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Assessment of supergene uranium-vanadium anomalies,Meob Bay
deposit, Namibia

R. J. Bowell* & A. A. Davies
SRK Consulting (UK) Ltd, Cardiff, UK
*Correspondence: rbowell@srk.co.uk

Abstract: Extensive surficial uranium mineralization has been identified in the Namib Desert in central Namibia. The
mineralization comprises of uranium-rich zones in excess of 500 ppm for more than 3 m in tertiary sediment channels within
the Kalahari succession. In places zones over 10 000 ppm over 3 m were observed in the near surface sediments. The
mineralization is unusual in that it is entirely within the recent sands and is unconnected to any bedrock anomalies indicating
transport of uranium by supergene processes.

A reconnaissance level exploration program has been completed to determine the geological extent and controls on such
mineralization and use this to determine potential viability of such deposits. Historic data combined with geophysical data were
used to identify potentially high grade uranium anomalies including historically identified anomalies. In addition additional
anomalies were also discovered during the course of the work.

Bedrock geology in the area comprises of high thorium granites with highly variable but generally low concentration of
uranium that has complicated identification of potential radiometric targets requiring ground based studies to distinguish
uranium anomalies. These are intruded into Kuiseb shists that most likely supplied vanadium. Detailed investigation of the
identified uranium anomalies found mineralization was confined to the regolith only with high grade uranium (VI)
mineralization confined to ferric oxide-rich aeolian sand horizons and black weathered biotite schist horizons, indicating the
mineralization was likely of secondary origin.

The assessment of the geology and recent sedimentology indicates that the uranium source is likely to be from the Damara
intrusives to the east of the field area with extensive hydrogeochemical mobilization of uranium post-uplift in the Cretaceous
period. A complex uraniummineralogy in the sands indicates bi-modal formation of uraniumwith both oxidation and reduction
mechanisms having some control on uranium precipitation in various parts of the deposit.

The mineralization demonstrates the dynamic geochemistry of uranium and the ability to concentrate the metal by entirely
supergene processes. Although such deposits of this type are challenged to form a sufficiently large size to be considered
economic, potential still exists to identify further high grade zones.
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Namibia is a well-documented uranium province with two active
operations and one in development (Hambleton-Jones et al. 1986;
Roesner & Schreuder 1992; Kinnaird & Nex 2007; Corvino &
Pretorius 2013; Ilende et al. 2014).

Exploration for uranium in Namibia has identified two major
styles of mineralization in the central part of the country: (1)
alaskiite type pegmatites hosting uranium mineralization; and (2)
calcrete hosted uranium within the superficial tertiary sediments of
palaeo-rivers and pedogenic plains (Hambleton-Jones et al. 1986;
Roesner & Schreuder 1992).

Currently calcrete hosted uranium mineralization is only being
exploited at Langer Heinrich although several other deposits have
been identified in-country including Trekkopje, Marenica, Tubas
and Mile 72 (Bowell et al. 2008, 2010; Ilende et al. 2014).

Calcrete-hosted deposits are attractive due to the low mining costs
associated with them and amenability to processing by heap leaching,
however they are challenged in finding sufficient grade and resource
to justify exploitation (Cuney & Kyser 2009). In addition, uranium
deposits have certain characteristics that complicates exploration
evaluation, such as erratic distribution in strata and fine particle
distribution that if poor handling techniques occur can cause a
negative bias in grade evaluation (Hambleton-Jones 1984).

This paper reports a case study of supergene uranium
mineralization in the highly remote location of Meob Bay, Hardap
Region, Namibia. The objectives of this paper are to document the
characteristics of the deposit, particularly grade distribution,

mineralogy and associated hydrochemistry. This is used to postulate
the major geological-hydrological controls on such a deposit and
implications for the genesis and economic potential.

Study Area, topography and access

The Namib Desert is the world’s only coastal desert that includes
extensive dune fields influenced by fog (UNESCO 2013). The
desert stretches the length of Namibia from the border with Angola
to the border of South Africa (Fig. 1). Within this desert, between
Walvis Bay and Luderitz is an area called the Namib Sand Sea
which covers over 3000 km2. The Namib Sand Sea is comprised of
an ancient semi-consolidated dune system overlain by a younger
active one (UNESCO 2013) and is believed to be the oldest desert in
the world (Goudie 2010).

