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PREFACE

This study was conducted by the author during his term of office with

the Geology Division of the South African Atomic Energy Board (January
1975 = April 1981)., The prime cbjectives of the study were firstly,

to aid uranium exploration programmes in the Damara orogenic belt of South
West Africa (Namibia) by establishing any possible magnetic relation=-
ships associated with the uraniferous granites in the area and, secondly,
to interprec regional structure from the aeromagnetic data., Palaeomag-
netic studies were conducted for these purposes and not only greatly
assisted in the attainment of these objectives but also provided valuable

knowledge regarding the magnetic history of the area.

The author would like to express his sincere gratitude to the severa!l
persons and organisations who provided assistance during the course of

this study, i.e.

= to the President of the Atomic Energy Board for his permission
to publish this thesis,

= toDr. P D Toens, a special word of thanks for his initial mc-
tivation of the project and his continued support throughout
the duration thereof,

= to Dr H W Bergh, under whose supervision the study was partially
conducted, for his valuable suggestions, guidance and editing of
the text,

= o Dr D I Henthorn, a particular word of thanks for his invaluabie
assistance and guidance with the palaeomagnetic work, and for cri-
tically reviewing the text,

= to the Director of the Geologica! Survey fur his permission to
utilise the palaeomagnetic laboratory facilities and to publish
the data thus obtained,

= to RUssing Uranium Ltd., Gold Fields of $ A Ltd., Anglo American
Corp, of § A Ltd. and Aquitaine S A Ltd., for their assistance
given at all times during the course of the field work and for
their permission to publish the palaeomagnetic results,

= to Dr R McG Miller for critically reviewing the text and for his

valuable suggestions and guidance with structural and stratigraphic

R e |



(viii)

problems,
= to the numerous Damara geologists for their comments, suggestions
and criticisms during the course of the s:udy,

= to Rainer Jakob for conducting the chemical anaiyses,

= to Johan Retief and Gert Harman for the accurate levelling re=

quired for the gravity traverses, £
= to my sister Olga for the onerous task of assisting with the % ;1

colouring=-in of the colour composite maps,

= to Elsa le Grange and Sharon Ro¥bert for the typing of the text
and, finally,

- to Benita Els, Beatrix van Niekerk and Irene Pietersen for the

draughting of the figures and maps.

Certain of the results of this study, particularly relating to the TH
palaeomagnetic work and structural interpretations, have already been
published by the author or are in press (Corner, 1975; Corner and

Henthorn, 1978; Jacob, Corner and Brynard, in press; and Corner, in

press).
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The above studies were undertaken by the author during the period 1975-1980.
Two preliminary reports have been written cn the early stages of the work
(Corner and Henthorn, 1978; Corner, 1975). The results presented in this
thesis indicate a hitherto unrecognised association of the economically
interesting uraniferous ilaskitic granites with a north-northeasterly
structural episode and also with certain unique negative geomagnetic ano-
malies. These conclusions represent a major step forward both in under=-
standing the controls of granitic uranium mineralisation in the area and

in the identification of possible explcration targets,

) By . Physiography and Location of the Area

The area studied lies in the central coastal region of Suuth West Africa
between the Atlantic coastline and 16°30'E longitude, and between latitudes
21°s and 23°30's (Fig 1). Towns and settlements include Omaruru, Karibib,
Usakos, Uis, and on the coast, Henties Bay, Swakopmund and the Walvis Bay
enclave of the Republic of South Africa.

Climatically, the area includes part of the Namib Desert whizh stretches up
to 100 km inland at its widest point. The prevailing winds are westerly

in the summer months and eascterly dJduring the winter, resulting in dry and
at times extremely dusty conditions, with rather large variations in tem-
perature and humidity. Precipitation is infrequent, averaging abrut 28 mm
per annum, and decreases towards the ccast to roughly 20 mm per annum.
Rainfall of short duration and light intensity may, however, occur. The
desert is, for a large part of the year, fog bound which provides about

130 mm of equivalent rainfall per annum and results in a wide variationm in
humidity of between 5 and 80 percent. Temperatures range between é,SOC

and 40°C on average.

Communications are good and all the towns are served by good tar, gravel
or salt roads. Walvis Bay is the main industrial centre and harbour and

is also served by a railway line from the interior.

