, fine-grained apatite crystals, which 
may comprise 60% of the rock, are enveloped in anhedral 
quartz (30%). Accessory minerals in these zones include 

oligoclase, garnet, biotite, muscovite and zircon. Lepidol-
ite-cassiterite-phosphate-bearing pegmatites are particularly 
clustered around this domal structure (see discussion on the 
genetic relationship between the dome and the pegmatites in 
chapters 6 and 7.5). Geochemical analyses of the Sandamap 
Noord leucogranite are given in Table 3.3.

3.3.2 Ketelbank leucogranite

The late-tectonic Ketelbank leucogranite intrudes lower 
Kuiseb Formation schists immediately south of the Tubus-
sis Lineament in the NCZc (Fig. 3.1). This unfoliated, leu-
cocratic stock is best exposed in the river immediately east 
of the Ketelbank farmhouse. The pluton is unusual in that it 
is one of the few late-tectonic granites to contain muscovite 
visible in hand specimen. The granite also contains minor 
garnet and tourmaline and the feldspars have a slightly pre-
ferred orientation which is interpreted as a flow texture. The 
intrusion contains local concentrations of biotite and minor 
biotite-rich xenoliths up to one metre long and 10 cm thick 
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and is locally crosscut by minor pegmatitic veins. The mor-
phological and petrographic characteristics of this intrusion 
are listed in Table 3.1. One of the most notable features of 
the Ketelbank leucogranite is the widespread development 
of perthite and anti-perthite. The feldspars are strained and 

highly fractured K-feldspar exhibits the patchy development 
of gridiron twinning so characteristic of microcline. The oc-
currence of these apparently structurally induced exsolution 
features is surprising in a supposedly late-tectonic granite and 
may be related to movement on the Welwitschia lineament 
zone. The feldspars in the leucogranite are more extensively 
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sericitised than any of the other late-tectonic granites inves-
tigated. Geochemical analyses of the Ketelbank leucogranite 
are given in Table 3.4.

3.4  SYN- AND LATE-TECTONIC GRANITOIDS 
OF THE NCZ IN THE OMARURU AREA

The two granites on the farms Ohere and Ohere Oos are 
particularly important because well-exposed thermal aure-
oles surrounding the plutons can be observed (see Chapter 
5).

3.4.1 Ohere Oos Salem granitoid

The unfoliated Ohere Oos Salem granitoid in the NCZe 
(Fig. 3.1) exhibits the classic porphyritic texture of the Salem 
Suite (Miller, 1983a). Good exposures of this pluton can be 
seen on the Omaruru-Khorixas road (Map 1). Feldspars are 
commonly aligned suggesting a flow texture. The granitoid 
does not possess a tectonic fabric and clearly postdates the 
isoclinal folding of the surrounding Kuiseb Formation meta-
sediments. The core of this intrusion is granitic in compo-
sition and its characteristic features are listed in Table 3.5. 
Locally the granite loses its porphyritic nature, is medium-
grained, is more leucocratic and contains minor tourmaline 
nests. The marginal phase of this intrusion is distinctly more 
mafic and tongues of granodioritic, and even dioritic, mate-
rial with numerous schist xenoliths can be seen intruding the 
metasediments on Ohere Oos. However the contact between 
the truly granitic and mafic phases appears gradational and 
there seems little doubt that they belong to the same intru-
sion. It would appear that differentiation of the pluton oc-
curred after intrusion, the more highly fractionated core of 
the pluton crystallising last. Geochemical analyses of the 
granitic and granodioritic phases are given in Table 3.6.

3.4.2 Ohere leucogranite

The Ohere leucogranite (Fig. 3.1) intrudes Kuiseb Forma-
tion metasediments in NCZe. The pluton is oval in shape, the 
long axis running east -southeast. This granite can easily be 
distinguished from the early, more deformed leuco granites 
found in NCZa and NCZc (Map 1), but the local presence of 
a subvertical east-southeast-trending foliation indicates that 
this is not a post-tectonic intrusion. The foliated portions of 
the granite appear to be concentrated in discrete zones sug-
gesting a possible relationship to late-tectonic regional shear-
ing on the Kompaneno Fault and Omaruru Fault Zone (Map 
1; see discussion in Chapter 4). The long axes of feldspars 
are also oriented approximately east-southeast: the randomly 
oriented biotite indicates that this is a magmatic feature. The 
composition of this fractionated leucogranite is more uniform 
than the Salem granite. The pluton contains a small number 
of biotite-rich xenoliths and is locally crosscut by tourmaline-
bearing pegmatites. The characteristic features of the Ohere 
leucogranite are summarised in Table 3.5 and geochemical 
analyses are given in Table 3.7. There is a prominent total 
count radiometric anomaly over the Ohere leucogranite (I :50 
000 airborne radiometric map) as there is with the Ketelbank, 
Okarundu Nord and Otjua leucogranites (Fig. 3.1).
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3.4.3 Otjua leucogranite

The Otjua leucogranite is an unfoliated, locally porphy-
ritic intrusion that intrudes lower Swakop Group meta-sedi-
ments in the core of the Schönfeld Dome (Fig. 3.1). The 
dominant mafic mineral is biotite. Muscovite is very rarely 
observed in hand specimen, garnet is locally present and 
schorl is fairly common within quartz-tourmaline nests that 
range in size from 5-15 cm in diameter. The granite con-
tains a small number of biotite-rich xenoliths, but on the 
whole this appears to be a highly fractionated intrusion. The 
petrographic features of the Otjua leucogranite are sum-
marised in Table 3.5 and the reader is referred to Steven 
(1987) for a more detailed description. Perhaps the most 
notable petrographic feature of the Otjua leucogranite is the 
widespread development of a myrmekitic texture, which 
is common in the younger leucogranites of the NCZ. This 
texture is rarely observed in the leucocratic portions of the 
Ohere Oos Salem granite. The major difference between the 
leucogranites of the Omaruru area and the leucogranites to 

the southwest of the Erongo, such as the Ketelbank intru-
sion and those described by Marlow (1983), is that the latter 
contain a significant amount of muscovite (compare Tables 
3.1 and 3.5) and can be classified as two-mica granites. 
Significantly, all three late-tectonic leucogranites discussed 
above crop out within 5 km of the Tubussis Lineament and 
its northeastern extension. The Otjua leuco-granite has an 
Rb-Sr whole-rock age of 478 ± 4 Ma and a high δ18O value 
of 15.1Æ (Haack et al., 1983). Other leucogranites in the 
CZ have similar late-tectonic ages. The youngest uranifer-
ous leucogranite in the SCZ, the Stinkbank pluton, has an 
Rb-Sr whole-rock age of 484±24 Ma (Marlow, 1983) and is 
also spatially associated with, and believed to be responsi-
ble for, tungsten skarn mineralisation (Steven, 1987). The 
Otjua leucogranite, and indeed all the other intrusions un-
der discussion, contain neither scheelite nor wolframite nor 
any sulphide minerals. Geochemical analyses of the Otjua 
leucogranite and a fine-grained granite that is thought to be 
cogenetic (Steven, 1987) are given in Table 3.8.
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3.5 TECTONIC CONTROLS ON THE 
LOCATION OF GRANITES IN THE NCZ

Marked lithostratigraphic changes across the Omaruru and 
Tubussis Lineaments attest to the controls these major struc-
tures exerted on sedimentation. There is also evidence that 
these tectonic breaks played a role in the localisation of gran-
ites throughout the orogeny. Syntectonic leucogranites with 
an elongate outcrop pattern are particularly concentrated 
along the northern side of the Omaruru Lineament in NCZa, 
and to a lesser extent NCZc, near Omaruru (Map 1). There 
is a concentration of late-tectonic leucogranites along the 
Tubussis Lineament. The Ketelbank, Okarundu Nord, Ohere 
and Otjua plutons all crop out within 5 km of this major 
structural break (Fig. 3.1). Evidence for late-tectonic strike-
slip movement on the Omaruru Lineament will be discussed 

in Chapter 4. It is believed that this lateral movement gener-
ated pull-apart structures which assisted in the localisation of 
intrusions, most notably immediately north of the Omaruru 
flower structure (Map 1) in the Schönfeld Dome. Geophysi-
cal evidence from northern Scotland suggests that such ma-
jor faults as the Walls Boundary Fault can extend to the base 
of the crust, i.e. approximately 35 km (Coward, 1990). The 
emplacement of plutons in the Damara in the vicinity of ma-
jor subvertical faults, which presumably also extend deep 
into the crust, begs the question as to whether these tectonic 
breaks were zones of melting. Leake (1990) has discussed 
how strike-slip movements on major faults, which pushed 
large crustal blocks into the mantle, triggered large-scale 
crustal melting during the Acadian and Hercynian orogenies. 
The author considers that there is substantial evidence to in-
dicate that the Omaruru Lineament was an important zone 
of melting in the early stages of the Damara Orogen. In the 
latter stages of the orogeny, the Tubussis Lineament played a 
more important role in the generation of granitic melts. This 
topic will be discussed more extensively once the isotopic 
data has been presented in Chapter 6.

3.6 PEGMATITES

Late-tectonic pegmatitic intrusions are widely distributed 
in central Namibia. Although a spatial relationship with late-
tectonic granitic intrusions is not uncommon, in few cases 
do the pegmatites appear to be differentiates of the grani-
toid. None of the pegmatites examined exhibits migmatitic 
features. There is a marked restriction of pegmatite types to 
certain tectono-stratigraphic zones. The three main types of 
undeformed, late-tectonic pegmatite within the field area, 
namely the magnetite-bearing pegmatites hosted by the low-
er Swakop Group in the SCZ, the tourmaline-bearing pegma-
tites of the lower Swakop Group in the NCZ and the musco-
vite-rich pegmatites of the Kuiseb Formation, are discussed 
below. A fourth type, the lithium pegmatites of the Karibib 
district, the subject of detailed investigations by Roering 
(1963, 1966) and Miller (1969), is mentioned briefly. Em-
phasis is placed in this section on a regional overview.

3.6.1 Magnetite-bearing pegmatites hosted by lower 
Swakop Group metasediments in the SCZ

Homogenous, magnetite-bearing pegmatites that have in-
truded calc-silicate and carbonate lithologies of the lower 
Swakop Group are best exposed on the farms Eureka and 
Lukasbank (Fig. 3.1) where they cover an area of approxi-
mately 50 km2 (Maps 5 and 6). The pink-red pegmatites lo-
cally have a granitic phase and commonly contain xeno¬liths 
of hornblende-magnetite rocks and biotite gneiss. The petro-
graphic features of the magnetite-bearing pegmatite are sum-
marised in Table 3.9. This lithology is confined to the SCZ 
and does not contain tourmaline, a fact which distinguishes 
these pegmatites from those of the NCZ. Other pegmatites of 
the SCZ such as those which have intruded Abbabis Com-
plex lithologies are also deficient in tourmaline.
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3.6.2 Lithium pegmatites of the SCZ in the Karibib area

Several of the lithium pegmatites in the Karibib area 
(Fig. 3.1) are located within Abbabis Complex gneisses and 
Damaran granites, but the majority of these intrusions are 

hosted by the carbonate lithologies of the Karibib Formation 
in the SCZ. Smith (1965) attributed this to the ‘damming ef-
fect on volatiles’ by the marbles. These pegmatites have been 
exploited for their lithium minerals, tourmaline, beryl, feld-
spar, columbite-tantalite and bismuth (Roering, 1963; Smith, 
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1965; Miller, 1969; Von Knorring, 1985). Significantly, the 
lithium pegmatites of the SCZ do not contain tin mineralisa-
tion.

3.6.3 Pegmatites hosted by lower Swakop Group 
metasediments in the NCZ

The most notable feature of the pegmatites that intrude the 
marine sediments of the lower Swakop Group is that they 
contain significant schorl. The best examples can be seen in 
the Schönfeld Dome in NCZd (Map 1) on the Otjua Ridge 
(Steven, 1987) where pegmatites have intruded the subver-
tically dipping metasediments in a lit-par-lit manner. The 
pegmatitic intrusions appear to be derived from the large 
number of late-tectonic granites within the core of this dome 
such as the Otjua leucogranite. The pegmatites commonly 
possess a mineralogical banding that parallels lithological 
contacts and exhibit a graphic quartz-feldspar and quartz-
tourmaline intergrowth. The petrographic charac-teristics of 
pegmatites from the vicinity of the Otjua Tungsten and Epako 
Gold Prospects (Fig. 1.3) are summarised in Table 3.10. The 
essential features are the presence of garnet and biotite, the 
very minor amount of muscovite and the lack of significant 

feldspar alteration. The pegmatites of the NCZd do not con-
tain cassiterite or wolframite, but are known to contain traces 
of sulphide mineralisation (Haughton et al., 1939, p.113).

3.6.4 Pegmatites hosted by upper Kuiseb Formation 
metasediments in NCZa and NCZe

The muscovite-bearing pegmatites of the upper Kuiseb 
Formation have been well studied, because they commonly 
host cassiterite mineralisation and local concentrations of 
Nb, Ta, Li and Cs (Haughton et al., 1939; Frommurze et al., 
1942; Wagener, 1989). The stanniferous pegmatites of the 
NCZ are located within the tin belts (Fig. 3.1) and examples 
have been selected from two localities in NCZa and NCZe, 
namely on Sandamap Noord in the Sandamap-Davib Ost tin 
belt and from the Kohero Tin Mine in the Nainais-Kohero tin 
belt (Fig. 3.1). This provides an opportunity to compare stan-
niferous pegmatites hosted by metasediments that have been 
metamorphosed to upper amphibolite and greenschist facies 
respectively. Key petrographic and mineralogical features of 
these pegmatites have been identified and can be compared 
with pegmatites hosted at other stratigraphic levels. For de-
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tailed morphological descriptions of individual tin pros-
pects, the reader is referred to Haughton et al. (1939) and 
Frommurze et al. (1942). In most cases the pegmatites occur 
near granitic intrusions, either leucogranites (as in NCZa) 
or leucogranites and Salem granites (as in NCZe), but, al-
though there is commonly a spatial relationship between 
the two, the pegmatites do not appear to be derived from the 
granitoids. Tin mineralisation is notably hosted by musco-
vite greisen zones, zones of albitisation and areas of mus-
covite and topaz development. It is noteworthy that the best 
mineralised pegmatites are usually developed in the centre 
of the tin belts and that unmineralised, unaltered, garnet and 
tourmaline-bearing pegmatites are concentrated close to the 
Salem Granite intrusions. Stanniferous pegmatites are the 
only intrusive rocks in the CZ which contain notable con-
centrations of sulphides (Haughton et al., 1939).

3.6.4.1 Pegmatites in the Sandamap-Davib Ost tin belt
On Sandamap Noord, the leucogranite in the core of the 

D3/D4 domal structure is immediately surrounded by unde-
formed, late-/post-tectonic pegmatites (Map 3). The non-
stanniferous pegmatite from the edge of the domal struc-
ture contains quartz, microcline and albite/oligoclase with 
minor muscovite and garnet and traces of tourmaline and 
biotite altering to chlorite (Table 3.11). The majority of the 
muscovite is primary, but some small white micas overgrow 
sericitised microcline. However, feldspar alteration is gen-
erally very minor. The pegmatite is igneous in texture and 
has not been recrystallised by metamorphic processes. This 
pegmatite has a late Damaran Rb-Sr whole-rock age of 473 
± 23 Ma (Chapter 6). Several circular or lenticular cassi-
terite-bearing pegmatites, hosted by the Kuiseb Formation, 
are arranged concentrically around the Sandamap Noord 
domal structure (Map 3). These pegmatites vary in length 
from a metre to over I km and most are conformable with 
the schistosity of the enclosing schists. The majority of the 
larger stanniferous pegmatites (such as at the Sandamap Tin 
Mine) are zoned and have quartz cores many tens of metres 
in diameter. Cassiterite mineralisation is particularly con-
centrated in a Li-rich greisen which contains purperite, pet-
alite, triphylite and lithiophylite (Von Knorring, 1985, pers. 
comm.). The outer zone of the pegmatite comprises quartz, 
albite/oligoclase, minor microcline, tourmaline, lepidolite 
and muscovite and traces of chlorite (Table 3.11). The mi-
crocline is almost completely albitised (plate 3.1).

There is a notable correlation between cassiterite miner-
alisation and albitised K-feldspar elsewhere in the Damara 
Orogen, such as at the Uis Tin Mine (Richards, 1986). In 
contrast to the non-stanniferous pegmatites on Sandamap 
Noord, the plagioclase is cloudy and extensively altered, 
being overgrown by tiny muscovite laths concentrated in 
fractures. The stanniferous pegmatites have an unequivocal 
igneous texture that has not been recrystallised. Locally the 
pegmatite contains columbite, ferberite and minor pockets 
of auriferous (determined by fire assay) arsenic minerali-
sation. Large (3 mm) crystals of loellingite have largely 
been replaced by scorodite and are commonly surrounded 
by a skeletal framework of small, euhedral arseno-pyrite 
rhombs. This stanniferous pegmatite has an Rb-Sr whole-
rock age of 468±14 Ma (Chapter 6). The genetic relationship 

between the leucogranite and the various types of pegmatite 
will be discussed in chapters 6 and 7.5.

3.6.4.2 Pegmatites in the Nainais-Kohern tin belt
At the Kohero Tin Mine (Map 1), in contrast, a subvertical 

swarm of north-northeast-trending stanniferous pegmatite 
dykes cut across the schistosity of phyllites and schists of the 
Kuiseb Formation. The pegmatite dykes attain a maximum 
length of 600 metres and a maximum thickness of 40 metres. 
The consistent strike of the intrusions suggests their en ech-
elon emplacement in a regional shear couple similar to that 
described from the Uis Tin Mine (Richards, 1986). The intru-
sion of pegmatites into rocks undergoing brittle deformation 
in NCZe contrasts with the higher metamorphic grade and 
associated ductile deformation during pegmatite emplace-
ment in NCZa. The stanniferous pegmatite at the Kohero Tin 
Mine comprises quartz and plagioclase with minor muscovite 
and tourmaline (Table 3.11). There appear to be two genera-
tions of plagioclase, the early one being extensively altered 
and a younger, fresher variety, which may have formed from 
the albitisation of K-feldspar. Cassiterite mineralisation is 
concentrated in those portions of the pegmatites that have 
been altered to a muscovite greisen. A notable feature is the 
local tourmalinisation of the country rock on the margin of 
the pegmatite intrusions (see discussion in Chapter 7.6). A 
similar style of wallrock alteration on the edge of stannifer-
ous pegmatites was noted by Richards (1986) at the Uis Tin 
Mine (Fig. 3.1).

3.6.4.3 Stanniferous pegmatite morphology
The morphology of the stanniferous pegmatites in the two 

tin belts is markedly different. In the southern tin belt, pegm-
atites are lens-shaped or bulbous and are compositionally 
zoned with a quartz core. In the Nainais-Kohero tin belt in 
contrast, pegmatites do not bear such a close spatial relation-
ship to leucogranites, are not zoned and have been emplaced 
as a swarm of steeply dipping or subvertical dykes. These 
significant differences reflect the differing metamorphic con-
ditions that prevailed in the two tin belts during pegmatite 
emplacement and are discussed in Chapter 5. Brisbin (1986) 
has recently reviewed the mechanics of pegmatite intrusion. 
He distinguished various patterns of pegmatite intrusions 
representing distinct levels within the upper crust. Examina-
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tion of his diagrams indicates that the Sandamap pegmatites 
were emplaced under ductile rheological conditions (am-
phibolite facies), while the Nainais-Kohero intrusions were 
emplaced in the brittle domain (greenschist facies). .

3.6.5 Summary of pegmatites within field area

The pegmatites within the field area can be divided into 
two groups, namely those in the SCZ and the NCZ. In the 
southwest of the field area (Eureka-Lukasbank) in the SCZ, 
anhydrous, magnetite-bearing pegmatite bodies with very 
minor mica intrude lower Swakop metasediments in areas 
that are underlain by basement and Nosib Group litholo-
gies. It would appear that these magnetite-bearing pegm-
atites were derived from the melting of large volumes of 
basement and Etusis Formation sediments in areas that 
have undergone (at least?) upper amphibolite facies meta-
morphism in a similar manner to the uraniferous alaskites 
(Hawkesworth and Marlow, 1983). Sixty kilometres to the 
east in the Karibib district, in an area underlain by base-
ment lithologies and where the Nosib Group is not so well 
developed, more hydrous lithium-bearing pegmatites have 
intruded both Abbabis Complex and Damaran lithologies. 
These lithium pegmatites exhibit the characteristics of rare-
element pegmatites (Cerny, 1982a) that consolidated be-
tween 3.5 and 7 km (0.9-2.2 kbars) in the crust. Derivation 
of these intrusions from basement lithologies appears to 
be the most plausible explanation at this stage. Peak meta-
morphic conditions around Karibib were lower amphibolite 
facies (Puhan, 1983), markedly lower than in the Eureka-
Lukasbank area. Neither of the above-mentioned types of 
pegmatite is spatially associated with, nor appears to be de-
rived from, granitic intrusions.

In the NCZ, schorl-bearing, but essentially anhydrous 
and otherwise unmineralised, pegmatites intrude calcareous 
and semi-pelitic lithologies of the lower Swakop Group: 
The best examples are in the core of the Schönfeld Dome 
north of Omaruru and the pegmatites appear to be deriva-
tives of the leucogranites that have formed this structure. 
In the former graben structures that were filled with upper 
Kuiseb Formation turbidites and are now represented by the 
tin belts (NCZa and NCZe), stanniferous muscovite-bear-
ing pegmatites, which are only rarely associated with gran-
ites, are developed. These tin pegmatites, which exhibit 
extensive hydrothermal alteration and are another type of 
rare-element pegmatite (as defined by Cerny, 1982a), are 
essentially confined to this stratigraphic level.

None of the pegmatites within the field area exhibits 
migmatitic features and the sheer size of the pegmatite bod-
ies precludes a local, in situ derivation. For the purposes of 
this investigation the pegmatites can thus be divided into 
two groups: those that are derivatives of granitic intrusions 
and those that, if they are not derivatives of partially melted 
crustal lithologies, were masses of magma that interacted 
and were significantly modified by fluids from the enclosing 
metasediments. It is this interaction with the country rock 
that is believed to have resulted in the strong stratigraphic 
control on pegmatite type in the CZ. Possible precursor 
rocks for the partial melts can be subdivided into three 

types; firstly, the granitic gneisses of the Abbabis Complex 
and the arkoses and quartzites of the Etusis Formation (de-
rived from that basement), secondly, the carbonates of the 
lower Swakop Group and thirdly, the hydrous metapelites 
of the upper Swakop Group. The carbonate lithologies can 
be ruled out as having contributed significant volumes of 
partial melt on compositional grounds and because the 
metamorphic conditions were not high enough (see discus-
sion in Chapter 5). Thus the two main precursors for partial 
melts within the field area are the “granitic” lithologies of 
the SCZ and the hydrous Kuiseb pelites in the NCZ. This 
would account for the schorl-rich nature of the pegmatites 
that have intruded the Swakop Group: marine sediments are 
a large reservoir of boron (Wedepohl, 1978). In contrast, the 
pegmatites that have intruded the basement and Damaran 
continental meta-sediments are deficient in schorl.

3.7 GEOCHEMISTRY OF THE GRANITOID 
INTRUSIONS

3.7.1 Introduction

That the intrusive rocks of the CZ are essentially granitic 
in composition is well documented: Miller (1983a) records 
the proportion of gabbro/diorite:tonalite/granodiorite: gran-
ite as 2:2:96. Within that portion of the NCZ examined in 
this study gabbros and tonalites are unknown and pegma-
tites are numerous. On the basis of petrographic study, all 
the granitoids that were examined in detail were determined 
to be granites (s.s.), with the exception of the marginal phase 
of the Ohere Oos Salem granite. The leucogranites exam-
ined have a minimum SiO2 content of 71.66 wt%. Thus the 
granites of the NCZ cannot be referred to as a calc-alkaline 
suite (defined as “a series of rocks in which the weight per-
centage of silica is between 56 and 61“; Bates and Jackson, 
1987) as suggested by Miller (1983a). All intrusions exam-
ined were analysed geochemically to determine whether 
something more specific could be determined about the 
nature of the granitoids. Other than the new analyses pre-
sented in this memoir, only Steven (1987) has published 
trace element data for the granitoids of the Usakos-Kari-
bib-Omaruru area. Thus the data set for the NCZ in central 
Namibia (22 samples) is small.

3.7.2 Geochemical classification of the NCZ granites 
and a comparison with other Damaran granitoids

3.7.2.1 Major element classification
Several geochemical schemes have been proposed for the 

classification of granites. Shand (1943) was the first to sug-
gest the use of an index of alumina saturation. Various modi-
fications of this index have been employed by Clarke (1981) 
and more recently Zen (1986, 1988) who proposed the use 
of the aluminum saturation index (ASI), which is defined as 
the molar ratio of Al2O3 to the sum of CaO, K2O and Na2O. 
Zen (1988) distinguished between ASIbulk and ASIcorr, the 
latter being corrected for the CaO content of apatite (and 
invariably exceeding the former). To avoid confusion only 
ASIbulk are quoted in this memoir. Subaluminous granites 
have ASI values less than 1, mildly peraluminous between 
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I and 1.1 and strongly peraluminous granites have ASI num-
bers exceeding 1.1. This classification system is preferred to 
the S-type/l-type scheme (Chappell and White, 1974; Hine 
et al., 1978) because of the absence of the genetic implica-
tion that all S-type granites are derived from sediments and 
that I-type granites are derived from rocks that have not been 
involved in weathering processes: many S-type granites, 
which are peraluminous by definition, need not be derived 
exclusively from the anatexis of pelites (Clarke, 1981). All 
the granites of the NCZ sampled are at least mildly peralumi-
nous as defined by Zen (1986; Table 3.12). The synmetamor-
phic peak Sandamap Noord leucogranite, the only intrusion 
to contain significant magmatic muscovite, is strongly pera-
luminous. This is noteworthy because strongly peraluminous 
granites are comparatively rare in the Damara Orogen, the 
largest being the Donkerhuk intrusion which also intruded 
along a major tectonic break, namely the Okahandja Line-
ament. Blaxland et al. (1979) determined Rb-Sr whole-rock 
ages of 523 ± 8 Ma and 521 ± 15 Ma for the Donkerhuk 
granite, which compare with 512 ± 19 Ma for the Sandamap 
Noord leuco-granite. This indicates contemporaneous intru-
sion of peraluminous granites at the peak of metamorphism 
on both margins of the SCZ (Fig. 2.2).

3.7.2.2 Rb, Ba and Sr contents of the granitoids
Many authors have made use of the elements Rb, Ba and 

Sr as indicators of magmatic fractionation, alteration and 
accompanying mineralisation (Nockolds and Allen, 1953; 
Exley, 1957; McCarthy and Hasty, 1976; Plimer and Elliot, 
1979). During magmatic differentiation Rb is concentrated 
in residual melts and both Ba and Sr tend to be depleted be-
cause of their incorporation in crystallising feldspar. All the 
leucogranites of the NCZ (Tables 3.13 and 3.14) are enriched 
in Rb and depleted in Ba compared to the average granitic 
rocks quoted by Turekian and Wedepohl (1961). On the Rb-
Ba-Sr diagram of El Bouseily and El Sokkary (1975) all the 
granitoids of the NCZ, with the exception of the granodi-
oritic marginal phase of the Ohere Oos Salem granite, plot 
either in or on the margins of strongly differentiated granites 
(Fig. 3.2). Further evidence for the highly fractionated nature 
of the NCZ granitoids is provided by their relatively high Rb/
Sr ratios (Fig. 3.3): average low-calcium granites (Turekian 
and Wedepohl, 1961) have ratios of 1.7. Rb/Sr ratios of NCZ 
granitoids are indistinguishable from those of the uraniferous 
alaskites of central Namibia (Marlow, 1981).

3.7.3 The tectonic setting of the NCZ granites as 
deduced from trace element geochemistry

Several authors have used trace element discrimination di-
agrams to determine the tectonic setting at the time of granite 
emplacement, though strictly speaking discriminant fields re-
flect source regions rather than tectonic regimes. Pearce et al. 
(1984) divided granites on the basis of intrusive settings into 
four main groups: ocean-ridge granites (ORG), volcanic-arc 
granites (VAG), within-plate-granites (WPG) and collision-
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granites (COLG). Although the discrimination boundaries 
are empirically drawn, they do have a theoretical basis in 
the different petrogenetic histories of the granite groups. On 
the Nb-Y discriminant diagram (Fig. 3.4), the granites ana-
lysed are listed in presumed chrono-logical order. The early 
tectonic garnetiferous leucogranite and the younger Salem 
granitoids plot in the WPG field. In contrast the synmeta-
morphic peak Sandamap Noord leuco-granite straddles the 
VAG/syn-COLG and WPG fields. All the late-tectonic leu-

cogranites (with the exception of two samples) have a with-
in-plate-granite not a volcanic-arc or collision-granite signa-
ture. On the Rb-(Y+Nb) discriminant diagram (Fig. 3.5) the 
early tectonic leucogranite plots in the WPG field. The San-
damap Noord leucogranite samples in contrast plot within 
the boundaries of the VAG and syn-COLG. All the late-tec-
tonic leucogranites with the exception of two samples have 
a within-plate-granite signature. Of all the granites examined 
by Pearce et al. (1984), the WPG of the Nigerian suite bear 
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the closest resemblance to the early and late orogenic grani-
toids of the Central Zone. The petrogenetic pathway for the 
Nigerian WPG was explained by the existence of an enriched 
mantle source and combined assimilation-fractionation at in-
termediate and acidic compositions (Pearce et al., 1984).

3.8 CONCLUSION

The overwhelming majority of early, syn- and late-tectonic 
Damaran intrusions in the Central Zone are granitic in com-
position. The late-orogenic suite in particular is dominated 
by leucogranites and pegmatites. Because of the composition 
of the associated granitoids, and partly because of the exten-
sive erosion (approximately 10 km of the orogen has been 
eroded), no volcanic rocks have been identified in the aureole 
of any Damaran pluton in the CZ. The early and late orogenic 
granites are mildly peraluminous; those granites intruded at 
the peak of regional metamorphism are strongly peralumi-
nous (Blaxland et al., 1979; see chapter 6). All the granites 
examined, with the exception of some members of the Salem 
suite, can be classified as S-type granites. Leucogranites of 
all ages are more common in the NCZ than the SCZ which 
is characterised by granitic material in the cores and on the 
edges of reactivated basement domes and lithium pegmatites. 
Three rare-element pegmatite provinces can be distinguished 
in the CZ, namely the lithium pegmatite province of the Ka-
ribib area and the stanniferous pegmatites of the two tin belts 
in the NCZ (Fig. 3.1).

The granitoids of the NCZ do not have a calc-alkaline 
chemistry. Only the Salem granitoids could be considered to 
be part of a calc-alkaline suite, but active continental margin 
magmatic suites (Wilson, 1989) are not dominated by leu-
cogranites and pegmatites in the manner of the CZ. All the 
granitoids examined, with the exception of the synmetamor-
phic peak intrusions, have trace element signatures which 
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bear similarities with intraplate granites. In the CZ there is 
a complete lack of intrusion-hosted base and precious metal 
mineralisation similar to that developed in active continen-
tal-margin batholiths such as in the Circum-Pacific region. 
None of the Damaran granites in the area examined hosts 
any sulphide or cassiterite mineralisation. With the excep-
tion of the Stinkbank leucogranite, uranium mineralisation 
is restricted to pegmatites and alaskites. The relatively mi-
nor arsenic and bismuth deposits of the CZ are either hosted 
by, or concentrated near, late-tectonic pegmatites. Antimony 
and mercury deposits or showings are unknown in central 
Namibia. No precious metal mineralisation nor significant 
hydrothermal alteration of the type normally associated with 
gold mineralisation has been recorded in any of the Damaran 
granitic intrusions. The small degree of deuteric alteration in 
the Damaran granites is noteworthy and gives an indication 
of the anhydrous nature of the plutons. Moreover, Haack et 
al. (1983) noted that oxygen isotope fractionations between 
minerals in the CZ granites were normal, “especially no 
quartz-feldspar reversals were noted”, indicating very little 
interaction between meteoric water and felsic intrusions in 
the CZ. This lack of alteration, either deuteric or meteoric, 
is considered to be one of the prime reasons why there is an 
essential absence of granite-hosted mineralisation in central 

Namibia.
Miller (1983a) and Kasch (1983a) have interpreted the 

Central Zone granitoids as the magmatic arc generated dur-
ing the northward-directed subduction of the Kalahari Cra-
ton. Although some of the early intrusions, notably those of 
the unmineralised Salem Suite, do have an I-type chemistry 
(Miller, 1983a), there is little other evidence for the presence 
of a calc-alkaline magmatic arc at a plate boundary. These 
early intrusions were almost certainly responsible for a sig-
nificant input of heat and triggered large-scale partial melting 
of the overlying continental crust. In the NCZ the majority of 
continental collision (570-530 Ma) and all the post-collision 
(530-460 Ma) intrusions have S-type chemistries and high 
(87Sr/86Sr)I and δ18O ratios. The CZ is floored by early Prot-
erozoic basement that is essentially granitic in nature. Haack 
et al. (1983) concluded that the majority of CZ intrusions 
are crustal remelts. Isotopic data presented by Hawkesworth 
and Marlow (1983) indicate derivation of the uraniferous in-
trusions from crustal material. The author considers that the 
leucogranites in particular were generated by melting of the 
crust as a result of movement on major structural breaks such 
as the Omaruru and Tubussis Lineaments. These petrogenet-
ic considerations will be discussed more fully once the new 
isotopic data has been presented in Chapter 6.
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4.1 INTRODUCTION

The structure of the west-central portion of the CZ was 
investigated by Smith (1965) and Watson (1982) as part of 
their regional studies and a review has been given by Miller 
(1983a). An examination of the aeromagnetic signature of 
the western portion of the orogen and an interpretation of the 
regional structure has been conducted by Corner (1983). In 
the Damaran orogeny, two phases of isoclinal folding, during 
which some recumbent folds were formed, were followed 

by the formation of northeast-trending F3 folds. These folds 
have been extensively modified by granite diapirs to form 
domal structures and have given rise to the distinctive out-
crop pattern of the CZ. Miller (1983a) has mentioned three 
relatively minor phases of post-D3 deformation. The Omar-
uru Lineament, which separates the SCZ from the NCZ, is 
clearly visible on the aeromagnetic composite of the orogen 
(Corner, 1983), but, near the Erongo Complex, is difficult 
to pinpoint in the field. Interpretation of this northern part 
of the SCZ (Fig. 4.1) is further complicated by the magnet-
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ic shadow of the Erongo Complex (Hartnady, 1991, pers. 
comm.). West of the Welwitschia lineament zone, the SCZ 
has a northeast-trending magnetic fabric; to the east the 
SCZ has an east-northeast-trending magnetic grain. The 
Omaruru Lineament probably marks the northern boundary 
of the Abbabis basement inlier and “constitutes a line of 
monoclinal downfolding of the stratigraphy to the north” 
(Corner, 1983). In the author’s opinion, the influence of the 
Omaruru Lineament on Damaran geology was almost as 
profound as that of the better known Okahandja Lineament 
(Miller, 1979). Structural styles change markedly across 
this structure. In the SCZ, the Damara Sequence is under-
lain by an inlier of granitic gneisses that, in the Karibib 
area, is believed to have behaved as a relatively rigid block 
during the Damaran orogeny. Consequently the lower por-
tion of the Damara Sequence, comprising the mechanically 
competent Nosib Group quartzites and calc-silicate rocks, 
is not as intensely deformed as the carbonate units higher 
up in the sequence. The primarily dolomitic carbonates of 
the Karibib Formation in the SCZ appear to have a simpler, 
less complicated deformational history than their counter-
parts in the NCZ. Another characteristic feature of the SCZ 
is the presence of mantled gneiss domes which are absent 
north of the Omaruru Lineament. In the NCZ, which is not 
floored by relatively competent granite gneisses and arko-
ses (at least not at the presently exposed level), mechani-
cally weaker (Heard, 1976) calcitic carbonate units and an 
overlying thick (up to 10 km) sequence of schists with dif-
fering mechanical properties have been multiply deformed 
in different manners. The degree of ductile deformation in 
the NCZ increases as one approaches the Omaruru Linea-
ment. For example, phases of isoclinal and tight folding in 
the Sandamap-Davib Ost tin belt (NCZa; Fig. 4.1) distin-
guish this tectono-stratigraphic zone from the less intensely 
deformed, but compositionally similar, Nainais-Kohero 
tin belt (NCZe) further to the northwest (compare sections 
4.3.1 and 4.3.3).

It is not the intention here exhaustively to review the 
structure of the CZ, but to highlight those features that have 
played a crucial role in localising epigenetic mineralisa-
tion in the CZ. Much of the mineralisation is developed 
in close proximity to late-tectonic intrusions and, because 
the former lacks a pervasive fabric, appears to be of late-
Damaran age. Thus particular attention has been paid to the 
Damaran late-tectonic (D3 and D4) structures. The structural 
geology of the pre-Damaran basement has also been ex-
amined for two reasons. Firstly, basement reactivation was 
proposed by Kröner (1984) as having played a major role 
in the development of Damaran domal structures. Secondly, 
a discussion of the apparently epigenetic gold mineralisa-
tion in the Karibib Formation marbles of the SCZ would 
be meaningless without an appreciation of the underlying 
pre-Damaran lithologies, and at least a cursory investiga-
tion of the gold occurrences in the Abbabis basement. For 
this reason a portion of the Abbabis Inlier containing shear 
zone-hosted gold mineralisation was mapped, with particu-
lar emphasis on structural features. Four areas have been 
selected to illustrate the different styles of deformation in 
the CZ:

1) the Abbabis Complex in the SCZ on the farms Abbabis 

70 and Narubis 67 (Figs. 2.1 and 4.1)
2) the Abbabis Complex and Damara Sequence across 

the Omaruru Lineament on the farms Sandamap Noord 115 
(Map 3), Sandamap 64 (Map 4), Eureka 99 (Map 5) and 
Lukasbank (Map 6)

3) the middle Swakop Group in the Schönfeld dome in 
NCZd (Map 1)

4) the upper Swakop Group on the farm Ohere 106 in 
NCZe (Map 2).

The various deformational events (D1-Dn), associated 
folding phases (F1-Fn) and accompanying foliations (S1-
Sn) have have been assigned following the conventions of 
Hobbs et al. (1976). Sedimentary layering is abbreviated 
by S0. The subscript ‘A’ has been used to distinguish de-
formational events and fabrics in the Abbabis Inlier from 
those in the Damaran cover rocks. A summary of the struc-
tural control on the localisation of mineralisation is given 
in Chapter 8.

4.2 STRUCTURE OF THE ABBABIS COMPLEX 
ON THE FARMS ABBABIS AND NARUBIS

4.2.1 Introduction

The basement inlier on the farms Abbabis and Narubis 
(Fig. 4.1) comprises various granite gneisses with subordi-
nate hornblende gneiss, quartz-feldspar-biotite-andalusite-
garnet gneiss, biotite-sillimanite-garnet schist, quartzite 
and amphibolite (Fig. 2.1). This assemblage is now referred 
to as the Narubis Granitoid Complex and represents “intru-
sive rocks of granitic composition” (Brandt, 1987a). The 
granite gneisses (locally augen gneisses) possess a gneissic 
layering (as defined by Hobbs et al., 1976) and, although 
rocks of this nature are not ideal for determining the defor-
mational history of an area, the following has been eluci-
dated. The granitoids were deformed by at least one phase 
of isoclinal folding (AF1), which probably formed the gneis-
sic fabric, and an upright closed to tight folding phase (AF2). 
AF2 fold axes have a prominent accompanying lineation that 
plunges steeply southeast. The complex has subsequently 
been deformed by two relatively minor folding phases, AF3 
and AF4. These last two phases are characterised by rela-
tively open, upright folds that plunge steeply southwards 
and to the northeast respectively. The AF3 folds commonly 
have veinlets of undeformed pegmatitic material intruded 
parallel to their axial planes. The comparatively rare AF4 
folds possess a vertical axial-planar fracture cleavage and 
may be of Damaran age. Several minor deformed pegma-
tite layers within isoclinally folded granite gneiss suggest 
that granulite facies metamorphism with associated partial 
melting accompanied the early phases of deformation.

4.2.2 Megashear Zones

The Narubis Granitoid Complex is transected by a 
number of subvertical east-northeast-trending auriferous 
(determined by fire assay) megashear zones that show evi-
dence for significant lateral displacement (Fig. 2.1). Final 
significant strike-slip movement on these major fractures is 
thought to have occurred prior to 900 Ma because the spa-
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tially associated, but undeformed mafic dykes are thought 
to have intruded contemporaneously with the rifting that in-
itiated the Damaran episode (see discussion below). Shear 
zones form topographic ridges, up to several tens of metres 
wide, and have a “pinch and swell” (anastomosing) outcrop 
pattern which is believed to arise from the stacking of fault-
ed slices within duplexes. Recrystallised siliceous catacla-
sites comprise quartz (65-95%), plagioclase (0¬20%), mag-
netite (2-10%), chalcopyrite (0-3%) and traces of biotite, 
muscovite and zircon. Minerals are arranged in a polygonal 
granular mosaic, a recrystallised fabric that may have de-
veloped during the Damaran orogeny. In the vicinity of the 
megashear zones, the predominantly north-northwest-strik-
ing foliation of the gneisses has been rotated and crenulat-
ed. Porphyroclasts of gneiss are common within mylonitic 
zones. A localisation of sheared pink pegmatitic rocks of 
quartzo-feldspathic composition near these shears suggests 
that movement on these zones induced small-scale partial 
melting of the granite gneisses. There is evidence for con-
siderable lateral displacement on the shear zones, but deter-
mination of the direction of movement on these structures 
has proved problematic. Intrafolial folds (commonly non-
cylindrical) within the shears generally, but not exclusively, 
indicate sinistral displacement. However, mylonitic fabrics 
within the main shear zone strike 090°, that is between 10° 
to 25° to the southeast of the shear zone. These may repre-
sent Riedel shears and, if so, indicate dextral displacement 
on the main structure. The series of east-northeast-striking 
shears on the Narubis/Abbabis boundary (bottom centre of 
Fig. 2.1) probably represents a contractional duplex (Wood-
cock and Fischer, 1986).

4.2.3 Structural control on the emplacement of 
(Gannakouriep?) metadolerites

The megashears probably extend to the base of the earth’s 
crust and have exerted a strong control on the orientation 
of the metadolerite dyke swarn. The fact that some of the 
dykes are foliated and some not suggests either the tapping 
of mantle magmas over a long period of time (the foliated 
ones perhaps being contemporaneous with final movements 
on the shear zones) or alternatively the local development 
of a Damaran fabric. The majority of the dykes are subver-
tical, but there are conjugate sets dipping 60° north-north-
west and 60° south-southeast. If these dykes have occupied 
a conjugate set of fractures, then 01 was vertical and 03, 
oriented north-northwest/south-southeast, was horizontal. 
This brittle failure of the Abbabis basement in an exten-
sional stress field probably occurred as a result of rifting in 
pre-Nosib/Nosib times. The shear zones and the metadol-
erite dyke swarn in particular are almost certainly respon-
sible for the east-northeast-trending magnetic grain of the 
Abbabis Inlier.

