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ABSTRACT

This study comprises a geological and geochemical
investigation aof the uranium deposits in the region near
the Swakop River which extends from the Langer Heinrich
Mountain in the east to the end of the Tumas River in the
west, and part of the region between the Khan and Swakaop
Rivers. The Langer Heinrich area, which includes the Bloed=
koppie Flats, Gawib River Valley and surrounding regions
totalling 180 km2 in size, was mapped in detail.

Most of the area is covered by superficial deposits
which unconformably overlie basement rocks of the Nosib and
Swakop Groups. It is proposed that the informal term Namib
group be used to include all these rocks, which were further
subdivided into the chronostratigraphic Langer Heinrich
calcrete and Tumas gypcrete formations. The Gemsbok
calcrete formation unconformably overlies the Langer
Heinrich calcrete formation.

The general geology of the basement rocks in the
Langer Heinrich region only is discussed. The main lithelo=
gical units present are the Etusis, Chuas and Tinkas
Formations; remaining rock types are the Salem, Bloedkoppie,
Gawib and Horebis Granites and pegmatites. The Bloedkoppie
Granite, which shows cross-cutting features to the Tinkas
and Etusis Formations, is the main granite found in the
area. Unusual weathering features are characteristic of
the Bloedkoppie Granite, in which alveéles and tafoni are

developed.
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The general geology of the younger duricrust forma=
tions is discussed. These were deposited on a palaeotopo=
graphic base of Post-Gondwana and African erasion surface
age. The duricrust deposits consist mainly of siliceous
fluviatile clastic material that was cemented by calcite,
carnotite and/or gypsum. Three genetic varieties of calcrete
are representedlat the Langer Heinrich, viz calcified breccia-
conglomerate, hardpan calcrete and boulder calcrete. Gypcrete
is classified in a similar manner into powder gypcrete, vuggy
gypcrete and consolidated gypcrete. Towards the west of the
area the proportion of gypsum with respect ta calcite
increases, which seems to be a function of aridity.

In the Gawib River Valley two phases for the preci=
pitation of calcite were found, the first taking place on
a much larger scale than the secand and the precipitation
of carnotite being concurrent with the latter phase. The
precipitation of carnotite and the shape of the ore-body
were governed primarily by the height and profile of the
water-table above the basement rocks.

The epigenetic deposits in the Tumas River Valley
were classified into two types, the Tumas and Langer Heinrich
Types, with the former related to negative magnetic anocmalies
in the basement rocks. The geology of the anaerobic basins
situated off the coast at Walvis Bay is discussed. These
contain diatomaceous mud.

Analytical methods were developed for the separation
of thorium, protactinium and uranium from geological materials

using various chromatographic procedures. The basic techniques
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were modified and adapted as required for the selective
separation and purification of uranium from calcite. Alpha
spectrometry, neutran activation analysis and delayed neutron
counting were the main technigues used.

The occcurrence of uranium in the region of study
follows a unique geochemical cycle, and the geochemistry at
each stage in the cycle was examined. The first stage in
the uranium-geochemical cycle was the basement rocks. The
rare-earth distribution between these racks provided evidence
concerning their paragenesis, and indicated that the Gawib
and Bloedkoppie Granites were the result of partial melting
of the Etusis Formation; also, that they are late-syntec=
tonic in age.

The second stage in the geochemical cycle of uranium
was the subsurface water. Predictions regarding mineral
equilibria could be made from the chemical composition of
the water. It was found that the uramium minerals soddyite
and carnotite were the stable phases in this environment.
From the prospecting aspect, 30 ppb uranium were considered
anomalous, while values below this were regarded as back=
ground.

The third stage in the geochemical cycle of uranium
concerns its occurrence in the duricrust deposits. The
segregation of carnotite at the Langer Heinrich was brought
about by upward diffusion of dissolved uranium caused by
soil suctiaon, and was precipitated by th? nucleation of the
uranyl cation on montmorillonite, and subsequent complexing

with vanadate ions. Mechanisms for the formation of calcrete
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and gypcrete are discussed. A new mechanism for the precipi=
tation of gypsum is propased which sEEAdEs mainly from

the precipitation of calcium sulphate brought in by onshoze
fogs.

Isotopic disequilibrium measurements showed that
uranium is still migrating, and that the age of the carnc=
tite precipitation is 30 000 years, based on the open-system
model of uranium migration.

