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0,2 mm 1,0 mm 
a. b. 

Fig. 5.1 O. a. Clast-supported fabric of the laminated sandstone-type mineralization 

with a molybdenite flake (reflected light). b. Matrix- supported fabric of 

the carbonate-cemented type of mineralization (reflected light, oil) 

rock is virtually impermeable to water in the weathering environment, with the result 

that fresh sulphide minerals are preserved only a few millimetres below the buff-black 

manganese enriched weathering crust. Molybdenite grains in the sandstones usually 

have a crumpled appearance (Fig 5.11 ). This is interpreted as due to crystallization of 

0, 1 mm 

Fig. 5.11. Crumpled molybdenite flake (reflected light, oil immersion) 
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the molybdenite flakes shortly after deposition of the sandstone body and well before 

the diagenetic reduction of the pore volume has taken place. The same conclusion is 

gained from the matrix-supported fabric of the carbonate-cemented sandstones. Here 

the sand was cemented by the carbonate minerals before the confining pressure due 

to burial was too high. 

Comparison of the radiograph of a polished specimen with the distribution of uranium­

bearing minerals indicates that only a small proportion of the uranium is concentrated 

in discrete minerals and as replacement of phytoclasts (Fig. 5.12). In many instances 

0, 1 mm 

Fig. 5.12. Replacement of a phytoclast by a uranium mineral (reflected light). 

the uranium is concentrated as a thin coating around sand grains (Fig. 5.13). 

Comparison of polished specimens with roughly equal concentrations of uranium and 

molybdenum shows a marked deficiency in molybdenite grains, indicating that the 

majority of molybdenum is probably finely dispersed through the sandstone, as was 

observed in the case of uranium. 

Sulphide minerals identified by means of ore-microscopy are pyrite, which is frequently 

framboidal (Fig 5.14), chalcopyrite, bornite, lollingite, covellite (Fig. 5.15 and 5.16) and 

arsenopyrite. 
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0,2 mm 

Fig. 5.13. Uranium minerals coating sand grains in a mineralized sandstone 

(reflected light). 

0, 1 mm 

Fig. 5.14. Framboidal pyrite (reflected light). 
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CV cp 

0, 1 mm 

Fig. 5.15. Bornite (bn), covellite (cv) and chalcopyrite (cp) (reflected light). 

o, 1 mm 

cp 

Fig. 5.16. Lollingite (lo), chalcopyrite (cp) and bornite (bn) (reflected light). 
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6. Results 

A detailed description of each of the 49 occurrences investigated falls outside the 

scope of this thesis. Therefore only a selection of occurrences will be used to illustrate 

the characteristics of the different types of uranium-molybdenum mineralization. 

6. 1. Occurrences related to laminated sandstone-type mineralization. 

6.1.1. Uranium mineralization on Vogelfontein 436. 

The farm Vogelfontein is situated 30 km south of Fraserburg (Fig. 6.1 ). Despite its low 

molybdenum potential this example was chosen because of its good three­

dimensional exposures and the fact that it was the first one to be investigated and was 

Fig. 6.1. 

21 °30' \ Fraserburg 20 km 

N 

32°15' 

Leeu Gamka 65 km 
0 5 10 km 

=---=--==:=.-=t:.=====:::.:::, ' 

Locality map showing the position of the area investigated on the farm 

Vogelfontein 436. 
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therefore studied in great detail. The model for laminated sandstone-type mineralization 

is largely based on this occurrence, although others have obviously also been taken 

into account. 

The surface distribution of the mineralization and of exploration boreholes are shown 

in Fig. 6.2. The mineralization generally tends to occur as small and discontinuous 

pods. The bedding of the sedimentary rocks is for all practical purposes horizontal. 

The vertical section (Fig. 6.3) shows the position of the main sandstone bed of the 

Oukloof Sandstone Member in relation to other sandstone beds in the sedimentary 

column. Portion A - B of the vertical section shows the dominantly mudstone 

environment below the first sandstone, and the tendency of individual sandstone beds 

to become thicker with stratigraphic height. The pockets of uranium mineralization are 

usually concentrated in the thickest sandstone bed. 