Major rivers draining tne area and hinterland include the Omaruru, Khan,

Swakop and Kuiseb Rivers which are dry although subsurface flow does occur.
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Abbabis swell by Gevers (1963) and corresponding to southern portion of
the central zone of Martin and Porada (1977). It has been dated at
1 925 £ 300 Ma (Jacob et al., 1978). The complex comprises mainly
gneissic granites, granitic gneisses, paragreisses, and includes minor

amounts of metasediment.

The Abbabis Metamorphic Complex is overlain unconformably by rocks of
the Damara Sequence whose sedimentation began aboutr 900 to 1000 Ma ago

(Martin and Porada, 1977). The sequence consists o. a lower, psammitic

Nosib Group overlain by a calcareous-pelitic Swakop Group.

The Etusis Formation of the Nosib Group has a wide-spread distribuction

north of the Okahandja lineament., It was deposited in local basins on
a topographically uneven Abbabis surface and its thickness varies con-

siderably over short distances. The Etusis rocks are mainly metamor=-

phosed fluviatile quartzites, conglomerates and other psammitic sediments.

Fels’c metavolcanic rocks are present in places near the Okahandja line=~

ament.

The Etusis rocks grade upwards and laterally into the Khan Formation,

whose outcrop occupies a much smaller area. It consists of banded and lo=-

cally migmativtic quartzofeldspathic amphibole-clinopyroxene gneisses

and represents a change in sedimentation to more calcareous sediments
and reduced clastic input, Towards the top, amphibole-biotite schists
are developed locally. In many places this formation appears to be a

preferred locus of emplacement of the uraniferous alaskitic granites.

The R3ssig§ Formation forms the lowest unit of the Swakop Group and this

overlies older rocks paraconformably and disconformably. Its distribu-

tion is more restricted than that of the Khan Formation. It is charac-

terised by great lithological hereogeneity both vertically and laterally,

and consists of marbles, calc-silicate gneisses, pelitic schists and
gneisses, quartzites and conglomerates. Sulphides are commonly present

and weathered outcrops frequently exhibit a deep red-brown colour.

The Rossing Formation is discordantly overlain by the Chuos Formation,
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the lowest member of the Khomas Subgroup. It is regarded as being of

either glacial-uarine or mass-flow origin. The formation consists of
boulders in a semi-pelitic to pelitic matrix, schists and ferruginous
quartzites, and it constitutes a most important marker horizon. Where
present, it allows the separation and recognition of the R3ssing and

Karibib Formations.

The overlying and partially conformable Karibib Formation consists of

local basal schists followed by variable thicknesses of marble and calc-
silicate rock. The formation is widespread in the central zone and it
constitutes a good marker horizon since thickness variations are not

as abrupt as in underlying formations. The formation represents a period
of carbonate sedimentation on a more or less planar surface of wide ex-
tent. Over most of the central zome the marbles of the Karibib Formation

are conformably overlain by pelites of the Xuiseb Formation. The top of

the formation is nowhere exposed but it is at least several thousand metres
thick., 1Its thickest development is possibly in the Khomas trough of the
southern zone. In the central zonme it comprises pelitic schists (locally
migmatitic) and gneisses. Its position is taken up in many places by
members of the Salem Granite Suite.

Sediments and basalts of the Karoo Sequence crop out north of 22°s latitude

and sre intruded by intra- and post-Karoo acid, alkaline and basic rocks
which form the Spitzkoppe, Cape Cross, Messum, Brandberg and Erongo Com-

plexes. Karoo dolerites are common throughout the belt,

Large portions of the area are covered by Tertiary to Recent superficial

sand, scree and duricrust deposits such as calcrete and gypcrete.

2.3 Granitic Rocks
Extensive granite intrusion has taken place and numerous phases of syntec=

tonic, late-tectonic and post-tectonic gneissic granite and granite have
been recognised.