In the final stage of the geochemical cycle, the
geochemistry of uranium in seawater and the diatomaceous
muds is discussed. Organic matter was the main precipita=
ting agent of uranium from seawater, and its heterogeneous
distribution is due to selective uptake by particular
organic compounds.

A classification system for the uranium deposité
near the Swakop River, based aon genetic relationships, is
proposed and described in terms of the geochemical cycle
of uranium, the mode of transport and mode of deposition.
The relationships between the duricrust uranium deposits

and the other uranium deposits of South Africa are compared.
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SAMEVATTING

" Die studie dek 'n gjeologiese en geochemiese ondersoek
van die uraanafsettings in die omgewing van die Swakoprivier
wat van die Langer Heinrich-gebergte in die coste tot aan die
einde van die Tumasrivier in die weste strek, asook 'n deel
van die gebied tussen die Khan- en Swakoprivier. Die Langer
Heinrich-gebied wat die Bloedkoppievlakte, die Gawibriviers
vellel en die omliggende gebiede behels, 'het 'n totale
oppervlakte van 180 km® en is in besonderhede gekarteer.

Die grootste gedeelte van die gebied word deur
oppervlakafsettings beslaan wat gesteentes van die Nosib-
en Swakopgroep diskordant oordek. Daar word voorgestel dat
die informele term Namibgroep gebruik word om al dié soorte
gesteentes te omvat wat verder in die chronostratigrafiese
Langer Heinrich-kalkreet- en Tumas-gipskreetformasie onder=
verdeel is. Die Gemsbok-kalkreetformasie cordek die Langer
Heinrich-kalkreetformasie diskordant.

Slegs die algemene geologie van die bodemgesteentes
in die Langer Heinrich-gebied word bespreek. Die belang=
rikste litologiese eenhede is die Etusis-, die Chuos- en
die Tinkasformasies. Die corblywende rotstipes is die
Salem-, Bloedkoppie-, Gawib- en Horebisgraniete en -pegma=
tiete. Die Bloedkoppiegraniet wat intrusiewe verhoudings ten
opsigte van die Tinkas- en Etusisformasies vertoon, is die
belangrikste graniet wat in die gebied gevind word. Buiten=
gewaﬁe verweringseienskappe is kenmerkend van die Bloed=
koppiegraniet waarin heuningkoekholtes en tafoni ontwikkel

is.
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~ Die algemene geologie van die jonger hardebank=

gie word bespreek. Hulle is op palectopografiese vloer
P ma-Gondwana~- en Afrika-erosieoppervlakouderdom afgeset.
" hardebankafsettings bestaan hoofsaaklik uit silika=
ende fluviale klastiese materiaal wat deur kalsiet,
otiet en/of gips aanmekaar geheg is. Drie genetiese
ariéteite van kalkreet kom in die Langer Heinrich voor,
naamlik verkalkte breksiekonglomerate, hardebankkalkreet

en” rolblokkalkreet. Gipskreet word op dieselfde wyse in
‘ﬁmﬁﬁaxgipskreet, kristalholtegipskreet en gekonsolideerde
éﬁ@ﬁ%&ﬁet ingedeel. Na die weste van die gebied styg die
%Eihbmding van gips tot kalsiet wat 'm funksie vean dorheid
Skyn te wees.

pr

presipitering van kalsiet gevind. Die eerste het op 'n

In die Gawibriviervallei is twee fases vir die

‘%Eﬁé'gruter skaal as die tweede plaasgevind en karnotiet

is gelyktydig met die laaste fase gepresipiteer. Die

‘presipitering van karnotiet en die varm van die ertsliggaam

is hoofsaaklik deur die hoogte en profiel van die grond=

iatervlak bokant die bodemgesteentes bepaal.

LR Die epigenetiese afsettings in die Tumasriviervallei

‘in twee groepe ingedeel, naamlik die Tumas- en die Langer
Heinrich-tipes. Eersgencemde is aan die negatiewe magnetiese

‘anomalie& in die vloergesteentes verwant. Die geolaogie van
ie anagérobiese bekkens van die kus van Welvisbaai word

foespiceck. Hulle bevet diatomegslik.

PO Analitiese metodes vir die skeiding van torium,

;?Etak%inium en ‘uraan uit geologiese m;teriaal is ontwikkel

- waarin verskeie chromatografiese prosedures gebruik word.
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basiese tegnieke is na vereiste vir die selektiewe

&ing BN suiwering van uraan uit kalsiet gewysig en

pas. Alfaspektrometrie, neutronaktiveringsanalise en
vertraagdeneutron-telling was die belangrikste tegnieke
,@%ﬁ'gebruik is.