4.2.4 Structural control on emplacement of Damaran 
pegmatites and Karoo dykes

Undeformed, probably late-Damaran, muscovite pegma-
tite dykes and sills with minor concentrations of beryl and 
columbite crosscut all other lithologies and the megashear 

zones (Fig. 2.1). Shallowly dipping sills predominate over 
dykes and possess a prominent igneous banding. The ma-
jority of pegmatite sills strike northerly and dip at a shal-
low angle (5°-30°) to the west (the mountainous terrain 
gives rise to the outcrop pattern). In the northwest corner of 
Abbabis, sills are arranged in conjugate sets, the one set ori-
ented 157°/37° east and the other 035°/35° west (Fig. 4.2). 
The theoretical compressional stress field under which sim-
ilarly oriented fractures would develop has an essentially 
horizontal σ1 (094%7°), a shallowly plunging σ2 (002°/18°) 
that lies almost in the plane of the Abbabis lineament zone, 
and an essentially vertical σ3 (194°/72°). This is interesting 
because the Damaran F4 fold structures of the SCZ devel-
oped in a similar stress field (see section 4.3.1.4) and sug-
gests contemporaneous brittle deformation of the Abbabis 
basement. Moreover, north-northeast-trending structures 
such as the Welwitschia and Abbabis lineament zones (Fig. 
4.1) were envisaged by Corner (1983) to have played an 
important role in the emplacement of late-tectonic (syn-F4) 
pegmatites. This most certainly seems to be the case on the 
farms Narubis and Abbabis, situated within 10 km of the 
Abbabis lineament zone. A small number of vertical east-
northeast-trending pegmatite dykes have intruded parallel 
to, and locally crosscut, the megashear zones. Immediately 
west of the Narubis-Abbabis fence, pegmatite dykes appear 
to be arranged en echelon. These pegmatitic dykes may 
have been emplaced in extensional fractures that formed 
as a result of minor dextral movement on the megashear 
zones during late Damaran times. It is quite probable that 
this minor reactivation of the megashear zones occurred as 
a result of the Damaran west-northwest-directed compres-
sion which controlled sill em-placement. The pegmatites 
are locally crosscut by auriferous (determined by fire assay) 
chalcopyrite-bearing quartz veins. In Karoo times several 
east-northeast-trending dolerite dykes were intruded paral-
lel to the megashears (Fig. 2.1).
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4.2.5 The significance of sheared early Proterozoic rocks 
underlying the Damara Sequence of the SCZ

The previously unknown auriferous megashear zones, 
which parallel the long axis of the Abbabis Inlier, are im-
portant for a number of reasons. Firstly, these megashears 
are developed over a distance of at least 6 km across strike. 
Photogeological interpretation indicates that they are devel-
oped in the southern portion of the farm Navachab 58. Thus 
a substantial portion of the Abbabis Inlier is transected by 
such structures. Secondly, in the region of these shears have 
evidently been zones of crustal weakness from the Protero-
zoic until Karoo times and, of most relevance to this inves-
tigation, during the latter stages of the Damaran orogeny. 
Thirdly, Corner (1983) suggested, on the basis of aeromag-
netic evidence, that the northern edge of the Abbabis geanti-
clinal ridge was marked by a zone of monoclinal downfold-
ing of Damaran sediments to the north. This downfolding 
may well have occurred because of reactivation of these 
east-northeast-trending basement megashears. Fourthly, 
similar east-north east-trending auriferous megashear 
zones transect 1.7 to 2.0 Ga (Burger et al., 1976) basement 
gneisses in the Kamanjab Inlier (Fig. 2.2; for example at 
the Huab River Gold Prospect on the farm Mesopotamie 
504). Weber et al. (1983) recorded sinistral movement on 
these megashear zones. In contrast to the CZ, the Kaman-
jab Inlier, located on the northern margin of the Damara 
Orogen, is surrounded by Damaran lithologies that have a 
relatively simple deformational history and have undergone 
greenschist facies metamorphism. The megashears in the 
Kamanjab Inlier have not been sealed by subsequent tec-
tonism and the circulation of ground waters has resulted in 
substantial accumulations of gold at the present-day ero-
sional level. Gold mineralisation is also known from the 
pre-Damaran basement inliers of the Southern Margin Zone 
of the Damara Orogen (Fig. 2.2). This suggests a contem-
poraneous pre-Damaran gold mineralising event within the 
Proterozoic inliers that floor the continental branch of the 
Damara. Fifthly, the Navachab-Okawayo and the Ongua-
ti-Otjimbojo anticlines (Fig. 4.1) have long axes trending 
east-northeast. Gold skarn mineralisation is essentially re-
stricted to carbonate units in the core of these structures. 
The geophysical evidence (Corner, 1983) suggests that this 
northern portion of the SCZ is also underlain by Abbabis In-
lier lithologies. There is considered to be enough evidence 
to suggest that these gneisses on the northern boundary of 
the SCZ have also been cut by east-northeast-trending (au-
riferous?) megashears which:

1) provided access for the magma which formed the 
Daheim Member alkaline lavas and pyroclastics rocks. 
These continental volcanic rocks are considered to have 
been extruded along east-northeast-trending rifts (Pirajno, 
1988, pers. comm.). There is a possibility that the mafic 
dyke swarm on Abbabis/Narubis is younger than Gannak-
ouriep age and was the feeder zone for the Daheim Member 
volcanic rocks;

2) provided access for hydrothermal auriferous fluids. 
This would explain the close association between gold 
skarn mineralisation and the anticlinal structures. More 
specifically, the damming up of hydrothermal fluids by a 

relatively thin skin of overlying Karibib Formation over a 
deep-seated fracture zone would account for the approxi-
mately 50-km-long, linear, east-northeast-trending zone of 
gold-bismuth-arsenic skarn mineralisation between Ongua-
ti and Otjimbojo (Fig. 4.1);

3) provided access/focal points for the lithium-beryl 
pegmatites of the Karibib area.

It can be concluded that an understanding of the structure 
of the Abbabis basement is essential for locating gold min-
eralisation in the Damaran cover rocks. The idea that major 
fractures within the basement acted as important access/fo-
cusing points for hydrothermal fluids during the Damaran 
orogeny will be expanded upon in Chapter 8.

4.3 DAMARAN DEFORMATION - 
INTRODUCTORY COMMENTS

The most recent synthesis of the structural history of the 
CZ has been provided by Kröner (1984) who recognised 
four main deformation phases. Although largely based on 
work conducted in the SCZ to the southwest of Eureka (Fig. 
4.1) near the Rössing Uranium Mine, this summary holds 
true for most of the field area, with the exception of NCZe. 
Because of the flat topography, evidence for the first two 
deformational events is commonly scanty within the field 
area (cf. the mountainous terrain in the vicinity of the Röss-
ing Uranium Mine; Kröner, 1984).

1) D1 deformation produced large-scale, recumbent F1 
folds and thrusts,

2) D2 deformation, the most intense phase, caused iso-
clinal F2 folds, prominent elongate mineral lineations and 
formed the regional, bedding-parallel fabric. The peak 
of regional metamorphism occurred syn-D2 at ~520 Ma 
(Haack et al., 1980).

3) D3 deformation generated large-scale, open to tight F3 
folds with upright axial planes. These F3 folds commonly 
have a northeasterly-plunging mineral lineation. Diapiric 
rise of granite intrusions into F3 antiforms and synforms re-
sulted in the formation of the elliptical D3 domes (elongate 
northeastward). On the basis of geochronological evidence, 
Kröner contended that D3 domes formed in the period 510-
460 Ma (F3 folding in the NCZ occurred ~480-460 Ma; 
Haack et al., 1980).

4) D4 deformation produced two distinct orientations in 
different areas: open northwest-trending folds that are usu-
ally represented by kink bands (Kröner, 1984) and a north-
northeast-striking foliation (Jacob, 1974). In certain areas, 
notably the immediate vicinity of major structural breaks 
such as the north-north east-trending Welwitschia Linea-
ment Zone, D4 deformation is characterised by reclined, al-
most flat-lying folds and a prominent east-southeast-plung-
ing mineral lineation.

4.3.1 Damaran deformation across the Omaruru 
Lineament west of Usakos

4.3.1.1 Introduction
The structure of a section across the Omaruru Line-

ament extending from Sandamap Noord in the north to 
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Eureka in the south (Figs. 4.1 and 4.3) will now be exam-
ined. Multiply deformed rocks correlated with the Abbabis 
Complex lithologies are poorly exposed in a basement inlier 
on Sandamap (Map 4). Rocks of the Damara Sequence in 
this portion of the CZ were affected by three major (D1-D3) 
and at least one minor deformational phase (D4) during the 
Damaran orogeny. The overall northeasterly trending struc-

tural grain of the area is apparent from Smith’s (1965) and 
Watson’s (1982) regional mapping, with the D3 deformation 
and the concomitant granite intrusion being responsible for 
the oval to elongate domal structures (Miller, 1983a). Young-
ing directions in the Sandamap-Eureka area are difficult to 
determine and it must be emphasised that the stratigraphic 
sequence has largely been derived from regional correla-
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tions. In the Damaran metasediments there are few way-up 
indicators and interpretational problems are compounded 
by the two-dimensional exposure in the area. Further com-
plications in interpreting the Damaran tectonism are caused 
by the fact that the basement inlier on Sandamap is prob-
ably -a reactivated basement dome (the best explanation for 
the trifurcation of the Rössing Formation marbles; Map 4), 
though the inlier may have behaved as a rigid block during 
the latter phases of Damaran deformation. Moreover, there 
are large competency contrasts (and hence deformational 
characteristics) between the three groups of metasedi-
ment, namely the quartzites, calc-silicate rocks and dolo-
mites of the Nosib and lower/middle Swakop Groups, the 
calcitic carbonates of the middle Swakop Group and the 
metapelites of the upper Swakop Group. Finally, there is 
a major problem in identifying different fabric generations 
in a multiply deformed schistose sequence. However, the 
Sandamap-Eureka section is one of the best areas to see 
the various styles of deformation of the Damara Sequence 
across a major tectonic boundary. Because of the limited 
number of structural features of interest in the lower part of 
the sequence, this investigation focuses on the Karibib and 
Kuiseb Formations.

4.3.1.2 D1 and D2 Structures
Nosib Group rocks with an apparently simple deformation 

history almost universally occupy the cores of structural 
domes, while multiply deformed Kuiseb Formation schists 
lie in structural basins. The metasediments possess a planar 
fabric (S1), which can be seen to be essentially bedding-par-
allel in all lithologies except the schists, where bedding is 
very rarely preserved. The S1 fabric is represented by a min-
eral foliation or locally a segregation, which tends to wrap 
around domal structures. Throughout the Sandamap Noord-
Eureka area, fold closures have only locally been observed 
in the Karibib and Kuiseb Formations and are quite possibly 
not present in the lower portions of the Damara Sequence. 
Isoclinal folds, interpreted as the first folding phase (F1) are 
present within the calcitic Karibib Formation marbles. To 
the southwest of the Sandamap Tin Mine the Karibib Mar-
bles have been further deformed by upright, tight F2 folds, 
whose axes and associated lineations plunge steeply and 
consistently on a bearing 058° (Fig. 4.3, Stereo. 2). These 
latter folds are interpreted as being F2 closures because of 
the presence of poorly exposed F1 isoclinal folds with much 
shorter wavelengths in the Kuiseb Formation to the west. 
The F2 fold on Sandamap Noord is of particular interest be-
cause of the development of tourmalinites in the core of the 
structure (see Map 3 and discussion in Chapter 7.6).

Thus, in the Sandamap-Eureka area, one isoclinal and one 
tight folding phase are recognised, which may belong to 
one isoclinal, deformational event. This contradicts Mill-
er’s (1983a, p.459) contention that F1 and F2 were isoclinal. 
No evidence for recumbent folding (as suggested by Miller, 
1983a) could be found. The sequence below the Karibib 
Formation is rarely overturned and, where so, dips steeply, 
for example on the south of Eureka (Map 5). This localised 
overturning is related to the development of the D3 Eureka 
dome.  Throughout the field area, the S1 fabric is essentially 

steeply dipping or vertical. Flat-lying duplications of the 
sequence are confined to F4 structures. However, it must be 
emphasised that the rarity of preserved early fold closures, 
the transposition of foliations by subsequent deformation 
phases, the abundant granite intrusions and the two-dimen-
sional exposure combine to obscure the early deformational 
history.

4.3.1.3 D3 Structures
The D3 deformation is characterised by the development 

of large-scale northeast-trending F3 antiforms and synforms 
with upright axial planes and good examples are exposed 
on Sandamap and Sandamap Noord (Fig. 4.3). A northeast-
erly plunging mineral lineation commonly accompanies 
these folds. Granite intrusions have disturbed the F3 folds 
and thus comments are confined to the metasediments at 
some distance from the intrusions. F3 folds are more open 
and have significantly longer wavelengths than the tighter 
F2 folds. The best example of a northeast/east-north east-
plunging F3 fold is exposed in the western portion of San-
damap in the vicinity of the Cilliers Workings (Map 4 and 
Stereo. 7). A prominent, east-northeast-trending, axial-pla-
nar S3 schistosity is developed in the Kuiseb Formation near 
the hinge zone of this fold.

An S3 fabric, a pervasive schistosity, is developed in the 
Kuiseb Formation schists in the west-central portion of 
Sandamap Noord (Map 3). This subvertical fabric strikes 
between 023° and 060° (Stereo. I), consistently 10°-30° to 
the north of S1 in this area. The intersection lineation be-
tween this S3 foliation and the more pronounced S1 plunges 
almost vertically, lending a characteristic ‘pencil-shaped’ 
weathering to the schists in the area. Another example of 
a northeast-plunging F3 fold is present near Hill 1166 on 
Sandamap (Stereo. 3). The large spread of S1 around the 
great circle indicates that this is a relatively open, upright 
fold in contrast to the F2 folds. The majority of lineations 
within the Sandamap-Eureka area plunge at 40°-70° to the 
northeast or east-northeast and are considered to be D3 in 
age. Examples from the calc-silicate rocks of the Khan For-
mation in the core of the Eureka Dome, where no fold axes 
are visible, are shown in Stereo 10. Comparison of Stereos 
1, 3, 7 and 10 indicates that a D3 age for the lineations of 
the more competent lithologies of the Damara Sequence is 
likely. This is of interest because one of the most charac-
teristic features of the CZ is the presence of a moderately 
to steeply northeast/east-northeast-plunging lineation in the 
calc-silicate rocks and more quartzitic lithologies;

The F3 folds have been modified by domal structures 
cored by granite (Sandamap Noord) or pegmatite (Eure-
ka) or both or reactivated basement (Sandamap; Fig. 4.3). 
These D3 domes have an elliptical outcrop pattern, elongate 
northeast. Because the leucogranite-cored dome on San-
damap Noord is elongate north-northeast, it is assigned a 
slightly younger, D3/D4 age (see below). A mineral linea-
tion commonly plunges down the surface of these domes 
(see southern side of domal structure on Sandamap Noord, 
Map 3). In the author’s opinion, there is no evidence in the 
Sandamap Noord-Eureka area for the derivation of domal 
structures by cross-folding as suggested by Smith (1965). 
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The domes appear to be the result of diapiric rise of granite 
and reactivated basement. Of the three domes shown in Fig. 
4.3, overturning of the stratigraphy, which may be related 
to ballooning during diapirism (Talbot, 1977), is confined 
to the southern side of the Eureka Dome (Map 5). As far as 
can be ascertained, D3 doming postdated F3 folding.

4.3.1.4 D4 Structures
A fourth folding phase has been recognised in a zone 

that extends from the southwest corner of Sandamap to the 
northern part of Sandamap Noord (Fig. 4.3). The style of 
deformation along the axial trace of this north-northeast-
trending F4 structure varies from in the south, where fold 
axes plunge steeply north-northeast and the axial plane 
dips steeply eastward, to the Sandamap/Sandamap Noord 
boundary where the fold is essentially reclined, the axial 
plane dipping shallowly eastwards. Mylonitic structures in-
timately associated with gold mineralisation in the northern 
portion of Sandamap Noord possibly developed as a result 
of D4 deformation. The zone will now be examined from 
south to north (Fig. 4-3).

At the Cilliers Workings (Map 4), the Kuiseb Formation 
schists possess a spaced, locally pervasive, fracture cleavage 
(S4). This F4 fabric strikes north-northeast and dips steeply 
eastwards (Stereo. 8). Immediately north of the Sandamap-
Eureka fence, near the F4 hinge zone, lineations in the Khan 
Formation, thought to be of F3 age, plunge steeply north-
northeast (Stereo. 9). Thus F3 structures appear to have been 
rotated by the F4 deformation. One kilometre north of the 
Henties Bay - Usakos road, lineations in the Oberwasser 
and Kuiseb Formations plunge moderately to the northeast 
(Stereo. 6). Further north, at Hill 1166, both limbs of closed, 
reclined F4 folds dip moderately eastwards, while the fold 
axis plunges east-northeast (Stereo. 5). Thus F4 folds verge 
northwestwards. In the northwest corner of Sandamap, the 
fold axes of reclined F4 folds plunge eastwards (Stereo. 4). 
These folds locally possess an axial-planar, S4 foliation. A 
very prominent sillimanite lineation developed here and in 
the southwest of Sandamap Noord (Map 3) plunges shal-
lowly on a bearing of approximately 1000, parallel to the 
F4 fold axis. Prominent sillimanite lineations are confined 
to the Kuiseb Formation in the core of this F4 structure sug-
gesting a thermal event at the time of its development. This 
localised tectonothermal event was possibly associated 
with the younger granite and pegmatite intrusions (see dis-
cussion in Chapter 5).

Continuing the traverse northwards, the Kuiseb Formation 
schists in the west-central part of Sandamap Noord possess 
the previously described S3 foliation. The main reason for 
ascribing this to a D3 rather than a D4 event is its northeast-
erly, rather than north-northeast, orientation and subverti-
cal attitude (Stereo. 1). In the north of Sandamap Noord 
late-tectonic mylonitic structures have sheared aluminous 
schists and metaturbidites of the Kuiseb Formation. The 
intrusion of late-tectonic pegmatites into a metaturbidite 
sequence has resulted in the development of high strain 
zones in schists that are concentrically arranged around the 
D3/D4 domal structure (Map 3). However, a 2500-metre-
long north-northeast-trending, eastward dipping (50-80°) 

zone of Au-As-W mineralisation is located in an area of 
particularly intense mylonite development on the north-
west side of the dome. Moreover, mylonite zones that cut 
late-tectonic pegmatites are only present on the northwest 
side of the dome and are thus thought to be younger (D4) 
than the concentrically arranged mylonites. The nature of 
these mylonitic structures is discussed in detail in Chap-
ter 5. The change in style and increase in intensity of F4 
deformation across the Omaruru Lineament is believed to 
result from uneven, scissor-like displacement along the fold 
hinge. This occurred because of the different mechanical 
properties of the Nosib and lower Swakop Groups on the 
one hand and the upper Swakop group on the other. West-
ward-directed compression resulted in the development of 
reclined folds in the relatively ductile Karibib Formation 
marbles and Kuiseb Formation schists. Further north, in an 
area of higher strain, F4 deformation sheared out the Kuiseb 
Formation resulting in the development of mylonitic struc-
tures. At the south end of the F4 structure, closer to the core 
of the Eureka dome, deformation of the more quartzitic 
metasediments of the lower Swakop Group merely resulted 
in local reorientation of F3 lineations.

4.3.1.5 Summary of the regional distribution and 
importance of D4 structures

Northwestward-verging, late-tectonic F4 folds with north-
north east-trending axial traces are common on Sandamap 
and Sandamap Noord, but on a regional basis are localised 
in the vicinity of the north-northeast-trending Welwitschia 
lineament zone (Fig. 4.1). Jacob (1974) recorded the lo-
cal presence of upright F4 structures with predominantly 
north-northeast-striking axial planes in the southern SCZ 
near Langer Heinrich. Watson (1982) mapped a number of 
Damaran-age northerly and north-northeast-trending faults 
in the calc-silicate rocks and marbles of the middle Swa-
kop Group on Black Range and Goabeb (to the west and 
east of Sandamap respectively; Fig. 4.1). This suggests that 
late-tectonic (D4) ductile and brittle deformation, control-
led to a large extent by the mechanical properties of the 
various lithologies, occurred contemporaneously on the 
northern margin of the SCZ. Gold mineralisation on San-
damap Noord is hosted by quartz veins associated with my-
lonitic rocks that parallel a north-northeast-trending late-
tectonic shear structure which is interpreted as being of D4 
age. Poor exposure precludes an assessment as to whether 
these structures actually host gold mineralisation or wheth-
er the relationship is coincidental. Some of the high strain 
zones surrounding the domal structure on Sandamap Noord 
formed during intrusion of the granites and. pegmatites and 
are thus unrelated to the regional tectonism, but only the 
north-northeast-trending portions are mineralised. The San-
damap Noord shear zone parallels and lies within 10 km 
of the Welwitschia lineament zone which was considered 
by Corner (1983) to have been important in the localisa-
tion of late/post-tectonic uraniferous pegmatites such as are 
developed at the Rössing Uranium Mine. The discussion 
in Chapter 7.5 will show that late-tectonic pegmatites are 
thought to have played a key role in the concentration of 
gold mineralisation as well. One final point of note is that, 
in the vicinity of the Welwitschia lineament zone, an ap-
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proximately 25-km-wide north-northeast-trending Karoo 
dolerite dyke swarm that extends from south of the Röss-
ing Uranium Mine (Fig. 2.3) to Ketelbank (Fig. 4.1) in the 
north occupies deep-seated (early Proterozoic?) fractures 
that were reactivated during the Damaran D4 deformational 
phase.

4.3.2 Damaran deformation of the middle Swakop 
Group in NCZd

Because of the relatively poor exposure of schists in this 
area, the following description of Damaran deformation in 
NCZd is based largely on the study of 29 drillcores from 
the Otjua Tungsten Prospect (Steven, 1987). At this local-
ity, situated on the southern side of the Schönfeld Dome 
(Map 1), the metasedimentary sequence is slightly over-
turned, strikes 103° and dips 75°-85° northwards. Although 
Steven (1987) states that “way-up structures are inconclu-
sive”, re-examination of the sequence by Badenhorst (1989, 
pers. comm.) has indeed indicated that the sequence youngs 
southwards. Metasediments possess a well-developed folia-
tion, S1, defined by biotite or hornblende, which is parallel 
to lithological contacts. Throughout the Schönfeld Dome 
area there is an absence of small- and medium-scale folds 
and there is very little direct evidence for two early phases 
of isoclinal or recumbent folding as suggested by Miller 
(1983a). The S1 fabric may have developed during an iso-
clinal F1 folding phase, but this cannot be proved. Three 
examples of very minor folds observed in biotite schist in 
drillcore may have resulted from soft -sediment deforma-
tion and be unrelated to the tectonism. Examination of a 
borehole core from the vicinity of the Epako Gold Prospect 
(Map 1) reveals the presence of one bedding-parallel schis-
tosity, S1. Kuyper (1984) contended that an S2 foliation is 
locally developed in the vicinity of the Schönfeld Dome, 
but, in the author’s opinion, it is extremely localised.

The duplication of the sequence on Okongue at the west-
ern end of the Schönfeld Dome (Map 1) occurred as a re-
sult of the granite and pegmatite intrusion that accompanied 
the D3 deformation. Kuyper (1984) noted that small-scale 
structures in the Karibib Formation bear little relation to the 
overall structural pattern and considered decollement at the 
base of the carbonates to have been responsible for shearing 
out of synforms. D3 deformation and, more importantly, the 
large number of granite intrusions, have resulted in the for-
mation of the elongate east-northeast-trending Schönfeld 
Dome. This dome has a long-axis of approximately 40 km 
and its axial plane dips steeply northwards. On the farms 
Tjirundo and Epako (Map 1) D3 deformation of the Karibib 
Formation carbonates has resulted in the development of 
doubly plunging domes and basins whose long axes strike 
east-northeast and whose axial planes are subvertical. At 
Otjua, calc-silicate rocks of the Spes Bona and Oberwass-
er Formations possess a prominent lineation that plunges 
68°-75° on a bearing 063°, parallel to the D3 structures of 
Kröner (1984). This lineation is approximately parallel to 
the axes of minor, tight z-folds thought to be of D3 age.

Of particular interest in the Schönfeld Dome area is late-
tectonic, semi-brittle deformation associated with lateral 

displacement on the Omaruru Fault Zone and the subse-
quent development of the Omaruru flower structure. This 
probably occurred syn- to post-D3. Dextral motion on the 
Omaruru Lineament was believed by Steven (1987) to have 
played a key role in controlling the emplacement of late-
tectonic granite, pegmatite dykes and associated tungsten 
skarn mineralisation at the Tjirundo, Schönfeld and Otjua 
Tungsten Prospects (Map 1) and the evidence for this will 
now be re-examined. The Schönfeld Dome is intruded by 
several types of granite including a late-tectonic, unde-
formed, fine-grained variety which crops out on southern 
Schönfeld, Tjirundo and Epako (Fig. 4.4). Where this gran-
ite transects the calc-silicate-rich formations of the middle 
Swakop Group, such as in the southeast corner of Schönfeld 
and the northeast corner of Tjirundo, this granite is confined 
to a series of east-southeast-trending dykes. Within these 
dykes this fine-grained granite is strongly foliated and most 
of the felsic minerals are fractured and show signs of hav-
ing been strained. Pegmatites, thought to be derived from 
the leucogranites in the core of the Schönfeld Dome, have 
intruded the middle Swakop Group metasediments in a lit-
par-lit manner. However, crosscutting portions of these sub-
vertical pegmatites with a remarkably consistent orientation 
of 113° (east-northeast) are intimately associated with tung-
sten replacement skarns at Tjirundo, Schönfeld and Otjua 
and, significantly, are absent from those portions of the 
stratigraphy that are not skarned. Moreover, crosscutting 
pegmatites are confined to areas where the metasediments 
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strike between 090° and 105°. The above led Steven (1987) 
to suspect a large-scale tectonic control on the localisation 
of late-tectonic intrusions and associated mineralisation 
in the Schönfeld Dome. Noting that east-northeast-trend-
ing granite and pegmatite dykes lie at 60° to the Omaruru 
Fault Zone (Fig. 4.4), Steven (1987) suggested that dextral 
movement on this structure led to the formation of a se-
ries of zones of extension that became loci for granitic and 
pegmatitic intrusions. A review of the Riedel shears, faults 
and thrusts developed by strike-slip systems in sandbox 
experiments (Coward, 1990) shows that tensile fractures 
tend to develop at approximately 135° to the shear zone, 
parallel to <11 and perpendicular to 0’3. The fact that the 
felsic intrusions of the Schönfeld Dome lie at 120°, rather 
than 135° (Fig. 4.4), to the Omaruru Lineament suggests 
that transpressive forces directed from the northwest and 
southeast (probably related to D3 doming as a result of gran-
ite intrusion) operated contemporaneously with the lateral 
displacement and thus rotated 0’1 and 0’3 in a clockwise 
direction.

Other evidence for the late-tectonic control on the locali-
sation of mineralisation in NCZd comes from the Epako 
Gold Prospect. Late-Damaran auriferous quartz veins on 
average strike 101° and dip northwards at 70°-80°. The lo-
cation of quartz veins, possibly in tensile fractures, is also 
attributed to dextral movement on the Omaruru Lineament. 
The fact that these auriferous veins lie at 135° to the major 
structure may suggest a pre-transpressive age of emplace-
ment, i.e. pre- to syn-D3 age. These ideas on the tectonic 
controls exerted on the localisation of mineralisation will 
be expanded upon in Chapter 8. One final feature of late-
Damaran tectonism in NCZd is present at the intersection 
between the Omaruru Fault Zone and the Kompaneno Fault 
(Fig. 4.4) on Kakombo and Epako Süd. Intense shearing, 
brecciation and alteration, virtually unknown in Damaran 
rocks elsewhere in the CZ, are developed in metasomatised 
middle Swakop Group calc-silicate rocks. The riebeckite-
bearing calc-silicate rocks (Thatcher, 1985, pers. comm.) 
are sheared, have a pink colouration due to iron staining, 
are cut by an anastomosing network of carbonate veins and 
contain minor fluorite in ferruginous vugs.

4.3.3 Damaran deformation of the upper Kuiseb 
Formation in NCZe

4.3.3.1 Introduction
There is a marked reduction in deformational intensity 

and metamorphic grade on the northern side of the Tubussis 
Lineament-Kompaneno Fault (Fig. 4.1) in NCZe. This tec-
tono-stratigraphic zone is bounded in the east by an inferred 
syn-sedimentary fault (Map 1: this is considered to be the 
best explanation for the sudden transition from carbonate 
sedimentation in Karibib times to the Kuiseb turbidite sedi-
mentation) and the Tubussis Lineament in the south. Final 
movement on the latter structure, which has resulted in the 
juxtaposition of amphibolite and greenschist facies rocks 
in a similar manner to the Otjihorongo Thrust (Fig. 4.1), 
may have resulted from the thrusting of NCZc over NCZe, 
possibly in Karoo times (see Cruickshank [1977] for it 

discussion on Triassic and possible Jurassic movement on 
the Waterberg Thrust, the strike extension of the Tubussis 
Lineament). Because of the less intense tectonic history of 
NCZe, which contains sediments from the uppermost part 
of the Damara Sequence and is furthest from the Omaru-
ru Lineament, deformational events cannot be correlated 
with the D1-D4 phases of Kröner (1984). Folding phases 
discussed below do not correspond with phases described 
elsewhere in the field area.

The deformational characteristics of the Kuiseb Forma-
tion have been investigated on the farm Ohere 106 in NCZe 
(Fig. 4.1 and Map 2). The farm lies at the northeast end 
of the Nainais-Kohero tin belt, an east-northeast-trending 
graben structure filled with turbiditic sediments of the up-
per Kuiseb Formation. The metasedimentary sequence 
comprises phyllites, metaturbidites and biotite schists with 
subordinate calc-silicate rocks, unusual scheelite-vesuvian-
ite skarnoid rocks, marble and very minor metasedimentary 
amphibolite. Sedimentary layering is defined by crossbed-
ding in the more quartzitic components of the metatur-
bidites. Bouma sequences are well developed and fining-
upward cycles, load structures, scoured bases and rip-up 
clasts have been identified. The best example of massive 
quartzites interpreted to represent proximal turbidites can 
be seen at Hill 1265 (Map 2). Younging directions are, how-
ever, frequently equivocal. Contradictory facing directions 
in the metaturbidites indicate local duplication of the se-
quence. The metasediments have undergone several phas-
es of ductile deformation, greenschist-lower amphibolite 
facies metamorphism and have been intruded by late-tec-
tonic granitic intrusions and stanniferous pegmatites. Four 
phases of folding have been identified on the farm, at least 
two of which are related to the intrusion of the granitoids.

4.3.3.2 Regional deformation - F1 structures
Throughout the farm an S1 fabric, defined by micas, 

parallels the well-preserved sedimentary structures. On 
a regional basis, it is this S1 foliation which has been de-
formed by, and hence wraps around, the granitoids (Map 
1). Although younging directions indicate some duplication 
of the sequence, the F2 synformal structure is essentially a 
syncline (Map 2). Few isoclinal folds have been identified 
and their interpretation is equivocal. In the northern corner 
of the farm isoclinal folds in schists with wavelengths of 
less than 10 cm and amplitudes of many metres are exposed 
in the Ohere River, but their development may well be re-
lated to the Salem granitoid. The rare isoclinal folds in the 
calc-silicate rocks may be considered evidence for an early 
phase of isoclinal folding (F1), but they are by no means 
widespread. No convincing evidence for recumbent fold-
ing on Ohere was found and the excellent preservation of 
sedimentary structures argues against it. This suggests that 
the S1 fabric may have been derived by compaction of the 
metaturbidite sequence and not by a deformational event. 
Moreover, the localised duplication of the sequence may 
well be a result of large-scale syn-sedimentary slumping or 
have occurred as a result of granite intrusion and have noth-
ing to do with an early isoclinal folding phase.

Bands of calc-silicate rocks on Ohere are boudinaged and 
have “broken up” to form prolate avoids or spindles tens of 
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centimetres in length. This contrasts markedly with the flat-
tened, oblate calc-silicate lenses of the upper Kuiseb For-
mation closer to the Omaruru Lineament in NCZa. Calc-sil-
icate rocks on Ohere define sedimentary layering, whereas 
on Sandamap Noord (Map 3) the long axes of calc-silicate 
lenses commonly define a transposition foliation. Quartz 
veins, up to 40 m long and up to tens of centimetres wide, 
that parallel S1 are present in the phyllites in the core of 
the F2 synform. Quartz blows or saddle reefs, up to several 
metres thick, are particularly concentrated in fold noses and 
predate the development of the S2 schistosity.

4.3.3.3 Deformation reiated to granitoid intrusion - F2 
and F3 structures

In NCZe, the emplacement of granitic plutons was syn-
chronous with the later stages of regional tectonism in a 
similar manner to that described by Lagarde et al. (1990). 
The dome-and-basin structure of the area was undoubtedly 
related to the intrusion of the Ohere Oos Salem granite and 
the Ohere leucogranite as well as the regional tectonism. 
Because strain intensity increases towards the margin of the 
plutons, post-F1 structures are best identified in the aureoles 
of intrusions and attention has been focused on the centre 
of Ohere. The major F2 structure is a broad, concentric syn-
form that plunges at 70° -80° on a bearing of 320° (Map 2 
and accompanying stereograms). On Ohere this F2 fold is 
clearly visible on the aerial photographs and is defined by 
the ground magnetic survey conducted by a mining compa-
ny (Louwrens, 1986). One of the most noteworthy features 
of this F2 fold is the almost total absence of accompany-
ing small-scale parasitic folds. Concentric folds probably 
originate by flexural slip folding and are typical of terrains 
that exhibit dome-and-basin structures (Hobbs et al., 1976). 
The development of a pervasive axial-planar cleavage, an 
S2 fabric, is most intense in the core of the fold (Map 2 and 
accompanying stereograms). This S2 fabric is curviplanar 
and parallels the contact between the Kuiseb Formation and 
the Ohere leucogranite and has been locally refracted in the 
hinge zone. The S2 foliation has been locally refolded by a 
third folding phase, F3, approximately coaxial with F2. F3 
folds plunge at approximately 68° on a bearing 280°. One 
of the few examples of an F3 fold is exposed on the south 
side of the Ohere River, one kilometre south of Hill 1265 
(Map 2). An east-west trending, subvertical fracture cleav-
age (S3) is associated with the F3 folding phase (Map 2 and 
accompanying stereograms). In the author’s opinion, the S2 
and S3 fabrics on Ohere were formed primarily as the result 
of the intrusion of the Ohere leucogranite which has a 36 
Ma younger Rb-Sr whole-rock date than the Salem intru-
sion. The S2 and S3 foliations appear to be analogous with 
the ‘cleavage fronts’ that surround syntectonic plutons in 
low grade terrains (Lagarde et al., 1990).

4.3.3.4 F4 structures
A fourth folding phase (F4) is only locally developed, the 

fold axes plunging 56° on a bearing 348°. These small-scale, 
open folds rarely possess an accompanying fabric. Howev-
er, a subvertical north-northwest-trending fracture cleavage 
on Grid 2 parallels F4 axial planes and is considered to be 

an S4 fabric (Map 2 and accompanying stereograms). These 
structures may be the equivalent of Kröner’s D4.

4.4 CONCLUSION

The SCZ is underlain by an early Proterozoic inlier of 
granitic basement and evidence has been presented to show 
the complexity of its ductile and brittle deformational his-
tory. Of particular importance is the fact that, in common 
with other 1.7-2.0 Ga inliers in Namibia, this granitic base-
ment is transected by numerous auriferous megashears that 
were possibly mineralised by a pre-Damaran event. Deep-
seated east-northeast-trending fractures extending into the 
mantle controlled the localisation of pre-Damaran mafic 
dykes and Damaran continental volcanic rocks. These 
east-northeast-trending magnetite-bearing shear zones and 
metadolerite dykes are almost certainly responsible for the 
east-northeast-trending magnetic grain of the CZ to the east 
of the Welwitschia lineament zone (Corner’s aeromagnetic 
composite, 1983). Major faults exerted a strong influence 
on Damaran sedimentation in the vicinity of the Omaru-
ru Lineament. The intracontinental branch of the Damara 
probably occupied an ancient zone of weakness (Jacob et 
al., 1983) and the distribution of Damaran sediments sug-
gests that the structures along which rifting occurred were 
oriented northeast/east-northeast. Rifting is envisaged to 
have occurred along reactivated megashears similar to the 
ones on Abbabis and Narubis.

The Abbabis Inlier played a major role in partially shield-
ing the lower part of the Damara Sequence, and the SCZ in 
particular, from Damaran deformation. The mechanically 
competent metasediments that drape the inlier also resulted 
in the SCZ appearing to undergo a relatively simple duc-
tile deformational history. In contrast, close to the Omaruru 
Lineament in NCZa, the relatively incompetent Kuiseb For-
mation has undergone one, or maybe two phases of isocli-
nal to tight folding. The tectono-stratigraphic zone NCZa 
is intensely deformed along its strike length (Fig. 4. 1) in 
stark contrast to NCZe. Thus, although deformation in the 
highest stratigraphic levels (the tin belts) is generally less 
intense, Miller’s (1983a, p. 459) assertion that the southern 
(Sandamap-Davib Ost) tin belt has a less complex structure 
is incorrect. This author believes that not only is there little 
evidence for recumbent folding at any stage, but that there 
is also little indication of directed tectonic transport in the 
early phases of the orogeny. This is an important point to re-
member when considering geodynamic models for the early 
deformational stages of the orogen. In the NCZ there is a 
decrease in deformational intensity away from the Omaruru 
Lineament. In the Omaruru area, in NCZd and NCZe in par-
ticular, there is little or no evidence for early isoclinal fold-
ing phases and the ductile deformation (northeast-trending 
D3 doming of Miller, 1983a) appears to be almost entirely 
related to the granitoid diapirs. The upper stratigraphic lev-
els in NCZe are characterised by concentric folds which are 
found in regions that have undergone low overall shorten-
ing (Hobbs et al., 1976).

The change in deformational style across the Omaruru 
Lineament must be emphasised. The SCZ is characterised 
by upright dome-and-basin structures. Diapirism, succes-
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sive folding phases or folding in several directions during one 
deformational phase resulting in Type I interference patterns 
(Ramsay, 1967) have been invoked by various authors (Saw-
yer, 1981; Jacob et al., 1983) to explain these phenomena. 
Within the field area, dome formation is the result of wide-
spread granite intrusion in the manner envisaged by Kröner 
(1984). The southern portion of the NCZ is also character-
ised by dome-and-basin structures, but their nature changes 
significantly in a northward direction. On the northwest side 
of the Tubussis Lineament between Nainais and Ketelbank 
(Fig. 4.1), where the small amount or absence of granitic ma-
terial precludes a diapiric mechanism for dome generation, 
NCZd is characterised by Type 2 mushroom-shaped inter-
ference patterns (Watson, 1982). These have resulted from 
the imposition of upright northeast-trending F3 structures on 
flat-lying earlier folds (op. cit., p.22). Approximately 130 km 
to the northwest in the Southern Kaoko Zone (SKZ), Coward 
(1981) has shown how early, tight, westward-verging north-
south folds have been modified by upright east-northeast-
trending F3 folds resulting in Type 2 interference structures. 
It is believed that the rigid nature of the Abbabis Inlier pre-
vented the generation of early flat-lying recumbent folds in 

the SCZ and the southern part of the NCZ. The confinement 
of northwestward-verging, flat-lying F4 folds on the northern 
edge of the SCZ to zones where the basement has undergone 
semi-brittle deformation such as the Welwitschia lineament 
zone, supports the argument that the Abbabis Inlier behaved 
as a relatively rigid block during the Damaran orogeny.

There is abundant evidence for a late-tectonic structural 
control on the localisation of epigenetic Damaran minerali-
sation. There is a spatial association between D3 domal struc-
tures and epigenetic mineralisation throughout the CZ. Gold 
skarn mineralisation in the SCZ and tungsten skarn minerali-
sation in the NCZ are commonly hosted by the lowest marble 
unit in the core of a D3 dome. Evidence has been presented 
for significant, late-tectonic, syn-D3 dextral movement on the 
Omaruru Lineament and the associated localisation of tung-
sten skarns and gold veins in tensile structures on the north-
ern side of the Kompaneno Fault and Omaruru Fault Zone 
(Map 1). There is also a strong localisation of both epigenetic 
carbonate-hosted and turbidite-hosted gold mineralisation, as 
well as zones of tourmaline alteration, in north-northeast -
trending semi-ductile and brittle (F4?) structures on the NCZ/
SCZ boundary in the Usakos-Karibib area.
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5.1 INTRODUCTION

There have been only two investigations aimed primarily 
at determining the metamorphic conditions that prevailed 
in the central portion of the CZ, both of which were essen-
tially regional in nature (Miller, 1983a). In the SCZ, Puhan 
(1983) investigated the regional P/T conditions between 
Swakopmund and Karibib by examining dolomite-calcite 
solvus thermometry in dolomitic marbles. Much of Puhan’s 
study area falls outside the area covered by this memoir. 
In the NCZ, information is available from a regional study 
of the aluminous pelites by Hoffer (1977). Hoffer was able 
to Map isoreactiongrads on a regional basis from the Oka-
handja Lineament in the south to the Kamanjab Inlier in 
the north (Fig. 5.1), but little detailed work has been com-
pleted in the Usakos-Karibib-Omaruru area. Information 
presented in this chapter will show that the metamorphic 
history of the CZ is considerably more complicated than 
Hoffer’s (1977) pioneering study showed it to be. An ex-
amination of the metamorphic history of the area is be-
yond the scope of this memoir, but an understanding of the 
thermal history of the orogen has particular relevance to 
epigenetic deposits that are essentially hydrothermal in na-
ture. Thus attention is focused on describing the nature of 
the metamorphism and determining the peak regional and 
thermal metamorphic conditions (in the NCZ in particular) 
and their relationship to late-tectonic mineralising events. 
The possible role played by metamorphic fluids and proc-
esses in mineralising events will be discussed in Chapter 7. 
Throughout the field area Damaran lithologies have been 
subjected to greenschist (300-500°C; Essene, 1989) to am-
phibolite (500-700°C; Essene, 1989) facies metamorphism. 
From Chapter 2, it is evident that the majority of metasedi-
ments have granoblastic textures and that retrogressive ef-
fects throughout the CZ were relatively minor. In general 
terms, the rocks of the SCZ were subjected to higher grade 
metamorphism than those of the NCZ. In both zones there 
is a broad increase in regional metamorphic grade from the 
east towards the high temperature zone on the coast (Fig. 
5.1; Miller, 1983a). Immediately north of Karibib, peak 
regional metamorphic temperatures were in the lower am-
phibolite facies, while west of Usakos upper amphibolite 
facies assemblages and the products of associated partial 
melting are widespread. A feature of particular interest is 
the apparently higher regional metamorphic conditions that 
prevailed along the Omaruru Lineament in NCZa. Superim-
posed on the regional metamorphic assemblages are contact 
metamorphic effects associated with the numerous granite 
intrusions. This localised, but widespread, predominantly 
late-tectonic (D3), thermal overprinting, which is essentially 
Buchan type, is particularly evident in NCZd and NCZe.