Foliated or homogeneous red granites, leucogranites and pegmatitic granites
varying in age from syn- to post-tectonic are found either below or at the
level of the Etusis Formation but some intrude to higher levels. Prelimi-
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nary dating of the suite yields ages between 950 and 550 Ma (unpublished
data, Dr A J Burger), tha cldest of which may represent partial resetting
of basement ages as a result of Damaran metamorphism, These granites con-

stitute, in part, the Red Granite Gneiss Suite of Jacob (1974a). However,

most of the members of this Suite are currently considered to be products
ki of basement reactivation through anatectic processes (Jacob, 1978), and
7 geochemical evidence supports this (Bunting, 1977). Assimilation of

Nosib Group rocks has in places contributed to the heterogeneity of the
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Suite. The distinction between these rocks and the basement granice-

gneiss is not always clear and many outcrops previously mapped as red

granite-gneiss in fact belong to the basement. For this reason the term

Red Granite Cneiss Suite has been disbanded (Miller, personal communica- iﬁr
tion). Fractionation during crystallisation of the red granites and leu- f?f
cogranites of the Damaran episode yielded K-rich '.alts, enriched in vola- 4!’

tiles and uranium=-ore constituents, which finall, crystallised as alaskitic

pegmatitic granite and pegmatite.

Rocks of the Salem Granite Suite crop out over a wide area in the trans-
ition and central zones and comprise a number of granitic rocks that have
intruded over an extended period. The suite in most places is concordancly
emplaced into synclinal structures and normally occupies volume previously
taken up by the Kuiseb Formation., The majority of the suite comprises
porphyritic biotite granodiorite/adamellite. Early members are stronmgly
foliated and are pre-tectonic and syntectonic (Jacob, 1974a; Sawyer, 1978)
whereas later members appear undeformed and are post-tectonic., The origin
of the Salem Suite has been ascribed to granitisaction in situ (Smith, 1963),
anatectic melting of the Kuiseb Formation (Miller, 1973) and intrusion from
considerable depth (Miller, et al., in prep.).

Other late-~ to post-tectonic intrusive granites, which occur as irregular
stocks or anastomosing veins, include the Bloedkoppie, Achas, Gawib and

Donkerhuk Granites, the latter being emplaced along and immediately south
of the Okahandja lineament.

2.4 Structure

Several phases of deformation can be recognised in the central zonme and are

indicated by fold interference patterns such as that of the ROssing mountain
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Numerous uraniferous occurrences have been found in this environment, the
localities of which are indicated in Fig 2. In particular, the Rossing

deposit is of this type (von Backs®rom, 1970; Berning et al., 1976). The

uraniferous alaskitic granite occurs preferentially in and around anti-
clinal and dome structures and intrudes into the basement and into the
Nosib and lower Swakop Groups, mainly below the prominent marbles of the

Karibib Formation. Certain of these stratigraphic units, such as the Khan

e W

and Rossing Formations appear to be favoured hosts. The concentration of

the mineralised bodies below the Karibib Formation is due partly to the

structural trapping effect of the marble bands, partly to water saturation

at this level and partly to chemical effects such as assimilation, the pre-

cipitating effect of iron-sulphide-bearing schists and reductants such as

graphite (Jacob, 1974b). Jacob et al., (in press), believe that the alas-

kitic melts were derived through partial melting of the Abbabis basement 4!'
and, to a certain extent, also of the Etusis Formation, during high-grade

Damaran metamorphism. During anatexis the incompatible elements, particu-

larly uranium, were incorporated into the melts which then rose, in an

attempt to attain gravitational equilibrium. The various levels to which

these melts rose were determined by the depth of origin of the melts, on 1
their water content and on the availability of tensional environments. g
Fractional crystallisation during ascent and increased water content con- :
centrated the uranium into residual melts which finally crystallised as

alaskitic pegmatiric granite.

Numerous sporadic occurrences of secondary uranium mineralisation (chiefly

carnotite) occur in Tertiary to Recent calcareous and gypsiferous palaeo-
drainage sediments as a result of supergene groundwater activity. The

Langer Heinrich deposit is the best example of such mineralisation.

The Damara belt is thus a uranium province providing a good example of
multi-cyclic processes of ore formation. Initial concentrations in base-

ment and Nosib rocks have led, through ultrametamorphism and fractionation

to uraniferous granites, followed by partial secondary enrichment. These
uraniferous granites in turn have acted as sources of carnotite mineralisation

in overlying superficial calcareous and gypsiferous sediments of Cainozoic
age (von Backstrom & Jacob, 1979; Hambleton-Jones et al., in press).
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