" Die voorkoms van uraan in die omgewing van die studie
word deur 'n unieke geochemiese siklus bepazl en die geachemie
is in elke stadium van die siklus ondersoek. Die eerste

s adium in die geochemiese siklus van uraan is die bodem=
@?EtEEHtE. Die verspreiding van seldsame aarde tussen die
@Esteentes het bewyse aangaande hulle paragenese gelewer en
@gﬁ ook aangedui dat die Gawib- en Bloedkoppiegraniete die
@Eyolg is van gedeeltelike smelting van die Etusisformasie,
@Ptﬂﬂk dat hulle laat-sintektonies in ouderdom is.

Die tweede stadium in die geochemiese siklus van

~ uraan is die ondergrondse water. Voorspellings oor mineraal=
Bwewig kon uit die chemiese samestelling van die water gemaak
ypmd. Daar is gevind dat die uraanminerale soddiet en
I%E:ndtiet die stabiele fases in die omgewing was. Uit
ghﬁpruspekteeroogpunt beskou, is 30 dpb uraan as 'n anaomalie
beskou, terwyl waardes laer as hierdie syfer as agtergrond
eskou is.

Die derde stadium in die geochemie van uraan hang
saam met sy voorkoms in die hardebankafsettings. Die
afskeiding van karnotiet in die Langer Heinrich is die
gevolg van die opwaartse diffusie van opgeloste uraan deur

grondsuiging. Die wraan is hierna deur kernverming van

die uranielkatioon op montmorilloniet en daaropvolgende
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.eksvorming met vanadaatione gepresipiteer. Meganismes

lie vorming van kalkreet en gipskreet word bespreek.

SMé“mEganismé vir die presipitering van gips word aan

hand gedoen. Dit het hoofsaaklik uit die presipitering
kalsiumsulfaat ontstaan wat deur mis van die kus af

bring is.

Die onewewig in isotoopsamestelling van die uraan toon
t uraan nog steeds migreer, en dat die ouderdom van die
notietpresipitering 30 000 jaar is, indien 'n oop sisteem

£ die migrering van uraan aanvaar word.

In die finale stadium van die geochemiese siklus word

spreek. Organiese materiasal was die belangrikste presipi=
niddel van uraan uit seewater, en sy onreElmatige ver=

lding is aan selektiewe opname deur sekere organiese
bindings toe te skrywe.

'n Indeling op grond van genetiese verwantskappe word
die urasanafsettings naby die Swakoprivier voorgestel en word
in terme van die geochemiese siklus van uraan, en die

tr nsport- en afsettingsmetode beskryf. Die verwantskappe
Ussen die hardebank-en die ander uraasnafsettings van Suid-

rika word vergelyk.
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—-pH diagram. It occupies an area in the
motite stability field.

ematic diagram showing the thickness of
ient above an ephemaral water-table (——)

iation diagram. of vanadium plotted against
luorine for the subsurface water samples
Groups 1 and 2.

iation diagram of calcium plotted against
m for the subsurface waters from Groups
2s

ge inm composition of carbonated water

ring equilibration with calcite at various

eratures in the presence (A) and in the

ce (B) of a vapour phase. (Ostle and
NS n. r175).

diation diagram of Al.0. plotted against
205 (correlation coefficient r = 0,87)

{+ = mean).

fesrelationship between magnesium and cal=
um in epigenetic calcite as demanstrated by
tting the ratio MgO0/Cal against MgO.

Epagenetic ealcite, lLangexr Heinrich.

= H12-3, o = HJ2-5, x = HJ2-13,

A= L£5-15).

Sediments from other parts of the world.

» = Belders Formation marble, US5A;

X = average, 11 025 limestaones from the
Russian Platform;

o = composite 40 North American shales.

fﬂﬂrrmann, 1970).

BES e meteorites.

EENEpiGgenetic calcite, Langer Heinrich area.
B = average, 11 025 limestones from the
Russian Platform.

(Herrmann, 1970).

ts of the fractionation funct;on | el 7
+ Lu against

sum of the rare earths;

{b) percentage iron oxide.
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ation diagrams of rare-earth =lements
ed against percentage iron oxide.

its of the correlation coefficients. of
etium, dysprosium, samarium and
thanum sgainst the atomic number.