The cliff faces on Vogelfontein were mapped in detail. The base of the sandstone is 

undulatory with a vertical variation of a couple of metres. The most prominent 

undulations are the result of rip-channels cut into the mud-plain during the initial stages 

of the flood responsible for the deposition of the sandstone body. These channels are 

about a metre or two deep and of the order of ten metres wide. 
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EXPLANATION 
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Building 
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Position of surveyed 
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Surface distribution of the uraniferous occurrences on the farm 

Vogelfontein 436. 
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Vertical section (off-set in two profiles AB and CD in Fig. 6.1) showing the 

position of the main sandstone bed (host to the uraniferous pockets) in 

relation to other sandstone beds. 
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6.1.2 Mineralization on Bloemfontein 406 

Bloemfontein 406 is situated 37 km east-southeast of Fraserburg (Fig. 6.4). This 

occurrence in the Poortjie Sandstone Member is selected for its higher molybdenum 

content and the better borehole control. The following description is based on 

unpublished diagrams of Dr. D. I. Cole. 

Fig. 6.4. 
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Locality map of the uraniferous occurrences on Bloemfontein 406, 

showing the mineralized outcrops, the exploration drill-hole grid and the 

two profiles measured (Cole, pers. comm.). 

The mineralization occurs in the sandstone capping of a 25 metre high mesa on 

mudstone and was explored by means of a 30 metre-square borehole grid (Fig. 6.4). 
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This sandstone capping forms the southern portion of a multi-storey sandstone sheet 

with maximum thickness of 33 metres according to borehole inter-sections. According 

to the description of Kubler (1977) this sheet, distinguished by him as "A", has an 

average width of 5 km and can be followed for a distance of about 15 km in a north­

northeasterly direction. In the portion under investigation a maximum of 10,3 metres 

of sandstone is preserved, the remainder having been removed by erosion. 

The cross-sections (Fig. 6.5 and 6.6) were drawn on the basis of borehole logs and 

cliff mapping (profiles B3, B3C and B4). From the sections and the contour plan of the 

Elcvatlon above 
sen-love! (m) 
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Fig. 6.5. 
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_..-r-r--------~ ✓ 

:so 100 metres 

[J sandstone D mudrock P phytoclasts 

~ mud-pebble conglomerate 183 mineralized zone c carbonaceous debris 

Geological section along B3 - B3C through anomaly B3 on Bloemfontein 

406, based on borehole data and measured profiles (Cole, pers. comm.). 

base of the sandstone body (Fig. 6. 7) it can be seen that the base of the sandstone 

body is undulatory with a maximum vertical variation of 5 metres. The cross-sections 

indicate a lower, a middle and possibly a higher ore horizon, but the individual ore­

bodies are discontinuous. The thicknesses of the lower and middle horizons, based 

on borehole intersections (Fig. 6.8 and 6.9 respectively) rarely exceed one metre. It 

also seems that areas of thicker ore-body development coincide to some extent with 

areas of lower floor elevation of the sandstone sheet, especially in the case of the 

lower ore horizon (compare Figures 6.7, 6.8 and 6.9). Figures 6.10 and 6.11 represent 

uranium value contours for the lower and middle ore-body respectively. The close 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

47 

Elevation above 

1367 sea-level (m) BH 735 
BH 736 

1366 BH 73-4 BH 701 

BH 710 
1365 

84 profile BH 733 !} m 

1363 

136,? 

1361 

1360 

1359 

13S8 

1357 

135~ 

Fig. 6.6. 
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Geological section along line 84 - BH 712 through anomaly 84 on 

Bloemfontein 406 (Cole, pers. comm.). 
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Contour map of base of the sandstone sheet at the uraniferous 

occurrences on Bloemfontein 406 (Cole, pers. comm.). 
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Thickness variation of the lower mineralized zone in the anomalies B3 and 

B4 on Bloemfontein 406 (Cole, pers. comm.). 
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Fig. 6.10. Grade contours of uranium in the lower mineralized zone on Bloemfontein 

406 (Cole, pers. comm.). Spot values for molybdenum are also shown. 
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Fig. 6.11. Grade contours of uranium in the middle mineralized zone on Bloemfontein 

406 (Cole, pers. comm.). Spot values for molybdenum are also shown. 
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agreement betwAen the thickness and grade of the mineralized sandstone is indeed 

remarkable (cf. Figures 6.8 and 6.10 and also 6.9 and 6.11 ). 

Unfortunately no molybdenum values were determined by BEUCAR MINERALS, the 

exploration company responsible for the drilling. Only molybdenum sample-values 

obtained during the present study on the surveyed profiles on Figures 6. 1 O and 6. 11 

are shown. Other occurrences where the mineralization is associated dominantly with 

the laminated sandstone-type of ore are the following: Leeuwe Kloof 402, Krugels 

Claim 459, Damsfontein 397, Blydevooruitzicht 299, Driefontein 464, De Goede Hoop 

463, Vinkekuil 144, Klippekraal 145, Banks Gaten 250, Riet Valley 452, Brandewyns Gat 

214, Veldmans River 9, Kareepoort 80 and Kraanvogel Valley 120. 