Detailed information on Damaran metamorphic con-
ditions can only be obtained from a small number of the 
lithostratigraphic units. Throughout that portion of the 
CZ under examination, amphibolites and metabasites are 
not present. The Nosib Group quartzites are of little help 
in elucidating the metamorphic history of the area on ac-

count of their composition and limited distribution in the 
NCZ. However, ellipsoids of sillimanite are present in the 
meta-arkoses of the Etusis Formation on Sandamap Noord 
in NCZb. Similarly, the mineral assemblages of the calc-
silicate lithologies of the upper Nosib Group and lower 
Swakop Group are too uniform to be of assistance. The Ka-
ribib Formation carbonates rarely contain sufficient SiO2 to 
form silicate-dominated metamorphic assemblages, but in 
the immediate vicinity of Karibib, dolomitic marbles of the 
Karibib Formation in the SCZ commonly contain dissemi-
nated tremolite. In the NCZ, the highly calcareous nature 
of the Karibib Formation has resulted in the formation of 
virtually pure calcitic marble which is unsuitable for dolo-
mite-calcite solvus thermometry. Calc-silicate rocks of the 
Kuiseb Formation commonly have an amphibole-rich re-
action skarn, but are otherwise of little use in unravelling 
the metamorphic history of the area. As a result, work has 
concentrated on the metapelites of the Oberwasser Forma-
tion and the metapelites and metaturbidites of the Kuiseb 
Formation. Throughout the field area kyanite and staurolite 
are absent and garnet is extremely rare. The one record of 
staurolite in the SCZ was made by Nash (1971) from the 
Rössing Formation near the Rössing Uranium Mine (Fig. 
1.2). Cordierite is very common in the area under investiga-
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tion and sillimanite is widely distributed near granitic and 
pegmatitic intrusions. A discovery of note made during the 
course of field work is that andalusite-bearing assemblages 
are more widespread in the CZ than previously thought, but 
are notoriously difficult to identify in the field. It is thus ap-
parent that both the regional and contact metamorphism in 
the CZ were of low-pressure/high-temperature type and pro-
vide an indication of a high geothermal gradient during the 
Damara orogeny.

Four areas (Fig. 5.2) have been chosen to illustrate the 
metamorphic histories of some of the tectono-stratigraphic 

zones. The first two were chosen because of their intensely 
deformed nature close to the Omaruru Lineament. The sec-
ond two examples are from less-deformed areas where both 
the tectonism and metamorphism were largely caused by 
late-tectonic granites. The four examples are:

1) The Kuiseb Formation pelites on Sandamap Noord in 
NCZa (Map 3)

2) The Kuiseb Formation pelites on Kassandara in NCZa 
(Map 1)

3) The Oberwasser Formation pelites from the Schönfeld 
Dome in NCZd (Map 1)
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4) The Kuiseb Formation pelites on Ohere in NCZe (Map 
2)

The mineral abbreviations used are those suggested by 
Kretz (1983). The symbol “Als” has been used to denote 
the aluminium silicate polymorphs kyanite, sillimanite and 
andalusite and “Fib” for fibrolite. Porphyroblast-matrix re-
lationships have been determined following the methods 
of Zwart (1962) and Spry (1969), although the author is 
aware that the assumptions on which these papers are based 
have recently been disputed by Bell (1985) and Bell et al. 
(1986).

5.2 METAMORPHISM ON THE FARM 
SANDAMAP NOORD 115 IN NCZa

5.2.1 Introduction

The Kuiseb Formation is well exposed on Sandamap 
Noord and affords the opportunity to examine the various 
types of metamorphism that have affected the metasedi-
ments in NCZa. Aluminous schists at the base of the Kuiseb 
Formation are overlain by more quartzitic metaturbidites in 
the core of the syncline on Sandamap Noord. As a result 
muscovite and aluminosilicate-dominated assemblages are 
particularly common in the schists immediately overlying 
the Karibib Formation (southwest corner of Map 3). In gen-
eral, schists in the core of synformal structures have been 
metamorphosed to lower grades than their counterparts 
near stratigraphic or granitic domes. Because of the prob-
lem in distinguishing between regional and contact meta-
morphism in terrains where syn- and late-tectonic granitic 
intrusions are abundant, it has been assumed that the lowest 
grade schists are the products of regional metamorphism. 
This may not necessarily be true. Quartz is present at all 
localities except where mentioned.

5.2.2 Regional metamorphism

At a minimum distance of 800 m from the Sandamap Noord 
leucogranite and associated pegmatites (the D3/D4 dome), 
the Kuiseb Formation is most commonly represented by a 
fine-grained (<250 µm), finely laminated biotite schist with 
a lepidoblastic/granoblastic texture. The schist comprises 
the assemblage Qtz+Kfs+Olig+Bt±Ms±Crd±Als. Accesso-
ries include tourmaline, apatite, zircon and opaque miner-
als, notably graphite. Tourmaline is abundant in all thin sec-
tions examined and locally constitutes two modal per cent. 
Traces of calcite, retrogressive chlorite and serpentine are 
also present. The schists usually possess a fairly pervasive 
schistosity defined by stubby (<250 µm) biotite. This fabric 
is parallel to lithological contacts on the outcrop scale, but 
in many instances is a transposed foliation. It is commonly 
poorly defined resulting in the schist having a granoblastic 
rather than a lepidoblastic texture. Locally the S1 schistosity 
is developed at up to 60° to a faint 100-300 µm thick com-
positional layering that is almost certainly bedding. These 
beds are defined by alternating quartz and mica-rich layers. 
Within the more pelitic layers, the long axes of the biotite 
are oriented either parallel to or define the S1 schistosity. 
These S1 biotites are not strained and therefore represent a 

new phase of mica growth. They are not rotated early bi-
otites. Secondary and tertiary foliations in the schists are 
also defined by small biotites (Map 3). In general, biotite 
is much more common than muscovite in the S1 fabric. K-
feldspar generally occurs as a fine-grained, granoblastic 
mineral in the groundmass, but is locally present in clusters 
of syn-/late-kinematic porphyroblasts. Coarse-grained (0.5 
mm - 1.5 mm), randomly oriented, post-kinematic poikil-
oblasts of muscovite are common throughout the formation. 
Rare chlorite, growing retrogressively after biotite, is usu-
ally restricted to slip planes coplanar with the S1 fabric.

5.2.3 Early kinematic cordierite and late-kinematic 
andalusite growth in aluminous schists

Local occurrences of andalusite-cordierite schist are 
present in the core of the syncline in the centre of the farm 
and on the southern and northern sides of the Sandamap 
Noord Dome (Map 3). One kilometre northwest of the San-
damap Tin Mine the schists on either side of the main road 
are covered by a thin scree of andalusite pebbles. Outcrops 
are however rare. Porphyroblasts of the two minerals occur 
in the more aluminous biotite-muscovite schists where the 
two micas are present in approximately equal proportions. 
Yellow, pinitised poikiloblasts of cordierite up to 6 mm in 
diameter contain numerous inclusions of biotite and quartz. 
A fine-grained, planar Si is usually oriented parallel to the 
coarser-grained Se which wraps around the poikiloblasts in-
dicating pre-/early kinematic growth of the cordierite. In 
some examples Se extends into the cordierite suggesting 
synkinematic growth of the mineral. Cordierites are com-
monly overgrown, rimmed (Plate 5.1) and enveloped by 
large (up to 5 cm) subhedral poikiloblasts of late-kinematic 
andalusite.

In some porphyroblasts inclusions are so numerous that 
a sieve texture is developed. The planar, mica-defined Si of 
the andalusite is coplanar with the Si of the cordierite and 
Se. Andalusite post-dates the cordierite, but the former is 
not post-kinematic because Se not only curves around earli-
er cordierites overgrown by andalusite, but new rims of the 
aluminosilicate as well. Andalusite growth may however 
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be related to the intrusion of the granite/pegmatite dome 
(see discussion below). These aluminous schists are further 
characterised by traces of crosscutting (late/post-kinemat-
ic?) fibrolite and sillimanite. Retrogressive features include 
abundant post-kinematic poikiloblasts of muscovite and the 
overgrowth of pinitised cordierite by randomly oriented 
muscovite and biotite and coarser-grained quartz.

5.2.4 Contact metamorphism associated with the D3/D4 
leucogranite/pegmatite dome

The aureole around the leucogranite phacolith and asso-
ciated pegmatites has been examined to study the thermal 
and mechanical effects of the intrusions (Map 3). Mineral 
assemblages of the Kuiseb Formation schists have been in-
vestigated along an 800-metre-long traverse on the southern 
side of the dome, but poor exposure prevented sampling at 
a regular spacing. Although there is a minor compositional 
variation of the schists along the traverse, all specimens 
have a single subvertical pervasive schistosity that wraps 
around the dome. This fabric is defined by biotite and, in 
most cases, muscovite. Eight hundred metres from the 
contact the assemblage Qtz+Bt+Kfs+Olig is present. The 
rock has a fine-grained (<1 µm) lepidoblastic/granoblastic 
texture, the schistosity being defined by biotite. Muscovite 
is present as a post-kinematic poikiloblast. Closer to the 
intrusion (630 metres) the schistosity, defined by biotite 
and muscovite, is markedly more pervasive. Finely dis-
seminated fibrolite is also present. Pinitised relicts of synk-
inematic cordierites are extensively altered to chlorite and 
serpentine. Four hundred and fifty metres from the contact 
the biotite-muscovite schist possesses abundant K-feldspar 
poikiloblasts. Some are synkinematic, but the majority do 
not disrupt the schistosity and thus are late-/post-kinematic 
in age. In the synkinematic poikiloblasts, Si is commonly 
at a high angle to Se and is locally slightly sinuous. This 
feature, which is interpreted as evidence for the rotation of 
porphyroblasts, is particularly prominent close to the domal 
structure. Four hundred and twenty metres from the con-
tact the biotite-muscovite schists contain minor fibrolite; 
euhedral, post-kinematic K-feldspar porphyroblasts have 
overgrown pinitised cordierite relicts. The major mineral 
change in the thermal aureole occurs at 300 metres where 
fibrolite appears in 2-mm-long knots. At this point pinitised 
remnants of synkinematic cordierite porphyroblasts are 
overgrown by quartz, K-feldspar and randomly oriented 
mica. At 280 metres, fibrolite development is more exten-
sive. Poorly defined, but discordant Si in the synkinematic 
cordierites attests to rotation of the porphyroblasts. These 
cordierites are spatially associated with relict andalusite 
that is enveloped in muscovite. At 190 metres the mechani-
cal effects associated with the intrusion of the granitic dome 
are readily apparent. The quartz-feldspar groundmass has 
more of an elongate than granoblastic texture and the relict 
cordierites are oval or elongate. One hundred metres from 
the contact there is a notable increase in size and abundance 
of the sillimanite mats and at 70 metres the schist contains 
up to 25 modal per cent fibrolite which is concentrated in 
knots and in folia (sensu Vernon, 1987). The development 
of the fibrolite knots, clusters and stringers around the aure-

ole of the domal structure is intriguing because there is no 
accompanying development of K-feldspar. Although the fi-
brolites are not universally nucleated on biotite as described 
by Kerrick (1987), they are localised in mica-poor domains 
suggesting their derivation from biotite precursors. Close to 
the contact, pinitised relicts of cordierites have been com-
pletely flattened.

On the northwest side of the dome, in contrast, in an 
area of abundant pegmatite intrusions (Map 3), silliman-
ite schists with second generation K-feldspar possessing a 
single pervasive mica schistosity are common. Andalusite 
is conspicuously absent and rare, pinitised early cordierite 
has been overgrown by fresh micas and quartz. Fibrolite 
and sillimanite are abundant in the schists. The deflection of 
the mica fabric around bulbous aggregates of fibrolite does 
not necessarily indicate synkinematic growth of the alumi-
nosilicate; the aggregates may be pseudomorphs after anda-
lusite. K-feldspar is present as synkinematic porphyroblasts 
where Si is oriented parallel to Se, but more commonly as 
post-kinematic perthitic poikiloblasts (Plate 5.2). In the im-
mediate vicinity of pegmatitic intrusions the schists have a 
chaotic texture and quartz is absent, having probably been 
consumed in the reaction Qtz+Ms=Kfs+Sil+H2O. A single 
late-kinematic garnet (<0.5 mm) was noted.

5.2.5 Cataclastic metamorphism associated with the 
D3/D4 leucogranite/pegmatite dome

Intimately associated with the sillimanite schists of the 
aureole are some unusual quartz-sillimanite rocks. Subver-
tical, oblate spheroids of very hard, grey, streaky mylonite 
are up to several metres long and several tens of centimetres 
wide. Because of their hardness they form prominent out-
crops. These mylonite lenses are concentrically arranged 
around the domal structure, their long axes running parallel 
to the contact between the intrusions and the metasediments 
(Map 3). They are best developed within 100 metres of the 
pegmatite-metasediment contact, but isolated occurrences 
are found up to 500 metres away. Mylonites are dominat-
ed by quartz (± 60%) and sillimanite (± 30%). The quartz 
crystals have sutured grain boundaries, undulose extinction 
and are commonly fractured. Fibrolite is present as radiat-
ing wisps, mats and streaks (plate 5.3), intergrown with sil-
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limanite and overgrown by anhedral muscovite. Accessory 
minerals include garnet, K-feldspar, sericitised plagioclase, 
biotite altering to chlorite and graphite. The feldspar is com-
monly intergrown with quartz in a graphic intergrowth. 
Kerrick (1987) has described fibrolite accumulations in the 
contact aureoles of granitoid intrusions, attributing their de-
velopment to the metasomatic alteration of biotite by fluids 
emanating from the intrusion and the removal of K, Mg and 
Fe by chloride complexes. Although this model may ac-
count for the origin of the closely associated fibrolite-bearing 
schists, it does not account for the commonly streaky, segre-
gated quartz-mylonite rocks on Sandamap Noord. The latter 
is interpreted to be a type of high strain zone (Vernon, 1987), 
their development being related to the diapiric development 
of the domal structure (see discussion in section 5.2.7).

5.2.6 Metamorphic effects associated with the F4 folds

One of the notable features of the Kuiseb Formation on 
Sandamap Noord and, indeed throughout the NCZ, is that 
the growth of metamorphic minerals can rarely be attributed 
to a specific folding event. Biotites define various schistosi-
ties, but because of the lack of associated fold axes, there 
is uncertainty as to which deformational event caused their 
formation. A significant exception is the prominent silliman-
ite lineation which plunges shallowly, parallel to the axes of 
F4 folds in the southwest of the farm (Map 3 and Chapter 
4). In this area, aluminous schists of the lower Kuiseb For-
mation possess a secondary foliation, interpreted as an axial 
planar F4 fabric (S4), that dips at 20°-60° to the east-south-
east (Fig. 4.3, Stereos 4 and 5). The schists contain the as-
semblage Qtz+Kfs+Olig+Bt+Ms+Sil, tourmaline being very 
rare or absent. Plagioclase and K-feldspar are abundant, both 
as groundmass constituents and as elongate, late-/post-kine-
matic poikiloblasts. The linear fabric is defined by biotite, fi-
brolite mats, sillimanite and ribbon-like quartz. The fibrolite 
and sillimanite have nucleated on biotite and are particularly 
abundant in elongate monomineralic patches that define the 
lineation. Much of the biotite is highly strained and lies at 
a high angle to the plane of the secondary fabric. This mica 
is crosscut by the sillimanite fabric and is probably rotated, 
pre-F4, biotite.

Some of the sillimanite fibres are also oriented at right 
angles to the F4 sillimanite lineation suggesting pre-F4 sil-
limanite growth. However, the confinement of poikiloblastic 
K-feldspar, much of it perthitic, to the F4 structures suggests 
that the majority of sillimanite was formed by the prograde 
reaction Ms+Qtz=Sil+Kfs+H2O at F4 time. This indicates 
either that peak regional metamorphic conditions persisted 
until F4 times or the presence of a late-tectonic thermal event, 
possibly associated with the younger granite and pegmatite 
intrusions. Muscovite is present as large, post-kinematic 
poikiloblasts.

5.2.7 Mylonitisation on the northwest side of the D3/D4 
leucogranite/pegmatite dome

Mylonitisation of the Kuiseb metasediments is particularly 
intense on the northwest side of the domal structure (Map 
3) in the immediate vicinity of a zone of Au-As-W miner-
alisation. Although some of the structural and metamorphic 
features present here can be recognised elsewhere around the 
dome, this unusually intense and longer-lived deformation is 
partly related to D4 movements on the Welwitschia lineament 
zone. In the immediate vicinity of the gold mineralisation, 
the ground is covered with distinctive, brown, elongate (2-
6 cm), stubby segregations of fibrolite. Fibrolite aggregates 
are crenulated on a micro scale, though the crenulations are 
not systematically oriented. Fibrolite is commonly in contact 
with ragged deformed muscovite, but the temporal relation-
ship between the two minerals is unclear. North-northeast-
striking quartz-sillimanite mylonite rocks are developed as 
a swarm of laterally discontinuous, foliation-parallel lenses 
and veins traceable for several hundred metres across strike. 
Fibrolite/sillimanite comprises up to 30 modal per cent of 
these mylonites. The aluminosilicates are concentrated in 
linear rather than anastomosing zones which attests to the 
higher strain in this area. Much of the fibrolite overgrows 
xenoblastic K-feldspar.

Some north-northeast-trending mylonite zones cut other-
wise undeformed late-tectonic tourmaline-bearing pegma-
tites attesting to very late Damaran movement. This relation-
ship has not been observed elsewhere around the dome. In 
hand specimen, sheared pegmatites possess a subvertical, 
spaced foliation defined by fibrolite/sillimanite. Fibrolite is 
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confined to discrete zones (Plate 5.4), the folia anastomos-
ing between lenticular grains of quartz and feldspar in the 
manner described by Vernon (1987, Fig.17). The fibrolite 
fibres are themselves locally crenulated and crosscut by 
later fibrolite and sillimanite. Sillimanite is disseminated in 
quartz and in radiating aggregates. The quartz has slightly 
undulose extinction and the K-feldspar has what appears to 
be structurally induced twinning. Graphite ‘is concentrated 
in the fibrolite folia. There is little doubt that the anasto-
mosing fibrolite fibres represent high strain zones as pro-
posed by Vernon (1987). In his model, fibrolite crystals are 
localised in folia because of their ability to Süde over one 
another during deformation and thus absorb shear strain. 
Quartz and feldspar crystallise in the intervening lower-
strain domains.

5.2.8 Summary

Greywackes and turbidites of the Kuiseb Formation have 
been regionally metamorphosed during isoclinal and tight 
folding (F1 and F2) to form biotite±muscovite schists. The 
local presence of thin (several tens of centimetres) foliated 
quartz-feldspar-biotite rocks in the Kuiseb Formation sug-
gests the presence of minor syntectonic (syn-D1?) granite 
intrusions, which may have been partly responsible for the 
local growth of early-kinematic cordierite. A (regional?) 
rise in the temperature resulted in the coarsening of the 
mica fabric. Further flattening caused the wrapping of this 
new fabric around the slightly rotated cordierite porphy-
roblasts. During late D3/early D4 compression, formation of 
the domal structures was largely caused by the intrusion of 
granites and associated pegmatites. The growth of late-kin-
ematic andalusite after cordierite in the aluminous schists 
probably occurred at about this time, perhaps as a result 
of the associated thermal metamorphism. As the granite 
and pegmatites intruded, early-kinematic cordierite became 
further flattened and andalusite was replaced by fibrolite. 
Quartz-sillimanite mylonites mark high strain zones that 
formed concentrically around the dome. In the immediate 
vicinity (<50 metres) of pegmatite intrusions, sillimanite 
and perthitic K-feldspar were formed by the breakdown of 
muscovite and quartz. Persistence of these high temperature 
conditions until late Damaran times is indicated by the syn-
F4 growth of sillimanite. Very late Damaran movement on 
the Welwitschia lineament zone resulted in the formation 
of sillimanite mylonite rocks in late-tectonic pegmatites on 
the northwest side of the domal structure and suggests the 
persistence of a high geothermal gradient to the end of the 
Damaran orogeny.

5.3 MET AMORPHISM ACROSS THE 
OMARURU LINEAMENT NORTH OF 

OMARURU

5.3.1 Metamorphism on the farm Kassandara 40 in 
NCZa

Intensely deformed aluminous schists of the Kuiseb For-
mation are well exposed on the farm Kassandara 40, 16 km 
northeast of Omaruru (Fig. 5.2, Map 1), on the southeast 

side of the Omaruru Fault Zone. Although the metasedi-
ments in this portion of NCZa appear to have undergone 
early tectonic isoclinal-to-tight folding in a similar manner 
to their counterparts on the southwest side of the Erongo 
Complex, they cannot be the direct equivalent of the

Sandamap-Davib Ost tin belt. The Kuiseb Formation 
schists on Kassandara contain more K-feldspar porphyrob-
lasts (see also Fig. 2.12), there are no associated calc-sili-
cate rocks and the pegmatites are not stanniferous. Bands 
(channels?) of white, planar crossbedded quartzite up to 
several metres thick are locally present, but no sedimento-
logical features can be identified in the schists. The steeply 
dipping schists possess a pervasive mica-defined fabric 
(S1). In the few instances where bedding has been observed, 
S1 is coplanar with So. The only other structural feature of 
note on the farm is a prominent sillimanite lineation which 
generally, but not exclusively, plunges southeast or south-
southeast. Foliated, therefore syntectonic, leucogranites and 
associated leucopegmatites and undeformed, thus late-tec-
tonic, muscovite-schorl pegmatites are widespread in this 
portion of NCZa. The mineral assemblages of schists at a 
distance of more than 1 km from the nearest visible granite 
intrusion have been examined.

The schists possess a lepidoblastic fabric defined 
by biotite. The most common mineral assemblage is 
Qtz+Kfs+Sil+Bt+Ms+Plag which corresponds to the upper 
sillimanite zone of Yardley (1989). The oligoclase, deter-
mined by the Michel-Lévy method, is a minor phase and 
accessory minerals include tourmaline, apatite, zircon and 
serpentine. In some samples, widespread secondary iron 
minerals appear to be weathering products after sulphide 
aggregates. The diagnostic feature of the schists on Kas-
sandara is the presence of perthitic K-feldspar porphyrob-
lasts up to 6 mm long. Within the majority of these elon-
gate porphyroblasts, the S1 fabric diverges slightly and they 
are thus interpreted to be synkinematic. Quartz, biotite and 
tourmaline are common inclusions in the synkinematic K-
feldspar: Si is usually parallel to Se. Some K-feldspar por-
phyroblasts have a ribbony, poikiloblastic nature and are 
clearly post-kinematic overgrowths. Fibrolite is abundant 
in all thin sections, either nucleated on biotite or concen-
trated in 2-mm-long knotty segregations. Within these 
knots, fibrolite is randomly oriented. The widespread oc-
currence of sillimanite as an inclusion suggests some syn-
kinematic growth of the mineral as well. One example of a 
circular knot of fibrolite, 250 µm in diameter, was noted. 
The reaction that is considered to account for the observed 
assemblage is Ms+Qtz=Kfs+Sil+H2O. There is no evidence 
for the formation of partial melts.

In the more nodular schists, the above-described assem-
blage occurs together with relict andalusite and pinitised 
cordierite. Blebs of andalusite in optical continuity are sur-
rounded by K-feldspar and plagioclase; altered, prismatic 
andalusite is enveloped by fresh muscovite and the alumi-
nosilicate occurs as rare blebs within altered cordierite. Yel-
lowish, fractured cordierites with numerous inclusions, are 
elongate in the plane of schistosity, Si tending to parallel 
Se. However, the biotite fabric wraps around the cordier-
ite indicating synkinematic growth of the porphyroblasts. 
The inclusions of andalusite within cordierite and K-feld-
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spar suggest that prograde andalusite-forming reactions, 
such as Qtz+Chl+Ms=Crd+And+Bt+H2O, were followed 
by reactions such as Qtz+Bt+Ms=Crd+Kfs+H2O. The as-
semblage Qtz+Ms+Sil+Kfs is persistent to the highest 
grades of metamorphism. However, there is no evidence on 
Kassandara from the thin sections examined for the reac-
tion Qtz+Sil+Bt=Grt+Crd+Kfs (Holdaway and Lee, 1977) 
as suggested by Hoffer (1977) for the Omaruru area (Fig. 
5.1).

A notable feature of the Kuiseb Formation schists on 
Kassandara is the abundance of late-/post-kinematic hy-
drous minerals. In all samples examined, large, poikilob-
lastic muscovite, both conformable to and crosscutting’ S 
I, is present. Biotite is locally extensively altered to chlo-
rite and the K-feldspar is sericitised along cleavages. Bi-
otite inclusions within the K-feldspar porphyroblasts have 
been largely shielded from this chloritisation. This large-
scale retrogression is uncommon in the CZ and may well 
be related to late-/post-tectonic fluids that were channelled 
up the Omaruru Fault Zone and its associated splay faults 
(Map 1).

5.3.2 Metamorphism in the core of the Schönfeld 
Dome in NCZd

5.3.2.1 Introduction
This section discusses the metamorphic assemblages in the 

pelitic and semi-pelitic biotite schists of the Oberwasser For-
mation on the farms Tjirundo 91 and Epako 38 in the core of 
the Schönfeld Dome (Map 1). In hand specimen, the schists 
possess a single pervasive schistosity defined by micas and 
have undergone amphibolite-facies metamorphism. In con-
trast to the Kuiseb Formation, muscovite rarely comprises 
more than 5% of the modal abundance of Oberwasser For-
mation schists. In the lower Oberwasser Formation, musco-
vite is usually absent; for example at the Otjua Prospect, the 
biotite schists contain neither muscovite nor aluminosilicate 
minerals (Steven, 1987). Middle Oberwasser Formation 
schists contain 3-5 wt% SiO2 less than their Kuiseb Forma-
tion counterparts (compare Tables 2.10, 2.13, 2.24, 2.25 and 
2.26) and have considerable K-feldspar. One suspects that at 
least some of this K-feldspar was present prior to metamor-
phism and thus the Oberwasser Formation schists are not true 
pelites, but greywackes (Yardley, 1989, p.65). There appears 
to be an overall increase in metamorphic grade towards the 
centre of the Schönfeld Dome with localised thermal highs 
near granitic and pegmatitic intrusions. Spotted cordierite-
bearing schists and the appearance of feldspar-rich blebs that 
disrupt the metamorphic banding and are suggestive of par-
tial melting are widespread, but, due to the large number of 
intrusions with overlapping thermal aureoles, metamorphic 
assemblages cannot be mapped out in the field. However, 
four zones have been distinguished and samples have been 
selected from the middle and upper Oberwasser Formation 
to illustrate the late-tectonic thermal metamorphism super-
imposed on the regional metamorphic assemblages. Quartz is 
present in all the assemblages examined. None of the Al2SiO5 
polymorphs described is visible in hand specimen. Only one 
example of a garnetiferous schist was found and only traces 
of retrogressive chlorite were noted.

5.3.2.2 Biotite zone
In the northern portion of Tjirundo 91, the metasediments 

of the Oberwasser formation are represented by a fine-
grained (<1 mm), lepidoblastic Qtz+Bt+Kfs+Ms schist. 
Sample TJ2 was taken at least 1.2 km from the nearest 
exposed granite. K-feldspar is more abundant than quartz 
and accessories include plagioclase, tourmaline, opaque 
minerals and zircon. Biotite, up to 700 µm long, comprises 
approximately 25% of the schist and defines an S1 fabric. 
However, much mica is oriented at a considerable angle to 
this schistosity suggesting several stages of biotite growth. 
The felsic grains are arranged in a granoblastic mosaic, 
their grain size being less than 100 µm. The schist contains 
no porphyroblasts nor textures of note and appears to be an 
equilibrium assemblage. This nondescript biotite-K-feld-
spar schist is representative of the Oberwasser Formation 
in those portions of the Schönfeld Dome that do not appear 
to have been subsequently metamorphosed by a thermal 
event. No phyllites have been observed in NCZd and it is 
thus apparent that the regional metamorphism was at least 
of lower amphibolite facies grade.

5.3.2.3 Lower cordierite zone
A sample of spotted schist from the middle Oberwasser 

Formation (TJ1) was taken from the northeast corner of 
Tjirundo 91 (Map 1), slightly closer to late-tectonic gran-
ite and pegmatite intrusions. The schist has a fine-grained 
lepidoblastic groundmass (less than 500 µm) with cordier-
ite poikiloblasts up to 5 mm in diameter. The spotted schist 
comprises Qtz+Bt+Ms+Crd+Kfs+Plag; accessories include 
tourmaline, opaque minerals (probably graphite), epidote 
and apatite. The S1 schistosity that parallels lithological 
contacts is defined by biotite (30%) and muscovite (5%) 
but, as with the biotite zone, much of the mica is randomly 
oriented. Poikiloblastic cordierite crystals full of inclu-
sions are slightly elongate in the plane of schistosity and 
are pinitised. The S1 fabric is deflected around the syntec-
tonic cordierite poikiloblasts with residues of biotite and 
muscovite concentrated on the rims (plate 5.5). The small 
proportion of mica within the poikiloblasts suggests that 
cordierite growth occurred as a result of mica breakdown. 
The Si fabric of the cordierite is generally very poorly de-
fined. In only two poikiloblasts is a well-defined Si clearly 
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discordant to Se and in one of these cordierites the micas 
are aligned parallel to the cleavage trace of the host. Other 
evidence for syntectonic cordierite growth is provided by 
the presence of rare pressure shadows around the porphy-
roblasts. The cordierites commonly possess nuclei of fresh, 
coarse-grained biotite, muscovite and quartz which appears 
to be forming from retrogressive reversal of the reaction 
Bt+Ms+Qtz=Crd+Kfs+H2O.

5.3.2.4 Upper cordierite zone
A sample from the middle Oberwasser Formation on the 

Otjua 37/Epako 38 boundary (EP3/1) has been selected to 
illustrate the higher metamorphic grade in the vicinity of 
granitic intrusions. The schist has a fine-grained (100-500 
µm) groundmass, cordierite porphyroblasts up to 5 mm, a 
microscale gneissic banding rather than a schistosity and 
small (up to 7 mm in diameter) K-feldspar-rich blebs and 
lenses that disrupt the metamorphic layering. It is considered 
unlikely that these K-feldspar-rich segregations are derived 
from the granitic intrusions. The schist comprises Qtz+Bt+
Ms+And+Crd+Kfs+Plag and accessories include tourmaline 
and opaque minerals (probably graphite). Thus the diagnos-
tic feature of upper cordierite zone rocks is the presence of 
cordierite and K-feldspar poikiloblasts. The S1 fabric, which 
is defined by biotite (30%) and muscovite (2-3%), has been 
severely disrupted. Yellowish, pinitised cordierites contain 
numerous quartz and mica inclusions. In some syntectonic 
poikiloblasts, the micas are aligned in linear zones, Si be-
ing discordant to Se by up to 70°. Not all cordierites con-
tain inclusion trails, suggesting several stages of cordierite 
growth. Evidence to support this is provided by the lack of 
biotite concentrations around the more elongate, late-tecton-
ic cordierites (compare Plates 5.5 and 5.6). In the late-tec-
tonic cordierites, inclusion alignment is crystallographically 
controlled by the host. This second generation of cordierite 
may well have formed from biotite breakdown by the reac-
tion Bt+Al2SiO5+Qtz=Kfs+Crd+H2O. This is supported by 
the relict nature of the andalusite. Blebs of the alumino sili-
cate in optical continuity over distances of 3-4 mm are envel-
oped by plagioclase and K-feldspar. The second generation 
K-feldspar has a poikiloblastic nature, enveloping quartz in 
particular, and can be distinguished from the earlier fine-

grained crystals in the matrix. Some tiny needles on the edge 
of biotite crystals may be fibrolite.

5.3.2.5 Sillimanite-K-feldspar zone
The fourth sample was taken from borehole ED-1 (Epako 

Gold Prospect) collared in an area intruded by numerous 
pegmatite and small granite bodies in the northern portion 
of Epako 38 (Map 1). Sample NS360 was taken at a depth 
of 270 metres from surface. The “schist” has lost its lepi-
doblastic nature and has a granoblastic (150-500 µm) ma-
trix	 (Plate	 5.7). The assemblage Qtz+Bt+Ms+And+S
il+Kfs+Plag is present, the accessories comprising opaque 
minerals, zircon and considerable tourmaline. The randomly 
oriented, second generation K-feldspar (up to 3 mm long) 
is commonly perthitic and contains numerous inclusions. 
Oligoclase and andesine feldspar (determined by Michel-
Lévy method) are present as inclusions and poikiloblasts. 
The aluminosilicate minerals comprise approximately 5% 
of the rock. Andalusite is present as relict blebs several tens 
of microns in diameter in optical continuity over distances 
of 3-4 mm. Fibrolite has grown directly from muscovite or 
on biotite where in contact with K-feldspar or perthite. Sil-
limanite is usually hosted by K-feldspar and plagioclase and 
is commonly in contact with biotite and, although present in 
the vicinity of andalusite, the two aluminosilicates are never 
in direct contact. The sillimanite is randomly oriented and 
there are no lineations nor fold axes in the area to which its 
growth can be related. The absence of muscovite in K-feld-
spar domains suggests that the mica has been consumed in 
the reaction Ms+Qtz=Kfs+Sil+H2O(±melt). The appearance 
of “upper sillimanite zone” assemblages (Yardley, 1989) 
would thus appear to be unrelated to the regional metamor-
phism and be a result of the thermal metamorphism associ-
ated with the granite intrusions. Minor poikiloblastic mus-
covite is obviously late-/post-kinematic.

5.3.3 Metamorphism on the farm Ohere 106 in NCZe

5.3.3.1 Introduction
On the farm Ohere (Fig. 5.2) biotite phyllites of the Kuiseb 

Formation have been thennally metamorphosed by granite 
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intrusions (Map 2). These are some of the best exposed 
examples of Buchan-type metamorphism in the NCZ and 
the metamorphic assemblages bear similarities with those 
described by Lagarde et al. (1990). A transition from green-
schist facies phyllites in the core of the F2 syn-form through 
spotted schists to coarser-grained schistose hornfels on the 
granite contacts is clearly evident in the field. Metamorphic 
zones, based on field and petrographic studies have been 
mapped around the granites (Fig. 5.3) and will now be dis-
cussed in detail. Quartz is present in all the metamorphic 
assemblages examined. One of the few examples of gar-
netiferous schist in NCZe is exposed on the northern slope 
of Hill 1265 (Map 2). An unusual fluor-muscovite-spessar-
tine garnet rock (OH-52) that crops out near a zone of tour-
maline alteration and arseniferous gossan is thought to be 
an example of (hydrothermally?) altered schist. This rock is 
not suitable for biotite-garnet geothermometry (Ferry and 
Spear, 1978).

5.3.3.2 Phyllite Zone
The core of the synform on Ohere is underlain by phyl-

lites and fine-grained schists characteristic of green-schist 
facies terrain. Milky quartz veins commonly parallel the 
essentially bedding-parallel schistosity (S1). In the hinge 
of the F2 fold, where a pervasive, axial planar S2 cleavage 
is developed, the quartz veins have a riffled surface indi-
cating that their development predated granitoid intrusion. 
The phyllites are fine-grained (20-300 µm) and the S1 as-
semblage comprises Qtz+Bt+Ms±Fsp±Chl. Accessories in-
clude tourmaline, opaque minerals, zircon, apatite, calcite, 
epidote, sphene and serpentine. Only a few grains of fine-
grained, fresh chlorite were noted in some thin sections, no-

tably defining secondary fabrics and replacing biotite. The 
S1 biotite is of regional metamorphic origin and unrelated 
to the intrusion of the granites. The undulose extinction and 
hence strained nature of some of the biotite is considered to 
be additional evidence for a pre-F2 age. The S1 fabric is not 
always parallel to lithological contacts; for example in sam-
ple NS213 a faint compositional layering that is probably 
bedding is developed at 30° to the S1 foliation. The opaque 
minerals are commonly oxidised pyrite and arseno-pyrite 
porphyroblasts. Micas drape around these oxides and quartz 
is concentrated in the associated pressure shadows. In the 
core of the F2 fold (Map 2), the S2 foliation is defined by 
coarser-grained, commonly poikiloblastic, muscovite, fresh 
chlorite or brown-green biotite locally altered to a colour-
less, Mg-rich chlorite.

5.3.3.3 Spotted Zone
At a distance of approximately 2.2 km from the Ohere 

leucogranite and 1.5 km from the Ohere Oos Salem granite 
(Map 2) the phyllite is replaced by a fine-grained spotted or 
nodular schist. The thermal aureole is more easily identifi-
able around the younger Ohere leucogranite. The grain size 
of the matrix of spotted zone rocks varies between 40 and 
200 µm. The spots are either concentrations of muscovite 
or, more commonly, blue-grey avoids of cordierite up to 7 
mm in diameter. Thus the mineral change that most clearly 
marks the boundary of a thermal aureole is the appearance 
of cordierite porphyroblasts. Spotted zone rocks comprise 
the assemblage Qtz+Bt+Ms+Crd±Kfs±Plag, the S1 fabric 
being defined by biotite. Accessories include tourmaline, 
graphite, apatite, opaque minerals and traces of chlorite. In 
the core of the F2 fold muscovite crystals are concentrated in 
ovoid clusters up to 2 mm in diameter. Within the clusters, 
muscovites are oriented in two principal directions, the long 
axes of the micas running parallel to the S1 and S2 cleav-
ages in the area. This suggests that the thermally induced 
concentration of muscovite and the development of the F2 
fold occurred contemporaneously. In sample NS218, a sin-
gle crystal of undeformed, pinitised and altered cordierite 
has nucleated in the centre of a muscovite cluster. Cordier-
ites are commonly strongly altered to chlorite and pinite on 
the rims, the latter imparting a characteristic yellow col-
our. Throughout the spotted zone the cordierite is notably 
poikiloblastic and has numerous inclusions, particularly of 
quartz. The relatively small number of mica inclusions sug-
gests that muscovite and biotite were being consumed in the 
cordierite-forming reaction Ms+Bt+Qtz=Crd+Kfs+H2O. 
The main problem with accepting that this was the primary 
cordierite-forming reaction is that very little K-feldspar has 
been observed in thin section. Miller (1980, p.55) experi-
enced a similar difficulty in his study of cordierite zones 
that border Salem granite and was only able to identify K-
feldspar by XRD analysis. It is considered unlikely that the 
reaction Ms+Chl+Qtz=Crd+Bt+H2O took place because of 
the essential absence of chlorite in phyllite zone rocks. Mi-
cas, biotite in particular, wrap around some of the cordierite 
and are concentrated on the rims of the porphyroblasts in a 
similar manner to that described by Spry (1969, plate XIV). 
However, the timing of cordierite growth is proble matico 

5.2 METAMORPHISM ON THE FARM  SANDAMAP NOORD 115 IN NCZa

85



Some samples (OH-46 and OH-56) possess poorly defined 
inclusion trails, Si being developed at between 10° and 20° 
to Se. The inclusion trails on their own are not considered 
to be convincing evidence for early kinematic cordierite 
growth because the muscovite in the clusters where cordier-
ite nucleated is itself oriented parallel to the S1 and S2 folia-
tions. Moreover, biotite wraps around and is concentrated 
at the muscovite clusters whose development would appear 
to be a result of thermal metamorphism. More convincing 
evidence for syntectonic cordierite growth is provided by 
the local presence of quartz-dominated pressure shadows 
around cordierite poikiloblasts in OH-36. Closer to the 
Ohere leucogranite (OH-56) cordierite crystals are flatter, 
indicating a higher ratio of compressive to shear strain or 
alternatively post-crystallisation deformation. Cordierites 
with inclusion-rich cores and inclusion-poor rims provide 
evidence for two stages of growth (OH-37). It is concluded 
that the majority of the cordierites are not the poikiloblastic 
overgrowths that one would expect in a post-tectonic ther-
mal aureole. Their development is related to the thermal 
effects and syn- to late-tectonic deformation that accompa-
nied the intrusion of the Salem granite and the leucogranite 
in particular (see Chapter 4 for a discussion on deformation 
and concomitant granite intrusion in NCZe). A faint S2 fab-
ric defined by coarser-grained biotite and traces of chlorite 
is locally present in the spotted zone.

5.3.3.4 Andalusite zone
The boundary of this zone is marked by the first appear-

ance of small (1 mm) andalusite crystals that can only 
be identified in thin section. The schist is less fissile and 
coarser-grained (500 µm - 1 mm) than in the spotted zone 
and is characterised by the assemblage Qtz+Crd+Bt+Ms+
And±Kfs±Plag(±Fib?). Accessories include opaque miner-
als (some of which are graphite), tourmaline, zircon, apa-
tite and traces of chlorite. The cordierite poikiloblasts are 
notably flatter than in the spotted zone and are extensively 
pinitised, while the biotites are browner. There is a gen-
eral, but by no means exclusive, spatial association between 
cordierite and andalusite. The poikiloblastic, subhedral an-
dalusite has numerous inclusions (but no trails) and locally 
appears to be pseudomorphic after-cordierite. The close 
spatial association between cordierite and andalusite, the 
lack of muscovite in andalusite domains and the presence 
of slightly coarser-grained S2 biotite de-veloped at a high 
angle to the S1 schistosity suggest that the prograde reac-
tion Ms+Crd=Qtz+And+Bt+H2O has occurred. The deflec-
tion of S1 biotite crystals around andalusite poikiloblasts is 
considered to be an inherited fabric derived from the spot-
ted zone. There is enough evidence to relate the formation 
of andalusite on Ohere to the thermal metamorphism that 
accompanied the intrusion of the Ohere leucogranite rather 
than regional metamorphic processes. In several samples, 
tiny needles of possible fibrolite were observed indicating 
that the reaction Ms+Crd=Qtz+Als+Bt+H2O occurred on 
the boundary with the sillimanite stability field (the lower 
sillimanite zone of Yardley, 1989). In a specimen taken 
close to the fibrolite-K-feldspar zone, cordierite has been 
retrogressively altered to coarse-grained chlorite and fine-
grained, randomly oriented muscovite. Elsewhere coarse-

grained, post-kinematic muscovite overgrows the S1 fabric 
in a non-systematic manner. A local S2 fabric in andalusite 
zone rocks is defined by muscovite and chlorite after bi-
otite. Pattison (1989) attributed the widespread occurrence 
of andalusite assemblages in graphitic schists in the Balla-
chulish aureole to a lowering of a H2O by locally derived C-
bearing fluid species. On Ohere this does not seem to have 
been the case: spotted zone rocks contain, if anything, more 
accessory graphite than andalusite zone schists.