The study area is represented by a small coastal strip of outcrop
90 km long and c. 10 km wide within the Namib Sand Sea around an
area known as Meob Bay. Meob Bay is situated c. 180 km south of
Walvis Bay and 240 km north of Luderitz. The area aroundMeob Bay
is characterized by dolerite dykes, extensive salt pans, exposed granitic
bedrock covered with quartz gravel cover and large sand dunes.

Geological setting and formation

The Namib Desert stratigraphy (Table 1) is dominated by three
groups of the Damara Sequence; the Namib, Swakop and Nossib
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Fig. 1. Location map, Meob Bay Project,
western Namibia.

Table 1. pXRF results

Anomaly
name

Size
(m2)

No.
Samples

pXRF U
concentrations

(ppm)

Commentmin max mean

ACE 1500 137 25 4940 1030 Visible carnotite present in black Kuisib schist sand horizon between 2 – 10 cm. High grade
mineralization covers 0.03 km2 compared to Wilson’s 0.05 km2.

B 500 13 14.2 949 20 High uranium grades found within weathered Kuisib bedrock around 10 cm deep. Movement of
Barchan dunes has covered Wilson’s existing trenches.

F 1000 42 21 2246 562 Carnotite present in black Kuisib schist sand horizon between 2 – 10 cm. As with ‘ACE’, SRK grades
are lower than Wilson’s and cover a smaller area.

U 14 000 Geophysics only Radiogenic granite with Th dominance, some uranium present but subordinate to Th and K. No
geochemical sample required.

Southern 800 1 18 pXRF sample taken in centre of radiometric anomaly confirmed thorium (>100 ppm) anomaly not
uranium.

Magnetic 1000 Geophysics only Geophysics identified magnetic anomaly interpreted to beMatchless Amphibolite Belt with potential
to hold massive sulphide mineralization. No sulphides were present on surface indicating body
could be buried. No justification for sample collection.
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(Hambleton-Jones 1984). Meob Bay lies on the coastal plain of the
Namib Desert within the Southern Zone of the Damara Orogen
(Frimmel 2009). A geological map of the study area is shown in
Figure 2, which shows the anomalies and that the majority of the
study area is covered by recent quaternary sand and salt pans, with
only isolated outcrop of Kuiseb Formation bedrock and Salem
Granite. The Kuiseb Formation is mainly Flysch-type sedimentary
rocks (arenites, argillites) intruded by Salem type granites. The
SalemGranites are, in some localities throughout Namibia, enriched
in uranium and probably constitute the source rocks for the uranium
mineralization (Hambleton-Jones 1984).

The precipitation of carnotite and other uranium minerals in the
thick fluviatile uranium deposits has been proposed to be controlled
by redox effects, vanadium adsorption and soil suction (Mann &
Deutscher 1978; Bowell et al., 2009). However in many Namibian
deposits, evaporation is also an important mechanism and possibly the
major control in the deltaic style environments (Bowell et al. 2008).

At Meob Bay, the carnotite occurs with other mineral phases as
surface or near-surface precipitates in shallow poorly consolidated
sandstone and conglomerate (Fig. 3).

The Meob Bay uranium deposit is described as being of unknown
origin (Roesner & Schreuder 1992); however two scenarios exist for
the presence of carnotitemineralization. The first is of an entirely local
primary source of uranium from granitoid intrusive and vanadium
from the schist with only local mobilization of both elements. The
second case is for a deposit of transported secondary origin, with the
source material outside the area of deposition. Uranium and possibly
some vanadium were transported and deposited by percolating
meteoric waters in topographic lows. Mixing with local groundwater
or influence of evaporation resulted in carnotite precipitation.

The morphology and known extent of Meob Bay would confirm
with the delta-sub set of uranium calcrete deposits (Kyser & Cuney
2008). In this scenario uranium has migrated some distance from
source to the depositional site. This has implications for limitations
on grade and size of the deposit and ultimately economic potential.

Exploration History

In 1973 an airborne geophysical survey of Diamond Area No. 2
(Meob Bay) was flown for De Beers, as the area represented the

Fig. 2. Geological map, Meob Bay from
reconnaissance mapping and based on
Geological Survey of Namibia (2000).
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main region of outcrop in the sand covered area and was considered
prospective for diamonds. Several radiometric anomalies were
outlined around Meob Bay on the edge of the dune belt. Anglo
American acquired the licence area in 1976 and began prospecting
for uranium. During this survey carnotite coating cleavages in
quartz-mica schist and pegmatites was observed and used as criteria
to justify further assessment (Wilson 1978).