Variation diagram of uranium plotted
against dysprosium for both mineralized
and unmineralized calcretes.

Variation diagram of vanadium plotted
against dysprosium for both mineralized
and unmineralized calcretes.

adium for both mineralized and unminera=
ed calcretes.

chemical mobility of the elements in

supergene environment. (After Dasll'’

BeSe, 1972, p. 123).

=

NiflE geachemical mobility of the elements

in the epigenetic calcite of sample HJ2-5,

th respect to the Bloedkoppie Granite.

;EﬁIESEHtEd in terms of the removal index.
f

"geochemical mobility of the elements

the epigenetic calcite of sample HJ2-15,

W rcespect to the Bloedkoppie Granite.

'T@%mesﬁnted in terms of the removal index.

' Pore water pressure distribution in a

Bediment. (After Netterberg, 1971, p. 9).

" Diffusion model for the formation of

" carnotite in layers and concretions at
PN langer Heinrich. (After Berner, 1971,
R 103 ) .

BEIot of the factor scores of factor 3
liMeble 34) against carnotite mineralizatian
in terms of the concentration of uranium.
(Numbers zs in Table 30).

Jhe sulphur cycle in the diatomaceous
Eediments of the continental shelf, the
;lantic Ocean and the Namib Desert.

Schoeller diagram, comparisons of the ionic
distributions in sea- and fogwaters in terms

B0 f eguivelents per million ianic species.

A Fflow diagram of uranium and the accumula=
Jfamn of daughter isotopes in an open-system
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files through the diatomaceous mud for
‘.Ephorua pentoxide, molybdenum, vanadium,
anium and lass on ignition at 500 °C.
orehole SWA 30).

yfiles through the diatomaceous mud for
phosphorus pentoxide, molybdenum, vanadium,
Uranium and loss on ignition at 500 °C.
(Borehole SWA 50).

1‘.

Vlariation diagram of vanadium plotted against
uranium for the diatomaceous muds. Normalized
with, loss on ignition at 500 °C.

Vlariation diagram of molybdenum plotted
against uranium for the diatomaceous
muds. Normalized with loss on ignitiaon
B SA0:°C., :

A genetic classification for the Langer
Heinrich and Tumas Type uranium ore
deposits in terms of the geochemical
cycle and modes of transport and
deposition.

The relationships of the duricrust
Elepossats with respect to other types
of Wranium deposits inm terms of ore-
feirming processes.

Relationships between ages of host rock

amd the essociated uranium mineralizatiaon.
(2) Age of heost rock enclosing the uranium
mineralization.

(b) Age of wuranium mineralization.
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12l chemical analysis af the salt
accumulating in a2 tafoni on the
edkoppie. 54
@ inological development of the Namib
esert. 61
General composition of the diatomaceous
muds. 39
Re
Comparative criteria between the Langer
Heinrich and Yeelerrie uranium deposits. 101
Eomparative criteria between the Langer
Heinrich and Wyoming uranium deposits. 103
Nuclear data for naturally occurring isotopes
gff “thorium, protactinium amd uranium! 106
Nuclear data for radionuclides produced by
Bhermal neutrons. 110
Procedure for the chromatographic separation
of thorium, protactinium and uranium from
geological materials. 124
Nuclear data for radionuclides produced by
thermal neutrons. 12T
Procedure for the chromatographic separa=
tion of uranium from calcretes. L33
Procedure for the chromatographic separa=
Cion of uranium from calcrete,; suitable
for mass spectrometric armalysis. 143
Partial chemical analysis and trace element
concentrations in the Bloedkoppie and Gawib 147
Granites.
Samples used in the geochemical interpre=
tation of the rare-earth element distribus=
tians. 148
Chemical analyses of Group 1 subsurface
waters from the Namib Desert. 161
Chemical analyses of Group 2 subsurface waters
from the Namib Desert. 162
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mical analyses of Group 3 subsurface waters
om the Namib Desert.

18 Chemical analyses of Group 4 subsurface
??%EIS from the Namib Desert.

Means and range of concentrations of ions
in subsurface waters from the Namib

Desert for all 31 samples.

-1

Irace element analyses of subsurface waters
- from the Namib Desert. (Annual Prospecting
Report, 1973, Prospecting Grant M46/3/209).

Classification of the subsurface waters
inte groups, using multivariate discrimi=
nant analysis, and the calculated probabi=
lity associated with each sample.