5.3.3.5 Fibrolite-K-feldspar zone
In the upper sillimanite zone on the borders of the Salem 

granite and the leucogranite, the schist loses its fissility and 
becomes more hornfelsic. A local, almost gneissic, segrega-
tion of the schist into leucocratic patches is evident. The 
zone is characterised in hand specimen by the development 
of coarse-grained (2 mm) aggregates of muscovite and in 
thin section by the assemblage Qtz+Bt+Ms+Als+Kfs+Crd. 
Accessories include plagioclase, tourmaline, opaque min-
erals and zircon. The diagnostic features of this zone are 
1-mm-long fibrolite clusters and late-kinematic, elongate or 
poikiloblastic perthitic K-feldspar, though, somewhat sur-
prisingly, the minerals are rarely in contact. Earlier, ‘syn-
tectonic cordierites (up to 3 mm long) with poorly defined 
inclusion trails are slightly pinitised. The biotite-domi-
nated S1 fabric is deflected around the flattened cordierite 
porphyroblasts which lends the rock a knotty appearance. 
Preexisting corroded relicts of andalusite are commonly 
surrounded by quartz. Fibrolite needles have tended to 
nucleate on biotite and have replaced muscovite in par-
ticular, being concentrated in mats that are in contact with 
quartz and cordierite. Thus, in contrast to the aureole on 
Sandamap Noord where much of the fibrolite has grown 
from decomposed biotite and is not universally accompa-
nied by K-feldspar growth, on Ohere the aluminosilicate 
growth has resulted from muscovite breakdown by the re-
action Ms+Qtz=Al2SiO5+Kfs+H2O (the second sillimanite 
isograd; Evans and Guidotti, 1966) as well as andalusite de-
composition. Large, second-generation muscovite poikilob-
lasts are randomly oriented and evenly distributed through-
out the hornfels.

5.4 THERMOBAROMETRY

A petrogenetic grid for the pelitic metasediments of the 
Usakos-Karibib-Omaruru area has been constructed (Fig. 
5.4). The Al2SiO5 phase diagram of Holdaway (1971) with 
the triple point of 501°C and 3.76 kbar (Point H, Fig. 5.4) 
has been used. A discussion on the validity of this triple 
point has recently been given by Kerrick (1990), in which 
the “fibrolite problem” (Salje, 1986) and its influence on 
the Al2SiO5 phase diagram is reviewed. It was, however, 
decided to retain Holdaway’s (1971) value for the mem-
oir. The curves for the reactions Ms+Qtz=Als+Kfs+H2O 
(Chatterjee and Johannes, 1974), Ab+Kfs+Qtz+H2O=melt 
(Luth et al., 1964) and Qtz+Bt+Ms=Kfs+Crd+H2O (Pat-
tison and Harte, 1985) are also shown. The minimum bi-
otite isograd is taken from Yardley (1989). The reaction 
Ms+Chl+Qtz=Crd+Bt+H2O (Pattison, 1989) is shown for 
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completeness, but as discussed above, most of the cordier-
ite in the CZ is believed to have formed from reaction 3. 
Because of the divariant nature of cordierite-forming reac-
tions, the positions of curves 3 and 4 in Fig. 5.4 are for 
average cordierite compositions. Two of the relevant batho-
zones of Cannichael (1978), one of which corresponds to 
the Buchan Facies Series of Hietanen (1967), are also giv-
en. The greenschist-amphibolite facies boundary is taken 
from Essene (1989).

5.4.1 Barometry

Kyanite has never been reported from the CZ and both 
andalusite and sillimanite are abundant. Because the silli-
manite-bearing assemblages appear to have resulted from 
essentially isobaric heating, it is considered unlikely that 
peak metamorphic pressures at any stage in the evolution of 
the CZ exceeded the Al2SiO5 triple-point value of 3.76±0.3 
kbar (Holdaway, 1971). The absence of melt in most upper 
sillimanite zone assemblages indicates that the maximum 
pressure in the CZ during contact metamorphism was less 
than 3.65 kbar (Point A, Fig. 5.4). Throughout the field area 
the muscovite+quartz breakdown reaction yields fibrolite 
or sillimanite plus K-feldspar, but not andalusite (for the 
purposes of this memoir this reaction is considered to have 
occurred under the same conditions irrespective of whether 
fibrolite or sillimanite was produced). Thus confining pres-
sures exceeded 2.2 kbar when this prograde reaction oc-
curred (Point B, Fig. 5.4). Peak metamorphic pressures 
within the field area were thus between 2.2 and 3.6 kbar. 
These estimates are in good agreement with those obtained 
by other workers in central Namibia. Examination of meta-
pelite assemblages in the southern SCZ near the Okahandja 
Lineament led Hoffer (1977) to suggest syntectonic pres-
sures of 4 kbar, while values of between 4 (Sawyer, 1981) 
and 2.5 kbar (Hoffer, 1977) were estimated for the post -
tectonic M2 peak. Puhan (1983) calculated total pressures 

of between 2.6 and 3.4 kbar for the five-mineral assemblage 
forsterite+diopside+tremolite+dolomite+calcite for the area 
between Usakos and Swakopmund.

5.4.2 Thermometry

There is a paucity of information on the regional and con-
tact metamorphic temperatures that prevailed in the field 
area. Empirical observations indicate that the area under-
went regional metamorphism in the greenschist-amphibo-
lite facies (300°C-700°C). The lowest grade metamorphic 
rocks known to the author in the CZ are exposed on Ohere 
(Map 1) where the nearest granitoid intrusions are 3 km 
away. Biotite phyllites with only traces of mainly retrogres-
sive chlorite are interpreted to have formed during regional 
metamorphism, prior to granitoid intrusion. Thus peak re-
gional metamorphic temperatures in NCZe exceeded 400°C, 
the minimum temperature of biotite formation (Cliff, 1985; 
Yardley, 1989). In the other tectono-stratigraphic zones, re-
gional metamorphic temperatures were possibly higher, cer-
tainly not less.Calcite-graphite geothermometry (Pineau et 
al., 1976; Valley and O’Neil, 1981; Kreulen and Van Beek, 
1983) has been used on marbles from the CZ by several au-
thors. Valley and O‘Neil (1981) applied their fractionation 
curve to four analyses from the Karibib area taken by Pineau 
et al. (1976) and found good agreement with temperatures 
obtained by Puhan (1976): 598°C by calcite-graphite iso-
tope geothermometry as against 620°C by calcite-dolomite 
solvus thermometry. Steven (1987) subsequently used the 
same isotope geothermometer on calcitic marble from the 
Okawayo Formation to the north of Omaruru. Samples were 
taken from the core of the Okakombo Horst on Tjirundo Süd 
in NCZc and from the core of the Schönfeld Dome on NCZd 
(Map 1). Peak metamorphic temperatures of between 519°C 
and 626°C with an average of 586°C were indicated. This 
was considered to be consistent with the phase relations of 
the surrounding metasediments. These figures agree remark-
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ably well with those indicated by the petrogenetic grid (Fig. 
5.4). Lower sillimanite zone rocks, which are common in the 
Schönfeld Dome, were stable between 500°C and 660°C (as-
suming a maximum confining pressure of 3.65 kbar). In the 
aureoles of granite intrusions (less than 200 metres from the 
contact), to which the upper sillimanite zone rocks are es-
sentially confined, peak metamorphic temperatures exceeded 
610°C (assuming a minimum confining pressure of 2.2 kbar). 
In general, the appearance of fibrolite without K feldspar in 
andalusite schists in the thermal aureoles of central Namibia 
supports Kerrick’s (1987) conten-tion that fibrolite growth 
occurred below the sillimanite stability field. Both the Irish 
and Namibian data contradict the experimental findings of 
Salje (1986) who determined that fibrolite is confined to a 
higher temperature field than sillimanite. The absence of wi-
descale partial melting indicates that peak metamorphic tem-
peratures in central Namibia did not exceed 700°C, even in 
the immediate vicinity of granitic plutons.

5.5 CONCLUDING COMMENTS ON THE 
DAMARAN TECTONOTHERMAL HISTORY OF 

THE FIELD AREA

A study of the metapelites of the Oberwasser and Kuiseb 
Formations was undertaken to illustrate the tectonothermal 
history of the field area. A generalised P-T-t loop for the vari-
ous tectono-stratigraphic zones examined with the exception 
of NCZe is shown in Fig. 5.4. Peak metamorphic pressures 
in NCZe were lower, perhaps by as much as 0.5-1 kbar. A 
schematic diagram was constructed to show the relation-
ship between deformation and metamorphism and the strong 
influence of the granite intrusions on the thermal history of 
the Central Zone at 3 kbar (Fig. 5.5). A confining pressure 
of 3 kbar was chosen because the value lies in the middle 
of the range given by the petrogenetic grid for pelitic meta-

sediments (Fig. 5.4) and is the average value determined by 
Puhan (1983). At 3 kbar, lower-sillimanite-zone conditions 
are attained at 550°C, upper-sillimanite-zone conditions at 
630°C (Fig. 5.4). For the purposes of this diagram the Rb-
Sr whole-rock dates of the granitoids are interpreted as ages 
of emplacement. The validity of this assumption will be dis-
cussed in Chapter 6.

Early deformation (D1 and D2) was marked by isoclinal 
(F1) and tight (F2) folding, but there is little evidence for 
recumbent folding as suggested by Miller (1983a). Accom-
panying regional metamorphism resulted in the widespread 
formation of biotite±muscovite schists in the northern SCZ 
and the southern NCZ and lower temperature assemblages, 
such as biotite phyllites, in NCZe (Fig. 5.5). The growth of 
metamorphic minerals can rarely be related to specific fold-
ing phases because of the paucity of fold closures and the su-
perimposition of several generations of mica fabrics on one 
another. There is almost no indication of laterally directed 
tectonic transport in the early deformational phases in the 
Central Zone, in strong contrast to the Okahandja Lineament 
and Southern Zones in the southern portion of the orogen 
(Fig. 2.2; Miller, 1983a). The intrusion of early/syntectonic 
leucogranites in NCZa (Fig. 5.5) was partly responsible for 
the widespread formation of early/synkinematic cordierite in 
the pelitic units near the Omaruru Lineament. There is gen-
eral agreement that the peak of regional metamorphism in the 
CZ occurred approximately syn-D2 at ~520 Ma (Haack et al., 
1980; Miller, 1983a). In the vicinity of the Omaruru Line-
ament, the intrusion of syn-D2 leucogranites resulted in the 
thermal overprinting of regional metamorphic assemblages, 
and localised partial melting in NCZa on Kassandara (Fig. 
5.5) and in NCZb and NCZc. The D3 (510-460 Ma; Kröner, 
1984) deformation (F3 folding) and concomitant granite in-
trusion were responsible for the northeast-trending structural 
grain and the northeast-trending oval to elongate, upright, 
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domal structures of the area. Rotation and further flattening 
of early/synkinematic cordierite porphyroblasts was related 
to this granite doming and associated folding. The intrusion 
of the post-D2 granitoids had a major impact on the thermal 
history of NCZa, NCZd and NCZe in particular (Fig. 5.5), 
resulting in the progressive formation of second-generation 
cordierite, andalusite and sillimanite zones around thermal 
domes. D4 deformation resulted from movement on major 
lineament structures, such as the Welwitschia lineament 
zone, causing the localised formation of westward-verging 
F4 folds with north-northeast-trending axial traces. A promi-
nent easterly or east-southeast-plunging sillimanite lineation 
is commonly associated with these F4 folds, supporting Mill-
er’s (1983a) contention that, in some parts of the CZ, such as 
on Sandamap Noord in NCZa, peak metamorphic conditions 
persisted until late-/post-tectonic times (Fig. 5.5).

In the NCZ deeper, apparently more deformed, crustal sec-
tions are in contact with shallower, less-deformed assemblag-
es. In spite of the differences between the individual zones, 
there is a notable similarity in the mineral assemblages of the 
metapelites, which reflects the Buchan-style metamorphism 
to which the CZ was subjected. Along the Omaruru Linea-
ment in NCZa, the intrusion of syntectonic granites resulted 
in the attainment of a regional metamorphic peak around D2 
(~520 Ma) followed by D3/D4 thermal overprinting. In NCZd 
and NCZe in contrast, where the evidence for one early iso-
clinal folding phase, let alone two, is not entirely convincing, 
the deformation and metamorphism occurred largely as a re-
sult of the syn-D3 (510-460 Ma) intrusions. In general terms 
the intensity of metamorphism decreases to the northwest. 
Furthest from the collision zone in NCZe, rocks from the up-
permost tectono-stratigraphic unit were regionally metamor-
phosed to greenschist grade only. They bear similarities to 
metasediments on the margins of the orogen in the Northern 
Zone (Fig. 2.2; Miller, 1980). This juxtaposi-tion of tectono-
stratigraphic zones with differing tectonothermal histories is 
not entirely a result of Damaran tectonism. Karoo/post-Ka-
roo faulting was not inconsiderable in central Namibia.

The major conclusion that can be drawn from this study of 
four areas in the CZ is that the regional and contact metamor-
phism was of low-pressure/high-temperature type. However, 
there is a major problem in the CZ in separating regional 
from contact metamorphic effects in areas of abundant gra-
nitic intrusions as elsewhere (Holdaway et al., 1982). One of 
the most surprising finds has been the recognition of thermal 
lows marked by greenschist facies rocks in an area tradition-
ally thought to be underlain by sillimanite-cordierite assem-
blages and widespread partial melting (Miller, 1983a). The 
development of sillimanite-bearing assemblages is less com-
mon than indicated by Hoffer (1977) and is restricted to the 
aureoles of the, albeit numerous, syn-/late tectonic granite 
intrusions. In NCZb and NCZc in particular, these intrusions 
are so widespread that the appearance of sillimanite schists 
and the products of partial melting should be referred to as a 
regional contact metamorphic phenomenon. The number of 
metamorphic events that have affected the Damara Orogen 
has been the subject of much discussion. Jacob (1974), Hof-
fer (1977), Blaine (1977) and Puhan (1979) all argued for a 
single metamorphic event in the CZ that started syntectoni-
cally (during D1) and rose to a syn-/post-tectonic peak (Mill-
er, 1983a). In contrast, Sawyer (1981) and Kasch (1983b) 
distinguished two peaks of metamorphism in the southern 
SCZ and Southern Margin Zone respectively. In a more re-
cent study in the Southern Zone, east of Okahandja, Kasch 
(1987) recognised a single, prolonged event of prograde 
metamorphism. This author favours the existence of a single 
regional metamorphic peak, but has done insufficient work 
within the field area to determine whether the regional meta-
morphic peak in the NCZ was diachronous. However, the 
contact metamorphic effects clearly did not occur simultane-
ously; thus metamorphism in the NCZ, in general terms, was 
certainly diachronous. In a terrain such as the NCZ, where 
the influence on the timing and intensity of metamorphism 
,has been so strongly influenced by syntectonic granite intru-
sions, it would seem pertinent to ask whether one can talk 
about a “peak of regional metamorphism” at all.
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6.1 INTRODUCTION

Most geochronological work in central Namibia has con-
centrated on Rb-Sr whole-rock determinations of the numer-
ous granitic and pegmatitic intrusions. The data base for the 
field area largely rests on a detailed structural analysis of 
the planar fabrics within six granitoids and an accompany-
ing Rb-Sr investigation (Haack et al., 1980). This was the 
first attempt to unravel the relationship between the various 
granite intrusion types and the major folding phases in the 
Omaruru area. The regional synthesis conducted by Haack et 
al. (1983) provides Rb-Sr and δ18O information on the intru-
sions of the CZ, but at several localities the relationship be-
tween the intrusion and the local geology is either poorly ex-
posed or poorly understood. Kröner and Hawkesworth (1977) 
were the first authors to provide geochronological evidence 
for late-tectonic emplacement of the uraniferous alaskites. A 
summary of the latest geochronological information avail-
able at the time was given by Miller (1983a). More recently, 
Haack and Gohn (1988) have dated mineralised pegmatites 
from the Uis Tin Mine and the Rubicon Lithium Mine (Fig. 
1.3). Although the Donkerhuk granite, which intruded along 
the Okahandja Lineament (Fig. 2.1), lies well out of the field 
area, the work conducted by Blaxland et al. (1979) on this 
intrusion was important in constraining the geological his-
tory of the southern margin of the CZ.

It must be emphasised that only rarely does the stage in 
the evolution of a rock considered to be a geologically sig-
nificant event coincide with the stage which is dated isotopi-
cally (Cliff, 1985). For example, mineral ages can record 
either a recrystallisation event or the cooling history of the 
orogen (Miller, 1983a), chemical and isotopic equilibration 
being stopped over a narrow temperature interval, commonly 
referred to as the “closure temperature” (Dodson, 1973). In 
spite of these cautionary comments it was considered nec-

essary to expand the geochronological data base for central 
Namibia, particularly in the NCZ. Because of the close spa-
tial association between epigenetic mineralisation and the 
younger intrusions, attention was focused on the syn- to 
late-tectonic granitoids and pegmatites. Early tectonic gran-
itoids and red granites have not been analysed. The Rb-Sr 
whole-rock ages of six Damaran granitoids and pegmatites 
considered, firstly, to be representative of the field area and, 
secondly, that host tin mineralisation or crop out in the imme-
diate vicinity of epigenetic gold and tungsten mineralisation, 
have been determined. Mineral ages from one intrusion and 
the isotopic characteristics of three galena samples from the 
Sandamap Noord and Epako Gold Pros-pects have also been 
determined. Throughout the discussion a distinction between 
the terms “date” (a solution to an equation) and ‘age’ (a sig-
nificant geological event) has been made (Faure, 1986).

6.2 Rb-Sr WORK

6.2.1 Analytical Procedure

The analytical procedures that were followed are detailed 
in the Appendix.

6.2.2 Rb-Sr whole-rock results

Results are listed and discussed in order of decreasing Rb-
Sr age (Tables 6.1 and 6.2).

6.2.2.1 Ohere Oos Salem granitoid
This intrusion has a granite core (samples NS233, NS234) 

and a granodiorite marginal phase (samples NS232, NS235; 
Map 1). Both phases are considered to belong to the same 
pluton (see discussion in Chapter 3). If the Sr-isotope results 
(Tables 6.1 and 6.2) from the two phases are placed on the 
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same isochron (Fig. 6.1), the pluton has an Rb-Sr whole-rock 
age of 542± 11 Ma((87Sr/86Sr)I=0.7062). This is considered 
to be the age of crystallisation and is almost identical to the 
emplacement age for the compositionally similar Otjozond-
jou pluton (Fig. 6.2), one of the best documented Salem 
granitoids in the CZ (Miller, 1980). The Otjozondjou intru-
sion also has a one-kilometre-wide marginal phase of quartz 
monzodiorite and diorite. The pluton has a U-Pb zircon age 
of 546±30 (Miller and Burger, 1983), an Rb-Sr whole-rock 
age of 548±31 Ma (Hawkesworth et al., 1983) as well as a 
low (87Sr/86Sr)I ratio of 0.7054. The only other Salem Suite 

granitoid that has been dated in the NCZ is the syn-F2 Okom-
bahe intrusion (Fig. 6.2) which has an Rb-Sr whole-rock age 
of 553 ± 22 Ma ((87Sr/86Sr)I of 0.7056), also interpreted as 
a crystallisation event by Haack et al. (1980). Both the Ot-
jozondjou and Okombahe intrusions, being syntectonic, are 
foliated on their margins. This marginal fabric is absent from 
the Ohere Oos intrusion because of the lower intensity of 
deformation in NCZe. In spite of its almost circular outcrop 
pattern, the author believes that the Ohere Oos granite in-
truded at the same time as, and is partly responsible for, the 
F2 folding in NCZe (Maps 1 and 2).
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6.2.2.2 Sandamap Noord Leucogranite
The folded peraluminous leucogranite phacolith on San-

damap Noord (Map 3) has an Rb-Sr whole-rock date of 512± 
19 Ma ((87Sr/86Sr)I =0.7153; Tables 6.1 and 6.2) which is 
taken to be the age of crystallisation of the intrusion (Fig. 
6.3). This date coincides with the F2 folding in NCZa and 
the regional metamorphic peak (Fig. 5.5). This is supported 
by the fact that the leucogranite has a banding rather than a 
true foliation, indicating a post-D1 age. The results support 
the contentions of Watson (1982) that the intrusion lies in the 
core of a domal structure which has deformed and been part-
ly formed by the granite. The date for the Sandamap Noord 
intrusion is indistinguishable from the syn-F2 “leucocratic 
granite” in the Omaruru River valley (Fig. 6.2; Haack et al., 
1980) which has an Rb-Sr whole-rock age of 514± 22 Ma 
((87Sr/86Sr)I=0.7123). This is of note because the geochemical 
data (Chapter 3) showed that the Sandamap Noord intrusion 
is the most peraluminous granite examined in the CZ. One 
of the few other granites in the orogen to contain magmatic 
muscovite is the Donkerhuk granite for which Blaxland et 
al. (1979) determined Rb-Sr whole-rock ages of 523 ± 8 Ma 
((87Sr/86Sr)I=0.7074) and 521±15 Ma ((87Sr/86Sr)I=0.7117). 
Contemporaneous intrusion of peraluminous granites near 
major structural breaks such as the Omaruru and Okahandja 
Lineaments is therefore indicated.

6.2.2.3 Ohere leucogranite
The Ohere leucogranite (Map 1) has an Rb-Sr whole-rock 

date of 506±135 Ma ((87Sr/86Sr)I=0.71O7; Tables 6.1 and 6.2 
and Fig. 6.4) which is interpreted as a crystallisation event. 
The very homogenous nature of this intrusion (Table 3.7), 
and hence poorly constrained isochron, accounts for the large 
error. This result confirms that leucogranites with an oval to 
circular outcrop pattern within central Namibia (Fig. 6.2) 
have a late- to post-tectonic (post- D2) age.

6.2.2.4 Pegmatites hosted by greenschist-facies rocks 
at the Kohero Tin Mine, west of Omaruru

The stanniferous pegmatite at the Kohero Tin Mine (Fig. 
6.2 and Map 1), which does not contain any biotite, has an 

Rb-Sr whole-rock date of 492 ± 11 Ma and a high (87Sr/86Sr)I 
ratio of 0.7256 (Tables 6.1 and 6.2 and Fig. 6.5). This date is 
indistinguishable from that determined for the morphologi-
cally similar, essentially unzoned, dyke-like pegmatite at the 
Uis Tin Mine (496 ± 30 Ma, Haack and Gohn, 1988; Fig. 
6.2).

6.2.2.5 Pegmatites hosted by amphiholite-facies rocks 
on Sandamap Noord, west of Usakos

Non-stanniferous pegmatite (with traces of biotite) from 
the margin of the Sandamap Noord D3/D4 dome and stan-
niferous pegmatite (with no biotite) from the Sandamap Tin 
Mine have been investigated (Map 3). Surprisingly, Rb con-
centrations in the two pegmatites are considerably lower than 
the stanniferous pegmatites from the Kohero (see above) and 
Uis Tin Mines (Haack and Gohn, 1988), but the Rb/Sr ratios 
are higher (Table 6.1). Both pegmatites at Sandamap, which 
are essentially undeformed except for strained quartz, have 
late- to post-tectonic dates (473±23 Ma and 468±14 Ma re-
spectively; Table 6.2, Figs. 6.6 and 6.7). The significance of 
these dates is unclear because of the well-documented sam-
pling problems and the discordance of ages in zoned rare-ele-
ment pegmatites (Clark, 1982). Open system behaviour of the 
Rb-Sr isotopic system has been documented by Clark (1982) 
in whole-rock samples - even in cases where there has been 
no subsequent metamorphism. Thus age differences may not 
necessarily reflect different crystallisation times. Because 
of the generally high concentration of Rb in these litholo-
gies and subsequent (post-crystallisation?) migration of 87Sr, 
whole-rock and mineral dates are commonly anomalously 
low. This would appear to be the case at Sandamap Noord 
where the rare-element pegmatite, which is also enriched in 
volatiles, has a younger date. The pegmatites on Sandamap 
Noord have the high (87Sr/86Sr)I ratios that are so character-
istic of this type of intrusion. The tin-bearing pegmatite on 
Sandamap Noord has an age which cannot be distinguished 
from the late-tectonic alaskite at the Rössing Uranium Mine 
(458± 8 Ma; Kröner and Hawkesworth, 1977; Hawkesworth 
et al., 1983).
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6.2.2.6 Summary of Rb-Sr whole-rock results
If one accepts the limitations of the Rb-Sr dating method 

and that the Rb-Sr whole-rock dates of the granites correspond 
to crystallisation events, then one of the most surprising fea-
tures of the results is the close agreement of the emplacement 
ages for specific granite and pegmatite types with those ob-
tained by other workers in the SCZ (Fig. 6.2; Marlow, 1983), 
near the Rössing Uranium Mine (Kröner and Hawkesworth, 
1977), in the lower Omaruru River (Haack et al., 1980) and 

on the northern margin of the CZ (Hawkesworth et al., 1983; 
Miller and Burger, 1983). The second feature of note is the 
surprising consistency of ages and (87Sr/86Sr)I ratios for spe-
cific types of intrusion in the CZ over an area of approxi-
mately 12500 km2 (Fig. 6.2). Four types of intrusion can be 
distinguished isotopically in the field area. Firstly, there were 
several phases of intrusion of Salem Suite granitoids in the 
early stages of the orogeny. The younger, relatively unde-
formed post-D1 Salem granitoids with low (87Sr/86Sr)I ratios 
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intruded at 560-540 Ma. Secondly, sheet-like peraluminous 
leucogranites intruded along major structural breaks during 
F2 at the peak of regional metamorphism (~520 Ma). The 
third type of intrusion is the oval-shaped ~500-475 Ma (syn-
D3) leucogranites which are responsible for the northeast-
trending elliptical outcrop pattern of the CZ. Fourthly, there 
are a number of late-/post-tectonic pegmatites concentrated 
near deep-seated crustal fractures such as the Welwitschia 
lineament zone or found in the tin belts.

The fact that intrusions hosted by greenschist-facies rocks 
on the northern side of the Tubussis Lineament-Kompaneno 
Fault (Fig. 6.2), such as the Ohere leucogranite and the Ko-
hero pegmatite, have slightly older ages than leucogranites 
and pegmatites hosted by amphibolite-facies rocks suggests 
that, in general, Rb-Sr whole-rock dates in the CZ represent 

cooling events, not the exact time of crystallisation. The data 
support the assertions made in Chapters 4 and 5 that the Tu-
bussis Lineament represents a terrane boundary, possibly a 
major thrust. Similarly, on the northern boundary of the CZ, 
late-/post-tectonic intrusions such as the Uis pegmatites on 
the northern side of the Autseib Fault-Otjihorongo Thrust 
have older ages than essentially undeformed intrusions host-
ed by relatively higher grade metamorphic rocks to the south 
(Fig. 6.2).

6.2.2.7 Rb-Sr mineral results
Biotites from the two phases of the Ohere Oos Salem 

granite were analysed. The two analyses define an isochron 
with an age of 435 Ma (Fig. 6.8). This is interpreted as the
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6.3 THE RELATIONSHIP BETWEEN 
LEUCOGRANITE AND PEGMATITES -

A POSSIBLE EXAMPLE OF THE DISRUPTION 
OF THE GEOTHERMAL GRADIENT BY

GRANITE INTRUSION LEADING TO
LARGE-SCALE PARTIAL MELTING OF

METASEDIMENTS AT SANDAMAP NOORD

The intriguing spatial association between a leucogran-
ite-cored dome and, successively, unzoned quartz-feldspar 
and zoned rare-element pegmatites concentrically arranged 
around the structure on Sandamap Noord (Map 3) requires 

an explanation. This spatial relationship has been recorded 
elsewhere in the Sandamap-Davib Ost tin belt (Watson, 
1982) and there is a possibility that similar processes pro-
duced other rare-element pegmatites in the orogen, notably 
the lithium pegmatites of the SCZ. Similar zones of ceramic 
and rare-element pegmatites around domal structures that 
mayor may not be cored by granite have been documented 
from Precambrian and Phanerozoic pegmatite fields (Cerny, 
1982b). Because the example on Sandamap Noord is one of 
the best exposed in the CZ, a general model for stanniferous 
pegmatite generation in this tin belt can be proposed. More 
specifically the question as to whether the tin pegmatites are 
the products of the anatexis of Kuiseb Formation schist or 
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late differentiates of the Sandamap Noord leuco-granite 
can be addressed. Section 6.3 should be read in conjunction 
with section 7.5.6 for an opposing argument based on the 
same evidence.

In spite of the uncertainty regarding the meaning of the 
Rb-Sr whole-rock dates for the intrusions on Sandamap 
Noord, textural evidence indicates that intrusion of the 
leucogranite considerably predated that of the pegmatites. 
The homogenous phacolith has a metamorphic banding and 
rounded, partially recrystallised grains; the pegmatites pos-
sess neither. This fact on its own is regarded as sufficient ev-
idence that the pegmatites surrounding the domal structure 
are not differentiates that crystallised from a volatile-en-
riched residual melt of the leucogranite. It is envisaged that 
the leucogranite crystallised from granitic magma injected 
into strongly foliated schist resulting in the formation of a 
dyke-shaped (or possibly a sill-shaped) intrusion. The Rb-
Sr whole-rock date of 512± 19 Ma for the Sandamap Noord 
leucogranite is interpreted as a crystallisation event which 
places the time of emplacement at the peak of re-gional met-
amorphism. Subsequent incorporation of the granite into a 
domal structure resulted in the present outcrop pattern. The 
development of the Sandamap Noord domal structure may 
have occurred as a result of the ascent of partially molten 
granite to higher levels, as a result of late-tectonic Damaran 
compression about northeast- and north-northeast-trending 
fold axes (F3 and F4 respectively), diapirism associated with 
the pegmatite mass or a combination of these factors. The 
relatively small size of the phaco-lith suggests that, after 
its folding, diapiric effects associated with the ascent of the 
leucogranite could not have accounted for the formation of 
the D3/D4 dome alone.

Whether the leucogranite was partly responsible for or 
merely incorporated in the dome, its intrusion would have 
perturbed the local geothermal gradient (De Yoreo et al., 
1989). It is envisaged that this increase in ambient tempera-
ture was sufficient to cause localised partial melting of the 
hydrous Kuiseb schists already being regionally metamor-
phosed in the amphibolite facies. The heat from the con-
solidating granite would have continued to cause localised 
partial melting of the metasediments as it rose through the 
earth’s crust. Blobs of partial melt formed in the “thermal 
shadow” of the ascending diapir may have taken time to 
accumulate (Wickham, 1987), but once a “critical size” had 
been attained, ascended rapidly and crystallised around the 
dome. Wickham (1987) suggested that a drop of melt with a 
radius of 10 cm would rise at a rate of 1 km Ma-1; he mod-
elled the ascent of large bodies using Stokes’s Law which 
indicates that velocity is controlled most importantly by the 
size of the body and the viscosity of the country rock. Thus 
larger bodies rise faster because the higher thermal energy 
reduces drag.

The slow accumulation of small volumes of partial melt, 
the time taken for the partial melt to attain the critical 
melt fraction (CMF of Wickham, 1987; namely the point 
at which melt viscosity falls by as many as 14 orders of 
magnitude) and then coalesce into bodies up to several hun-
dreds of metres long, and the problem of overcoming the 
viscosity of the country rock all contributed to a signifi-

cant time lag between the emplacement of the granite and 
the surrounding pegmatites at the presently exposed level. 
This would explain the close spatial association between 
the two types of intrusion yet the substantial discrepancy in 
ages and (87Sr/86Sr)I ratios between the leucogranite and the 
pegmatites. High (87Sr/86Sr)I ratios require a crustal precur-
sor: partially melted hydrous schists are a possible candi-
date. This model helps to account for the small, internally 
zoned, blob-like nature of the stanniferous pegmatites of 
the Sandamap-Davib Ost Tin Belt and suggests that they 
segregated at low-melt fraction from metasediments in a 
similar manner to pegmatites derived from granites (Mc-
Kenzie, 1985).

The above model is consistent with the conclusions of 
Roering and Gevers (1964) and Smith (1965) who also pro-
posed that the tin-bearing pegmatites of the Central Dama-
ra are derived from the Kuiseb Formation. Stanniferous 
pegmatites at the Uis Tin Mine in the Strathmore-Uis Tin 
Belt were investigated by Haack and Gohn (1988) where 
the metasediments have not been as intensely metamor-
phosed as those at Sandamap. Richards (1986) noted that 
sillimanite is absent from the schists and estimates peak 
metamorphic conditions at 600-650°C and 4-5 kbars. The 
Uis pegmatite has an Rb-Sr whole-rock date of 496±30 Ma 
and an (87Sr/86Sr)I ratio of 0.734 (Haack and Gohn, 1988). 
These authors contended that the very high (87Sr/86Sr)I ra-
tio could not be explained by equilibrium partial melting 
of basement, Etusis or Kuiseb Formation. One alternative 
considered by the authors for the origin of melts with such 
high (87Sr/86Sr)I ratios was a separation of melts in magma 
chambers for 1-2 Ma. Haack and Gohn (1988) rejected this 
possibility because such large volumes of liquid could not 
be kept in a magma chamber during rapid uplift.

The key question is what is meant by large? As previ-
ously discussed, the rate of ascent of diapirs is essentially 
dependent on the size of the pocket of melt and the viscos-
ity of the enclosing rocks. It may well have taken several 
millions of years for spheres of partial melt with radii of 
10 cm rising at 1 km Ma-1 to coalesce to form one body. 
Haack and Gohn (1988) instead favoured the breakdown of 
biotite (and possibly muscovite) as a mechanism of produc-
ing fluids with high concentrations of radiogenic strontium 
and high concentrations of rare metals. The Sandamap tin 
pegmatite has an (87Sr/86Sr)I ratio of 0.7238, considerably 
lower than that at Uis, and therefore equilibrium partial 
melting of the Kuiseb formation can still be considered as 
a possibility. Although this author agrees with Haack and 
Gohn (1988) that the stanniferous pegmatites of the CZ 
may have been derived from the Kuiseb Formation during 
the thermal event accompanying peak metamorphism, at 
Sandamap Noord the higher regional metamorphic grade 
and the disruption of the geothermal gradient by the intru-
sion of synmetamorphic peak peraluminous granites pro-
moted more extensive (equilibrium?) partial melting than 
at the Uis Tin Mine. The idea that partial melting of meta-
sediments can produce rare-metal pegmatites is not new: 
Stewart (1978) proposed this mechanism for the generation 
of lithium-rich and other rare-element pegmatites.
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6.4 MINERALISATION AND THE YOUNGER 
INTRUSIONS

Throughout the CZ, mineralisation is either hosted by or 
spatially associated with the younger intrusions. Granitoids 
of the Salem Suite and the older, deformed (D1 and D2) leu-
cogranites are generally not of economic interest. The only 
two examples of Salem Suite intrusions known to be partly 
responsible for epigenetic mineralisation are the Omangam-
bo and Ohere Oos plutons (Fig. 6.2), in the aureoles of which 
massive skarns at the Ais Dome (Fig. 1.3; Miller, 1980) and 
the scheelite skarnoid rocks on Ohere (Map 2) are respective-
ly developed. Uranium mineralisation in central Namibia is 
hosted by leucogranites and alaskites that are 510 Ma old or 
younger (Table 6.3). Tungsten skarn mineralisation on Stink-
bank and at the Otjua Prospect (Fig. 6.2) is spatially associ-
ated with syn-D3 leucogranites. Whole rock Rb-Sr dates for 
stanniferous pegmatites are now available for the Sandamap-
Davib Ost (CZ), Nainais-Kohero (CZ) and Strathmore-Uis 
(NZ) tin belts (Table 6.3). In the NZ, the pegmatite at Uis and 
muscovite from cassiterite veins at the Gamigab prospect to 
the northwest of Uis (Walraven, 1988), also in the NZ, have 
Rb-Sr ages slightly older than the tin pegmatites hosted by 
amphibolite-facies rocks in the CZ (muscovite ages are iden-
tical to whole-rock ages elsewhere in the Damara, for exam-
ple the Donkerhuk granite; Blaxland et al., 1979). There is no 

evidence from the results presented above and other recently 
reported data on stanniferous pegmatites (Haack and Gohn, 
1988) for the modification of Damaran stanniferous pegma-
tites by post - Karoo “greisenising fluids” as suggested by Pi-
rajno et al. (1988). Lithium-bearing pegmatite at the Rubicon 
Mine also has a late-tectonic Damaran age.

6.5 GRANITE AND PEGMATITE 
PETROGENESIS AND THE ISOTOPIC 

EVOLUTION OF THE CZ

The isotopic evolution of the orogen has already been ad-
dressed by Hawkesworth and Marlow (1983), but the small 
data set examined here emphasises some important points 
about the intrusions of the CZ. There is a general trend to-
wards more evolved granite types and an increase in (87Sr/
86Sr)I ratios with time, a fact Hawkesworth et al. ( 1983) at-
tributed to the partial melting of crustal material at higher 
structural levels as the orogeny progressed. The new data 
confirm Hawkesworth et al.’s (1983) contention that the 
younger ages are concentrated in the centre of the orogen, 
that is the CZ. This tectono-stratigraphic zone is character-
ised by numerous post-collision (D3) granitoids, dome-like 
structures, thermal domes, low-pressure metamorphic assem-
blages and rapid uplift. Prograde metamorphism continued in 
the CZ 40-50 Ma after the margins of the orogen had started 
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to cool (Hawkesworth et al., 1983). This Buchan-style meta-
morphism was responsible for the partial melting of base-
ment and Nosib Group metaquartzites in the SCZ to form 
the uraniferous intrusions (Hawkesworth and Marlow, 1983) 
and perhaps Kuiseb Formation schists in the NCZ to form 
the stanniferous pegmatites. All granitic intrusions, with the 
exception of the D2 leucogranite on Sandamap Noord, have 
the trace element characteristics of intraplate or intracratonic 
intrusions (Figs 3.4 and 3.5).

Only the early tectonic Salem Suite granitoids have (87Sr/
86Sr)I ratios similar to the magmas generated along destruc-
tive plate margins such as the Andes (Hawkesworth, 1982). 
These are the only intrusions in the CZ that could have been 
derived from the mantle or the lower crust. The post-colli-
sion (530-460 Ma) intrusions of the CZ are nearly all S-type 
granites, if not leucogranites, have a restricted compositional 
range (Fig. 3.3) and generally have high  (87Sr/86Sr)I and δ18O 

values (Haack et al., 1983). Only the synmetamorphic peak 
D2 leucogranites contain substantial magmatic muscovite. 
The pressure limitations on the ascent of peraluminous gran-
ite are well documented (Zen, 1988): pressures of 3-4 kbars 
were only attained during the regional metamorphic peak. 
The isotopic characteristics of the CZ intrusions indicate that 
the major portion of the magmatic arc of the orogen devel-
oped as the result of high-grade thermal metamorphism of 
metasediments and underlying granitic crust in an intracra-
tonic setting, not as the result of subduction and subsequent 
partial melting of oceanic crust.

6.6 Pb-Pb WORK

Three samples of galena from the Sandamap Noord (Map 
3) and Epako Gold Prospects (Map 1) have been isotopically 
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analysed in duplicate (Table 6.4; see Appendix for analytical 
details). The galenas are notably heterogeneous. Model ages 
have been calculated using the two-stage model of lead evo-
lution (Stacey and Kramers, 1975; Fig. 6:9). Late Pan-Afri-
can model ages for all the galenas are indicated. The samples 
from Sandamap Noord (Pb-Pb model ages 522-486 Ma) are 
similar to the Rb-Sr whole-rock dates of 512 ± 19 Ma for the 
leucogranite and 473 ± 23 Ma and 468 ± 14 Ma for the pegm-

atites. The Pb-Pb model ages for the Epako galena (479-467 
Ma) bracket the Rb-Sr whole-rock date of 478 ± 4 Ma for the 
Otjua leucogranite, the only granitic intrusion in the Schön-
feld Dome that has been dated. All three galena analyses plot 
above the Stacey and Kramers (1975) growth curve, in com-
mon with galenas from elsewhere in the Damara Orogen and 
southern Africa (Hawkesworth and Marlow, 1983).
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7.1 INTRODUCTION

In this chapter six examples of Damaran epigenetic min-
eralisation (mineralisation formed after sedimentation and 
diagenesis) will be discussed. The occurrences are dealt with 
in the stratigraphic order of the host rocks. The first example 
is the Eureka monazite occurrence (Fig. 7.1) hosted by Etu-
sis Formation quartzites. This monazite deposit has variously 

been described as a skarn and a carbonatite and is the only 
known “hard-rock” rare earth deposit in central Namibia. 
The second and third types of epigenetic mineralisation are 
replacement skarns in carbonates. The scheelite skarn in the 
Okawayo Formation on the farm Otjua is the largest tung-
sten skarn known in central Namibia. The gold skarns, one 
a silicate-dominated system, the other a sulphide-dominated 
system are hosted by Karibib Formation marbles on the farm 
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Habis and at the Onguati Copper Mine respectively. The 
fourth example of epigenetic mineralisation is a zone of re-
cently discovered turbidite-hosted gold mineralisation in the 
Kuiseb Formation on Sandamap Noord. Tourmalinites and 
tourmaline alteration in Kuiseb Formation metaturbidiies on 
Ohere comprise the fifth example of epigenetic mineralisa-
tion. Finally an unusual style of calc-silicate-hosted scheelite 
mineralisation in the Kuiseb Formation on Ohere, believed 
to be a metamorphogenic skarn, will be discussed. At those 
occurrences that have been investigated by other workers, 
attention is focused on features that have not previously been 
described. In each subsection the regional geology is briefly 
discussed. Many of the features have been addressed in detail 
in Chapters 2 to 6. It was felt, however, that many readers 
would want to place the examples of mineralisation in a re-
gional context.