Drill holes were sited within three radiometric anomalies (ACE, F
and B) inclined at −45° with the aim of intersecting mineralization
throughout the hole. Approximately 560 m of drilling was
completed in five separate holes (Wilson 1978). After extensive
trenching and a diamond drilling program, Anglo American decided
the Meob Bay deposit to be un-economic according to 1970s
resource evaluation methods and uranium price. However, with the
considerable developments in the knowledge, exploration and
processing of uranium since then (Hambleton-Jones et al. 1984), it
was deemed productive to re-visit the area and conduct a re-
evaluation of the uranium mineralization origin and its potential. In
addition, recent geophysical data identified additional anomalies
which were not identified by Anglo American and could potentially
contribute to the economic potential of the area.

Sampling and Analytical methods

In order to validate the findings of the Anglo American report
(Wilson 1978), the methods used in this study reproduced as far as

possible the approach used in the 1978 study. The addition of pXRF
and more reliable gamma spectrometer measurements were the only
variations.

The anomalies identified by Anglo American (ACE, F and B) and
anomalies identified in more recent radiometric surveys (Southern,
Magnetic and U) are shown in Figure 2. The trenches excavated by
Anglo American from 1978 were still clearly visible in 2012 so
resampling was possible ensuring previously disturbed areas were
avoided to prevent sample contamination (Fig. 3). Small pits up to
1 m deep were excavated by hand in order to expose and sample
each soil horizon from overburden down to bedrock. Prior to
sampling each horizon, a total gamma emissions reading was taken
using a RadEye Personal Radiation Detector (Rad Eye) and a
scintillometer was used to provide a semi-quantitative estimate of
uranium concentrations. These methods were used together, as the
scintillometer uses gamma radiation to indicate the presence of
radioactive substances in relative concentrations whereas pXRF
gives a more precise measurement of elemental concentrations
present in the samples. Overall a reasonable correlation exists
between the two measurements (Fig. 4).

A shovel was then used to expose and mix the horizon prior to
sieving (<2 mm fraction) and bagging. A representative sieved
sample from each horizon was collected (with the exception of the
bedrock, which was broken up using a hammer and collected as a
coarse sample). The pits were then back-filled. The coarse bedrock
samples required milling using a pestle and mortar prior to pXRF

Fig. 3. (A) Carnotite, mirabilite and gypsum precipitated in enriched zone 10 cm below the surface. Note vertical bleed of carnotite related to evaporation
channels. Anomaly ACE trench 2. (B) Precipitation of carnotite schoepite metastudtite and metaschoepite with rossite at the granite pegmatite-schist boundary.
Trench 5N, Anomaly B. (C) Preciptation of carnotite and schoepite on Kuiseb schist. Trench 2 Anomaly F. (D) Veinlet or fracture infill of evaporate alts and
uranium minerals cross cuts bedding with the main trend of carnotite being parallel to bedding of the sand horizons. Trench 3A, Anomaly F.
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analysis and screened at−0.5 mm. No further sample preparationwas
performed on the sieved horizon samples prior to pXRF analysis.

The other identified aerial radiometric anomalies (Southern,
Magnetic and U) were also surveyed using a scintillometer prior to
samples being taken for chemical analysis.

An Olympus 5000 pXRF analyser was used to rapidly analyse the
concentration of uranium in each sample (sieved and coarse), avoiding
the requirement to ship samples to an analytical laboratory. Samples
were collected in the field and brought back to a central basecamp for
pXRF analysis. The pXRF was calibrated with eight AMIS
certified reference materials (CRMs) prior to use, with uranium
concentrations ranging from 128 to 1529 ppm. Intermittent calibration
checks were performed throughout the analyses after every 20th
sample. The equipment operating modewas altered to only use two of
the three excitation beams in Soil Mode and a 60 s beam time was
chosen.

Field duplicates of both sieved and coarse samples were collected
to assess the precision of field techniques and heterogeneity of the
samples (0.34 R2 value). Repeat pXRF analysis of samples was also
performed to monitor instrument precision (0.99 R2 value), with the
continued use of CRMs to monitor instrument accuracy (0.98 R2

value). The results of statistical analysis show that the pXRF has a
high level of precision and accuracy for uranium samples. However,
the variation between coarse and sieved samples demonstrates that

higher uranium concentrations are found in the sieved compared to
the bulk samples. This was as a result of the carnotite particle size
being concentrated in sieved samples.