Correlation matrices for log-transformed
data of the subsurface waters fraom the
Namib Desert for Groups 1 and 2.

(a) Summary of the correlation matrix
(Table 22) for the Group 1 subsurface
water.

(b) Summary of the correlation matrix
(Table 22) for the Group 2 subsurface
water.

Varimax matrices for Groups 1 and 2
subsurface waters.

Correlation matrix of the log-transformed
data of trace element concentrations in the
subsurfece waters of the Namib Desert.

Partial whole-rock chemical analyses of
calcrete powders from percussion boreholes
at the Langer Heinrich.

Uranium, carbonate and sulphate analyses
of calcrete powders from percussion boreholes
at the Langer Heinrich.,.

Partial whole-rock chemical analyses of the
hardpan calcrete of the Langer Heinrich
calcrete formation.

Semi-quantitative spectrographic analyses
for trace elements in the calcrete powders
from percussion boreholes at the Langer
Heinrich. (Courtesy, Anglo American
Research Laboratories).
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Vienadium concentrations in the Tinkas
Formation. 238
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ESIR) . 252
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concentration of some Elehents in
er (ppm). (Krauskopf, 1956, p. 3
icgre and Michard, 1974, p. 41).

nt concentrations in two ccres of
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aedkopple Granice dome viewed-across the
BEEkoppie "Flats from the Augawikberge,

I the Langer Heinrich Mountain in the
-ckgrnund te the noerth. "Granite outcrops

iR the middle foreground.

Seeretion pegmatite in the Bloedkoppie
11te with biotite crystallizing aslong
normal to the contacts.

J“ the feldspars. Crossed nicaols,
Tagnlflcatlmn x 50.

A:ﬁlveoles in 'the Bleedkoppie Granite.

Jafoni on the north-facing slope of the
Elmedkopple dome. Dimensicns are approxima=
%Ely 10°m high, 10" m deep and 30 'm wide.

Aerial photaograph showing the fanglomerate
'cﬁf the Gemshok calcrete formation in the
Gawib River Valley.

ﬁﬁverns and overhangs in the Gemsbok
ealcerete formation formed by deflationary
processes.

Stone pavement on the Gawib Flats composed
of angular to rounded guartz pebbles.

Heinrich celcrete formation orientated in
the direction of waterflow as shown by the
arraw.

Photomicrograph showing the pushing apart
'of detrital grains by calcite. D = detrital
gEain, C = calcite. Magnification x 50.

Photomicrograph showing how the pages of .a
biotite 'book' have been separated by the
precipitation of calcite between them.
Magnification x 50.

Photomicrograph illustrating a low degree
of calcification. The black areas are
pore spaces which frequently surround the
detrital grains. Separation of grains by
calcite precipitation is less extensive.
Crossed nicols, magnification x S50.
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tomicrograph showing rims of secaond

ration calcite surrounding detrital

ms., The black areas are carnotite

Bystels in a lighter calcite matrix.

Magnification x 50. 72

@) Electron photomicrograph of amorphous
Ernccite in calcrete. Magpification
1 000. 4

I Electron scatter photomicrograph of
uranium of the same area in Plate 14(a). 74

$4(c) Electron scatter photomicrograph of

vanadium of the same area in Plate 14(a). 74

(&) Electron photomicrogreph of platy

carnotite in calcrete. Magnification
b 000, 75

) Electron photomicrograph of platy
Earnotite in calcrete. Magnification
s Eiaialape

(&)

15(c) Electron scatter photomicrograph of

=l

n

branium of the same area in Plate 15(a).

Phetomicrograph showing the crystals=
lization of carnotite (black areas) B
around detrital fragments. r6

Hardpan calcrete overlying Bloedkoppie
Granite. 185

Photomicrograph of the hardpan calcrete. (Page 185
betrital grains are set in a semi-opagque bowund
ferrugenous calcite matrix. Transparent after
second generation calcite has filled pore page 76)
spaces and formed rims round the larger .
grains. Crossed nicols, magnification

x 50. 185

A cross-sectional view through the Gemsbok
calcrete formation in the western part of
the area.

(W]
AN ]

Laminated zone of calcrete in the Gemsbok
calcrete formation.

T
nJ

Stratified zone in the Gemsbok calcrete
formation.

m

Large boulders (up to 300 mm in diameter)
have been pushed apart by calcite
crystallization.

Cco
(W3]
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