7.2 MAGNETITE-MONAZITE OCCURRENCE 
HOSTED BY THE ETUSIS FORMATION ON 

EUREKA

7.2.1 Introduction

An enigmatic dolomite-hosted monazite occurrence was 
discovered in an area of very poor exposure on the farm Eu-

reka 99 (Figs 1.3 and 7.1) in 1959 (Von Knorring and Clif-
ford, 1960). The above authors’ interpretation was that this 
represented a skarn deposit hosted by the “Marble Series” 
of the Damara Sequence. The development of the skarn was 
attributed to the regional phase of pegmatite emplacement. 
Subsequently, the identification of high strontium contents 
in the marble led Von Knorring (1964) to believe that the 
marble had a carbonatitic character. However, Burger et al. 
(1965) determined an age of 500t 20 Ma on a monazite from 
the occurrence, relating its development to the “regionally 
developed granitic pegmatites”. Verwoerd (1967) attributed 
the origin of the mineralisation to hydrothermal solutions 
derivative of an alkalic subsilicic magma rather than the 
granite-pegmatites proposed by Von Knorring and Clifford 
(1960). Verwoerd did not dispute that the monazite is hosted 
by a marble. More recently, Dunai et al. (1989) conducted a 
Sr isotope study of the Eureka “carbonatite” occurrence and 
concluded that it had a magmatic origin. Because of the au-
thor’s previous involvement in the exploration for monazite 
deposits in the CZ and the possibility that the Eureka mon-
azite occurrence might represent an unusual type of skarn 
mineralisation, it was considered that the prospect was wor-
thy of more work. The description that follows emphasises 
the relationship of the deposit to the regional geological set-
ting for the first time. Three possible origins for this occur-
rence are reviewed.
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7.2.2 Geological setting

The highly magnetic mineralisation is hosted by folded 
dolomitic marble in the core of the Eureka Dome (Fig. 4.3 and 
Map 5) on the northern margin of the SCZ. Due to the poor 
exposure, there is some uncertainty as to which stratigraphic 
unit hosts the mineralisation. The host marble horizon(s) is 
enclosed by feldspathic quartzites correlated with the Etusis 
Formation (Table 7/2.1), though the assemblage could be in-
terpreted as the base of the Khan Formation. If the marble is 
a metamorphosed sedimentary rock, it is the lowermost car-
bonate horizon in the Damara Sequence. At the main mona-
zite occurrence (Site C of Dunai et al., 1989; Map 5) the rela-
tionship between the 7-m-thick carbonate and the enclosing 
country rocks is obscured by calcrete. Approximately 250 
m south-southwest of locality C, minor monazite is hosted 
by a tightly folded magnetite-bearing dolomitic marble hori-
zon (Site B of Dunai et al., 1989; Map 5), which is enclosed 
by calc-silicate rocks and pinkish feldspathic quartzites. A 
prominent banding, which parallels lithological contacts, 
is present in the marble. Because of the poor exposure it is 
impossible to say with confidence that the marble is a fold-
ed carbonatitic dyke. A ground magnetic survey (50 metre 
line spacing, 25 metre reading interval) conducted over the 
main monazite occurrence (Site C) by the author whilst in 
the employ of a mining company revealed the presence of 
spotty anomalies. It was thought that these could be better 
explained by the presence of unevenly distributed magnetite 
in tightly folded marble than a late-/post-tectonic carbonatite 
plug or dyke. There is no evidence from the available aero-
magnetic data for the presence of a hidden alkaline intrusion 
of any size.

7.2.3 Petrography of the monazite rock

The mineralogy of the monazite rock is presented in Table 
7/2.1. Staining with Alizarin Red S revealed that fine-grained 
calcite is interstitial to the coarser dolomite. The carbonate 
grains are rimmed by goethite and limonite which lend the 
characteristic dark brown colour to the lithology. Monazite 
concentrations locally exceed 30% by volume and magnetite 
contents may be as high as 20%. The phosphate crystals vary 
in size from 50 µm to ten centimetres. Very minor microc-

rystalline quartz is concentrated in interstices and crosscut-
ting fractures. Minor relicts of a prismatic (ferromagnesian?) 
mineral filled with rhombs of iron carbonate and calcite are 
present. Several brown minerals, probably serpentine, were 
noted. No strontium phase was identified. The monazite 
crystals are either rounded prisms or oval shaped and are in 
contact at triple junctions with all other phases (Plate 7/2.1). 
Monazite inclusions occur in calcite and magnetite, while 
magnetite is locally an inclusion in monazite (Plate 7/2.2) 
and the carbonate. The monazite is an integral part of a high 
temperature assemblage (the enclosing rocks were metamor-
phosed under amphibolite-facies conditions) and the author 
disagrees with Verwoerd (1967) that monazite crystallised 
late. No petrographic differences between the monazite-bear-
ing dolomite rock (Site C) and the dolomitic marble (Site B), 
other than the presence of the phosphate, were noted. Ad-
ditional features of note are the presence of graphite and the 
lack of typical carbonatite silicate minerals.

7.2.4 Geochemistry of the monazite rock

Whole rock analyses of the dolomitic marble and the mon-
azite rock (localities Band C respectively of Dunai et al., 
1989) are given in Table 7/2.2 (see Appendix for a note on 
the analytical methods employed). These results confirm the 
high Sr concentrations of the marbles and the low thorium 
contents of the monazite determined by Burger et al. (1965). 
However, no Zr was recorded (cf Von Knorring and Clifford, 
1960) and the uranium and gold contents are also below the 
lower limit of detection. If these rocks are related to carbona-
tites, the low concentrations of Ba and Nb are striking.

7.2.5 Discussion

An interpretation of this occurrence is severely hampered 
by the poor exposure. The stratigraphic position of the host 
rock itself is not immediately apparent. However, the pres-
ence of Etusis Formation metasediments is indicated by the 
pink colour of the feldspathic quartzites and the presence of 
sillimanite spheroids in the core of the Eureka Dome (Map 
5). The basic facts which require an explanation are: there are 
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no carbonate horizons at this stratigraphic level elsewhere 
in the CZ; the monazite is an integral part of a high temper-
ature assemblage; monazite mineralisation formed in a dol-
omite-calcite rock at 500 ± 20 Ma (slightly after the peak of 
metamorphism); the carbonate enclosing the monazite has a 
mantle (87Sr/86Sr)I signature. Three possible models for the 
origin of the deposit are reviewed below.

7.2.5.1 Metamorphogenic Skarn Model
The Eureka monazite occurrence may be an unusual  

type of metamorphogenic skarn formed by the local remo-
bilisation and concentration of REE during the Damaran 
orogeny. Two possibilities are examined: firstly that mar-
ble horizons at the top of the Etusis Formation had an in-
herently high concentration of REE from which monazite 
crystallised during metamorphism and secondly that REE 
from detrital monazite in the enclosing Etusis Formation 
quartzites was remobilised and channelled into minor car-
bonate units.

The monazite-magnetite mineralisation is enclosed by 
feldspathic quartzites from the top of the Etusis Formation 
(Fig. 4.3). Thin (<5 -m-thick) marble horizons at this strati-
graphic level and in the overlying Khan Formation are com-
mon on Eureka (Map 5). The presence of iron formations, 
sulphide mineralisation and graphite schists in the Khan 
Formation and at the base of the Rössing Formation (Chap-
ter 2) indicates a shallow marine depositional environment 
for the upper Nosib and lower Swakop Group sediments. 
Miller (1983a) suggested an evaporitic origin for some of 
the calc-silicate rocks of the Khan Formation; Nash (1971) 
recorded anhydrite at this stratigraphic level at the Rössing 
Uranium Mine. Wedepohl (1978) noted concentrations of 
up to 11 300 ppm Sr for Holocene shallow-water limestones 
and dolomites from the Gulf of Mexico and Goldschmidt 
(1958) discussed the concentration of strontium in “evapo-
rate sediments”. Thus, the concentrations of 2.8 wt% SrO in 
the marble are high, but not incompatible with a sedimenta-
ry origin. It is possible that, with the change from clastic to 
chemical sedimentation in the Eureka area, minor, laterally 
impersistent carbonate horizons at the top of the Etusis For-
mation and the base of the Khan Formation acted as a sink 
for REE during sedimentation. Crystallisation of monazite 
would have occurred during regional or localised thermal 
metamorphism (the latter being possibly related to the de-
velopment of the Eureka Dome) at approximately 500±20 
Ma. The problem with this is that there are no known syn-
sedimentary rare earth accumulations in chemical sedi-
ments (Neary and Highley, 1984; Mariano, 1989).

As an alternative to the above, low temperature metamor-
phic remobilisation of REE from Nosib Group sediments 
can be considered. The Etusis Formation sediments, prima-
rily fluviatile quartzites, are known to contain significant 
detrital concentrations of monazite (Marlow, 1981, p.226). 
Iron oxides are prominent accessories in the meta-arkoses 
of the Nosib Group. Although monazite is an accessory min-
eral in granitic rocks indicating that it is stable at magmatic 
temperatures, it is only moderately resistant to weathering 
(Deer et al., 1962). Partially degraded monazite in the Etu-
sis Formation can thus be considered to be a major reser-
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voir of REE. The behaviour of REE during metamorphism 
is both variable (Humphris, 1984) and poorly understood 
(Grauch, 1989), but under certain circumstances they are 
highly mobile. REE mobility has been documented during 
low temperature alteration of basalts (Wood et al., 1976), 
low-grade metamorphism of basic volcanic rocks (Hellman 
et al., 1979), hydrothermal and supergene alteration of gran-
ites (Alderton et al., 1980) and post-magmatic alteration of 
carbonatites (Andersen, 1986). Supergene and hydrother-
mal monazite derived from weathered calcite, dolomite 
and apatite in carbonatites is well documented (Mariano, 
1989). Thus the derivation, of REE from degraded mona-
zite and its mobilisation during prograde metamorphism 
into adjacent carbonate units must be considered a possibil-
ity. A similar metamorphic remobilisation model involving 
the breakdown of REE-bearing epidote was proposed by 
Moore and McStay (1990) for concentrations of allanite in 
calcic granofelses in the high-grade metamorphic terrain of 
the Namaqualand Metamorphic Complex.

7.2.5.2 Magmatic Skarn Model
Metasomatic replacement of a metasedimentary carbon-

ate unit by fluids emanating from felsic intrusions during 
the Damaran orogeny must also be considered as an alterna-
tive for the formation of the monazite. The lowermost mar-
ble horizon in the Damara Sequence would have acted as 
the ideal trap for vapours generated from the partial melting 
of the underlying Nosib Group and basement. Etusis For-
mation quartzites contain detrital concentrations of mona-
zite and iron oxides (Marlow, 1981, p.226). Areas of the 
SCZ immediately underlain by granitic basement litholo-
gies and clastic sediments of the Nosib Group (essentially 
derived from that basement) are intruded by red gneissic 
granite, uraniferous intrusions and associated igneous rocks 
(for example, at the Ida Dome, Stinkbank and Otjua in the 
Karibib district; Marlow, 1981, 1983). All the intrusions 
of the SCZ contain accessory monazite (Marlow, 1983). A 
good example of the nature of the SCZ intrusions is the 
undeformed magnetite-bearing pegmatite (section 3.6.1) 
cropping out over many square kilometres in the southeast 
portion of Eureka (Fig. 4.3). This lithology contains almost 
no hydrous phases. The magmas from which the SCZ intru-
sions formed (other than the Salem Suite) were water-poor 
because of the low water content of the parent rocks (Mill-
er, 1974), but a small volatile-rich phase would undoubt-
edly have been present. Although the behaviour of phos-
phorus and rare earth elements in felsic melts is strongly 
influenced by the crystallisation of phosphorus com-pounds 
(usually apatite; Wedepohl, 1978), phosphorus is a volatile 
component of magmas (Wyllie and Tuttle, 1964) and can 
accumulate in the pegmatite stage. A P2O5-enriched vapour 
phase may have been ex solved during pegmatite evolution 
(Watson and Capobiano, 1981). As these magmas intruded 
the Damara Sequence these volatile-rich portions would 
have reacted with the country rock such as the lowermost 
carbonate horizon in the Eureka Dome. The age of 500:!: 
20 Ma for the Eureka monazite (Burger et al., 1965) ap-
proximately coincides with the peak of metamorphism, 
when many of these anatectic melts were being generated. 

If the magmatic skarn model is correct then this implies that 
firstly, this style of mineralisation is confined to the SCZ 
and secondly, that the monazite development is not related 
to the granitic pegmatites (Burger et al., 1965), the majority 
of which are younger than 500 Ma.

7.2.5.3 Carbonatite Model
The two pieces of evidence that support a carbonatitic 

model for the origin of the Eureka deposit are the chem-
istry of the monazite (specifically its high Ce and La and 
low thorium contents) and the juvenile 87Sr/86Sr ratio of 
the “carbonatite”. Four samples of the carbonate rock have 
87Sr/86Sr ratios between 0.70286 and 0.70318 (Dunai et al., 
1989) which can be considered good evidence for the pres-
ence of a mantle-derived fluid. However, in this author’s 
opinion, Dunai et al. (1989) have not proved the presence 
of a carbonatitic intrusion. There is no field, aeromagnetic 
or petrographic evidence for the presence of a hidden car-
bonatite body of any size. In the field the carbonate rock can 
be interpreted as a folded marble or a folded carbonatitic 
dyke. The fenitisation arguments of Dunai et al. (1989) are 
not entirely convincing. For example, the authors state that 
metasomatism of the quartzites has occurred up to 20 me-
tres from the carbonatite dyke citing the alteration of biotite 
to hydro-biotite and mobility of alkalis. Both of these proc-
esses could have occurred as the result of regional meta-
morphism. The calc-silicate gneiss that encloses the car-
bonate rock on Eureka is similar to other metamorphosed 
marls in central Namibia. The replacement of plagioclase 
by scapolite in the calc-silicate rocks described by Dunai 
et al. (1989) is common elsewhere in the CZ. The mantle 
signature of the carbonate could be explained by the in-
teraction of a juvenile fluid with the lowermost carbonate 
in the Damara Sequence. Indeed Dunai et al. (1989) have 
mentioned that the 87Sr/86Sr ratios of the carbonatite are 
slightly increased compared to the evolutionary path of a 
Rb-depleted mantle. One explanation offered by the authors 
to explain this phenomenon is that carbonatitic magma in-
teracted with wall rock carbonates! There are no carbonates 
below this stratigraphic level in the Damara Sequence; the 
“carbonatite dykes” visible on Eureka thus could represent 
the wall rocks (marble) with which the magma interacted. 
If fluids emanating from this magma caused the formation 
of the monazite skarn, then the Eureka occurrence is a skarn 
related to alkaline/carbonatitic activity. It would seem un-
likely that these alkaline/carbonatitic fluids were generated 
in the middle of the Damaran orogeny when geothermal 
gradients were elevated. The majority of carbonatitic intru-
sions are confined to a cratonic environment. This suggests 
a pre-/early Damaran age for the “mantle fluids”, perhaps 
tapped during pre-/early Damaran rifting of the continen-
tal crust. (Re?)Crystallisation of the monazite would have 
occurred during the Damaran orogeny and would explain 
the morphology of the monazite and its (re?)crystallisation 
age of 500:1:20 Ma. Furthermore the mantle-derived fluid 
may not necessarily have carried the REE from which the 
monazite crystallised. REE may have been concentrated by 
sedimentary and metamorphic processes.
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7.2.6 Conclusion

The author concedes that Dunai et al. (1989) have evidence 
for the presence of a mantle-derived fluid. There is, however, 
no field or petrographic evidence for the presence of a hidden, 
large carbonatite. The “carbonatite dykes” may just as well 
be marbles that have interacted with juvenile fluids. Indeed 
there are several laterally impersistent carbonate units with-
out monazite mineralisation at the base of the Khan Forma-
tion on Eureka. There may well be a distinction between the 
fluid that is responsible for the low (87Sr/86Sr)I values and the 
fluid from which the monazite crystallised. The Eureka oc-
currence bears some similarities with the middle Proterozoic 
Bayan Obo iron-rare earth-niobium deposits in Inner Mon-
golia, China (Drew et al., 1990), which are reported to be the 
largest REE deposits in the world (Mariano, 1989). These 
deposits were formed by the hydrothermal replacement of 
dolomite by fluids from a hidden alkaline-carbonatite in an 
intercontinental rift setting. No parent plutonic rocks have 
been identified. Although there is abundant Ba and Nb min-
eralisation and extensive K-metasomatism at Bayan Obo, the 
nature of the replacement, albeit on a much smaller scale, 
and the tectonic setting invite comparison with the Eureka 
occurrence. As with the Nosib Group, the host rocks at Bay-
an Obo are syn-rift sediments deposited in graben structures. 
If the fluid from which the monazite at Eureka crystallised is 
of juvenile origin, then monazite occurrences are probably 
confined to deep-seated major tectonic breaks. In this regard 
it is of note that the Eureka occurrence is located close to the 
intersection of the Omaruru Lineament and the Welwitschia 
lineament zone (Fig. 7.1).

7.3 TUNGSTEN SKARN MINERALISATION IN 
THE OKAWAYO FORMATION AT OTJUA

7.3.1 Introduction

Scheelite mineralisation was first discovered on the farm 
Otjua (Fig. 7.1) in the early 1980s by regional stream sedi-
ment sampling (Steven, 1987). During a subsequent ex-
ploration programme it became apparent that there are two 
different styles of scheelite mineralisation in the Schönfeld 
Dome (Map 1). The first style of mineralisation consists of 
fine-grained scheelite ( <1 mm in diameter) hosted by qua
rtz+plagioclase+scapolite+diopside calc-silicate rocks that 
are unrelated to carbonate units. These rocks were formed 
during regional metamorphism and are referred to as scheel-
ite-bearing granofels (SBG). This lithology is also present in 
the calc-silicate rocks of the Okakombo Horst (Map 1) and 
its development is apparently unrelated to igneous intrusions 
(Steven, 1987). The second style of mineralisation is fine 
to coarse-grained (up to 4 em in diameter) scheelite hosted 
by a coarse-grained, inequigranular calc-silicate gangue of 
scapolite, pyroxene, garnet and vesuvianite that replaces car-
bonate units. This second type of mineralisation is a replace-
ment or metasomatic skarn, is clearly epigenetic and is only 
developed in close proximity to granitoid intrusions. The 
discontinuous, though volumetrically abundant, nature of 
the scheelite mineralisation in the granofels indicates that it 
may be considered as a very low-grade, large-tonnage tung-
sten resource. The skarn, possessing more evenly distributed 
tungsten within smaller ore bodies, is a moderate-grade, low-
tonnage resource. At present, only the skarn-hosted scheelite 
mineralisation can be considered to be of economic inter-
est. The discussion that follows describes and discusses the 
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genesis of one of the few documented tungsten replacement 
skarns on the African continent and the largest tungsten skarn 
discovered to date in the Damara Orogen: this section is a 
revised summary of the author’s M.Sc. thesis (Steven, 1987). 
The term “skarn” is used to mean the large-scale transfer of 
components between hydrothermal fluids (which may be of 
magmatic origin) and carbonate rocks (Einaudi et al., 1981).

7.3.2 Geological setting

The Otjua replacement skarn (Fig. 7/3.1) is one of four 
such bodies hosted by the Okawayo Formation marble (Table 
7/3.1) on the southern side of the Schönfeld Dome (Map 1). 
Skarnification has only occurred where granite is proximal 
to the marble, though in none of the four examples is the 
contact between granite and marble exposed. However, at 
the Tjirundo, Schönfeld and Otjua replacement skarns, large 
masses of pegmatite, apparently derived from the granites, 
have extensively disrupted the metasediments.

7.3.2.1 Metasediments and metavolcanic rocks
The Spes Bona and Oberwasser Formations comprise an 

alternating sequence of quartz-biotite schists, calc-silicate 
rocks, SBG and minor carbonate units. A minor, laterally 
impersistent, very fine-grained quartzo-feldspathic rock is 
interpreted as an altered felsic volcanic rock. The proportion 

of calcareous units in both formations increases towards the 
contact with the, Okawayo Formation. The schist is inter-
preted as representing metamorphosed muds, the calc-sili-
cate rocks as marls and the marble as limestone. The fine 
intercalation of rocks composed of detrital material and 
chemical precipitates suggests that the sediments were laid 
down in a low energy environment. Skarnification of the mi-
nor carbonate horizons has occurred locally, especially in the 
Spes Bona Formation closer to the core of the dome. The 
Okawayo Formation is composed of a single, very pure, con-
tinuous calcareous marble unit, that varies in thickness from 
0.7 to 4 metres.

7.3.2.2 Structure and metamorphism
The metasediments at Otjua possess a single, bedding-

parallel foliation defined by micas. The metasedimentary 
sequence strikes 103° and is overturned, dipping steeply 
northwards (Fig. 7/3.1). Calc-silicate rocks have a promi-
nent lineation that plunges 68°-75° on a bearing 063° and 
is approximately parallel to the axes of minor, tight z-folds. 
Calcite-graphite isotope geothermometry conducted on mar-
ble samples from the vicinity of the Otjua Prospect and from 
the core of the Okakombo Horst on Tjirundo Süd revealed 
peak metamorphic temperatures between 519°C and 626°C 
with an average of 586°C (Map 1; Steven, 1987). These 
temperatures are in agreement with those indicated by the 
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petrogenetic grid for CZ pelites (Fig. 5.4). Lower silliman-
ite zone rocks, which are common in the Schönfeld Dome, 
were stable between 510°C and 660°C. In the aureoles of 
granite intrusions (less than 200 metres from the contact), 
to which the upper sillimanite zone rocks are essentially 
confined, peak metamorphic temperatures exceeded 610°C 
(assuming a minimum confining pressure of 2.2 kbars). The 
Otjua Prospect is disrupted by several north-north east-
striking faults (Fig. 7/3.1) which are probably of Karoo age. 
All faulting appears to be in the same sense - minor sinistral 
horizontal displacements (1-20 metres) with considerable 
downthrows to the west.

7.3.2.3 Intrusive rocks
The Schönfeld Dome has been intruded and partially 

caused by a large number of granites and pegmatites (Map 
1). The closest prominent intrusion to the Otjua prospect is 
the Otjua leucogranite which has an Rb-Sr whole-rock date 
of 478±4 Ma, an (87Sr/86Sr)I ratio of 0.7196 and an unusu-
ally high δ18O value of 15.1. The closest surface exposure 
of the Otjua leucogranite to the replacement skarn in the 
Okawayo Formation marble is 600 metres away. The sec-
ond type of granite in the vicinity of the Otjua Prospect is 
a fine-grained variety, the closest exposure being 1.2 km to 
the south (Map 1). The age relationships between the fine-
grained variety and the Otjua leucogranite are unknown, 
but they are thought to be cogenetic. On the southern side 
of the Schönfeld Dome in particular, the metasediments of 
the Spes Bona, Okawayo and Oberwasser Formations have 
been intruded by pegmatites in a passive or lit-par-lit man-
ner. Crosscutting pegmatites with a consistent orientation of 
113° are intimately associated with three of the four skarn 
prospects (Fig. 7/3.1). These transgressive pegmatites are 
absent from those portions of the Okawayo Formation that 
are unskarned. Contacts between the pegmatites and the 
metasediments are sharp and generally run parallel to the 
schistosity of the country rock. No thermal metamorphic 
effects have been observed on the pegmatite/metasediment 
contact. The Otjua Prospect is also transected by several 
north-south-trending Karoo dolerite dykes.

7.3.3 Morphology and petrography of the skarn

Metasomatic skarn is developed within several of the 
marble units at Otjua, but the most extensive and continu-
ous skarn is hosted by the Okawayo Formation marble (Fig. 
7/3.1). A strike length of 700 metres has been investigated 
by drilling to a depth of 370 metres below surface. The con-
tinuity and thickness of the skarn hosted by the Okawayo 
Formation combine to make it the most economically sig-
nificant of all the skarns at the Otjua Prospect. The descrip-
tion that follows concentrates exclusively on skarn types 
occurring in this formation, though replacement skarns in 
the enclosing Spes Bona and Oberwasser Formations exhib-
it similar characteristics. The skarn can be subdivided into 
three zones or facies: vesuvianite-facies skarn which hosts 
minor scheelite mineralisation, garnet-facies skarn which 
hosts the majority of scheelite mineralisation and pyroxene-
facies skarn which is essentially barren of tungsten. These 
three facies of skarn represent varying degrees of replace-

ment of marble (Fig. 7/3.2). Moreover, they appear to pass 
laterally into one another, but this cannot be proved due 
to the poor exposure. Transitional zones between the three 
facies have however been recognised. There is no evidence 
that one facies of skarn replaces, overprints or crosscuts 
another facies. Garnet-facies skarn constitutes more than 
90% of the ore zone at Otjua. The vesuvianite-facies skarn 
is considered to be of limited commercial value: either the 
skarn is too thin or the tungsten grade is too low. No wolf-
ramite has been recorded at Otjua, either in the skarn or the 
associated intrusive rocks.

7.3.3.1 Vesuvianite-facies skarn
This facies of skarn can be traced on surface for a dis-

tance of 325 metres west of the 27W Fault (Fig. 7/3.1) and 
drilling indicates that it extends at least 370 metres below 
surface. Replacement of the Okawayo Formation marble is 
incomplete, the skarn being especially well developed to-
wards the structural footwall (Fig. 7/3.2). The marble-skarn 
contact is sharp, extending over a few millimetres. Mineral 
assemblages include vesuvianite (30¬70%), clinopyroxene 
(5-30%), scapolite (10-30%), calcite (5-40%), garnet (0-
5%), fluorite (0-2%), sphene (0-2%), plagioclase feldspar 
(0-2%), apatite (0-2%), clinozoisite (0-2%) and scheelite 
(0-1 %). The prismatic vesuvianite contains numerous in-
clusions of very fine-grained calcite and altered scapolite. 
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Pyroxenes are usually less than I mm in diameter and occur 
in granoblastic clusters. Texturally, the assemblage is in equi-
librium because all mineral phases are in contact with one 
another and there are no observable reaction relationships. 
Minor anhedral fluorite appears to have crystallised last.

7.3.3.2 Garnet-facies skarn
This facies of skarn can be traced sporadically for a dis-

tance of 270 metres between the 16W and 27W Faults and 
has been intersected at a depth of 350 metres below surface. 
Within this area large zones of unreplaced marble exist. 
However, the degree of replacement of marble is higher than 
in the vesuvianite facies (Fig. 7/3.2); skarn development is 
greatest on the structural footwall of the carbonate. Garnet-
facies skarn comprises garnet (5-50%), hedenbergitic pyrox-
ene (5-40%), scapolite (10-70%), fluorite (5-35%), carbonate 
(0-5%), scheelite (0-3%), plagioclase feldspar (0-3%), clino-
zoisite (0-3%), epidote (0-3%), hornblende (0-3%), chlorite 
(0-2%), pyrrhotite (0-2%), chalcopyrite (0-2%) and pyrite 
(0-1 %). This facies of skarn generally has a granoblastic-
poikiloblastic texture, but elsewhere the texture is chaotic. 
Poikiloblastic (up to 4 cm) and xenoblastic garnet (Plate 
7/3.1) is commonly associated with and appears to overgrow 
scapolite. Pyroxene usually occurs with granoblastic scapo-
lite or is surrounded by a groundmass of fluorite. Round to 
almost rectangular scheelite crystals range in size from 100 
µm to 4 mm in diameter (Plate 7/3.2). The scheelite is present 
at triple points in equilibrium with pyroxene and scapolite 
or poikiloblastically enclosed by garnet and, locally, fluorite. 
The fluorite is universally anhedral, forming rounded embay-
ments into pyroxene and scapolite and appears to be a late-
stage mineral. In summary, scheelite, scapolite and pyroxene 
all appear to have crystallised at about the same time, but 
poikiloblastic and interstitial garnet, the sulphides and some 
of the fluorite crystallised slightly later.

Garnet-facies skarn is usually zoned across its width, 
though no mineralogical zoning has been noted either down-
dip or along strike. This zonation is by no means universally 
developed, but borehole intersections exhibit many of the 

features which are summarised in Fig. 7/3.3: a concentration 
of fluorite towards the structural hanging wall of the skarn; a 
sympathetic relationship between garnet and scheelite; a ten-
dency for scheelite to be concentrated on the footwall side of 
the core of the skarn, but a decrease in scheelite immediately 
on the footwall contact; an antipathetic relationship between 
pyroxene and garnet; a concentration of pyroxene towards 
the hanging and footwall contacts of the skarn.

7.3.3.3 Pyroxene-facies skarn
This facies can be traced on surface for a distance of ap-

proximately 90 metres on the eastern side of the 16W Fault 
and extends to at least 130 metres below surface. Pyroxene-
facies skarn containing minor fluorite mineralisation has also 
been intersected in a borehole (OT14) at depth on the west-
ern side of the ore body. This skarn facies always replaces 
the entire width of the marble (Fig. 7/3.2) and comprises 
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hedenbergitic pyroxene (20-80%), scapolite (20-80%), horn-
blende (0-5%) and minor clay minerals, calcite, clinozoisite 
and opaque phases. Anhedral pyroxene and scapolite usually 
occur in a polygonal mosaic that is locally granoblastic, but 

elsewhere there is a considerable range in grain size from 
100 µm to many centimetres. The scapolite is altered to clay 
minerals. Clinozoisite prisms are commonly associated with 
and may enclose scapolite, while hornblende rims pyroxene.
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7.3.4 Skarn mineral chemistry

7.3.4.1 Scapolite
Scapolite compositions for the three skarn facies as well 

as two intermediate assemblages are given in Table 7/3.2. 
In all three facies of skarn considerable compositional vari-
ations were noted both between scapolite grains and within 
single grains. No systematic variations from the core to the 
rim of crystals was observed, but where zoned, scapolite 
has a meionite-rich core. The main substitution in scapolite 
is NaSi=CaAl (Deer et al., 1966) and a substitution index 
(SiO2+Na2O+K2O)/(CaO+Al2O3) versus wt% CaO content 
is plotted for all scapolite analyses in Fig. 7/3.4. Scapolites 
from the garnet facies tend to be the most calcic, although 
there is an overlap in composition with those from the ve-
suvianite facies. Scapolites from pyroxene-facies skarn have 
a markedly different composition from the other two facies, 
possessing higher alkali contents. The large compositional 
variation of scapolite within a single microprobe section is 
exemplified by the sample from borehole OT14 where CaO 
contents of the scapolite vary from 12.9 to 22.1 wt%. Large 
variations in scapolite chemistry suggest either disequilib-
rium at the time of scapolite formation or that the scapolite 
crystallised from a fluid of rapidly changing composition.

Significantly, variations in scapolite composition are close-
ly related to scheelite distribution in both the vesuvianite and 
garnet facies. Scapolites from the vesuvianite facies that con-
tain more than 18.5 wt% CaO are associated with scheelite, 

while portions of the skarn containing less calcic scapolites 
are essentially devoid of scheelite. Similarly, scapolites from 
scheelite-bearing garnet facies skarn are more meionitic. This 
suggests that scheelite formation and scapolite chemistry 
were controlled by the availability of calcium ions through-
out the skarn system. The local development of scapolite 
with Ca-rich cores and the textural evidence indicating early 
crystallisation of scheelite and scapolite suggests that (aCa

2+) 
was highest during the earliest stage of skarn formation.

7.3.4.2 Pyroxene
Representative analyses of pyroxene from the various 

skarn facies are listed in Table 7/3.3 and a summary of py-
roxene composition within the skarn system is given in Fig. 
7/3.5. None of the pyroxenes from any of the skarn facies 
exhibits systematic compositional zoning from rim to core. 
Pyroxenes show considerable compositional variation within 
each facies, but each facies possesses pyroxene of character-
istic composition. An evolutionary trend towards Fe enrich-
ment with progressive replacement of the marble is evident 
in Fig. 7/3.5. The presence of pyroxene with intermediate 
composition in the transitional zones demonstrates a genetic 
link between the facies. The tendency towards ferrous and 
manganese-enriched pyroxene in the later stages of prograde 
growth of calcic tungsten-bearing skarn is a common world-
wide phenomenon (Einaudi et al., 1981). Fig. 7/3.5 illus-
trates the point that on the deposit scale the skarn system has 
developed in a broadly systematic manner, but on the local 
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scale considerable chemical disequilibrium during skarn for-
mation is indicated. Note that pyroxene in the SBG is more 
diopsidic than any of the skarn pyroxene (Fig. 7/3.5).

7.3.4.3 Garnet
Representative analyses of grossular garnet from the Otjua 

skarn are given in Table 7/3.4. Unlike the other silicate min-
erals in the Otjua skarn, garnet occurs as anhedral grains or 
intergrown, anastomosing masses, making it impossible to 
distinguish between early and late-crystallising phases of the 
garnet. Large compositional variations were noted within in-
dividual grains over very short distances (<50µm) as well as 
between garnet grains. These variations are non-systematic; 
garnets showing no compositional variation are commonly 
in contact with grains showing marked oscillatory zoning. 
Garnet almost certainly crystallised from a fluid of chang-
ing composition; the late-stage nature of the garnet suggests 
that it formed from a residual fluid. Substantial variations in 
skarn garnet have been noted by Burton et al. (1982) and 
Mathieson and Clark (1984) and thus the situation at Otjua is 
not atypical of skarn deposits.

7.3.4.4 Summary of skarn mineral chemistry
Skarn minerals from the three facies have compositions 

that are typical of metasomatic tungsten skarn deposits (Ein-
audi et al., 1981). The variations in pyroxene chemistry are 
similar to those observed at other metasomatic tungsten 
skarns, for example the Strawberry Mine (Nokleberg, 1981). 
The compositions of the two minerals that are common to all 
three facies of skarn show that the three facies are genetically 

related. The first skarn minerals to form show considerably 
more homogeneity than is common in skarns, but on the local 
scale the skarn system possesses disequilibrium assemblages 
with garnet in particular exhibiting extensive compositional 
variation. The few scapolite grains that are zoned have a 
calcium-rich core: scapolite chemistry and scheelite distri-
bution are closely linked in the skarn system. In terms of 
the mineralogical guidelines for the classification of skarns 
suggested by Newberry (1979) and listed by Einaudi et al. 
(1981) the Otjua skarn is a reduced tungsten skarn because 
the pyroxene-garnet ratio is approximately 2: I; the pyroxene 
composition at Otjua is in the range 58.5-88.1 mol% Hd, 3.2-
12.5 mol% Jo; the garnet at Otjua is andradite poor and the 
diagnostic opaques at Otjua are pyrrhotite and chalcopyrite. 
Newberry (1979) suggested that reduced skarns were either 
formed in carbonaceous host rocks or at great depth.

7.3.5 Marble and skarn bulk rock chemistry

The calcitic nature of the Okawayo Formation marble is 
shown in Table 2.7 and the large-scale introduction of mate-
rial into the carbonate unit during metasomatism is clearly 
evident from the whole-rock chemistry of the three skarn 
facies (Fig. 7/3.6). Systematic changes in major and minor 
element concentrations with progressive metasomatism of 
the Okawayo Formation can be accounted for by the pres-
ence or absence of certain minerals and by changes in mineral 
chemistry. The decrease in total Ca content of the Okawayo 
Formation with increasing metasomatism is matched by a 
corresponding increase in SiO2 concentration. With progres-
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sive replacement of the carbonate unit, the proportion of cal-
cite in the mineral assemblages declines (vesuvianite facies: 
5-40% calcite; garnet facies: 0-5% calcite; pyroxene facies: 
none). Changes in mineral assemblages and mineral compo-
sition to show the progressive metasomatism are shown in 
the modified ACF plot (Fig. 7/3.6). Only major minerals are 
shown on this diagram. The introduction of magnesium, iron 
and manganese that accompanied metasomatism results in 
the vesuvianite and garnet-facies skarns plotting well away 
from the marble. The garnet-facies skarn exhibits consider-
able compositional variation and encloses the vesuvianite 
facies field, emphasising their similar bulk composition. The 

pyroxene facies skarn plots furthest from the Ca apex along 
the relevant scapolite-pyroxene tie line.

7.3.6 Genesis of the Otjua skarn

7.3.6.1 Timing of skarnification
The metasediments enclosing the skarn are foliated, have 

a fine-grained, equigranular texture and their minerals are 
unzoned, suggesting equilibration under peak metamorphic 
conditions at 520 Ma. In contrast, skarns hosted by the Oka-
wayo Formation lack a tectonic fabric, exhibit replacement 
features, a diverse range of textures and some skarn minerals 
possess a wide range in composition over short distances. 
Skarn formation clearly postdated the peak of regional meta-
morphism. The purity of the marble and the large proportion 
of exotic elements in the skarn compared to the carbonate 
make it extremely improbable that the skarn formed in situ 
from a mineralised dolomitic precursor. Skarnification oc-
curred as the result of large-scale metasomatic replacement 
of calcitic marble by Ca-Fe-Mg-Mn silicates. One fact in par-
ticular shows that there was only a small difference in tem-
perature between the skarn-forming fluid and the carbonate: 
there is no contact metamorphic effect between skarn and 
marble, in contrast to many North American examples (New-
berry, 1982). The meta-sediments and skarn are disrupted and 
transected by late-tectonic pegmatitic dykes, apparently de-
rived from the Otjua leucogranite. No contact metamorphic 
effects are developed in the rocks that these pegmatite bodies 
intrude, indicating that ambient rock temperatures could not 
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have been far below those attained at 520 Ma. Skarn for-
mation occurred after the peak of metamorphism (520 Ma) 
and before the final crystallisation of the Otjua leucogranite 
(478±4 Ma).

7.3.6.2 The mechanism of skarn formation

7.3.6.2.1 “Bimetasomatic exchange’ “with the 
country rocks

Some or all of the elements required to form the silicate 
minerals in the skarn could have been provided by the wall 
rocks and it is necessary to examine the evidence that the 
various skarn facies developed as a result of “bimetaso-
matic exchange”. Although diffusion models can explain a 
number of thin reaction zones (Thompson, 1959; Vidale, 
1969), it is widely accepted that they cannot account for 
the large thicknesses of skarn in most metasomatic depos-
its (Einaudi et al., 1981). Several features argue against an 
exchange of elements between the carbonate and the wall 
rocks at Otjua. Firstly, drillhole intersections of marble indi-
cate that there has been no reaction between the marble and 
the enclosing country rocks in areas away from the skarn. 
Marble-schist contacts do not contain unusual metamorphic 
assemblages (Thompson, 1959). Secondly, if the skarn was 
derived from an exchange of elements between marble and 
the enclosing wall rocks, different mineral assemblages 
would have developed where the marble is in contact with 
schist and with calc-silicate rocks. This is clearly not the 
case: all three facies of skarn are in contact with both lithol-
ogies. Thirdly, there is no visible alteration or depletion of 
the wall rocks that immediately enclose the skarn. At Otjua, 
models of skarn formation invoking exchange of elements 
with the country rocks by metasomatic diffusion (Korzhin-
skii, 1965) can unequivocally be rejected.

7.3.6.2.2 Infiltrational metasomatism
The systematic changes in mineralogy, mineral chemistry 

and whole-rock compositions of the facies of skarn indi-
cate that the subvertical Okawayo Formation marble acted 
as a reactive conduit for a channelised mineralising fluid 
that progressively metasomatised the carbonate. Skarnifica-
tion of the Okawayo Formation occurred as the result of 
infiltrational metasomatism as envisaged by Korzhinskii 
(1965). The localisation of vesuvianite-facies skarn on the 
country rock-marble contact suggests that this was a zone 
of higher permeability and was important in channelling the 
fluid. It would appear that the facies development along the 
“metasomatic column” resulted from three main variables 
(Steven, 1987)? variations in the ratio of activity of calcium 
ions (aCa

2+) from the decomposing marble to the activity of 
elements introduced by the incoming fluid; the fluid/rock 
ratio; and temperature. This is the best explanation for the 
petrographic evidence which shows that facies of skarn do 
not crosscut or replace another facies. Where transitional 
skarn assemblages have been identified, mineral composi-
tions are also transitional, indicating that one pulse of fluid 
could account for the skarn. The strong control on mineral 
chemistry is attributed to the temperature dependent parti-
tioning of major, minor and trace elements in the fluid. It 

would thus appear that the various skarn facies developed 
at broadly the same time.

7.3.6.3 Source of the skarn-forming fluid
Carbonate-hosted tungsten skarn mineralisation is spatial-

ly associated with late-tectonic granite stocks and pegmatit-
ic intrusions both within the Schönfeld Dome and else-
where in the CZ (Steven, 1987). This author considered the 
Otjua leucogranite to be the source of the fluid from which 
the skarn formed. He argued that the highly anomalous 
(87Sr/86Sr)I and δ18O values of the intrusion indicated that it 
was an anatectic melt derived from scheelite-bearing lower 
Swakop Group metasediments. Geochemical studies con-
ducted by Steven (1987) showed the widespread distribu-
tion of scheelite mineralisation in the metamorphosed marls 
of the lower Swakop Group in the Omaruru area. Major 
and trace element geochemistry showed that the granofels 
(SBG) is a type of marl with anomalous concentrations of 
W (up to 1.4 wt%) and F (up to 6500 ppm). In other respects 
the granofels is indistinguishable from Calc-silicate rocks 
suggesting that the two lithologies were derived from simi-
lar sedimentary precursors. SBG are not a type of replace-
ment skarn formed by metasomatism of a calc-silicate rock, 
nor are they spatially associated with granites or pegma-
tites. Thus calc-silicate rocks and granofels constitute a ma-
jor sediment-hosted tungsten reservoir that existed prior to 
skarn formation and late-tectonic granite intrusion.

One of the major problems in resolving the source of the 
skarn-forming fluid is the obscure relationship between 
the granite, the pegmatite and the skarn. Interpretation is 
hampered by the poor exposure. The closest outcrop of  
the Otjua leucogranite to the replacement skarn is 600 me-
tres away. The massive pegmatite appears to have been 
derived from the leucogranite, but the geochemical data 
thought to link the intrusions is equivocal. Fragments of 
skarn in the pegmatite immediately west of the 16W Fault 
(Fig. 7/3.1) indicate that skarnification predated pegmatite 
intrusion.

I Steven (1987) envisaged that the three facies of skarn, 
the pegmatite and the granite were a continuum that crys-
tallised from an anhydrous granite magma. Tungsten and 
fluorine were concentrated in the volatile-rich part of the 
system farthest from the magma. These volatiles reacted 
with marble to produce skarn. Subsequently the leuco-gran-
ite crystallised releasing a pegmatitic phase that disrupted 
the metasediments and the skarn. However, as pointed out 
by Moore (1989, pers. comm.), in a more classical inter-
pretation, the cooling Otjua leucogranite would have first 
exsolved a pegmatite melt phase and only subsequently a 
hydrothermal phase rich in F and W. This issue will not be 
resolved without a detailed radiometric investigation of the 
intrusions.

The complete replacement of the marble by a metasomatic 
fluid over hundreds of metres clearly indicates the introduc-
tion of large volumes of fluid from a point source at depth. 
This implies the accumulation and temporary storage of a 
large amount of fluid: a magma chamber is the most obvi-
ous possibility. If the fluid did not come from the intrusion, 
it may well have come from the metasediments and merely 
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have been focused by the intrusion. It is possible that the 
intruding Otjua leucogranite caused partial melting of the 
F-bearing Spes Bona Formation as it ascended. The role of 
fluorine in the lowering of the solidus to temperatures below 
600°C is well documented (Manning and Pichavant, 1983). 
Temperatures in the aureoles of granitoids and pegmatites 
in the Schönfeld Dome exceeded 660°C (Fig. 5.4). Thus as 
an alternative to the model proposed by Steven (1987), the 
Otjua granite, rather than being the source of the fluids, may 
merely have acted as a “heat-engine” and mobilised fluids 
in the metasediments within its thermal aureole. In this re-
spect the importance of Buchan-type metamorphism and of 
thermal domes in the tectonothermal history of the CZ was 
not fully appreciated by Steven (1987) because of the lack 
of Al2SiO5 polymorphs in the metasediments that enclose 
the Otjua skarn. Three examples of thermal domes in the 
CZ have now been documented (see Chapter 5).