Duplicate samples for laboratory analysis at Bureau Veritsas in
Swakopmund were also taken as further assessment of the pXRF
data. Multi-element analysis by Bureau Veritsas utilized four acid
digest coupled with ICPAES analysis. Although the pXRF readings
were generally on the low side compared to the laboratory data a
reasonable correlation between the two was made and the pXRF
data demonstrated to be acceptable for exploration purposes (Fig. 5).
This is consistent with other studies (Hall et al. 2014).

Mineralogical analysis was completed in the UK at Cardiff
University using an Inca analysis system coupled to a JEOL8400
electron microscope.

Water analysis of boreholes in the area was completed by Bureau
Veritas in Swakopmund using ICPAES for metal and cation
analysis and KONE analyser for anions. Both filtered and unfiltered
samples were analysed.

Results

In total, 193 samples were collected from 46 pits and 13 different
trenches across the identified anomalies, the results of which are
shown in Figure 6. Out of the 193 samples, 84 samples were found

Fig. 4. Correlation between Scintillometer
readings in counts per second and
portable XRF measurements in ppm.

Fig. 5. Correlation between field portable
XRF uranium measurements and
laboratory uranium measurements. Both in
ppm.
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to contain over 1000 ppm uranium. In addition, 57 samples
contained between 500 and 1000 ppm uranium (Fig. 7). These
high value samples were predominantly found in the weathered
schist sand and pegmatite sand (Fig. 8). The remaining samples (52)
contained less than 100 ppm uranium and were confined to the
gravel and aeolian sand, with the exception of 5 samples in anomaly
ACE that contained between 1500 and 3600 ppm uranium in a
surficial red sand horizon. These samples had visible carnotite
presumably that had been exposed after wind scouring had removed
the overlaying gravel and desert sand. A summary of the results for
each anomaly is provided below.

Mineralogy of the uranium bearing zones

A summary of the mineralogy for all the zones is given in Table 2
and typical textures in Figure 9. The uranium bearing zones
typically host carnotite and schoepite with metastudtite and
metaschoepite (Table 2) with minor rossite. A common observation
is the high content of mirabilite, anhydrite, leonite and halite that

also occur with the uranium minerals at depths of 0 – 30 cm and
these possibly reflect an evaporative mechanism for formation. In
addition within the fractured schist carnotite with minor metatyuya-
munite, becquerelite, compreignacite and rutherfordine occur
associated with anglesite, goethite, calcite, ankerite, muscovite,
chlorite, quartz and dolomite.

Analysis of rocks

The analysis of rock chips from throughout the Meob Bay area
demonstrated they were, in general, uranium poor. The granite does
show some sporadic Th anomalies and the schist bedrock hosts up
450 ppm vanadium. These are observed in Figure 8.

Anomaly ACE

ACE covers an area of c. 1.5 km2. The north of the area comprises
quartz mica schist and calc-silicate rocks of the Kuiseb Formation
and the southern portion of the site includes intrusions of Salem

Fig. 7. Cumulative frequency plot of
uranium in all samples (from pXRF
measurements).

Fig. 6. Stratigraphy of the Namib Desert.
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granite andmuscovite pegmatite dykes across the Kuiseb schist. The
range of uranium pXRF values recorded at ACE varied from 25 to
4940 ppm. The average value was 1030 ppm. The presence of
carnotite at Anomaly ACE was principally seen in a black sand
horizon derived from weathered Kuiseb schist between 0 and 10 cm
deep.

The gamma spectrometer grid completed over Anomaly ACE
suggests that the area with potential to host high grade uranium

mineralization is relatively small. The 100 ppm contour covers an
area of just 0.032 km2 compared to Wilson’s 0.05 km2 for the
northern and southern areas combined, defined by a 100 ppm eU
iso-chron.