7.3.7 Conclusion

The Otjua tungsten replacement skarn formed within 
the thermal aureole of the Otjua leucogranite. It cannot be 
classified as a contact skarn because no igneous contact is 
exposed (and may not be present), nor has any endoskarn 
(altered intrusion) been recognised. The Otjua skarn has 
many similarities with other replacement tungsten skarns, 
the majority of which are associated with calc-alkaline in-
trusions of mid-Palaeozoic to late Cretaceous age in the 
Circum-Pacific region (Einaudi et al., 1981). Firstly, skarn 
is developed within a thin carbonaceous marble horizon 
in an intercalated pelite/calc-silicate granofels/marble se-
quence. Secondly, a series of skarn facies with a vesuvianite 
periphery is developed. These facies represent progressive 
replacement of the marble. Mineral chemistry studies in-
dicate that certain of the skarn facies minerals crystallised 
from a fluid of fluctuating composition. Hence evidence of 
chemical disequilibrium in the skarn system is widespread. 
Thirdly, the silicate minerals in the later skarn facies show 
a tendency towards Fe and Mn enrichment. Fourthly, the 
garnet facies hosts the majority of scheelite mineralisation. 
Finally, the alteration of the enclosing country rock is mini-
mal.

The major differences between the Otjua skarn and those 
tungsten skarns documented by Einaudi et al. (1981) are as 
follows: the granite deemed to be responsible for the min-
eralisation (and indeed all the intrusions in the Schönfeld 
Dome) is highly fractionated (in Damaran terms), exhib-
iting S-type characteristics and is relatively anhydrous; 
there is an absence of Mo in the scheelite in the skarn and 
in the associated intrusions; the skarn system is relatively 
Fe-poor and lacks significant sulphide mineralisation; the 
absence of a retrogressive/hydrated skarn facies containing 
biotite or hornblende makes the deposit unusual; in contrast 
to many other replacement skarns, there is evidence for a 
strong structural control on the localisation of skarn depos-
its in the Schönfeld Dome.

The similarities between the Otjua skarn and other tung-
sten skarns suggest that skarn development occurred in a 
similar manner to other replacement skarns. Skarn forma-
tion processes associated with Cretaceous intrusions in the 

Circum-Pacific were already in operation in the early Phan-
erozoic. Not only is the Otjua skarn one of the oldest exam-
ples, it is also one of the few tungsten skarns to have been 
formed synorogenically while the country rocks were un-
dergoing amphibolite facies metamorphism. The important 
differences between the Otjua skarn and other Phanerozoic 
tungsten skarns are thought to be the result of the differ-
ent source areas of the tungsten and the intrusions. If the 
Otjua leucogranite is an anatectic melt derived from tung-
sten-bearing Damaran metasediments or alternatively the 
Otjua granite merely acted as a heat source and scavenged 
tungsten from the scheelite-bearing granofels, then the low 
sulphide and Mo contents of the skarn are a reflection of 
the geochemistry of lower Swakop sediments and the over-
all ensialic nature of the Damara Orogen. In this regard it 
is of note that the Otjua skarn has more similarities to the 
continental, postorogenic or anorogenic tin-tungsten skarns 
(Einaudi and Burt, 1982) in spite of its lack of tin.

7.4 GOLD SKARN MINERALISATION IN THE 
KARIBIB FORMATION IN THE KARIBIB 

DISTRICT

7.4.1 Introduction

Mineral exploration in the Karibib area in the mid to 
late 1980s resulted in the discovery of epigenetic carbon-
ate-hosted auriferous quartz veins and associated alteration 
of presumed hydrothermal origin. At the Navachab Gold 
Mine the veins are sufficiently well mineralised and closely 
spaced that they can be commercially exploited by bulk 
mining methods (Navachab Gold Mine Field Guide, 1989). 
Gold mineralisation is essentially confined to the Okawayo 
and Karibib Formation marbles in the core of the east-north-
east-trending Navachab-Okawayo and Onguati-Otjimbojo 
anticlines (Fig. 7.1; Pirajno et al., 1991). Because the ma-
jority of veins are hosted by calcitic and dolomitic mar-
ble, this style of mineralisation has been referred to as an 
example of a distal gold skarn. Strictly speaking the term 
skarn refers to the silicate gangue of ore deposits that have 
replaced carbonate sediments (Bates and Jackson, 1987). In 
recent years economic geologists have, perhaps regrettably, 
extended the term “skarn deposits” to include examples that 
“result from the interaction of hot silicate magmas and cool-
er sedimentary rocks” (Meinert, 1987). In this section the 
term skarn is confined to those rocks produced by the meta-
somatic replacement of a carbonate unit, unless specifically 
stated. At many of the gold occurrences in the Karibib area 
there is an absence of silicate gangue and the mineralisation 
can equally well be described as mineralised hydrothermal 
veins, usually with a quartz gangue. In most examples the 
base metal sulphide component is small and the geochemi-
cal association is Au-Bi-As-Te. At all the prospects discov-
ered so far, mineralisation is hosted by exoskarn (replaced 
carbonate rock). No endoskarn (replaced intrusion) has yet 
been identified. The gold mineralisation is not spatially as-
sociated with a particular type of igneous rock. At the Na-
vachab Gold Mine there is a small outcrop of a two-mica 
granite within the mine area, while north of Karibib, lithium 
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pegmatites are the only intrusions to crop out within several 
kilometres of the gold mineralisation. Immediately south of 
Karibib a number of dioritic plutons, andesitic plugs, granites 
and lithium pegmatites are spatially associated with the gold 
mineralisation. In this section, two examples of gold skarn 
mineralisation considered to be representative of the Karibib 
area are discussed. Emphasis has been placed on presenting 
new data. A sulphide-bearing system with minor silicate al-
teration from the Onguati Copper Mine and a sulphide-poor 
system with extensive silicate alteration from the Habis Gold 
Prospect (Fig. 7.1) will be examined. Petrographic studies, 
reflected-light microscopy and geochemical data have been 
used to classify this poorly known style of mineralisation.

7.4.2 Onguati Copper Mine

7.4.2.1 General geology
A general description of the marble-hosted sulphide and 

gold mineralisation at the Onguati Copper Mine has been 
given by Pirajno et al. (1990a, 1991) and the salient geo-
logical features of the occurrence are listed in Table 7/4.1. 
Massive chalcopyrite ore was last mined at Onguati during 
the 1970s. The sulphide skarn ore is developed in a swarm 
of quartz veins hosted by Karibib Formation marbles in the 

core of the Onguati-Otjimbojo anticline (Fig. 7.1). There is 
a strong structural control on the orientation of the mineral-
ised veins which have a north-northeast/northeast orientation 
and a shallow (-35°) eastward or southeastward dip. This is 
not a stockwork of randomly oriented veins. There is a close 
genetic relationship between southeastwardly dipping gold 
veins and similarly oriented late-tectonic thrust faults. The 
auriferous veins are almost entirely hosted by intensely de-
formed calcitic marble. In contrast, spatially associated dolo-
mitic carbonates and metavolcanic and pyroclastic rocks of 
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the Daheim Formation have not been as intensely deformed 
because of their stronger mechanical properties (Heard, 
1976). The north-northeast/northeast orientation and shallow 
southeastward dip of the thrust faults and gold veins sug-
gest that late-tectonic west-north¬west-directed compression 
about the north-northeast-trending Abbabis lineament zone 
(ALZ) played an important role in the localisation of aurifer-
ous fluids. The first detailed petrographic description of the 
ore is given below. A silver telluride is described for the first 
time from central Namibia. No silicate minerals other than 
quartz were observed in hand specimen on the margins of ore 
veins at Onguati, though Frommurze et al. (1942) mention 
the presence of vesuvianite.

7.4.2.2 Petrographic description of 
chalcopyrite-pyrrhotite skarn

A piece of strongly magnetic, semi-massive chalcopyrite-
pyrrhotite ore (NSP18) from the margin of one of the veins at 
the Onguati Copper Mine was examined microscopically. A 
partial analysis of gossan from the main ore zone is given for 
comparison in Table 7/4.2. Approximately half of the skarn 
is comprised of opaque minerals. Chalco-pyrite (30%), pyr-
rhotite (10%) and marcasite-pyrite intergrowths (10%) after 
pyrrhotite are the major sulphides. The chalcopyrite contains 
dendritic intergrowths of an exsolved mineral, inclusions of 
elongate sphalerite (usually less than 200 µm in length) and 

small (less than 350 µm) aggregates of sphalerite, pyrrhotite, 
bismuth and silver tellurides. The non-opaque minerals com-
prise quartz (10-25%), carbonate (20-40%), biotite (0-3%), 
chlorite (0-3%), a colourless mica which may be muscovite, 
and a minor amount of an unidentified, olive-brown pleo-
chroic mineral (possibly serpentine) upon which it was not 
possible to obtain an optic figure. Some of the biotites are up 
to 600 µm long and should be suitable for radiometric age 
determinations.

A paragenetic summary of the Onguati ore is given in Fig. 
7/4.1 (the bismuth and silver tellurides are discussed in detail 
in section 7.4.2.3). Minor amounts of pyrrhotite (<5% vol.%) 
are present as inclusions within the quartz. Small pyrrhotite 
crystals are developed at triple junctions between quartz 
grains, but the majority of the sulphides are usually interstitial 
to and envelop the aggregates of silicates. The chalcopyrite 
and pyrrhotite are present as an anhedral, interlocking, inter-
stitial mass and appear to have crystallised together. Biotite, 
altering to chlorite, and very minor muscovite are developed 
on the edge of the sulphide network, but not exclusively with 
pyrrhotite. The concentration of some of the sphalerite and 
pyrite in elongate stringers suggests their crystallisation late 
in the paragenetic sequence. The pyrrhotite is extensively al-
tered (“bird’s eye” texture) to pyrite and marcasite and the 
sulphides have locally been cut by quartz veins.

The major textural feature of the quartz is its annealed na-
ture which has resulted in the widespread development of 
triple junctions (Plate 7/4.1). This texture is an indication of 
a high-temperature of formation for the early skarn minerals 
(i.e. > 400°C) or alternatively that the ore has been meta-
morphosed. The latter interpretation is considered unlikely 
because the sulphides do not exhibit a similar texture. Geo-
chemical studies show that the Karibib Formation marble at 
Onguati contains less than 1.5 wt% SiO2 (Table 2.19), but it 
is possible that the quartz was concentrated in veins (which 
were subsequently replaced by sulphides) during metamor-
phism and hence has a metamorphic texture. However, it is 
considered more likely that the granoblastic texture formed 
as the result of slow cooling of the ore and that the quartz is 
an integral part of a high-temperature ore assemblage. 
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7.4.2.3 Exsolution features and inclusions in the chalcopy-
rite-pyrrhotite skarn

Examination of a polished section (NSP21) of massive 
chalcopyrite ore (Table 7/4.3) in reflected light revealed the 
presence of a number of exsolved phases and inclusions 
which comprise less than two volume per cent of the ore. 
The ex solution lamellae are of a Co-rich pyrrhotite (Table 
7/4.4), which has a dendroid or locally herringbone mor-
phology. Some examples are strongly pleochroic (cream 
to blue-grey) and have the morphological appearance of 
stibnite. Similar pyrrhotite lamellae, considered to be de-
composition products after cubanite, have been described 
in high-temperature chalcopyrite by Ramdohr (1969, p.530, 
Fig. 253). More than half of the inclusions are somewhat 
elongate, rounded crystals of sphalerite (Table 7/4.3), usu-
ally less than 200 µm in diameter, though some may be up 
to 500 µm long. They almost universally contain blebs of 
chalcopyrite. Sphalerite is locally concentrated in stringers 
that lend a vein-like appearance to their distribution (Plate 
7/4.2).

The second major type of inclusion is aggregates of 
sphalerite, Co-poor pyrrhotite, silver tellurides and native 
bismuth. These inclusions are of particular interest because 
the gold skarns of the Karibib area are characterised by a 
strong correlation between bismuth and gold. At the Nav-
achab Gold Mine, one of the main ore minerals is maldonite, 
Au2Bi (Navachab Mine Field guide, 1989). At Onguati the 
aggregates range in size from 100-400 µm. Rounded and 
somewhat elongate sphalerite and pyrrhotite enclose anhe-
dral hessite which itself envelops anhedral bismuth (Plates 
7/4.3 and 4).

In plane-polarised light the dark-grey sphalerite with 
“chalcopyrite disease”, the pinkish-brown pyrrhotite and 
the creamy-white, anhedral bismuth are relatively easy 
to identify. The bismuth grains rarely exceed 100 µm in 
length. The pyrrhotite inclusions, in contrast to the exsolu-
tion lamellae in the chalcopyrite, are Co-poor (Table 7/4.4). 
The hessite, which contains up to 1.7 wt% Se and minor 
Sb (Table 7/4.5), is grey with a bluish tint (Plate 7/4.3). 
Locally, hessite is intergrown with a lighter phase (Plate 
7/4.3, centre right). These lamellae are too small (less than 
1 µm thick) to resolve with the electron beam. A micro-
probe analysis of the central area revealed the presence of 

a ‘mineral’ with a composition similar to hessite with Bi 
contents of up to 6.8% and Se contents of up to 6.6% (Table 
7/4.5, analysis 5). On the edge of one bismuth grain, a very 
pale-blue phase was analysed with the electron microprobe. 
The geochemical analysis reveals the presence of a bismuth 
selenide whose composition approximates to Bi4Se (Table 
7/4.6). On the contact between chalcopyrite and hessite, a 
cobalt antimony sulphide with minor arsenic contents was 
noted (Plate 7/4.4). The mineral is a member of the ullman-
ite family (Table 7/4.6), either costibite or paracostibite (L. 
Cabri, 1990, pers. comm.). Some of the native bismuth con-
tains traces of gold (Table 7/4.6), but no gold phase was 
identified. The enclosure of anhedral silver, tellurium and 
bismuth minerals within sphalerite and pyrrhotite suggest 
the late crystallisation of the former.

The third group of inclusions is pyrite, which locally con-
tains minor arsenic (Table 7/4.7). A few anhedral grains are 
evenly distributed throughout the massive chalcopyrite, but 
are seldom larger than 75 µm. Some of the pyrite is present 
in veins that appear to postdate the sphalerite stringers 
(Plate 7/4.2). The majority of subhedral-euhedral pyrite is, 
however, concentrated near or in crosscutting veinlets. Lo-
cally, subhedral pyrites are crosscut (rather than replaced) 
by goethite veins. Pyrite crystals may be up to 0.4 mm in 
diameter and, where incipiently altered, appear a creamy-
white colour in plane-polarised light. Twinning is locally 
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present. A pale-blue pleochroic mineraI, too small to analyse 
with the electron microprobe, is probably covellite.

7.4.2.4 Summary of Onguati Copper Mine sulphide skarn as-
semblage

It is considered highly unlikely that the complex inter-
growths of the silver tellurides would have survived meta-
morphism and deformation. They represent a primary ex-
solution feature that postdates the Damaran tectonism. It 
is possible that the sulphides were emplaced at an earlier 
stage in the orogeny and that only the ex solution is late-
/post-tectonic in age. This is considered unlikely because 
of the confinement of mineralisation to late-stage, cross-
cutting fractures. Moreover, geochemical analyses reveal 
that concentrations of Bi, Te and Se of unaltered Karibib 
Formation marble are below the LLD (Table 2.19). The 
skarn mineralisation is thus clearly epigenetic. Several tex-
tural features indicate a high-temperature of formation for 
the early minerals of this skarn (i.e. > 400°C). The quartz, 
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which crystallised early in the paragenetic sequence, has a 
classic polygonal texture. After crystallisation of the higher 
temperature sulphides such as chalcopyrite, the Co-rich 
pyrrhotite (which may be a replacement after cubanite) was 
ex solved. Concentrations of elements that were incompat-
ible in the crystallising chalcopyrite clustered together to 
form aggregates of sphalerite, Co-poor pyrrhotite, bismuth 
and silver-tellurium minerals. Sphalerite and pyrrhotite 
crystallised first because they envelop the other minerals. 
Upon further cooling Se-bearing hessite crystallised. Hes-
site subsequently ex solved bismuth and selenium which 
resulted in the local formation of a myrmekitic intergrowth. 
Bismuth appears to have been the last mineral to crystallise 
and seems to have been involved in subsolidus reactions 
with selenium. The concentration of pyrite euhedra near 
fractures indicates a very late position in the paragenetic 
sequence for this mineral. Minor late-stage alteration of the 
ore assemblage included the development of “bird’s eye” 
texture in the pyrrhotite and oxidation of the chalcopyrite 
and pyrite to goethite near fractures. In summary, early 
quartz was succeeded by the high-temperature sulphides 
chalco-pyrite, pyrrhotite and sphalerite, the lower-tempera-
ture tellurides and lastly native bismuth. The late crystal-
lisation of tellurides, and to a lesser extent bismuth, is a 
characteristic of skarn-type and gold quartz vein deposits 
(Boyle, 1979).

7.4.3 Habis Gold Prospect silicate skarn

The Habis Gold Prospect is located at the northeast end of 
the Abbabis Inlier (Fig. 7.1) and the geology of the prospect 
is summarised in Table 7/4.8. Zones of massive tremolite 
alteration intimately associated with auriferous gossan are 
hosted by grey dolomitic marble (upper marble) on a low hill 
approximately 500 metres north-northeast of the Habis farm-
house. No sulphide mineralisation is exposed on surface. 
Partial analyses of the auriferous gossan from the vicinity of 
the Randex HKB4 borehole collar are given in Table 7/4.2. 
Although the Habis gossan is depleted in metals relative to 
the Onguati gossan, they have similar geochemical profiles, 
having anomalously high concentrations of As, W, Cu and 
Zn. The tremolite zones, which may be many metres thick, 
tend to be concentrated in layers parallel to the bedding of 
the marble, but are locally crosscutting. Sheaves of light-
grey tremolite form rosettes which lend a distinctive appear-
ance to the alteration zone. In thin section the tremolite rocks 
comprise radiating aggregates of colourless clinoamphibole 
(80-90%), scapolite (0-20%), carbonate (0-5%), diopside 
(0-3%) and minor sphene and opaques. More massive, pris-
matic amphiboles, many centimetres in length, have a pale 
green colour which attests to their more actinolitic nature 
(confirmed by XRD).

A clear distinction can be made between tremolite asso-
ciated with auriferous alteration zones and tremolite which 
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grew as a result of prograde regional metamorphism in the 
dolomitic marble. Minor poikiloblastic tremolite is a com-
mon phase in the lower and upper marbles of the Karibib 
Formation on the farm Habis (as it is elsewhere in the dolo-
mitic portions of the Karibib Formation), but the amphibole 
does not comprise more than five per cent of the rock (Table 
2.16). In contrast the zones of massive tremolite grew as 
the result of the large-scale metasomatic decarbonation of 
the dolomitic marble. There is a close association between 
tremolite alteration and epigenetic gold mineralisation 
throughout the Karibib district (Badenhorst, 1989, pers. 
comm.).

7.4.4 Summary of the gold skarns of the Karibib area

Gold skarn mineralisation in central Namibia is essen-
tially confined to the SCZ and the majority of occurrenc-
es are located to the east of the Abbabis lineament zone 
(Fig. 7.1) in an area that has undergone lower amphibolite 
facies metamorphism. The mineralisation is subtle, usu-
ally comprising a poorly developed stockwork or swarm of 
carbonate-hosted veins of hydrothermal origin or zones of 
quartz-tremolite alteration. Gold mineralisation is hosted 
by both dolomitic and calcitic marble and, to a lesser ex-
tent, calc-silicate lithologies. Other than tremolite which 
was produced by the large-scale decarbonation of dolom-
itic marble, none of the skarns has a major development 
of silicate minerals. Garnet-pyroxene skarn assemblages 
on the margins of quartz veins have been described from 
the Navachab Gold Mine, but are seldom more than several 
centimetres in width (Navachab Gold Mine Field Guide, 
1989). At the Onguati Copper Mine and the Habis Gold 
Prospect, the mineralisation lacks a tectonic fabric and 
clearly crosscuts unmineralised metasediments. In the On-
guati-Otjimbojo anticline there is a close relationship be-
tween mineralisation and late-tectonic brittle deformation 
structures such as thrust faults. Textural evidence indicates 
high-temperatures of formation for the early minerals such 
as quartz. With the exception of the Onguati Copper Mine, 
the base metal sulphide component of the gold skarns is 
negligible; pyrrhotite predominates over pyrite in all known 
skarns. The field and petrographic evidence from the two 
prospects examined clearly indicate that the mineralisation 
is epigenetic and of late Damaran age. The style of min-
eralisation and the geochemical association (Au-Bi-As-Te) 
bear certain similarities to the gold skarns of the western 
United States (Meinert, 1987), where skarn development is 
attributed to the interaction between magmatic fluids and 
sediments. Low-temperature (< 250°C) bismuth and tel-
luride minerals are especially characteristic of gold skarns 
and are usually absent from the more proximal base metal- 
or sulphide-rich systems where silicate gangue is abundant. 
The term distal skarn for the gold mineralisation of the CZ 
is thus particularly appropriate.

7.4.5 Origin of the gold mineralisation

Because of the recent discovery of gold skarns in central 
Namibia and the lack of published data, comments on their 

origin are of necessity speculative. However, various rel-
evant features and some models are discussed below.

7.4.5.1 Previous work on the gold skarns of the Karibib 
area

Little has been published on the genesis of the “hydro-
thermal copper-gold” (Miller, 1983b) and gold skarn min-
eralisation in the Karibib area. Some comments on the only 
model proposed so far (Pirajno et al., 1990a, 1991) are re-
quired. These authors proposed a general three-stage model 
involving deposition of gold and sulphide-bearing alkaline 
basaltic lavas in Daheim times, followed by the generation 
of metamorphic fluids during the Damaran orogeny. These 
fluids are envisaged to have leached ore metals from the 
volcanic rocks and caused dolomitisation of the overly-
ing marble units. Finally, granites generated large-scale 
convective cells resulting in the formation of mineralised 
quartz vein systems. The author agrees with Pirajno et al. 
(1990a, 1991) that the mafic volcanic rocks of the Daheim 
Formation could be a major source of gold and base metals, 
but suggests that there are a number of problems with their 
model. Firstly, Pirajno (1990, pers. comm.) believes that 
the mafic volcanic rocks were erupted along an east-north-
east-trending fissure vent. Scoria, spatter cone material, 
trifurcate structures, base surge deposits and pillow lavas 
can be seen in the pristine Daheim Member. Although the 
magma undoubtedly came from the mantle, it was intruded 
along major fractures presumably similar to the ones ex-
posed on Abbabis and Narubis (Fig. 2.1). When were these 
structures mineralised? The evidence from the basement 
inliers of central Namibia points to a pre-Damaran gold 
mineralising event. Thus the precious metal mineralisation 
in the mafic volcanic rocks could result from “crustal con-
tamination”. The importance of the auriferous basement is 
discussed in the next section. Secondly, the distribution and 
nature of the metavolcanic rocks of the Daheim Formation 
are not well known: no geochemical data have been pub-
lished. Nowhere in the Karibib area do the mafic volcanic 
rocks of the Daheim Member comprise more than 25% of 
the Karibib Formation; in large areas volcanic rocks are ab-
sent. It is doubtful whether they could have provided all 
the gold present in the skarn and quartz veins of the Ka-
ribib district. Thirdly, there is no evidence for substantial 
deformation, shearing, chloritisation or devolatilisation of 
the Daheim Member volcanic rocks at the present erosion 
level. At the Onguati Copper Mine, dolomite, which en-
closes the metavolcanic rocks and pyroclastics, has largely 
protected the Daheim Formation from intense deformation 
because of its strong mechanical properties (Heard, 1976). 
Large-scale leaching of ore metals from metavolcanic rocks 
would surely have resulted in some visible modification. 
Fourthly, Pirajno et al. (1990a) have not made a good case 
for the “extensive dolomitisation” (op. cit., p.444) or the 
“regional-scale selective hydrothermal alteration” (Pirajno 
and Jacob, 1991) of the carbonate units by metamorphic 
fluids that leached Mg out of mafic volcanic rocks. In the 
Karibib area near the Abbabis Inlier, the Karibib Formation 
is dolomitic in nature (Smith, 1965; Chapter 2). Dolomites 
are certainly not restricted to areas of gold skarn minerali-
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sation. This entire stratigraphic unit cannot have been dolo-
mitised on a regional basis by metamorphic fluids from a 
volumetrically small pile of mafic volcanic rocks which are 
pristine in nature: a simple mass balance calculation reveals 
there was insufficient Mg.present in the volcanic rocks for 
the process to have occurred, even allowing for massive 
alteration. No geochemical data for the Daheim Member 
is available, but basanites from the East African Rift (the 
most mafic members of a suite from a comparable tectonic 
setting) contain 10.5 wt% MgO (Wilson, 1989). Dolomite 
marble at the Habis Gold Prospect, where the carbonate: 
volcanic rock ratio exceeds 5: 1, contains approximately 21 
wt% MgO. There is evidence for late Damaran dolomitisa-
tion of Karibib Formation carbonate rocks in the vicinity of 
the Onguati Copper Mine and at the Navachab Gold Mine 
(Jacob, 1992, pers. comm.) but, in this author’s opinion, the 
fluid responsible for this was not necessarily derived from 
the metavolcanic rocks.

7.4.5.2 Gold in the underlying basement
None of the models presented so far for the origin of the 

gold skarn mineralisation in the Karibib area (Pirajno et al., 
1990a, 1991) has taken cognisance of the large amount of 
gold in the underlying Abbabis Inlier. This is of particular 
relevance because the Karibib area is one of the few places 
in the CZ where carbonate lithologies locally lie uncon-
formably on basement lithologies. The first record of gold 
in Abbabis Complex lithologies was given by Smith (1965), 
who mentioned auriferous quartz veins in “Abbabis gneiss”. 
During the course of this study anomalous gold contents (> 
300 ppb Au) were recorded within shear zones (Fig. 2.1), 
chlorite-magnetite rocks and cupriferous quartz veins in the 
Abbabis Complex. Gold mineralisation is concentrated in 
east-northeast-trending megashears which themselves are 
cut by undeformed, presumably late-Damaran pegmatites. 
Arguments were presented in section 4.2.4 to support the 
idea that final strike-slip movement on these structures oc-
curred in pre-Damaran times. Were these structures min-
eralised in pre-Damaran or Damaran times or both? The 
evidence from the other basement inliers in Namibia (Fig. 
2.2) points to a pre-Damaran gold-mineralising event (see 
discussion in chapter 4). Some auriferous copper veins con-
taining up to 1 g/t Au crosscut undeformed pegmatite sills. 
The best example of the latter crops out 100 metres north 
of the Navachab/Narubis/Abbabis corner beacon (Fig. 2.1). 
These auriferous veins are very late Damaran at the old-
est. A calculation of the amount of gold contained in one 
of the megashears is enlightening. The main shear zone on 
the farms Abbabis and Narubis is in excess of 6 km long, 
at least 10 metres wide, probably has a specific gravity of 
2.8 and is estimated to extend at least one kilometre into 
the earth’s crust. This segment of the shear zone contains 
168 x 106 metric tons of rock. If the average in situ gold 
content of the shear zone is 150 ppb gold (and sampling 
has revealed up to 2 g/t Au), then this segment of a single 
megashear alone contains 810 x 103 ounces of gold. This is 
only slightly less than the published ore reserve of the Nav-
achab Gold Mine (62 500 ounces of gold to be produced for 
fifteen years giving a combined total of 938 x 103 ounces of 
gold). These megashear zones in the Abbabis Inlier there-

fore represent a significant reservoir of gold. The age of 
the Abbabis Inlier is particularly intriguing. The U-Pb age 
determination on zircons from granite-gneiss of the Narubis 
Granitoid Complex of the Abbabis Inlier yielded a concor-
dia age of 1925-280 +330 Ma (Jacob et al., 1978). This is 
a minimum age for one of the youngest lithologies in the 
inlier. The metasedimentary and metavolcanic rocks (many 
of which are mafic and hence could represent a substantial 
gold reservoir) may be considerably older.

7.4.5.3 A possible relationship between felsic 
intrusions and gold mineralisation

At the majority of the marble-hosted gold occurrences in 
the Karibib area, there is no igneous intrusion in the imme-
diate vicinity to which the mineralisation can be attributed. 
Thus a genetic relationship between the gold mineralisa-
tion and felsic intrusions can only be inferred. However, the 
gold-bismuth association of the gold skarns is considered 
to be particularly important because bismuth is commonly 
present in pegmatitic and granitic melts (Wedepohl, 1978). 
There is a worldwide association between felsic intrusions 
and Au-Bi-Te-S mineralisation (Meinert, 1989; Pulz et al., 
1991). The most likely sources for the mineralising fluids 
are hidden, late-/post-tectonic felsic intrusions or, alterna-
tively, magmatically modified metamorphic fluids derived 
from the Abbabis Inlier. In the vicinity of the Habis Pros-
pect there are diorites, granites and lithium pegmatites, 
while further away from the Abbabis Inlier, at Onguati, the 
only exposed intrusions within ten kilometres of the gold 
mineralisation are late-/post-tectonic lithium pegmatites. 
Of all the intrusions in the SCZ, only these pegmatites con-
tain a (very minor) sulphide phase. These lithium pegma-
tites, which are a type of rare-element pegmatite (Cerny, 
1982a), are notably concentrated in the Karibib area (De 
Kun, 1965) and are restricted to areas where the overlying 
Damaran rocks have undergone lower amphibolite facies 
metamorphism. The gold skarns of the SCZ are spatially 
associated, on a regional basis, with the most extensive 
development of these intrusions (compare Figs. 3.1 and 
7.1). These pegmatites are known to contain a variety of 
arsenic, antimony, bismuth, and phosphate minerals such 
as bismuth lead phosphate at the Rubicon Mine (Von Knor-
ring, 1962), triphylite-lithiophylite in the Ricksburg Farm 
area (Von Knorring, 1963 p.34) and at Rubicon Mine (Von 
Knorring, 1985), the copper-iron phosphate, chalcosiderite 
(Von Knorring, 1967, p.36), the bismuth carbonate mineral, 
kettnerite (Von Knorring, 1971, p.63) and bismutite, minor 
bismuthinite and a possible bismuthian variety of mimetite 
at Rubicon Mine (Von Knorring, 1972, p.53). The pegma-
tites of the Karibib area locally contain masses of loelling-
ite and an iron-arsenic species, karibibite (Von Knorring et 
al., 1973). Bismuth ochre from the Rubicon Lithium Mine 
is known to contain anomalous gold concentrations (11.2 g/
t Au) and the major ore phase at the Navachab Gold Mine is 
maldonite (Au2Bi). This large variety of bismuth minerals 
in the Karibib area and a possible gold-bismuth association 
were discussed sometime ago by Von Knorring (1975).

Lithium pegmatites in pre-Damaran and Damaran rock 
types are confined to an area underlain by 1.7-2.0 Ga base-
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ment. These intrusive rocks are particularly hosted by 
the Karibib Formation because the damming effect of the 
carbonate units prevented their intrusion to higher strati-
graphic levels. The origin of lithium pegmatites in gener-
al is enigmatic, with models invoking anatexis of Li-rich 
sediments (Stewart, 1978), mixing of Li-enriched fluids 
from metasediments with pegmatitic melts and direct deri-
vation from a residual volatile-rich granite melt (Cerny, 
1982b) having been proposed. On isotopic grounds Haack 
and Gohn (1988) argued that the lithium pegmatites of the 
Karibib area could not be derived from basement granitic 
gneisses nor Etusis Formation quartzites nor could they be 
differentiates of nearby Salem granites. They proposed that 
they were formed from the decomposition of biotite-rich 
metasediments. The only biotite-rich metasediments be-
low the Karibib Formation in the SCZ are in the basement; 
for example in the Tsawisis and Naob Formations (Brandt, 
1987a). However, Haack and Gohn’s (1988) objections to a 
magmatic as opposed to a metamorphic origin hinge on the 
fact that the (87Sr/86Sr)I ratio of the pegmatite is too high. 
High (87Sr/86Sr)I are a feature of pegmatites which are no-
torious for extremely high Rb/Sr ratios and 87Sr mobility 
(Clark,1982).

7.4.6 Conclusion

In the mid to late 1980s, a regionally extensive style of 
epigenetic gold mineralisation was discovered in central 
Namibia that has similarities with distal gold skarn and au-
riferous quartz vein deposits of the western United States. 
A magmatic origin is commonly inferred for this relatively 
low-temperature Au-Bi-As-Te-S mineralisation.	 In the

Karibib area the mineralisation cannot be directly attrib-
uted to a particular type or age of igneous rock. However, 
the evidence suggests that the sources for the gold-bismuth 
mineralisation are hidden, late-/post-tectonic felsic intru-
sions, specifically lithium pegmatites, and hydrothermal 
fluids derived from the Abbabis Inlier. There is no evidence 
for the presence of the well-documented porphyry-related 
gold association (Bonham, 1989; Sillitoe and Bonham, 
1990) in the CZ, either within an intrusion or as a peripheral 
skarn. The SCZ is floored by granitic basement (the 1.7-2.0 
Ga Abbabis Inlier) which possesses significant quantities 
of gold and can be considered to be a major gold reservoir. 
There is a close spatial relationship in the CZ between epi-
genetic gold mineralisation hosted by Damaran rocks and 
proximity to the Abbabis basement (Martin, 1963). It is 
considered significant that only in the vicinity of Karibib 
do carbonate units directly overlie the auriferous basement 
lithologies. The lithium pegmatites and gold skarn miner-
alisation are seen as a magmatic-hydrothermal continuum 
(see London, 1986, for a discussion on the transition be-
tween magmatic and hydrothermal regimes). If the pegma-
tites were not derived from the partial melting of basement, 
they would at least have interacted with fluids in the base-
ment inlier as they ascended. The numerous east-northeast-
trending auriferous megashears and east-northeast-trending 
metadolerite dykes would have provided ideal pathways for 
Damaran hydrothermal fluids. In the Damaran cover rocks, 
gold mineralisation is concentrated in east-northeast-trend-
ing D3 structures such as the Onguati-Otjimbojo and Na-

vachab-Okawayo anticlines. Elsewhere in Namibia, early 
Proterozoic basement inliers are known to be auriferous. 
In the Kamanjab Inlier, where there are no Damaran intru-
sions and surrounding Damaran rocks were subjected to 
greenschist facies metamorphism, east-northeast-trending 
megashears that displace the Huab Formation are host to 
gold mineralisation (Martin, 1963). A pre-Damaran gold 
mineralising event is indicated for the inliers that floor the 
intracontinental branch of the orogen.

7.5 TURBIDITE-HOSTED GOLD 
MINERALISATION

IN THE KUISEB FORMATION ON SANDAMAP 
NOORD

7.5.1 Introduction

In early 1987, the author conducted a literature study to 
identify favourable environments for gold mineralisation 
in central Namibia. Woodall (1979) noted that the major-
ity of Australian Proterozoic gold deposits was hosted by 
orogenic sequences, namely successions containing abun-
dant turbidites or where deformation had been intense. 
The upper Kuiseb Formation represents a highly deformed 
late Proterozoic flysch succession that comprises thick 
(4¬10 km) accumulations of metagreywackes and graphitic 
metaturbidites deposited in east-northeast/northeast-trend-
ing graben structures (the tin belts of NCZa and NCZe). In 
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early 1987, it was thought that this stratigraphic unit was 
prospective for gold mineralisation of eugeosynclinal type 
(Hutchinson, 1987) and, more specifically, for turbidite-
hosted gold mineralisation (Boyle, 1986). Gold miner-
alisation in turbidite sequences occurs in quartz veins and 
segregations, being concentrated in dilational structures in 
particular. These deposits are characterised by a simple min-
eralogy (pyrite, arseno-pyrite, tourmaline, minor scheelite 
and carbonate) and minimal wallrock alteration. Attention 
was focused in the vicinity of recently identified tourma-
line alteration and late-tectonic lineament structures such 
as the Welwitschia lineament zone (Fig. 7.1). In early 1988, 
a sample of limonite-impregnated ferruginous schist from 
Sandamap Noord was found to contain 18.6 g/t Au. Further 
sampling revealed the presence of a 2500-metre-long zone 
of auriferous, ferruginous and jarositic schist, ferruginous 
quartz veins, gossan stringers and zones of alteration (Fig. 
7/5.1). The style of late Proterozoic/early Palaeozoic gold 
mineralisation on Sandamap Noord is believed to be previ-
ously unknown in southern Africa (Steven, 1991).

7.5.2 Geological setting

The Sandamap Noord gold prospect is located in the San-
damap-Davib Ost tin belt, immediately north of the Omaruru 
Lineament and approximately 10 kill east of the north-north-
east-trending Welwitschia lineament zone (Fig. 7.1, Table 
7/5.1). The latter structure was considered by Corner (1983) 
to have played an important role in the localisation of late-
tectonic uraniferous pegmatitic granites such as are devel-
oped at the Rössing Uranium Mine.

7.5.2.1 Metasediments and metavolcanic rocks
The farm Sandamap Noord (Fig. 7/5.1) is underlain by 

Nosib Group meta-arkoses (Etusis Formation) and Swa-
kop Group marine carbonates and metaturbidites (Karibib 
and Kuiseb Formations). Gold mineralisation is hosted by 
sheared biotite-sillimanite-K-feldspar schists of the upper 
Kuiseb Formation. Biotite±cordierite±andalusite schists 
without sillimanite are present in the core of the syncline 
(Map 3) in locations furthest removed from domal structures 
and granitic intrusions. Rapidly alternating layers of coarse- 
and fine-grained schists suggest the presence of graded bed-
ding, but no unequivocal sedimentary features can be identi-
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fied. However, elsewhere in the NCZ diagnostic features of 
turbidites such as rip-up clasts, flame structures and scours 
are preserved in the upper Kuiseb Formation. There is one 
example of a thin (<2 metres) horizon of green biotite schist 
in the Kuiseb Formation in the northwest of the farm (Map 
3). This is a retrogressively metamorphosed biotite schist, 
not a metavolcanic rock. There are no mafic lavas nor py-
roclastic rocks within the Damara Sequence on Sandamap 
Noord.

7.5.2.2 Structure and metamorphism
The metasediments have been folded and deformed dur-

ing four deformational events (D1-D4). The F1 and F2 folds 
are respectively isoclinal and tight. Peak regional metamor-
phic conditions (~3.0 kbar, 650°C) were attained syn-F2 
at ~520 Ma. The D3 deformation and concomitant granite 
intrusion were responsible for the northeast-trending F3 
folds and the northeast-trending oval to elongate domal 
structures of the area (Fig. 7/5.1). Reclined F4 folds with 
north-northeast-trending axial traces and eastward-dipping 
axial planes are present in the southwestern part of the farm 
(Map 3), but on a regional basis are restricted to the vicinity 
of the Welwitschia lineament zone. A prominent east-south-
east-plunging sillimanite lineation parallel to F4 fold axes 
indicates that peak metamorphic conditions persisted until 
the D4 deformational event.

7.5.2.3 Syntectonic granite intrusions, leucogranite 
phacolith and pegmatite intrusions of the D3/D4 dome

On Sandamap Noord the local presence of thin, foliated 
quartz-feldspar-biotite rocks tens of centimetres wide in the 
Kuiseb Formation suggest the presence of minor syntecton-
ic granite intrusions. This type of intrusion is common at 
this stratigraphic level elsewhere in the CZ (Miller, 1983a). 
A folded, 8-kilometre-long leucogranite phacolith lies in 
the core of the D3/D4 dome (Map 3) possessing a banding 
rather than a true foliation. Mineral grains are rounded na-
ture and lobate suggesting minor metamorphic recrystalli-
sation. The leucogranite comprises quartz, microcline, oli-
goclase, magmatic muscovite, biotite, garnet, tourmaline, 
zircon and chlorite. The feldspars are universally fresh, 
though slight sericitisation of the microcline has occurred 
locally. The muscovite in the Sandamap Noord leucogran-
ite is magmatic according to the criteria of Miller et al. 
(1981). Geochemical analyses of the leucogranite are given 
in Table 3.3: the intrusion is unmineralised (apart from lo-
cal concentrations of apatite), peraluminous and has an un-
corrected ASI value (Zen, 1988) of 1.12. The leucogranite 
is surrounded by a mass of undeformed, late-/post-tectonic 
non-stanniferous pegmatite (Map 3), though the exact re-
lationship between the intrusions is obscured by the poor 
exposure. The pegmatite from the edge of the domal struc-
ture contains quartz, microcline and oligoclase with minor 
primary muscovite, garnet and traces of tourmaline and bi-
otite altering to chlorite. The majority of the muscovite is 
primary, but some small white micas overgrow sericitised 
microcline. However, feldspar alteration is generally very 
minor. The pegmatite has an igneous texture and has not 
been recrystallised by metamorphic processes.

7.5.2.4 Metamorphic effects associated with the D3/D4 
Dome

Fibrolite in the schist surrounding the dome is concen-
trated in knots and in folia (sensu Vernon, 1987) for a dis-
tance of several hundred metres (Map 3). Brown, elongate 
(2-6 cm), stubby segregations of fibrolite have weathered 
out of the schist and cover the ground. Mylonitic rocks that 
run parallel to the contact between the intrusions and the 
metasediments comprise quartz, sericitised feldspar, biotite 
and muscovite, while fibrolite/sillimanite is concentrated 
in folia. These high-strain zones are related to the diapiric 
intrusion of the domal structure and concomitant pegmatite 
intrusion. Mylonite zones near the north-northeast-trending 
gold zone cut unfoliated tourmaline pegmatites, attesting 
to late Damaran movement. In sheared pegmatite, fibro-
lite also tends to be concentrated in discrete, anastomosing 
zones.

7.5.2.5 Stanniferous pegmatites
Zoned, elongate or blob-like stanniferous pegmatites, up 

to 1 km long, cluster around the D3/D4 domal structure, par-
ticularly on the southern side (Map 3). The largest bodies at 
the Sandamap Tin Mine have been mined for tin. Stannifer-
ous pegmatites have a quartz core which is surrounded by a 
cassiterite-bearing Li-rich greisen which contains purperite, 
petalite, triphylite and lithiophylite (Von Knorring, 1984, 
pers. comm.). The outer zone of the pegmatite comprises 
quartz, albitised microcline and oligoclase, minor tourma-
line, lepidolite and muscovite and traces of chlorite. In con-
trast to the unzoned non-stanniferous pegmatite, the oligo-
clase is cloudy and extensively altered, being overgrown by 
tiny muscovite (or perhaps zinnwaldite or lepidolite; Von 
Knorring, 1985) laths, which are concentrated in fractures. 
The stanniferous pegmatites have an unequivocal igneous 
texture and locally contain ferberite and minor pockets 
of auriferous (determined by fire assay) arsenic minerali-
sation. Large (3 mm) crystals of loellingite have largely 
been replaced by scorodite and are commonly surrounded 
by a skeletal framework of small, euhedral arseno-pyrite 
rhombs.