Anglo American’s measurements were taken using a Scintrex
BGS-1 gamma scintillometer that recorded total count (cps) gamma
emissions, compared with the modern gamma spectrometers used
for this study which analyse the full gamma emission spectra and

Table 2. Mineralogy of Meob Bay, uranium bearing deposits

Granite Schist Conglomerate Sand unit

Vanadates
carnotite K2(UO2)2(VO4)2 · 3H2O x x x
metatyuyamunite Ca(UO2)2(VO4)2 · 3H2O x
rossite Ca(VO3)2 · 4H2O x x

Carbonate
ankerite CaFe(CO3)2 x x
aragonite CaCO3 x x
calcite CaCO3 x x
rutherfordine (UO2)CO3 x

Silicate
chlorite (Al,Fe2+,Mg,Mn)5-6(Al,Fe

3+,Si)4O18 x
muscovite KAl2(Si3Al)O10(OH)2 x
quartz SiO2 x x x
potassic feldspar KAlSi3O8 x x x

Oxide
becquerelite Ca(UO2)6O4(OH)6 · 8H2O x
compreignacite K2(UO2)6O4(OH)6 · 7H2O x
goethite FeO(OH) x x x
metaschoepite (UO2)8O2(OH)12 · 10H2O x
metastudtite (UO2)O2(H2O)2 x
schoepite (UO2)8O2(OH)12 · 12H2O x

Sulphate
anglesite PbSO4 x
gypsum CaSO4.2H2O x x x
leonite K2Mg(SO4)2 · 4H2O x
mirabilite Na2SO4 · 10H2O x

Halides
halite NaCl x

Fig. 8. Distribution of uranium by
lithology on a box plot, all concentrations
in ppm.
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estimate the uranium concentration from an internal instrument
calibration. Anglo American used a crude conversion from cps to
equivalent uranium (eU), by multiplying the cps value by 0.55
based on external calibration with standards. Comparison of this
surface data with that from Anglo American (Wilson 1978) in
stacked profile plots (Fig. 10) shows that although general
anomalous trends in eU are coincident in both datasets, there is
more variation in the grades reported by Wilson and grades across
the profiles are generally higher than for the modern dataset.
Repeating the line scintillometer traces using spectrometers reveal a
low positive correlation between data reported by Anglo American
(Wilson 1978) and this study (2013).

Anomaly F

Anomaly F is c. 7 km north of Anomaly ACE and covers roughly
1 km2. The area has a complex geography with a thick succession of
quartz-mica schists and thin quartzite and calc silicate bands forming
a step-like topography. There is also an extensive area of Salem
granite outcrops to the north of the schist belt. The range of uranium
values present at Anomaly F ranged from 21 to 2246 ppm with an
average concentration of 562 ppm. Carnotite mineralization at
Anomaly F was principally found in the fine black sand horizon
derived fromweatheredKuiseb schist and also occasionally in the red
aeolian sand layer just below surface. This zone varied in thickness
from a few centimetres to over ametre (the deepest trench excavated).

Anomaly B

Anomaly B is a pan-like depression located c. 2 km WSW of
Anomaly ACE. The area comprises NNE-striking Kuiseb
Formation muscovite garnet schists intruded by anastomosing
pegmatite dykes. Barchan dunes bound the anomaly, outcrop is
generally good and windblown quartz sands provide a thin surficial
cover in some areas. Dry channels are evident in satellite imagery
and on the ground, draining north-westwards out of the depression.

The moving nature of the sand dunes is evident when comparing
the Wilson Report geological maps and the present location of the
barchan dunes. In the south of Anomaly B, Anglo American’s lines
have been covered over in the last 35 years, whereas the dunes that
previously covered the northern part have moved on, exposing more

outcrop in the present day. The pXRF uranium values range from
14.2 to 949 ppm uranium, with a strong negative skew with the
majority of readings below 20 ppm. The highest uranium grades were
found in the weathered schist bedrock at around 10 – 30 cm deep.

Anomaly U

Anomaly U is clearly defined by radiometric uranium response
of 6 – 7 ppm eU in the airborne dataset covering an area of some
7 × 2 km, elongated in a north–south direction. Ground truthing of
this target identified that whilst uranium was present it was
subordinate to potassium and thorium. Nine gamma spectrometer
readings were taken sporadically over a 250 × 250 m area with a
maximum equivalent U response of just 10 ppm and a mean of
6.1 ppm. Although this may constitute a low grade uranium
anomaly, the thorium content of the lithology here is higher, with a
mean average of 32 ppm eTh. This anomaly may represent a
radiogenic granite that may be one of the uranium source rocks in the
region, but was not observed to contain anomalous uranium grades.

Southern anomalies

The palaeochannel hosting a low level radiometric anomaly
(Southern anomaly) that although reported as being uranium by
Anglo American (Wilson 1978) is believed now to reflect total
radiometric count. The anomaly is bound on the east side by a large
NW–SE-trending dolerite dyke. In places there are also areas of
gabbro and pegmatitic gabbro associated with the dyke. Thewestern
limit of the paleochannel comprises another dyke and Damara
sequence sedimentary units, dominated by Kuiseb schists, but also
include patches of Khanmarble. Both synorogenic and post orogenic
granites are observed as intrusions in the sedimentary units.

Within the palaeochannel are discrete Inselbergs of volatile-rich
granitoid pegmatite with abundant schorl and some fluorite along
with isolated veins of rose quartz and milky white quartz. One
geochemical sample was taken and analysed by pXRF to confirm
the anomaly was not uranium alone but a combination of uranium,
thorium and potassium. This sample was taken at the intersection of
the radiometric survey lines. The pXRF result confirms the anomaly
was not uranium with only 18 ppm (±3 ppm) of uranium found in
the sample but over 100 ppm of thorium.

Fig. 9. (A) Photomicrograph of carnotite,
metatyuyamunite and becquerelite, in
fractured schist. Trench 2A Anomaly
B. 0.5 m depth. Field of view 1 cm. (B)
Electron micrograph. Metatyuyamunite,
compreignacite and rutherfordine partially
replaced by carnotite on the edge of
calcite grain. Trench 1B, Anomaly ACE.
(C) Electron micrograph of carnotite and
schoepite intercalated with gypsum.
Anomaly F trench 3A. (D) Electron
micrograph of salt cavity, probably leonite
from crystal shape within carnotite.
Fragment. Sample from Anomaly F,
Trench 3A.

R. J. Bowell & A. A. Davies
 by GSL Maintenance User on April 4, 2017http://geea.lyellcollection.org/Downloaded from 

http://geea.lyellcollection.org/


Water chemistry

In order to better understand the nature of the Meob Bay superficial
uranium deposits, three water samples were collected from wells at
the camps in the Bay (Table 3). In terms of water chemistry

monitoring holes 1 and 2 located inMeob Bay fishing camp and at an
old diamond mine show evidence of evaporation or seawater mixing
with local water evidenced by high salinity and NaCl content, both
waters would classify as Na-K-Cl waters (Fig. 11). In addition these
waters have higher pH that would indicate the wells are within

Fig. 10. Stacked profiles of equivalent uranium grade from gamma rays (red 1978 and blue 2013 in online version of paper). Pit locations are black.
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carbonate rocks. By contrast, although still brackish the water from a
diamond camp,MW3 that is close to the uranium anomalies indicates
more dilute water with an overall-mixed chemistry and lower pH than
the other two samples. In addition the MW3 is the only well where
uranium was present above detection limit.

Discussion

The previous exploration program in the area drilled several holes in
and around the anomalies identified (Fig. 10). Uranium anomalies
all appear to confined in the upper 3 m of the weathering profile in
the Meob Bay anomalies. The anomalies zones are associated with
the top of the weathered schist and the conglomerate portion of the
calcrete profile. The vertical distribution of the uranium appears
almost bi-modal with the highest grades occurring in the lower
conglomerate with a secondary anomaly in the top 0.5 m of the
profile, as indicated by the drill logs in Figure 10.

These results indicate that the deposition of uranium appears
largely disconnected to the underlying geology. Uranium mineral-
ization is restricted to the sandstone–conglomerate areas of the
recent sediments. Based on this and palaeogeography interpretation

(McCarthy &Rubidge 2005;Miller 2008) it is hypothesized that the
anomalies were formed by marine transgression in late Pleistocene
eroding the overlying rocks and exposing the basement complex to
the east of the area (Fig. 13).

This resulted in the migration of uranium in groundwater along
the conglomeritic highly permeable calcrete zones. The chemistry
of the groundwater is likely to be similar to modern groundwater
analysed from the local wells, saline and mildly alkaline. The
precipitation of carnotite probably occurred to irregular ponding of
groundwater and reaction with the vanadium-bearing groundwater
or rocks in the schist. This led to saturation with respect to carnotite
and groundwater in the region still predicts a chemistry that shows
carnotite close to saturation.

This uranium bearing mineralization may well have been
remobilized at these locations, leading to enrichment of grade
near surface through reaction with saline sea water and evaporation.
This would result in higher grades at surface and in topographic
lows. The local association of evaporate minerals with carnotite at
shallow depths in palaeo channels and sand layers has also been
reported at Trekkopje and Marenica deposits (Bowell et al. 2008).