7.5.3 The auriferous zone

The north-northeast-trending, 2500-metre-long aurifer-
ous zone (Map 3) is largely obscured by gravel, calcrete 
and scree. The mineralisation is hosted by sheared quart
z+biotite+sillimanite+K-feldspar schists, which contain 
minor muscovite and plagioclase, accessory cordierite, 
tourmaline, apatite and zircon and traces of garnet. Garnet-
fibrolite mylonites are confined to the immediate vicinity 
of the gold mineralisation. Subhedral, slightly elongate al-
mandine garnets (up to 1 cm long), that deflect the fibro-
lite-defined mylonitic fabric, contain fibrolite inclusions 
at growth fronts. Garnet cores contain numerous anhedral 
quartz inclusions indicating that garnet grew as a syn- to 
late-kinematic porphyroblast/poikiloblast. There is no evi-
dence for the rotation of garnet crystals. Other minerals in 
the mylonite include strained quartz, plagioclase, perthite 
and traces of biotite, muscovite, graphite and zircon. The 
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anhedral, elongate feldspars are universally enveloped by the 
characteristically lenticular quartz.

The auriferous zone comprises a series of foliation-parallel 
ferruginous quartz veins, gossan stringers and anastomosing 
zones of alteration and bleaching. The zone is 3-10 metres 
wide and dips steeply eastwards at 50-800. Three main types 
of alteration/mineralisation have been identified. The most 
common type, which contains minor gold mineralisation 
(usually < 1 g/t Au; Table 7/5.2, samples NS321 and NS323), 

is a crearn yellow-light brown kaolinite-alunite-garnet rock 
that locally has a planar fabric defined by coarse-grained clay 
minerals. Elsewhere the texture is fine-grained and chaotic 
being dominated by angular (hydraulically fractured?) quartz 
(< 300 µm). Some quartz grains contain small ( < 30 µm) 
inclusions of nickeliferous loellingite and pyrrhotite (Plate 
7/5.1). The altered interstitial alunite was only identified by 
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XRD and microprobe analysis. Almandine garnet (up to 5 
mm in diameter) may make up to 25% of the mineral assem-
blage in the kaolinite zones and has a similar composition to 
the garnet in the mylonite. The garnet in the alteration zone is 
thus interpreted as a surviving relict of the cataclastic meta-
morphic assemblage and is not an alteration mineral. It is 
inferred that kaolinite development was most intense where 
fibrolite was concentrated. Minor amounts of plagioclase are 
present and accessory minerals include iron oxides, tourma-
line, zircon, jarosite, finely disseminated graphite and a trace 
of possible gypsum.

The second type of alteration is a yellow-brown ferrugi-
nous, locally gossanous, jarosite schist that is crosscut by 
vein lets of calcite. The rock comprises (natro)jarosite (30-
50%), quartz (20-30%), opal (10-25%) and opaque miner-
als (up to 60%). Minor minerals include grunerite, calcite, 
altered feldspar and muscovite. Gold is concentrated in this 
rock (up to 46 g/t Au; Table 7/5.2, sample NS317). The larg-
est grain of native gold found in a sample of gossanous schist 
was 0.1 mm in diameter (Plate 7/5.2). Bright yellow jarosite 
is present in stringers, veinlets and as encrustations in cavi-
ties, but is not a weathering product after sulphide. Optically 
negative, grey-white opal has completely replaced and pseu-
domorphed mica and clay minerals. Electron microprobe 
analysis has confirmed that the opaque minerals are iron and 
titanium oxides such as brookite.

The third major alteration lithology, which is the least 
common, is a massive grunerite rock that contains up to 0.5 
g/t Au (Table 7/5.2, sample NS241). The amphibole is ar-
ranged in randomly oriented clusters with interstitial quartz. 
One kilometre northwest of the Sandamap Noord farmhouse 
(Map 3), xenoliths up to 10 metres across of massive aurifer-
ous grunerite on the margins of pegmatite are interpreted as 
fragments of schist that were caught up during pegmatite in-
trusion and subsequently metasomatised. Grunerite is locally 
present in jarosite schist, but not kaolinite-alunite rocks, sug-
gesting the presence of higher temperature alteration assem-
blages on the contact with pegmatites and in the centre of the 
auriferous zone (Map 3).

A distinctive, apparently unmineralised, lithology, which 
is intimately associated with the gold zone and is interpret-
ed as wallrock alteration, is an unfoliated, massive calcite-
graphite-tourmaline rock (Plate 7/5.3), which comprises 
calcite (±50%), graphite (±20%), tourmaline (±10%), quartz 
(±10%), muscovite (±5%), biotite (2.3%) and minor iron ox-
ides (Table 7/5.2, sample NS303). The grain size is usually 

less than 200 µm. The relationship between this lithology and 
the auriferous zone is obscured by scree. A 100-metre-long 
zone of north-northeast-trending galena and pyrite-bearing 
quartz veins runs parallel to the auriferous zone (Map 3), but 
may be unrelated to the gold mineralisation. However, the 
presence of mimetite (lead chloro-arsenate) with some of the 
galena mineralisation suggests a genetic relationship.

7.5.4 Gold and the “pathfinder” elements

A suite of 32 gossanous and altered schist samples was 
collected on surface and geochemically analysed by a com-
mercial laboratory (Table 7/5.3). Gold was analysed by fire 
assay, Cu, Pb, Zn and Ag by atomic absorption spectroscopy 
and Sn, W, Mo, As, Sb and Bi by XRF. Sb contents of both 
gossanous and altered schist are universally below the detec-
tion limit. Gold concentrations correlate positively with ar-
senic (Pearson’s correlation coefficient: +0.64;) and tungsten 
(Pearson’s correlation coefficient: +0.64) in both rock types. 
There is a large surficial secondary arsenic dispersion halo (as 
defined by Rose et al., 1979, p.17) around the gold minerali-
sation at Sandamap Noord. A further point of interest is that 
several samples of auriferous gossan from Sandamap Noord 
contain slightly elevated tellurium contents (3-5 ppm). A full 
geochemical analysis of a gossanous jarositic schist that con-
tains 45.8 g/t Au is given in Table 7/5.2 (Sample NS317).

7.5.5 Summary

Gold mineralisation is hosted by altered schist, quartz 
veins and mylonite rocks in the aureole of a leucogranite-
cored D3/D4 dome. Some of the high-strain zones surround-
ing the domal structure formed during the diapiric intrusion 
of the granites and pegmatites and are thus unre-lated to the 
regional tectonism. Only the north-northeast-trending por-
tions of these zones are mineralised with gold. The altered 
schist and graphite-tourmaline rocks do not possess perva-
sive metamorphic fabrics and thus cannot be older than -520 
Ma. The possibility that the occurrence represents a meta-
morphosed syngenetic gold deposit intruded by granites and 
pegmatites is therefore rejected. The intensive alteration of 
the Kuiseb Formation schist in the auriferous zone is most 
unusual in the Damara Orogen and a magmatic fluid or a 
magmatically modified metamorphic fluid is favoured as be-
ing responsible for the gold mineralisation. It is considered 
highly unlikely that a metamorphic fluid alone could give 
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rise to such intensive alteration. The only post - Damaran 
intrusions in the area are unmineralised, unaltered Karoo 
dolerite and quartz-feldspar porphyry dykes (Map 3). A 
genetic relationship between these lithologies and the gold 
mineralisation is deemed improbable.

The sulphates alunite and jarosite are not weathering prod-
ucts after sulphide minerals (Bladh, 1982) and are present 
only in pervasively altered Kuiseb Formation schist. The 
gangue assemblage of kaolinite, alunite, jarosite and opal 
is characteristic of advanced argillic and alunitic alteration 
caused by hydrothermal solutions at less than 300°C (Siems, 
1984). On account of the weathering, it has not been pos-
sible to determine whether some of the alunite has formed 
by weathering of kaolinite as suggested by Siems (1984). 
Alunite and jarosite alteration assemblages are produced 
under acid oxidising conditions in hypogene porphyry cop-
per and epithermal gold deposits (Scott, 1990). Thus, one 
of the intriguing features is that, although the alteration as-
semblage is characteristic of an epithermal (< 200°C) gold 
deposit, the prospect exhibits many of the features of Ar-
chaean mesothermal gold deposits that have been reviewed 
by Groves et al. (1990): the mineralising event postdated 
the metamorphic peak; the mineralisation is epigenetic and 
structurally controlled in late-tectonic (D3/D4) structures; 
the wallrock alteration is retrograde with respect to peak 
metamorphism; the mineralisation is “gold-only” with high 
gold-enrichment factors (103-104), moderate enrichments of 
As, Band Wand low enrichments in Cu, Zn and Pb.

7.5.6 Genesis of the gold mineralisation

The gold mineralisation on Sandamap Noord is consid-
ered to be epigenetic and of late Damaran age. Auriferous 
loellingite-arsenopyrite-scorodite phases within the stan-
niferous pegmatites suggest that these intrusions were inti-
mately related to, if not responsible for, the gold mineralis-
ing event. The “soil” that covers the stanniferous pegmatites 
on the southern side of the dome has an anomalously high 
arsenic content (Keenan, 1982). This arsenic anomaly has 
a strike length of 5 km and a width of one km, extending 
from the vicinity of the Sandamap Tin Mine in the west 
to the eastern boundary of the farm (Map 3). Anomalous 
arsenic concentrations were also recorded in the “soil” on 
the northern side of the dome away from gold mineralisa-
tion. The Kuiseb Formation calc-silicate rocks (Table 2.30) 
and schists (Table 2.24) have arsenic contents only slightly 
above average abundances in shale (Levinson, 1974): ar-
senic mineralisation is restricted to pegmatites and hydro-
thermal veins. Thus rare-element pegmatites (defined as 
pegmatites enriched in Li, Rb, Cs, Be, Ta, Sn, Nb; Cerny, 
1982a) and arsenic mineralisation are concentrically ar-
ranged around a domal structure, while galena and aurifer-
ous quartz veins and hydrothermal alteration are confined 
to the northwestern side. The situation on Sandamap Noord 
invites comparison with other rare-element pegmatites 
(REP) which are spatially associated with leucogranites 
in andalusite-sillimanite terrains (Cerny, 1982b). The REP 
“provide the most convincing evidence for a genetic link 
[between pegmatites and] granites” (Cerny, 1982a), being 

generated from the fractionation of differentiated, alloch-
thonous intrusions.

On Sandamap Noord, in contrast, the relationship be-
tween the leucogranite and the pegmatites is not clear. The 
homogenous leucogranite phacolith has a banding, rather 
than a foliation, and rounded, partially recrystallised grains; 
the pegmatites possess neither of these. If the banding is in-
terpreted as a fabric resulting from tectonism (D2 deforma-
tion), then the leucogranite considerably predated pegma-
tite intrusion and the latter are unlikely to be differentiates 
of the leucogranite. If, however, the banding is interpreted 
as a fabric that developed during the diapiric development 
of the dome, then the leucogranite may not be so different 
in age from the pegmatite. Moreover, the meaning of the 
Rb-Sr whole-rock dates of the pegmatite is equivocal. The 
leucogranite has a Rb-Sr whole rock date of 512±19 Ma 
which is interpreted to be the age of crystallisation. The 
pegmatites have significantly younger dates (473±23 Ma 
and 468±14 Ma), but their ages of emplacement may be 
considerably older (see discussion in chapter 6.2.2.5). The 
large difference in (87Sr/86Sr)I ratio between the leucogranite 
(0.7153) and the pegmatites (0.7267 and 0.7238) seems to 
preclude the possibility that either of the pegmatite types 
are differentiates of the phacolith, but the significance of 
this can only be discussed once the ages of crystallisation 
are more accurately known. Anomalous, and particularly 
high, (87Sr/86Sr)I values are a feature of pegmatites world-
wide (Clark, 1982).

In Chapter 6 it was argued that the stanniferous pegma-
tites were derived from the large-scale partial melting of bi-
otite and muscovite from Kuiseb Formation schists during 
and slightly after the peak of regional metamorphism. This 
process is believed to have been enhanced by the Buchan-
style metamorphism associated with the large number of 
syn- /late-tectonic granitic intrusions. It would seem unlike-
ly that this happened at the present-day erosional level be-
cause peak metamorphic conditions (~3 kbar, 650°C) were 
not high enough for partial melting to have occurred (Fig. 
5.4). In general, REP are not formed by regional metamor-
phic processes, but are thought to have been generated at 
intermediate depths (3.5-7 km, i.e. 0.9-2.2 kbar) from the 
differentiation of granites (Cerny, 1982a, 1982b). Cerny 
distinguished between the “sterile” granitoids, which com-
prise the bulk of a batholithic assemblage, and the rarer, 
predominantly S-type “fertile” granites which are the par-
ents to REP. The two-dimensional exposure on Sandamap 
Noord precludes an examination of the leucogranite to de-
termine whether the intrusion is as compositionally in ho-
mogenous as most REP-generating granites. The two pieces 
of evidence that indicate that it is a “fertile” granite, at least 
in Damaran terms, are the presence of magmatic muscovite 
and the rare stringers of apatite. It is thought that auriferous 
fluids were mobilised by, and probably expelled from, rare-
element pegmatites in the aureole of a diapiric dome that is 
cored by a syntectonic peraluminous granite. Whether the 
pegmatites and hydrothermal alteration are derived from re-
sidual fluids in the leucogranite or from the large-scale ana-
texis of Kuiseb Formation metasediments cannot be deter-
mined because of the depth of erosion, poor exposure and 
ambiguous isotopic data. However, the strong stratigraphic 

7.5 TURBIDITE-HOSTED GOLD MINERALISATION

131



control on the types of pegmatite in the CZ, and in particular 
the restriction of particular types of REP to specific strati-
graphic levels (chapter 3), indicates that, even if the REP of 
the CZ are the products of igneous fractionation of granitic 
melts and not the products of anatexis, there has been consid-
erable interaction with fluids in the country rock.

In spite of the above uncertainties, the following sequence 
of events is envisaged for the formation of the Sandamap 
Noord gold zone:

1) The presence of abundant disseminated graphite and 
fine-grained sulphide mineralisation throughout the upper 
Kuiseb Formation combined with the great thickness of this 

stratigraphic unit point to rapid, anoxic sedimentation within 
graben structures during late Kuiseb times. Diagenesis and 
greenschist facies metamorphism of numerous carbon and 
sulphur-rich layers led to the crystallisation of graphite, py-
rite and arsenopyrite-rich layers. Some of these pyritic phyl-
lites and schists (for example on Ohere 106) are known to 
have elevated gold contents (100-130 ppb Au). The upper 
Kuiseb Formation therefore represents a major reservoir of 
Au, As and S.

2) These sediments were further deformed and metamor-
phosed to amphibolite facies grade during the Damaran 
orogeny. Localised partial melting of Kuiseb Formation 
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metasediments below the present-day erosional level oc-
curred slightly after the peak of regional metamorphism. 
This process was facilitated by the thermal effects associ-
ated with the numerous syn- to late-tectonic granite intru-
sions such as the leucogranite in the core of the Sandamap 
Noord dome.

3) The diapiric intrusion of the leucogranite-cored dome 
and accompanying pegmatites (which mayor may not have 
been derived from the leucogranite) resulted in the devel-
opment of unmineralised mylonitic high-strain zones in the 
enclosing schists. Au! As fluids, either mobilised from the 
metasediments by and/or expelled from the stanniferous 
pegmatites, were concentrated in north-northeast-trend-
ing structures. These structures parallel major, deep-seated 
structural breaks such as the Welwitschia lineament zone. 
The angular nature of loellingite-bearing quartz grains in 
the auriferous zone suggests significant brittle deformation 
either during or after the formation of the Au-As minerali-
sation.

4) Regional, west-northwest-directed D4 compression 
resulted in the development of F4 folds with north-north-
east-trending axial traces and semi ductile deformation of 
otherwise undeformed pegmatites in the vicinity of the 
Welwitschia lineament zone.

7.5.7 Conclusion

Epigenetic gold mineralisation on Sandamap Noord 
is hosted by metaturbidites that have been extensively 
sheared. However, the essentially two-dimensional rock 
exposure and the lack of drillcore hamper interpretation. 
For example, the exact relationship between the mineralisa-
tion and the shear is obscured by scree. Moreover, as far as 
can be ascertained, the mineralisation is not cut by Dama-
ran granitic or pegmatitic intrusions that would be suitable 
for radiometric determinations. The evidence indicates that 
stanniferous pegmatites in the aureole of a leucogranite-
cored dome have released a hydrothermal gold-bearing 
phase that has altered the Kuiseb Formation schist. The 
present erosion surface has exposed the roots of the system: 
most of the pegmatite aureole and hydrothermal veins have 
been eroded away. There is a coregionality between gold 
mineralisation and late-tectonic pegmatites elsewhere in 
the Central Zone of the Damara Orogen (section 7.4). The 
Sandamap Noord gold zone lies within 10 km of the north-
northeast-trending Welwitschia lineament zone which was 
considered by Corner (1983) to have played an important 
role in the localisation of late- to post-tectonic uraniferous 
alaskites. The tin-bearing pegmatite at the Sandamap Tin 
Mine has a Rb-Sr whole-rock date which cannot be dis-
tinguished from the age of the late-tectonic alaskite at the 
Rössing Uranium Mine (458±8 Ma; Kröner and Hawkes-
worth, 1977; Hawkesworth et al., 1983).

At the Ondundo Gold Prospect (Fig. 1.3), the only other 
known turbidite-hosted gold deposit in central Namibia, 
gold-pyrite-arsenopyrite mineralisation is hosted by a se-
ries of bedding-parallel quartz veins (Reuning, 1937). 
Wallrock alteration is minimal. Relatively open folding and 
green-schist facies metamorphism, so typical of the North-
ern Zone (Fig. 2.2), characterise the deposit. The nearest 
Damaran intrusions are more than 20 km away. The deposit 
is similar to the turbidite-hosted gold deposits reviewed by 

Boyle (1986). At the Sandamap Noord Gold Prospect, in 
contrast, wallrock alteration is extensive, the Kuiseb For-
mation sediments have been isoclinally folded, subjected 
to upper amphibolite facies metamorphism and the area has 
been intruded by granites and pegmatites. Although poor 
exposure precludes an assessment as to whether the my-
lonitic structures actually host the mineralisation, they are 
absent at Ondundo. The Sandamap Noord and Ondundo 
turbidite-hosted gold occurrences appear to be late Prot-
erozoic/early Palaeozoic analogues of Archaean lode gold 
occurrences (Fig. 7/5.2; Colvine et al., 1988). The former 
is hosted by rocks that have undergone essentially ductile 
deformation, the latter deposit possesses features character-
istic of the brittle-ductile transition.

7.6 TOURMALINITE MINERALISATION IN 
THE KUISEB FORMATION ON OHERE

7.6.1 Introduction

Tourmalinites (defined as a stratabound rock containing 
20% or more of tourmaline; Bates and Jackson, 1987) have 
been the subject of much interest in recent years because 
of their close spatial relationship with a number of types of 
stratiform mineralisation (Slack, 1982; Slack et al., 1984; 
Taylor and Slack, 1984; Plimer, 1988; Palmer and Slack, 
1989). Plimer (1986, 1988), in particular, has described 
tourmalinite mineralisation from several localities and 
has frequently invoked an exhalative model to explain the 
origin of such large accumulations of boron. However, a 
syn-genetic origin for tourmalinites is not universally ac-
cepted. At many localities structural and textural studies 
are lacking and the role of metamorphic fluids has been 
ignored (Davies, 1985). Steven (1987) mapped stratiform 
scheelite-bearing tourmalinites on the farms Ohere, Ohere 
Oos, Gross Okandjou and Kompaneno in the core of a ma-
jor regional syncline (Map 1) and on the basis of relatively 
little evidence suggested an exhalative origin for this style 
of mineralisation. Badenhorst (1988a) has discussed the na-
ture of the tourmalinites on Ohere in more detail and pro-
posed an early diagenetic replacement or possibly an exha-
lative origin. However, neither of these authors discussed 
the relationship of the tourmalinites to the local structure. 
A discussion on the origin of the tourmalinites is of inter-
est because of the recent discovery of a zone of scorodite-
tourmaline alteration on the north of Ohere 106 (Map 2). 
Moreover, massive, unfoliated tourmaline-graphite rocks, 
which could broadly be referred to as tourmalinites, are in-
timately associated with the gold-arsenic mineralisation on 
Sandamap Noord 115 (Map 3). The present study focuses 
on a structural and geochemical investigation of the best 
exposed tourmalinite mineralisation on Ohere which it is 
believed can resolve the syngenetic/epigenetic argument. 
Emphasis has again been placed on presenting new data.

7.6.2 Geological setting

The farm Ohere 106 lies at the northeast end of the Nain-
ais-Kohero tin belt (Fig. 7.1). Tourmalinites are hosted by 
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metasediments of the Kuiseb Formation that have under-
gone at least four phases of ductile deformation, green-
schist-lower amphibolite facies metamorphism and have 
been intruded by syn-/late-tectonic granitic intrusions and 
late-/post- tectonic stanniferous pegmatites (Map 2). The 
metasediments ‘comprise phyllites, metaturbidites and bi-
otite schists with subordinate calc-silicate rocks, unusual 
scheelite-vesuvianite skarnoid rocks, marble and very minor 
para-amphibolite. The metamorphic grade increases from 
the western portion of Ohere 106 towards the contacts with 
the granites where sillimanite schists are developed (Fig. 
5.3). Throughout the farm an S1 fabric defined by micas 
runs parallel to the well-preserved sedimentary structures. 
Although younging directions indicate some duplication 
of the sequence, the F2 synformal structure is essentially 
a syncline (Map 2) that plunges at 70°-80° on a bearing 
320°. The fold has a pervasive axial planar cleavage, an 
S2 fabric, whose development is most intense in the hinge 
zone. The S2 foliation has been locally refolded by a third 
folding phase, F3, that is approximately coaxial with F2. The 
F2 and F3 folds developed as the result of the intrusion of 
the Ohere Oos Salem granite and the Ohere leucogranite. A 
fourth folding phase (F4) is only locally developed, the fold 
axes plunging steeply north-northwest.

7.6.3 Nature and petrography of the tourmalinite

Tourmalinite on Ohere is a stratiform (i.e., it has the form 
of a layer or bed; Bates and Jackson, 1987), fine-grained, 
hard, black lithology with a glossy sheen. It is a finely lami-
nated rock that occurs in lenses up to 50 metres long and 
several decimetres wide. Tourmalinites are prominent at 
certain stratigraphic levels in the upper Kuiseb Formation 
in NCZe and zones in which the lithology is present can be 
traced for many kilometres (Map 1). On Ohere the tourma-
linites are hosted by metaturbidites and cordierite schists 
and, to a lesser extent, phyllites in the core of the synform. 
Sedimentary structures such as graded beds, Bouma se-
quences and load structures characteristic of turbidites are 
abundant in tourmalinites and have been described in detail 
by Badenhorst (1988a). Tourmaline is rarely visible in hand 
specimen, but is readily identified as a strongly pleochroic 
granular mass or aggregate of stubby prisms in thin section. 
The tourmalinites are characterised by a simple mineralogy 
dominated by approximately equal proportions of quartz 
and tourmaline. The Ohere tourmalinites commonly contain 
very minor plagioclase, disseminated scheelite, traces of 
pyrite, zircon, sphene, rutile, iron oxides and scorodite and 
local concentrations (up to 10 volume per cent) of graphite. 
One intriguing but rare rock type noted on Ohere is a tour-
malinite breccia rock. No outcrop of this lithology was dis-
covered. Angular fragments of graphitic tourmalinite up to 
several centimetres long are set in a matrix of fine-grained 
quartz. The annealed and granoblastic nature of the quartz 
indicates that brecciation occurred before the peak of meta-
morphism. A similar lithology was noted by the author on a 
visit to the Ondundo Gold Prospect (Fig. 1.3).

7.6.4 Structural investigation of tourmalinite 
mineralisation

The tourmalinite mineralisation on Ohere was mapped 
revealing that a substantial proportion of the lithology is 
crosscutting, not stratiform. The tourmalinites were divided 
on a morphological basis into three types: Type 1 tourma-
linite is a finely laminated rock conformable with the S1 
foliation for distances of up to several tens of metres. It is 
this type of tourmalinite which on first examination appears 
to have formed from the metamorphic recrystallisation of 
a syndepositional accumulation of boron; Type 2 tourmali-
nite is a fine-grained variety which crosscuts the S1 foliation 
and generally occupies kink bands, but preserves the fine 
laminations of S1; and Type 3 tourmalinites, crosscutting 
quartz-tourmaline veins, which possess a banding parallel 
to the vein. The three types of tourmalinite are intimately 
associated on Ohere. Six localities around the F2 fold were 
selected for a detailed structural investigation (Fig. 7/6.1). 
The four foliations (S1 to S4), quartz-tourmaline joints and 
the orientation direction of the Type 2 tourmalinites from 
the various grids have been plotted on equal-area stere-
ographic projections.

In the core of the syncline on Grid 1, the majority of the 
tourmalinite is conformable with the S1 fabric. It is in this 
area that the stratiform nature of the tourmalinite suggests 
the original presence of a boron-rich precursor. The S1 fo-
liation dips steeply to the northwest, the S2 cleavage is sub-
vertical, oriented northwest/southeast and the S3 fracture 
cleavage dips steeply northwards. The S4 fracture cleavage 
dips steeply west-southwest. Proportionally fewer Type 2 
tourmalinites are oriented 134°, axial planar to the F2 struc-
ture. Quartz-tourmaline joints are also oriented approxi-
mately parallel to the S2 fabric.

On the northern side of the hinge zone (Grid 2) cross-
cutting tourmalinites are more prominent. The S1 foliation 
dips steeply west-southwest, but in the Type 2 tourmalinites 
this fabric has been rotated and dips westward to northwest-
ward. Thus Type 2 tourmalinites which run parallel to the S2 
foliation are located within z-shaped kink bands. The fab-
rics S3 and S4 have similar orientations to those described 
from Grid 1. Quartz-tourmaline joints that intrude the meta-
sediments show a fairly wide scatter in their orientation, but 
in general are parallel to S2.

On the southern limb of the F2 fold (Grid 3), the S1 fabric 
in the schist dips steeply northwards. Type I tourmalinites 
are poorly developed. Type 2 tourmalinites are confined to 
s-shaped kink bands where the S1 foliation dips at a shal-
lower angle to the northwest. The S2 fabric, the Type 2 
tourmalinites and quartz-tourmaline joints have a similar 
subvertical east-southeast orientation.

On the northern limb of the F2 fold (Grid 4) the tourma-
linite is clearly transgressive, Type 2 mineralisation pre-
dominating by far over Type 1. The subvertical S1 folia-
tion strikes northwest in the schist but north-south in the 
tourmalinite. The Type 2 tourmalinites occupy kink bands 
that have a z-shaped morphology. The S2 fabric, the Type 
2 tourmalinites and transgressive quartz-tourmaline joints 
have a similar east-west orientation.
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On Grid 5 conformable and crosscutting tourmalinites are 
equally abundant. The S1 fabric dips steeply north-north-
west, while the S2 and S3 fabric orientations are similar to 
those on Grid 1. Type 2 tourmalinites occupy kink bands 
with an s-shaped morphology where S1 dips steeply north-
west. As at Grids 1,2 and 3, the S2 fabric, Type 2 tourma-
linites and the quartz-tourmaline joints all have a similar 
east-southeast/southeast orientation.

On Grid 6 Type 3 tourmalinites are present in an area 
that has been intruded by pegmatites. These intrusions have 
caused local tourmalinisation of the enclosing schist.

7.6.5 Structural summary

The F2 syncline on Ohere 106 is a concentric fold that 
originated by flexural slip folding. This style of folding is 
typical of terrains that exhibit dome-and-basin structures 
(Hobbs et al., 1976), such as NCZe. There is a very strong 
structural control on the localisation of tourmalinite miner-
alisation on the farm: stratiform tourmalinite mineralisation 
(Type 1) is essentially confined to the hinge of the F2 struc-
ture. At all the mapped localities Type 2 tourmalinites are 
oriented parallel to the S2 fabric, regardless of the orientation 
of the latter. Thus the major proportion of the tourmalinite, 
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although stratiform on the centimetre to decimetre scale, 
is actually transgressive. In an area intruded by pegmatites 
(Grid 6), Type 3 tourmalinites predominate over Type 2s. 
Even here, the latter are also located in kink band zones. 
It is believed that the subvertical S2 cleavage provided a 
channel way for boron-rich fluids resulting in the formation 
of the Type 2 tourmalinites. Subsequent replacement of the 
metaturbidites along the essentially bedding-parallel S1 fab-
ric in the hinge zone led to the formation of the stratiform 
Type 1 tourmalinites. Bedding-plane slip is an important 
feature in the development of concentric folds and would 
have provided channels for the migration of tourmalinising 
fluids. Quartz-tourmaline veins are also oriented parallel to 
the S2 fabric.

7.6.6 Geochemistry of the tourmalinites

Because of the well-documented association between 
tourmalinites and various styles of exhalative ores (Plim-
er, 1988), seven whole-rock analyses of tourmalinite were 
completed. It was also hoped that whole-rock geochemistry 

would distinguish between Type 1 and Type 2 tourmalinite 
and could indicate whether the latter was a remobilisation 
product of the former. The results are listed in Table 7/6.1 
where the variable SiO2 concentrations (50-61 wt%) and 
very high B2O3 contents are evident. The geochemical as-
sociation B-F-W-Sn is of note, but no tin or fluorine phases 
were identified in thin section. Scheelite is a common ac-
cessory mineral in the tourmalinites on Ohere and accounts 
for the anomalous tungsten contents. The tourmalinites 
from Ohere are slightly anomalous in arsenic. There is no 
systematic variation in major element contents between 
Type 1 and Type 2 tourmalinites. Petrographic work also 
failed to distinguish between the two types of tourmalinite. 
It is therefore considered unlikely that the transgressive 
tourmalinite is a remobilisation product of stratiform tour-
malinite mineralisation. Plimer (1988) is the only person to 
have published geochemical analyses for tourmalinites with 
which the Ohere data can be compared (Table 7/6.1). The 
Australian tourmalinites come from lower/lower-middle 
Proterozoic assemblages and are intimately associated with 
iron formations and base metal sulphide mineralisation. An 
exhalative origin for these tourmalinites is envisaged by 
Plimer (1988). The Australian examples are more siliceous 
(> 72 wt% SiO2) and contain less than a third B2O3 of the 
Ohere tourmalinites. The significance of this is discussed 
below. Gold concentrations in the tourmalinites examined 
on Ohere are below the LLD. Elsewhere in the CZ, for ex-
ample on Sandamap (northwest corner of Map 4) and on 
Hakskeen (Fig. 1-3), auriferous tourmalinites with minor 
As-Bi mineralisation are developed.

7.6.7 Genesis of the tourmalinites

7.6.7.1 Timing of tourmalinisation
The majority of the tourmalinite is oriented parallel to the 

S2 foliation and is only stratiform in the core of the fold. 
Moreover, in thin section many of the tourmaline prisms 
can be seen to lie in the plane of the S2 schistosity. Type 
2 tourmalinite formation clearly postdated the initiation of 
the S2 fabric-forming event. The confinement of crosscut-
ting tourmalinites to kink bands suggests that zones of rela-
tively competent tourmalinised schist acted as “structural 
resisters” during the final stages of F2 fold formation. Thus 
tourmalinisation occurred before the end of F2 folding. The 
field and geochemical evidence show that Type 2 tourma-
linites are not remobilisation products of Type 1 tourma-
linites. Various models for the origin of the tourmalinites 
are reviewed below.

7.6.7.2 Exhalative/diagenetic model
The first question that must be answered is whether some 

of the tourmalinites could have been derived from a syn-
sedimentary concentration of boron. The Type 2 and Type 
3 tourmalinites can be excluded from this discussion. Type 
1 tourmalinites exhibit many of the sedimentary structures 
that are so characteristic of turbidites (Badenhorst, 1988a). 
As far as the author is aware, the tourmaline only occupies 
the position of the clay-sized material, that is at the top of 
the fining-upward cycles; Exhalative tourmalinites from 
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the Golden Dyke Dome Broken Hill commonly have tour-
maline-rich bases (Plimer, 1986, 1988). Badenhorst (1988a) 
described the presence of rip-up clasts of tourmalinite in 
tourmalinite, but has not documented the presence of rip-
up clasts of tourmalinite in a tourmaline-free matrix similar 
to those from Broken Hill (Slack et al., 1984). This is an 
important point because, if the Ohere tourmalinites have re-
sulted from large-scale metasomatism, the rip-up clasts may 
well have been tourmalinised after sedimentation. A further 
point of note is that the Ohere tourmalinites do not have the 
thin laminations characteristic of exhalites. Finely laminated 
transitional rock types between schist without tourmaline and 
massive tourmalinite are not present on Ohere. If one accepts 
that Type 1 tourmalinites are exhalative or diagenetic in ori-
gin, the strong structural control on their localisation requires 
an explanation. A further major problem with accepting that 
any of the tourmalinites on Ohere are chemical sediments de-
rived from exhalative fluids is that they are essentially hosted 
by (not just associated with) turbidites, which by definition 
were deposited in a high energy submarine environment. 

These two processes generally do not operate at the same 
time.

7.6.7.3 Replacement model
The evidence for a selective replacement (epigenetic) 

origin for the tourmalinite mineralisation on Ohere is  
overwhelming. The structural evidence indicates that tour-
malinisation occurred syn-S2 formation, contemporaneous 
with the intrusion of the leucogranite. Several hand speci-
mens on the margins of kink bands exhibit evidence of the 
replacement of schist by a boron front (see also Badenhorst, 
1988a; Fig. 6).

7.6.7.3.1 Boron metasomatism on Ohere: mass 
balance calculation

The replacement of Qtz+Bt+PlagKfs schists by Qtz+Tur 
assemblages (tourmalinites) on Ohere invites comparison 
with similar rocks elsewhere. Boron metasomatism in quartz-
mica schists on the margins of pegmatite in South Dakota has 
been investigated by Shearer et al. (1984). The breakdown of 
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feldspar and biotite by “alkali leaching” during boron meta-
somatism resulted in the formation of tourmaline+quartz 
assemblages whose modal compositions are similar to the 
Ohere tourmalinites. Kretz et al. (1989) are the only au-
thors to have conducted mass balance calculations (MBC) 
on tourmaline alteration zones on the margins of pegmatites 
in the Yellowknife Supergroup, Canada: the MBC shown 
below follows the methods and uses the same symbols 
as these authors (op. cit., Table 1). The average of three 
analyses of Kuiseb Formation schist from the immediate 
vicinity of the tourmalinites (Table 2.26; NS218, NS219, 
NS220) was normalised to 100 (Table 7/6.2). The average 
modal percentage tourmaline in the three schists was 0.5 
vol%. Thus the B2O3 content of the schists was estimated 
at 0.05 wt% because the B2O3 content of tourmaline is -10 
wt% (Deer et al., 1966). Six analyses of Type 1 and Type 
2 tourmalinite (Table 7/6.1; NS225-230) were averaged 
and normalised. The gains and losses in wt% or ppm that 
occurred during tourmalinisation of the schist are shown 
in Table 7/6.2. Mass fractions of the elements were calcu-
lated and are listed in Table 7/6.3. Average densities for the 
schist and tourmalinite were determined by measuring the 
displacement in water of samples of known weight. There 
is no field evidence to suggest that replacement was not a 
“constant-volume” process (i.e. V=1). However, a value for 
V of 1.0 I was selected after examining the k values as sug-
gested by Kretz et al. (1989). The calculation (Table 7/6.3) 
reveals that the elements Si and Zr remained stationary dur-
ing boron metasomatism, there was a net introduction of 
the elements B, C, Al, Mg, Na, Ca, F, S, Sr and V and a 
net loss of the elements H, K, Fe, Ba and Rb: it is not pos-
sible to comment on the behaviour of Ti, Mn, P, Cr and Zn. 
Slightly different elements were introduced and removed 
at Ohere than reported in South Dakota (introduction of B, 
Na, Fe, Al, removal of K, Si, Rb, Li, Ba) and Yellowknife 
(introduction of B, H, Ca, Zn, removal of K, Na, Fe, Rb, 
Sr and Ba), but the style of the alteration, namely massive 
introduction of boron and significant removal of potassium, 
was similar. Moreover, the amount of transfer of elements 
(in µmol g-1) during the tourmalinisation on Ohere was not 
too dissimilar from the quantities recorded .by Kretz et al. 
1989: average removal of 406 µmol g-1 of potassium and 
an average introduction of 1090 µmol g-1 of boron. This 
suggests a fluid of similar composition was responsible for 
the two processes. The potassium discrepancy is accounted 
for by the lower K2O content of the Yellowknife schists 
which contain less than 3.7 wt% K2O. The discrepancy 
in the transfer of boron is believed to result from the fact  
that the metasomatism recorded by Kretz et al. (1989) oc-
curred on the lateral margins of a pegmatite; tourmalinisa-
tion on Ohere was most probably caused by a fluid derived 
from a granitic or pegmatitic melt, but at the apex of the 
system.

7.6.7.3.2 Source of the boron fluid
That some sedimentary rocks such as fine-grained marine 

clays are a major reservoir of boron is well documented 
(Wedepohl, 1978). Boron is commonly absorbed onto clay 
minerals; illite may contain up to 2000 ppm boron (Harder, 
1959). The Kuiseb Formation in NCZe is estimated to be at 

least 4 kilometres thick (Map 1) and was almost certainly 
a major reservoir of boron. Evidence for this is provided 
by the fact that tourmaline, the major reservoir of boron  
in metamorphic rocks, is a widespread accessory in the 
pelitic schists of the Kuiseb Formation in the CZ (Chap-
ter 2) and the NZ (Miller, 1980). On Ohere, tourmaline is 
a common accessory in the greenschist-facies phyllites,  
indicating that the mineral was stable at less than 400°C 
(Fig. 5-4). On Sandamap Noord, tourmaline comprises up 
to two volume per cent of the amphibolite-facies schists in 
areas well away from the nearest exposed granite or pegma-
tite.

These observations confirm the fact that tourmaline has 
a wide stability range during metamorphism and may be 
stable in the granulite facies (Werding and Schreyer, 1984). 
Thus, although prograde metamorphism resulted in the re-
lease of a considerable volume of H2O (average Ohere phyl-
lite/schist has 3 wt% H2O, average Sandamap Noord schist 
has 1.4 wt% H2O; Tables 2.24 and 2.26), tourmaline did not 
break down to release boron into the “significant quantities 
of aqueous fluid” that accompany regional metamorphism 
(Symmes and Ferry, 1991). Instead, the major cause of tour-
malinisation on Ohere appears to be a fluid derived from a 
granitic or pegmatitic melt. The mass balance calculation 
has revealed the similarities between boron metasomatism 
on Ohere and on the margins of pegmatites in North Amer-
ica. Investigation of the metamorphic aureoles surrounding 
the granitic intrusions on Ohere (Chapter 5) show that the 
peak regional metamorphic conditions were only of green-
schist facies grade. Thus the bulk of dehydration reactions, 
that is basin dewatering, occurred at the time of, and as a 
result of, granite intrusion. Metamorphic fluids may well 
have mixed with a hydrothermal phase derived from the 
leucogranite and were then channelised into S2 structures. 
It would seem unlikely in these circumstances that the 
metasomatising fluid was exclusively magmatic in origin. 
The contribution of metamorphic fluids in tourmalinisation 
processes has been recognised elsewhere. Decimetre-thick 
tourmalinites that formed during regional metamorphism 
have been described by Abraham et al. (1972). These au-
thors noted a depletion of potassium in the tourmaline-rich 
layers which resulted from tourmalinisation of the phyllo-
silicates. Moreover, the role of metamorphic fluids in min-
eralising processes has been emphasised by Maiden (1981) 
who noted that tin and tungsten could be mobilised without 
the metals having entered the magma phase.

7.6.7.3.3 Tourmalinisation and stanniferous 
pegmatites

Boron enrichment is not confined to the tourmalinites on 
Ohere. Apart from the large number of quartz-tourmaline 
veins oriented parallel to the S2 foliation, there are several 
randomly oriented crosscutting tourmaline veins which may 
be related to the pegmatites in the area. Furthermore, some 
tourmalinisation is developed on the margins of pegmatite 
intrusions (Grid 6), but the alteration seldom persists later-
ally for a distance of more than several tens of centimetres 
into the enclosing schist. The two-dimensional exposure 
precludes an assessment as to whether the tourmalinisa-
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tion extends vertically. Tourmalinisation on the margins of 
stanniferous pegmatites can also be observed at the Kohero 
Tin Mine (Map 1) and has been reported from the Uis Tin 
Mine (Richards, 1986). It is possible that fluids streaming 
off deep-seated pegmatite intrusions led to the development 
of proximal Type 3 tourmalinites and more distal Type 2s 
and Type 1s. Thus the tourmalinites on Ohere may have 
resulted from large-scale tourmalinisation of the Kuiseb 
Formation at the apex of a pegmatite system. Higher struc-
tural levels of the Nainais-Kohero tin belt where metasedi-
ments predominate over pegmatites are exposed on Ohere, 
Ohere Oos and Gross Okandjou. At the southwestern end of 
the tin belt (Fig. 7.1) stanniferous intrusions are larger and 
more numerous at the presently exposed level suggesting 
that either the intrusions have migrated further from their 
source area (as a result of a higher geothermal gradient dur-
ing the orogeny?) or a higher degree of uplift in the Nain-
ais area. The main problem with accepting that large-scale 
tourmalinisation of the Kuiseb Formation is related to the 
pegmatites is the evidence suggesting that the tourmalinis-
ing event occurred before the end of F2 folding. Although 
it has obviously not been possible to date every stannifer-
ous pegmatite, it is widely accepted that they are late-/post-
tectonic in age (Miller, 1983a and Chapter 6). Pegmatite 
intrusion occurred considerably after the formation of the 
F2 folds.

7.6.8 Conclusion

Metamorphism of a clay with a maximum boron content 
of 2000 ppm (Harder, 1959) could produce an Al-silicate/
feldspar-quartz-tourmaline rock with a maximum of 4 vol-
ume per cent tourmaline (Plimer, 1988). Thus an alternative 
explanation is required for the origin of tourmalinites in the 
Kuiseb Formation, some of which contain in excess of 50 
volume per cent tourmaline. At most occurrences in central 
Namibia, the tourmalinites are conformable with the enclos-
ing mica-defined schistosity and have a stratiform nature. 
Because of poor exposure, the tectonic history and the age 
of the mica fabric can rarely be determined with confidence. 
The tourmalinites on Ohere in contrast are some of the best 
exposed in the CZ and relationships with the enclosing 
rocks can clearly be seen. These tourmalinites do not have 
the thin laminations that are characteristic of exhalites. An 
exhalative model cannot explain the essentially transgres-
sive nature of the tourmalinites. There is no field evidence 
for shearing or remobilisation of the Ohere tourmalinites, 
though the Type 2 and Type 3 tourmalinites are closely re-
lated on Grid 2. Type I and Type 2 tourmalinites cannot 
be distinguished by geochemical means, which would be 
surprising if the transgressive portions represented remo-
bilised portions of stratiform exhalative horizons. As far as 
can be ascertained, the tourmalinites on Ohere are not as-
sociated with mafic volcanic rocks, banded iron formations 
or massive sulphide mineralisation. The tourmalinites are 
certainly not associated with evaporites, another environ-
ment of deposition that has been proposed for this rock type 
(Behr et al., 1983; Slack et al., 1984).

A replacement model can adequately explain the develop-
ment of the tourmalinite mineralisation on Ohere 106. Lo-

cal tourmalinisation of the schist was undoubtedly caused 
by pegmatitic intrusions. However, the bulk of the tourma-
linites on Ohere are believed to have formed by the selec-
tive replacement of schist and metaturbidite by boron-rich 
fluids derived from the Ohere leucogranite. These fluids, 
which probably interacted with the Kuiseb Formation meta-
sediments, caused channelised boron metasomatism of the 
schist in S2 structures. Boron partitions preferentially into 
the vapour phase of crystallising granites (Pichavant and 
Manning, 1984) and is commonly involved in post-mag-
matic hydrothermal processes (Benard et al., 1985). There 
is a worldwide association between tourmaline and tin and, 
to a lesser extent tungsten, in greisens and altered granitic 
rocks (Plimer, 1980). Although the Ohere leucogranite does 
not have the specialised geochemical or mineralogical char-
acteristics of the mineralised tourmaline and topaz granites 
(Pichavant and Manning, 1984), this may partly be a result 
of the deep erosion. Compared to other Damaran granites 
the Ohere leucogranite is highly fractionated (Table 3.7), in 
common with most granites associated with Sn-W miner-
alisation (Plimer, 1980). Interestingly, the element sodium 
is preferentially leached from granitic melts that coexist 
with B2O3 vapour phases (Pichavant, 1981): this could ex-
plain the somewhat surprising introduction of Na during the 
feldspar breakdown that accompanied boron metasomatism 
(Table 7/6.3). Tourmalinites are localised in the core of F2 
folds elsewhere in the CZ. Approximately one kilometre 
southwest of the Sandamap Tin Mine (Map 3) stratiform 
and crosscutting tourmalinites have been mapped in the 
hinge zone of an F2 fold (see Steven, 1992 for a map of the 
tourmalinisation on Sandamap Noord).

7.7 SCHEELITE-VESUVIANITE SKARNOID 
ROCKS IN THE KUISEB FORMATION ON 

OHERE

7.7.1 Introduction

Scheelite-vesuvianite-garnet rocks in the Kuiseb Forma-
tion were first discovered on the farm Ohere 106 (Map 1) 
during a regional exploration programme in early 1985. 
Similar lithologies were noted at the same stratigraphic lev-
el during the course of field work on Sandamap Noord (Map 
3). The presence of stratiform regional skarns or skarnoid 
(as defined by Einaudi and Burt, 1982) rocks that on first 
inspection are apparently unrelated to the granitic plutons 
in the area is of interest because this assemblage is atypical 
of the Kuiseb Formation. Barnes (1983) has described simi-
lar stratabound tungsten mineralisation from a number of 
localities in the vicinity of Broken Hill, Australia. Moreo-
ver, Plimer (1983) has suggested that such lithologies rep-
resent the distal equivalent of exhalative massive sulphide 
mineralisation. On a visit to Ohere 106, Slack (1987, pers. 
comm.) commented on the similarities between the scheel-
ite-vesuvianite skarnoid rocks and Corruga-type scheelite 
mineralisation in the Broken Hill district (Barnes, 1983). 
The present work concentrates on describing the minerali-
sation and discussing its origin. 
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7.7.2 Geological setting 

Scheelite-bearing skarnoid rocks are traceable for over 
30 km around the Ehuiro Salem granite and the Ohere leu-
cogranite (Map 1). The stratigraphic unit which hosts these 
calc-silicate lithologies is locally up to 2 km thick, but has 
been duplicated by isoclinal folding. A complex deforma-
tional history has obscured the stratigraphy in the Nain-
ais-Kohero tin belt, but on Ohere these calcareous litholo-
gies are underlain by nondescript quartz-biotite schist and 
overlain by turbidites in the upper Kuiseb Formation (Map 
2). The vesuvianite skarnoid rocks are developed at the 
same stratigraphic level as calcitic marble, scheelite-bear-
ing garnetiferous calc-silicate granofels and garnetiferous 
chert-like rocks (Table 7/7.1). The associated calc-silicate 
rocks host finely disseminated sulphide mineralisation such 
as pyrite, pyrrhotite and chalcopyrite. Thus during upper 
Kuiseb times there was a not insignificant period of chemi-
cal sedimentation. In certain areas, for example on Ohere, 
there is a spatial association between vesuvianite skarnoid 
rocks and tourmalinites, which, in 1985, was regarded as 
particularly interesting in the light of Plimer’s (1983) work. 
The grade of metamorphism in this part of the tin belt was 
greenschist/lower amphibolite facies, but was of upper am-

phibolite grade in the aureoles of granitoids.

7.7.3 Characteristics of vesuvianite skarnoid rocks

The term skarnoid was chosen for the vesuvianite rocks 
because of their coarse-grained calc-silicate gangue which 
is so characteristic of skarns, but the lack of metasomati-
cally altered marble and the apparent absence of any direct 
genetic relationship with granitic plutons. In short, they are 
regional metamorphic rocks with a skarn-like mineral as-
semblage. After a night survey with a hand-held ultra-violet 
lamp, four areas on Ohere were selected for detailed map-
ping (Map 2, Grids 7 to 10). The vesuvianite rocks occur 
as poorly layered to massive, discontinuous lenses up to 12 
metres wide and several hundreds of metres long. The hori-
zons form prominent outcrops and can be traced at the same 
stratigraphic level for many kilometres. In some areas the 
skarnoid rocks grade laterally into quartz-feldspar-diopside 
calc-silicate rocks (Grid 8). Elsewhere they are enclosed by 
thin (< I m) amphibolites (Grid 9; Fig. 7/7.1) which are in-
terpreted as metamorphosed calcareous pelites (see Chapter 
2). The vesuvianite skarnoid rocks are locally stained with 
malachite (Grid 9; Fig. 7/7.1), associated with local gossan 
(Grid 10) and cut by tension gashes filled with quartz (Grid 
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7; Fig. 7/7.2). The scheelite, which fluoresces blue-white (in-
dicating a low Mo content), is irregularly distributed, occur-
ring as fine disseminations or as coarse-grained aggregates 
up to 2 cm in diameter.

7.7.4 Petrography of the vesuvianite skarnoid rocks

The vesuvianite skarnoid rocks on Ohere have mineral as-
semblages dominated by vesuvianite and quartz which to-
gether commonly comprise 80 modal per cent. Other major 
minerals are diopsidic pyroxene (l 0-50%) and garnet (0-
20%); minor minerals (< 5% modal per cent) are clinozoisite, 

plagioclase and traces of sphene, scapolite, scheelite, seric-
ite, epidote and iron oxides. The ore minerals that have been 
identified are traces of pyrite, pyrrhotite and chalcopyrite. 
The vesuvianite skarnoid rocks do not exhibit a lateral min-
eralogical zonation or facies development, unlike the skarns 
at Otjua. The skarnoid is characterised by a rather chaotic 
inequigranular texture that is dominated by prismatic (up to 5 
cm) or poikiloblastic vesuvianite and granular aggregates of 
strained quartz. The vesuvianite may also be anhedral and is 
commonly in contact with anhedral/subhedral garnet. Vesu-
vianite has numerous inclusions most notably interstitial cal-
cite and subhedral clinozoisite (with distinctive anomalous 
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blue interference colours). Both minerals appear to be mi-
nor breakdown products of vesuvianite. Clinopyroxene is 
present as small (< 0.4 mm) rounded grains or an anhedral 
granular mass. The pale colour and strong pleochroism of 
the sphene indicate that it is a low-iron variety. Plagioclase 
feldspar is extensively altered to sericite. The fine-grained 
scheelite is locally euhedral. Electron microprobe analysis 
of small (< 50 µm) reddish-brown inclusions (grey with 
moderate reflectance in reflected light) in sphene revealed 
the presence of stanniferous rutile and an unidentified zin-
cian titanium mineral. No sphalerite, gahnite or cassiterite 
has been positively identified.

7.7.5 Geochemistry

Six whole-rock analyses of vesuvianite skarnoid are giv-
en in Table 7/7.2. The scheelite-vesuvianite rocks have very 
low alkali contents and are less siliceous (45.8-65.6 wt% 
SiO2) and more calcareous (15.7-29.1 wt% CaO) than the 
associated calc-silicate rocks (58-72.7 wt% SiO2, 6.6-15.8 
wt% CaO; Table 2.31). MgO concentrations in the vesuvi-
anite skarnoid rocks (0.9-1.8 wt%) are lower than those of 
the calc-silicate rocks (1.5-2.5 wt%). The scheelite-vesu-
vianite rocks have anomalous contents of F, Sn, W, Zn and 
Bi. The fluorine is located in vesuvianite which locally has 
2 wt% F. A soil geochemistry survey conducted by a min-
ing company revealed a coincidence between copper and 
tungsten anomalies in the vicinity of some vesuvianite skar-
noid rocks. Although minor chalcopyrite was noted in some 
polished sections, the bulk rock analyses reveal that cop-
per contents are generally less than 20 ppm (Table 7/7.2). 
Disseminated chalcopyrite mineralisation and anomalous 
copper contents are a feature of the associated calc-silicate 
rocks (Table 2.31). The data base is too small to determine 
whether tungsten concentrations correlate with other com-
ponents. Scheelite mineralisation is known to be patchy 
and irregularly distributed, though concentrations locally 
exceed several wt% WO3. Only one sample has a gold con-
centration above the LLD.

7.7.6 Discussion

It was initially thought that the scheelite-vesuvianite 
rocks with their substantial proportion of garnet might be 
a type of coticule rock. Coticule is a fine-grained metasedi-
mentary rock consisting of quartz and manganiferous gar-
net (Bates and Jackson, 1987) for which volcanoclastic and 
volcanic exhalative origins have recently been proposed 
(Kramm, 1976; Lamens et al., 1986). The lithology has 
been described from the vicinity of exhalative mineralisa-
tion such as Broken Hill (Plimer, 1988). The characteristic 
features of coticule rocks are a very fine grain size, a very 
fine laminated structure and high Mn concentrations. Two 
analyses of lower Ordovician coticules from Belgium (La-
mens et al., 1986) are given in Table 7/7.2. The vesuvianite 
skarnoid rocks on Ohere clearly do not exhibit either the 
morphological nor the geochemical characteristics of coti-
cule rocks. No manganese phase such as piedmontite has 
been identified in the skarnoid. Moreover, the Mn contents 
of the vesuvianite rocks and associated calc-silicate litholo-

gies on Ohere are only slightly more than the average values 
for deep-sea sediments quoted by Turekian and Wedepohl 
(1961). The Ba concentrations of the calcareous lithologies 
on Ohere are considerably lower than the Ba contents for 
marine sediments listed by these authors. There is therefore 
no evidence for an exhalative or volcanic exhalative origin 
for the vesuvianite rocks on Ohere.

The second alternative considered was a metamorpho-
genic model. Vesuvianite is found both as a contact meta-
somatic and a regional metamorphic mineral in metamor-
phosed limestones and marls (Deer et al., 1982) and has a 
very large stability range (Winkler, 1976) from greenschist 
to granulite facies grade (Hochella et al., 1982). The min-
eral is chemically and structurally closely related to gros-
sular garnet ‘and the controlling factor as to which mineral 
will actually crystallise may be related to the presence or 
absence of fluorine or other volatile constituents’ (Deer et 
al., 1982). Vesuvianite from the Ohere skarnoid contains 
up to 2 wt% F and has a composition similar to the ve-
suvianites at Otjua (Steven, 1987). However, there is no 
evidence for the metasomatic replacement of a carbonate 
unit by infiltrational metasomatism such as at Otjua. The 
evidence suggests that the calc-silicate rocks on Ohere, and 
indeed throughout the upper Kuiseb Formation, are calcare-
ous sediments that formed at the same time as the laterally 
impersistent thin marbles. The close spatial association be-
tween these lithologies suggests that the vesuvianite rocks 
are a metamorphosed calcareous sediment. The scheelite-
vesuvianite rocks in NCZe are considered to be a type of 
metamorphogenic skarn whose development is related to 
the Buchan-style metamorphism that affected the area. It 
is envisaged that metamorphic fluids from the surrounding 
schist and to a lesser extent from the calc-silicate lithologies 
were mobilised during this thermal metamorphism result-
ing in the local skarnification of calcareous metasediments 
and calc-silicate rocks. This is to a certain extent supported 
by the work of Hochella et al. (1982) who indicated that 
the growth and stability of vesuvianite require a fluid phase 
with a very high H2O.

7.7.7 Conclusion

The scheelite-vesuvianite rocks of the upper Kuiseb For-
mation represent a significant stratiform tungsten reserve 
that bears certain similarities with the scheelite-bearing 
bedded calc-silicate lithologies of the Broken Hill district 
(Barnes, 1983). However, the presence of only very minor 
accompanying amphibolites, derived from impure calcare-
ous sediments, indicates that they are different from Cor-
ruga-style mineralisation. Moreover, the vesuvianite rocks 
are not associated with iron formations, manganiferous 
cherts or mafic volcanic rocks. There is little evidence for 
the existence of volcanic exhalative processes during up-
per Kuiseb times. The vesuvianite rocks are thought to be 
regional metamorphogenic skarns whose formation was 
related to the Buchan-style metamorphism associated with 
the granitoid intrusions. Because of the influence of the 
large number of granitic plutons, it has not been possible 
to determine whether the skarn-forming process was the re-
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sult of regional metamorphism alone. Unlike Otjua, skarn 
formation occurred primarily as the result of the redistribu-
tion of volatiles (F, H2O, CO2) and was not accompanied by 
large-scale infiltrational metasomatism.

For some reason that is not entirely clear, the calc-sili-
cate lithologies and vesuvianite skarnoid rocks in the Nain-
ais-Kohero tin belt possess finely disseminated scheelite 
mineralisation. There is no tungsten mineralisation in the 
enclosing schists nor, with the possible exception of the 
structurally controlled tourmalinites, has scheelite been re-
mobilised into structural traps. The tungsten may have been 
in the calcareous lithologies since diagenesis or the metal 
(or possibly scheelite) may have been mobilised and pre-
cipitated during greenschist-facies metamorphism (Foster, 
1977). Plimer (1980) has described several calc-silicate-
hosted scheelite occurrences within metamorphosed, thick, 
deep-water sequences. In many examples the stratiform 
tungsten deposits are associated with mafic volcanic rocks 

and Plimer (1980) has invoked an exhalative origin for the 
mineralisation. In the NCZ there is no obvious relationship 
between scheelite mineralisation and exhalative processes, 
let alone mafic volcanism. These conclusions are of note 
because both the tourmalinites (for which a replacement 
origin is now favoured) and the scheelite-bearing calc-sili-
cate lithologies of the NCZ have superficial characterisit-
ics in common with supposedly exhalative mineralisation 
at Broken Hill. A detailed re-examination of the two styles 
of mineralisation on Ohere has shown that epigenetic proc-
esses involving magmatic and metamorphic fluids derived 
from granitoids and basin dewatering are more tenable. 
The pelite-dominated Kuiseb Formation in NCZe is at 
least 4000 metres thick and 9800 metres thick in the NZ 
(Miller, 1980). Basin dewatering processes that occurred as 
the result of compaction, tectonism and Buchan-type meta-
morphism would have produced large volumes of fluid that 
must also be taken into consideration.
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8.1 CENTRAL ZONE MINERALISATION IN 
THE LIGHT OF GEODYNAMIC 

CONSIDERATIONS

Various geodynamic models have been proposed for the 
evolution of the intracratonic branch of the Damara Orogen. 
These range from ensialic orogenic evolution in an aula-
cogen (Martin and Porada, 1977) to ensialic development 
followed by subduction as a result of delamination of the 
lower crust (Kröner, 1982) to the development of an intrac-
ratonic basin behind a zone of subduction in South America 
(Hawkesworth et al., 1986). More mobilist models envisage 
plate-tectonic evolution with development and closure of a 
narrow ocean analagous to the Red Sea during northwest-
ward subduction of the Kalahari Craton below the Congo 
Craton (Miller, 1983a), or complete separation of continen-
tal plates by a wide ocean followed by continental collision 
and subduction (Barnes and Sawyer, 1980; Kasch, 1983a; 
Hoffman, 1990). Hartnady et al. (1985) suggested that the 
collision phase occurred as the result of the clockwise rota-
tion of the Kalahari Craton relative to the Congo Craton (Fig. 
8.1). More recently, Stanistreet et al. (1991) have explained 
the development of the Damara Orogen and Nama Foreland 
in terms of Wilson-cycle plate-tectonic history. The most 
contentious proposal of these authors, based on no new geo-
chronological data, is that the Sesfontein thrust belt (Fig. 2.2) 
in the northern coastal branch developed syn-Central Zone 
D3 deformation (Fig. 8.1).

Coward (1983) indicated that the development of the Ses-
fontein thrust belt predated deformation in the intracratonic 
branch. Stanistreet et al.‘s map has however been retained 
for this memoir because it is the most recent synthesis of the 
Pan-African belts in Namibia. All authors, whether mobil-
ist or not, however accept that the CZ represents some form 
of volcanic/magmatic arc and that Damaran intrusion-hosted 
mineralisation is confined to this tectono-stratigraphic zone. 
To what extent can the epigenetic, metasediment-hosted min-
eral occurrences examined in this memoir make a contribu-
tion to the geodynamic discussion?

The first, and in many ways most crucial point, is that there 
is a paucity of epigenetic mineral deposits formed in the “oro-
genic phase” of the Damara Orogen (Martin, 1978) in spite 
of the large volumes of granites and pegmatites. There is an 
almost complete lack of intrusion-hosted base and precious 
metal mineralisation with the exception of uranium and tin. 
Metallic sulphide mineralisation, either within an intrusion 
or within contact metasomatic deposits or the aureoles of in-
trusions, is rare in the CZ, in spite of excellent exposure and 
a long prospecting history. In almost all of the examples a 
late-tectonic, highly fractionated granite or pegmatite is con-
sidered to be responsible for the development of the miner-
alisation, though in many cases the source of the metals may 
well have been the Damaran metasediments. The geochemi-
cal signature of the intrusion-related deposits is ensialic, i.e. 
sulphur poor. Moreover, where present, the amount of epige-
netic mineralisation is small in comparison to that present in 
active continental margin batholiths. For example, the larg-
est tungsten skarn deposit discovered to date in the Damara 

Sequence, namely Otjua, has a drill-indicated ore reserve of 
a few hundred thousand tons (Steven, 1987). Published ore 
reserves of tungsten skarns from the Circum-Pacific region 
are one to two orders of magnitude larger (Einaudi, et al., 
1981). As emphasised by Martin (1978), the rarity and small 
size of the deposits cannot simply be a result of the deep 
erosional level that is exposed: the intrusions of the CZ, be-
ing largely crustal remelts (Haack et al., 1983; Hawkesworth 
et al., 1986) are dominated by granites (sensu stricto) and 
pegmatites, not calc-alkaline intrusions.

The most intensely studied subduction - related intru-
sions and associated magmato-hydrothermal ore deposits 
are those of the Circum-Pacific region (Einaudi et al., 1981; 
Ishihara, 1981; Titley and Beane, 1981; White et al., 1981; 
Sillitoe, 1989; Richards et al., 1991). The characteristic style 
of mineralisation in this tectonic setting is calc-alkaline, lo-
cally alkaline, porphyry-hosted copper, molybdenum and 
copper-gold mineralisation. Other mineralisation associ-
ated with continental margin orogenic belts are tungsten and 
base metal (Cu-Zn-Pb-Mo) sulphide skarns associated with 
I-type intrusions. In stark contrast, there is no copper and 
molybdenum porphyry mineralisation in the magmatic arc 
of the Damara Orogen. Andesitic volcanic rocks and their 
parent intrusions are absent in the CZ, at least at the tectonic 
level exposed at present. Stanistreet et al. (1991) interpreted 
‘pre-main deformation’ I-type tonalites in the SCZ near Ka-
ribib (documented by Brandt, 1987b) as subduction - related 
intrusions, but these barren intrusions form only 5% of the 
plutonic suite. These intrusions are not present elsewhere in 
the CZ. The diorites and granodiorites of the Salem Suite, 
the only intrusions that could credibly be called calc-alka-
line, have mantle (87Sr/86Sr)I ratios, but not a single Salem 
intrusion contains base or precious metal mineralisation. The 
silicate skarns and skarnoids of the CZ have a W-F±Sn±Zn 
signature which is more characteristic of a continental set-
ting (Einaudi et al., 1981), while molybdenite and lead-zinc 
skarns are unknown in central Namibia The gold vein/skarn 
mineralisation in the Karibib area could be interpreted as part 
of a distal epithermal system related to a porphyry copper 
(Colley et al., 1989), but there is no exposed intrusion-hosted 
gold mineralisation in the CZ, except for minor segregations 
in pegmatites. There are no precious metal deposits in the 
CZ that can be compared with the epithermal Au-Ag ores 
of North America (Berger and Henley, 1989). A regional in-
vestigation of the δ18O characteristics of granitoid intrusions 
of the CZ (Haack et al., 1983) revealed that the sort of deep 
circulation of meteoric ground waters and interaction with 
granitic plutons described by Taylor (1977) did not occur 
during the Damaran orogeny (Steven, 1987).

Current thinking clearly favours a Wilson-type plate-
tectonic history for the intracratonic branch of the Damara 
(Hoffman, 1990; Stanistreet et al., 1991). This author con-
cedes that the sedimentological and structural evidence from 
the Okahandja Lineament, Southern and Southern Margin 
Zones (Fig. 2.2) is convincing for crustal shortening across 
the Khomas trough as a result of continental collision (Fig. 
8.1). However, the mineral deposits of the magmatic arc gen-
erated during the supposed subduction of oceanic crust have 
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very little in common with those in the Circum-Pacific. 
On the contrary, the mineral occurrences of the CZ have a 
strong intracratonic signature and have some characteristics 
in common with the Sn, W, Mo and U deposits of back-
arc magmatic belts such as are developed in the Eastern 
Cordillera of Bolivia and the Western Tin Belt of Thailand 
and Burma (Mitchell and Garson, 1981). These deposits are 
characterised by the presence of silicic and peraluminous 

granites with crustal (87Sr/86Sr)I ratios. The generation of 
these melts was related to melting of continental crust and 
only indirectly to subduction of oceanic material. Thrust-
ing is also a feature of back -arc magmatic belts (Mitchell 
and Garson, 1981) and intriguingly, the northern bound-
ary of the CZ is the Otjihorongo Thrust (Figs. 2.1 and 8.1) 
where partially melted biotite schist has been thrust over 
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greenschist facies rocks (Miller, 1980). Evidence has been 
presented in this memoir for post-D3 thrusting elsewhere in 
the CZ, near the Omaruru Lineament in particular. In sum-
mary, the epigenetic and intrusion-hosted mineral deposits 
of the CZ provide little support for the concept of Andean-
type subduction of oceanic crust during the orogeny. Partial 
melting of pre-Damaran crust and the mobilisation of fluids 
from these inliers and the Damaran metasediments played 
the most important role in producing the relatively small 
epigenetic gold, tin and tungsten deposits of the CZ.

8.2 REGIONAL STRUCTURAL CONTROLS ON 
THE LOCALISATION OF EPIGENETIC 

MINERALISATION IN THE CZ

One of the main reasons cited by Martin (1978) for the 
absence of sizeable hydrothermal deposits in the CZ was the 
paucity of syn- and post-tectonic faulting. Detailed work has 
revealed that what little epigenetic mineralisation is present 
is structurally controlled. Major structural breaks or linea-
ments are believed to have played a role in localising min-
eralisation in central Namibia in the manner envisaged by 
O’Driscoll (1986). There is clear evidence for a broad north-
east/east-northeast-trending zone of crustal weakness in the 
rocks that floor the intracratonic branch of the orogen (Fig. 
8.2). The pre-Damaran basement is transected by numer-
ous subvertical, east-north east-trending megashears which 
probably extend to the base of the crust. These megashears 
exerted an influence on late Proterozoic dyke emplacement, 
Damaran rifting, sedimentation, alkaline volcanism and the 
localisation of hydrothermal fluids. An east-northeast-trend-
ing mafic dyke swarm intruded along these megashears at 
the time of early Damaran rifting and is partly responsi-
ble for the northeast/east-northeast-trending aeromagnetic 
grain of the Abbabis Inlier. Northeast/east-northeast-trend-
ing faults are envisaged to have been responsible for the 
rifting that initiated the Damaran episode. Major structures 
such as the Omaruru and Tubussis Lineaments controlled 
sedimentation resulting in the deposition of fluviatile arko-
ses, feldspathic quartzites and shallow-marine limestones 
close to the Abbabis Inlier (SCZ) and calcareous limestones 
and deeper water pelites and turbidites to the north (NCZ). 
Evidence for the existence of deep-seated fractures which 
tapped mantle fluids in early Damaran times is provided by 
the juvenile isotopic signature of the carbonate at the Eureka 
monazite occurrence. The Daheim Member volcanic rocks 
were erupted along east-northeast-trending structures that 
also extended into the mantle on the northern margin of the 
SCZ. During the orogenic phase, the distribution of base-
ment and sediments with contrasting competencies resulted 
in the development of different deformational styles in the 
NCZ and SCZ. In both subzones, D3 domal structures (in 
particular the marble horizons) and linear, north-northeast-
trending D4 structures acted as physico-chemical traps for 
late-tectonic magmas and mineralising fluids such as urani-
ferous alaskites at Rössing, scheelite skarn mineralisation 
in the Schönfeld Dome and gold skarn/vein mineralisation 
at Navachab, Habis and Onguati-Otjimbojo. There is thus a 

unifying theme to these apparently diverse mineralisation 
types.

Late-tectonic dextral movement on the Omaruru Linea-
ment, in much the same manner as dextral motion on the 
Okahandja Lineament (Stanistreet et al., 1991), is believed 
to have been the underlying control on the localisation of 
late-D3/D4 epigenetic mineralisation. In the SCZ, the Abba-
bis Inlier and overlying Nosib Group quartzites behaved as 
a relatively rigid block during early Damaran tectonism. 
In contrast, the thin skin of overlying incompetent mar-
ble (calcitic members of the Karibib Formation) has been 
extensively deformed. Towards the end of D3 folding and 
doming, subhorizontal, east-southeast/west-northwest-di-
rected D4 compression, which Stanistreet et al. (1991) have 
related to the closure of the Adamastor Ocean (Fig. 8.1), 
caused uplift of basement and lower Damaran stratigraphy 
near the north-northeast-trending Welwitschia and Abba-
bis lineament zones (Corner, 1983). In the basement inlier 
south of Karibib, 0”1 was horizontal and 0”3 was subverti-
cal (Fig. 8.2). This stress field was responsible for the local-
isation of late-/post-tectonic pegmatite sills in the Abbabis 
Complex. Contemporaneously, westward-verging F4 folds 
with shallow, eastward-dipping axial planes and east-south-
east-plunging extension lineations were formed near ma-
jor tectonic breaks such as the Welwitschia lineament zone 
(Fig. 8.3). Auriferous fluids were concentrated in north-
northeast-trending high strain zones (ductile structures) on 
Sandamap Noord and north-northeast-trending zones of 
tourmalinisation on Hakskeen. Tungsten skarn mineralisa-
tion is hosted by lower Kuiseb Formation marbles at a strike 
change (in a dilational jog?) hear the Welwitschia lineament 
zone on Pforte. To the north and east of Karibib, epigenetic 
gold skarn/vein mineralisation was emplaced in brittle/duc-
tile and brittle structures in rocks that had undergone green-
schist/lower amphibolite facies metamorphism. Auriferous 
hydrothermal fluids were dammed up by the Karibib Forma-
tion marbles in the east-north east-trending Onguati-Otjim-
bojo anticline. Gold skarn mineralisation was concentrated 
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where this east-northeast-trending structure is cut by, firstly, 
eastward- and southeastward-dipping thrust faults at Onguati 
and secondly, en echelon doubly plunging north/south second 
generation folds which drape over north/south (strike-slip?) 
faults at Otjimbojo (Fig. 8.3). These subvertical north/south 
faults parallel the Abbabis lineament zone (Figs. 8.2 and 8.3) 
and are a feature of the SCZ as far east as the Waldau Ridge 
near Okahandja (Fig. 1.1). Thus megashear zones, faults and 
dykes in the basement acted as access points and channel 
ways for hydrothermal fluids. Reactivation of east-northeast-
trending megafaults in the SCZ possibly occurred because 
these structures lie parallel to Riedel fractures that were syn-
thetic to the Omaruru Lineament (Fig. 8.2).

In the NCZ, where no Abbabis Complex and only minor 
Nosib Group sediments are developed, mechanically incom-
petent marbles and schists were multiply deformed, attenu-
ated and subsequently intruded by numerous granitic plutons 
during D3 doming. Late-tectonic, (late-D3/D4) west-north 
west-directed compression on the Omaruru and Tubussis 
Lineaments resulted in dextral movement on these structures 
and the development of the Omaruru flower structure. Due 
to the absence of a rigid basement inlier, 03 was oriented 
north-northeast, but was essentially horizontal (cf Abbabis 
Inlier; compare Figs. 8.2 and 8.4). This wrench movement 
on deep-seated structures may have acted as a trigger for the 
magmas that formed the Pforte/Ketelbank, Okarundu Nord, 
Ohere and Otjua leucogranites: this type of granite is con-
fined to within 10 km of the Tubussis Lineament/Kompaneno 
Fault/Omaruru Fault Zone. Late-tectonic, epigenetic miner-
alisation is concentrated in a number of apparently pinnate, 
west-northwest-trending, (tensile?) structures at a number of 
stratigraphic levels on the northwest side of the Kompaneno 
Fault/Omaruru Fault Zone. In ascending stratigraphic order 

these are the Otjua tungsten skarn deposit (Okawayo Forma-
tion), the Epako Gold Prospect (Oberwasser Formation), the 
Crystal Tin Mine (Karibib Formation) and the Ohere tourma-
linite occurrences (Kuiseb Formation). Several widely spaced 
west-north west-trending photo lineaments in the NCZ, which 
are visible on LANDSAT images, may have developed at this 
time. The Omaruru River (Map 1) appears to follow the path 
of one such structure to the west of Omaruru.

8.3 CONCLUDING THOUGHTS ON GOLD 
METALLOGENESIS IN CENTRAL NAMIBIA

The data base on gold mineralisation in general is so large 
(Keppie et al., 1986; Keays et al., 1989; Ladeira, 1991) that 
meaningful comparisons can be made between the gold de-
posits of central Namibia and better-documented districts, in 
spite of the lack of detailed isotopic and fluid inclusion stud-
ies in the former. The most important conclusion to be drawn 
is that the gold mineralisation in the Damaran rocks of the 
CZ is epigenetic in nature and of late- Damaran age. In com-
mon with Archaean gold deposits (Groves et al., 1990), gold 
mineralisation is structurally controlled and is hosted by late-
tectonic, D3 or D4 ductile/brittle structures and, locally, thrust 
faults. The Au-Bi-Te association in the skarn assemblages 
and the alunite-kaolinite-jarosite alteration assemblage in the 
metaturbidite mineralisation is indicative of low temperature 
(< 250°C), almost epithermal fluids. The preservation of un-
deformed assemblages, which are retrograde with respect to 
peak metamorphic conditions, indicates that the gold miner-
alising event occurred towards the end of the orogeny when 
the CZ was being uplifted. Low temperature (:S; 300°C), 
epigenetic gold mineralising events in the waning stages of 
an orogeny are now documented from terrains as disparate as 
Archaean greenstone belts (De Ronde et al., 1991) and the 
Tertiary Alpine event (Diamond, 1990). The evidence from 
the described gold occurrences in Namibia points to the op-
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eration of magmatic-hydrothermal processes in the aureoles 
of late-tectonic granitic intrusions: rare-element pegmatites 
are implicated as a possible source of hydrothermal fluids.

Three hypotheses for the origin of gold mineralisation 
which have attracted widespread attention during the 1980s 
can be ruled out for the CZ gold occurrences. The first of 
these involves the mobilisation of gold during the metamor-
phic dewatering/devolatilisation of mafic volcanic rocks 
near the greenschist/amphibolite transition (Phillips and 
Groves, 1983; Groves et al., 1985; Phillips et al., 1987). 
There are no mafic volcanic rocks within 20 km of the 
metaturbidite-hosted gold occurrence on Sandamap Noord. 
Alkaline volcanic rocks are developed near the Karibib 
skarn-hosted gold occurrences, but they comprise a volu-
metrically insignificant part of the Abbabis Inlier and the 
Damaran stratigraphy (< 5%); where exposed, they are pris-
tine and unsheared. Mass balance calculations reveal that 
alteration of the volcanic rocks did not play a prominent 
role in dolomitisation of the Karibib Formation. Moreover, 
the Au-Bi-Te association in the spatially associated skarns 
is more suggestive of a magmatic fluid derived from a 
granitoid. In a recent review, Groves et al. (1990) conceded 
that in greenstone belt terrains where granitoid domes are 
abundant, models for gold mobilisation that invoke meta-
morphic devolatilisation of mafic volcanic rocks alone, are 
untenable. The second model that can be discounted is one 
involving the large-scale leaching of low concentrations 
of gold from country or volcanic rocks by meteoric fluids 
in convection cells in the aureoles of granitoid intrusions 
(Berger and Henley, 1989). One of the notable features 
of CZ granitoids is their anhydrous nature and their lack 
of visible alteration (Steven, 1987). The limited δ18O data 
available for the CZ (Haack et al., 1983; Steven, 1987) 
provide no evidence for interaction between magmas and 
meteoric waters. The upper portions of the CZ, where this 
process may have occurred, have long since been eroded. 
The third model, the lamprophyre-mesothermal gold one of 
Rock et al. (1989), is believed to have played no role in the 
generation of the CZ gold deposits. There is no evidence for 
an association, either genetic or spatial, between skarn- or 
metaturbidite-hosted gold deposits and alkaline intrusions 
in the CZ.

The potential of the four major lithostratigraphic units 
underlying central Namibia, namely the basement granitic 
gneisses, the feldspathic quartzites of the Nosib Group, the 
carbonates and very subordinate mafic volcanic rocks of the 
Karibib Formation and the pelagic sediments of the Kuiseb 
Formation, to have acted as sources for auriferous fluids 
and as subsequent hosts for gold mineralisation can now 
be assessed. Two gold provinces can be distinguished in 
the CZ, both of which are defined geochemically. In the 
SCZ, neither the Nosib Group nor the Karibib Formation 
meta-sediments can be considered as significant gold res-
ervoirs. In contrast, the Abbabis basement inlier possesses 
signifi-cant quantities of gold, at least some of which ap-
pears to have been emplaced during a pre-Damaran miner-
alising event. Gold mineralisation was locally remobilised 
within the inlier during the Damaran orogeny, but more im-
portantly was channelled by hydrothermal fluids via major 
crustal fractures and dykes into the overlying metaquartz-

ites and the marbles. Au-Bi-Te mineralisation was concen-
trated near lithium pegmatites or in veins along major line-
ament systems. The lithium pegmatites interacted with and 
were possibly derived from the 1.7-2.0 Ga Abbabis Inlier. 
The marble-hosted mineralisation in the overlying Karibib 
Formation can be referred to as skarn mineralisation only 
in the broadest sense of the word. The proportion of skarn 
(silicate gangue) at these prospects is either very small 
(Navachab) or non-existent (Onguati). In the NCZ, in con-
trast, Au-As-W mineralisation, possibly higher temperature 
than the Au-Bi-Te of the SCZ, was localised in highly de-
formed metaturbidites and, to a lesser extent, marbles. The 
original source of the gold, arsenic and tungsten may have 
been the pelitic sediments of the Oberwasser and Kuiseb 
Formations. Metals were concentrated in the aureoles of 
late-tectonic granitic and pegmatitic intrusions. Some of 
these intrusions, the pegmatites in particular, were possibly 
derived from the partial melting of the metapelites, itself 
another gold concentrating mechanism. Particularly favour-
able sites for gold deposition were late-tectonic high strain 
zones which resulted from movement on major structures 
such as the Welwitschia and Abbabis lineament zones.

8.4 PELITE/TURBIDITE-HOSTED GOLD 
MINERALISATION IN THE DALRADIAN AND 

THE DAMARAN CZ COMPARED

Because of the paucity of gold mineralisation in Prot-
erozoic rocks (Woodall, 1979), there are a limited number 
of ensialic terrains of similar age with which the CZ gold 
deposits can be compared. An exception is the well-docu-
mented late Proterozoic Dalradian Series in Scotland and 
Ireland that was deformed and metamorphosed during the 
early Palaeozoic Caledonian orogeny (Fettes et al., 1986, 
1991). Moreover, comprehensive regional geochemical 
studies of the Dalradian Series are available (Plant et al., 
1989). The Dalradian Series has many features in com-
mon with the Damara Sequence, both comprising late Pro-
terozoic, predominantly sedimentary, sequences laid down 
on continental basement. In the Dalradian, initial fluvial 
clastic development was followed by the development of 
shallow-marine carbonates and glaciogenic tillites. Further 
carbonate deposition was followed by the accumulation 
of turbiditic sediments in fault-bounded basins. Localised 
rupture of the crust resulted in the extrusion of tholeiitic 
lavas towards the top of the sequence in a similar manner 
to the Matchless Member basalts and volcanic rocks. In the 
Dalradian Series there is a strong association between late 
felsic porphyries intruded along lineament systems and Au-
As-Bi mineralisation. The main control on the distribution 
of As appears to be turbidite facies sediments deposited 
in fault-bounded basins associated with crustal extension. 
Anomalous arsenic is associated with all centres of gold 
mineralisation. The distribution of arsenic around gold cen-
tres generally suggests that arsenic was derived from the 
metasediments. Sb is commonly enriched over shales and 
muddy clastics. In contrast bismuth is thought to be derived 
from magmatic sources. Elongate bismuth anomalies may 
follow lineament systems in which Bi is concentrated in 
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hydrothermal solutions.
The tectonic setting of the Dalradian Series and Damara 

Sequence is similar, namely tectonised, extensional (volca-
no)-sedimentary basins into which a late-/post-tectonic series 
of felsic intrusions was emplaced. Hutchinson (1987) dis-
cussed gold metallogeny in Precambrian rocks and empha-
sised the eugeosynclinal nature of the Archaean greenstone 
belts and the late Proterozoic/early Palaeozoic turbidite-host-
ed deposits. This author considers a Kuiseb Formation-filled 
graben (a tin belt) to be the ensialic analogue of an Archaean 
greenstone belt, where turbidites were deposited in listric-
faulted basins. In such a setting the economically significant 
gold mineralisation is late (i.e epigenetic), postdating peak 
metamorphism and most magmatic events of the orogenic 
cycle. Mineralisation is spatially associated with late-/post-
tectonic suites of felsic intrusions that were emplaced along 
discordant lineaments. The-concentration of Au-As-W min-
eralisation within high strain zones in the Kuiseb Formation 
is reminiscent of Archaean greenstone belts (Colvine et al., 
1988).

Plant et al. (1989) considered that the genesis of the Dal-
radian gold deposits is consistent with a “modified metamor-
phic model”. For some reason, possibly syn-sedimentary, 
arsenic became enriched in turbidite/shale sequences. Gold 
(within disseminated pyrite and arseno-pyrite) may also 
have become enriched as a result of low-level hydrothermal 
circulation related to the high geothermal gradient that ac-
companied rifting. The rapid deposition of turbidites under 
anoxic conditions resulted in the preservation of kerogens. 
The author considers that this was particularly important 
in the tin belts of central Namibia. The Dalradian gold de-
posits occur mainly where across-strike lineaments cut lis-
tric-faulted sedimentary basins. A direct analogy is present 
at Sandamap Noord where the east-northeast-trending San-
damap-Davib Ost tin belt is cut by the north-northeast-trend-
ing Welwitschia lineament zone. In the Dalradian Series gold 
was concentrated by high-level hydrothermal activity around 
felsic porphyries. In the Damara Sequence the equivalent 
felsic intrusions were pegmatites in the aureoles of granites. 
The source of the gold, sulphur, As and Sb in the Dalradian 
(and the Damaran tin belts?) was the organic and sulphur-
enriched sediments (Plant et al., 1989). In contrast, Bi was 
concentrated in igneous centres. Thus the identification of 
regional As and Bi enrichment is an important prerequisite 
for the identification of gold mineralisation in the Damara, as 
it is in the Dalradian.

8.5 CONCLUDING COMMENTS

Examined in isolation from the other tectono-stratigraphic 
zones, the CZ shows little evidence for continental collision 
in common with other low-pressure/high-temperature ter-
rains (Wickham and Oxburgh, 1985). The epigenetic min-
eral deposits of the CZ possess an intracratonic signature. 

An Andean-type collision model for the inland branch of the 
orogen is unsuccessful in explaining the continental nature 
and the paucity of the CZ magmato-hydrothermal deposits. 
The distribution of the metasediments, the tectonic evidence 
and the confinement of various granitoid and pegmatoid 
types to particular tectono-stratigraphic zones argue against 
significant lateral displacement within the CZ. There is evi-
dence for extensive crustal shortening across the orogen, but 
tectono-stratigraphic zones have remained essentially where 
they evolved (Stanistreet et al., 1991). The major variations 
in lithostratigraphy in the CZ are perpendicular to the north-
east-strike of the intracontinental branch of the Damara Oro-
gen. Thus original sedimentary facies belts, of which the tin 
belts are the best example, are subparallel to the subsequent 
structures. Regional metamorphic isograds are broadly ori-
ented perpendicular to these lithostratigraphic zones, peak 
metamorphic conditions increasing from northeast to south-
west. Superimposed on the regional metamorphism are the 
contact effects of the numerous granitic domes. Although 
deeper crustal levels are undoubtedly exposed on the present-
day Namibian coast as a result of more extensive uplift, pres-
sure is not considered to have varied as much as temperature 
along the length of the CZ. The Usakos-Karibib-Omaruru 
area lay within the 400°C-700°C “window” , spanning the 
greenschist-amphibolite facies transition. Thermal condi-
tions were ideal for the preservation of late-tectonic pegma-
tites and high temperature skarns (400-650°C; Einaudi et al., 
1981) and at a later stage, because of the rapid uplift, lower 
temperature (≤300°C), epigenetic vein-type mineralisation.

Why does the CZ host the epigenetic deposits? This can 
be directly attributed to the large number of granitic plutons 
and the accompanying low-pressure metamorphism (Barton 
and Hanson, 1989). That the epigenetic mineral deposits are 
commonly far removed from their parent/causative intrusion 
should come as no surprise. The large number of granitic 
intrusions led to the, development of overlapping thermal 
domes and a high geothermal gradient (55-65°C/km). The 
confinement of specific types of epigenetic mineralisation to 
certain tectono-stratigraphic levels suggests that the original 
sources of the metals were the pre-existing basement and 
the Damaran sediments. Ascending granitoid and pegmatite 
magmas interacted with the metasediments to assimilate-
and/or leach certain elements. Loss of metals from Damaran 
sediments undoubtedly occurred during regional metamor-
phism (Haack et al., 1984), but it was the granitoid intrusions 
that were most effective in focusing fluid and raising ambient 
temperatures (Connolly and Thompson, 1990) in the latter 
stages of the orogeny.
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