Despite the presence of the three high grade anomalies (ACE, F
and B) it is highly unlikely that an economic orebody exists in the
Meob Bay area and the uranium metal content is less than 1000 t
U3O8. The other anomalies although extensive are dominated by
thorium with only minimal uranium present. Where high grade
mineralization occurs, it is not continuous, and significant grade
variation can occur over even over a metre.

The Meob Bay uranium occurrence represents hydromorphic
dispersion of uranium from the Damara Orogenic granitoids,
leaching of vanadium from underlying Kuiseb schists and
deposition within palaeo-river channels hosted in the Kalahari
sands. The control on precipitation of carnotite in this environment
is likely to be evaporation (Bowell et al. 2008; Ilende et al. 2014).
Uranium is a redox-sensitive element that can be readily transported
in the form of soluble uranyl (UO2)2_ complexes in a variety of
geological fluids and precipitates mainly in the form of U(VI)
minerals in a large diversity of geological environments (Cuney &
Kyser 2009).

Uranium mobilization most likely reflects high CO2 – bearing
rain water being modified as it leaches uranium from the granites
forming uranyl carbonate complexes (such as UO2(CO3)2

−) in
mildly acidic to neutral and oxidizing conditions (Fig. 12). These
complexes migrate in groundwater and mix with local waters
leaching underlying Kuiseb schist that has a high concentration of

Fig. 11. Durov plot indicating major
characteristics of water samples.

Table 3. Hydrogeochemistry, Boreholes, Meob Bay

Parameter Units BH1 BH2 BH3

pH 6.6 7.4 7.1
Electrical Conductivity mS/m 350 2655 1750
Turbidity NTU 110 3.0 360
Colour Pt <10 <10 40
Total Alkalinity as CaCO3 mg/l 165 74 320
Total Hardness as CaCO3 mg/l 314 2379 1313
Chloride as Cl− mg/l 104 7219 4648
Fluoride as F− mg/l 2.3 2.5 3.0
Sulphate as SO4

2− mg/l 31 3173 1922
Nitrate as N mg/l 0.05 50 2.6
Ammonium as N mg/l <0.02 <0.02 4.1
Sodium mg/l 22.9 4745 3021
Potassium mg/l 12 121 116
Magnesium mg/l 16 178 72
Calcium mg/l 64 659 407
Manganese mg/l 0.08 0.02 2.7
Iron mg/l 0.02 <0.01 0.2
Vanadium mg/l 0.012 <0.01 <0.01
Uranium mg/l <0.01 <0.01 0.034
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vanadium (Ilende et al. 2014). In the environment of the
paleochannels there is sufficient uranium and vanadium to saturate
the groundwater with respect to carnotite and this mechanism is
enhanced by high rates of evaporation (Bowell et al. 2008). An
analogous method of copper mobilization and enrichment in the
saline evaporate environment of the Atacama desert has been
described with similar observations of mineral dispersion and
element enrichment (Cameron & Leybourne 2005).

Conclusions

Based on the exploration activities carried out of the Meob Bay
radiometric anomalies the following points were ascertained. Using
pXRF to analyse the variations between bedrock and sand cover,
mineralogy and hydrogeochemistry it is proposed that the origin of

the Meob Bay deposit is supergene. Derived from a source outside
the area, uranium was leached from granitoids then transported and
deposited by percolating meteoric waters into topographic lows.
This was supported by visual observations of carnotite confined to
topographic lows in ACE, F and B of less than 200 m2.

Subsequent interaction with saline water led to migration of
uranium and evaporation led to near-surface enrichment with the
formation of high grade carnotite mineralization (in excess of
1000 ppm) within a reddish Aeolian sand horizon just below a thin,
windblown surficial sand. This study has also shown that
mineralization extends downwards in to black sand derived from
weathered schist and deeper still in to the fractured schist bedrock.
This is presumably also a reflection of supergene remobilization of
the uranium. Most of the radiometric anomalies identified in the
Meob Bay area appear to be Th-rich and as such not economic.

Fig. 12. Eh-pH plot of uranium stability
fields. Calculated in Geochemists
Workbench utilizing data in Table 3.

Fig. 13. Schematic representation of the
conceptual model used to explain
uranium–vanadium mineralization at
Meob Bay (based on similar model
proposed by Mann & Deutscher (1978).
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