6.2. Occurrences related to both laminated and carbonate-cemented sandstone­

type mineralization. 

The prospect on the farm Riet Kuil 307, some 45 km west of Beaufort West (Fig. 6.12) 

was selected as it illustrates the three-dimensional relation of the two ore-types, viz the 

laminated and the carbonate-cemented sandstone type rather well. This is due to test­

mining, extensive exploratory drilling and reasonable outcrops in cliffs. The 

sedimentology of the occurrences in the Moordenaars Sandstone Member in the Riet 

Kuil area have previously been described by Moon (1974), Kabler (1977), Stear (1980) 

and Cole (1980). 

At Riet Kuil four sandstone bodies are present. Of these the R3 body contains most 

of the uranium and it can be followed for a distance of 20 km in a north-northeasterly 

direction. It averages 6 km in width and its maximum thickness measured in a borehole 

is 36 metres. The mineralized bodies are situated near the southern extremity of this 

sandstone body. 

The diagrams used in the following description are from Dr. D. I. Cole. Fig. 6.12 

shows the general geology of the area and the positions of the test mine and the 

mineralized outcrops (Anomaly A). A section through Anomaly A (Fig. 6.13) indicates 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

51 

22 ° 08' 

I 
32° 25'-

Rietkull 
homestead LEGEND 

0 

Fig. 6.12. 

section line 

500 

.... 

.... .... 

. . . . 

1000 netres 

□ 
□ 

4 

mudrock 

sandstone 

mineralized outcrop 
(anomaly A) 

dip and strike of bed 

mean palaeostream 
direction and angular 
deviation 

Map showing the geological setting of Anomaly A on the farm Riet Kuil 

307 with reference to the test mine (Cole, pers. comm.). 
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two main mineralized lenses, a bottom one associated with laminated sandstone and 

a higher one associated with mud-pebble conglomerate. These lenses are once again 

typically discontinuous and have a maximum thickness of about 1,5 metres. Above 

these two is a third ore-body of the carbonate-cemented type. The same relationship 

was found in a drill section east of the test mine. During subsequent investigations of 

other occurrences it was found that the carbonate-cemented type normally occurs 

above the laminated sandstone-type ore-bodies. 

Other occurrences where the laminated sandstone type is found in close proximity to 

the carbonate-cemented type are the following: Goede Verwagting 462, Koekemoer 

482, Ezelsfontein 433, Matjes Kloof 235, Brakfontein 329, Kaffersfontein 328, 

Vlekfontein 90, Elandsfontein 128, Hendrikskraal 298, Nmark 119 and Augustus Kraal 

129. 

6.3. Occurrences related to only carbonate-cemented sandstone-type mineralization. 

The occurrence at Karee Poort 80 was selected as an illustration of carbonate­

cemented type uranium mineralization. This occurrence is located in a plateau (Fig. 

6.14) formed by a multistorey tabular sandstone body, which in this area has a 

maximum thickness of about 13 metres. The mineralization is hosted by thin (generally 

less than 0,4 m thick) pods and lenses of carbonate-cemented sandstone at an 

average elevation of 7,8 metres above the base of the arenite body. The 

conditions during the formational stages of mineralization were probably not favourable 

(due to the absence of a continuous laminated sand body near the base of the 

succession or the absence of enough organic material in the sediment?) to precipitate 

a lower ore-body as at Riet Kuil. 

Immediately below the weathering crust of the mineralized rock secondary yellow 

uranium minerals may be present and these give rise to high scintillometer readings. 

Limonitic phytoclasts are common in the uraniferous sandstone. 
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On the extension of the sandstone body towards the west of the homestead similar 

occurrences have been investigated by a prospecting company. The economic 

potential of the occurrences on Karee Poort are rated as low due to the low volume 

and small thickness of the ore-bodies. 

Other occurrences where the mineralization is predominantly associated with 

carbonate-cemented sandstone are: Mealieberg 45, Beerenvalley 150, Elandsfontein 

128, Bullekraal 251, Die Bad 286, Vindragersfontein 280, Van Der Byls Kraal 265, 

Haane Kuil 335, Bush mans Kap 302, Quaggasfontein 357, La-de-da 178, Rystkuil 351, 

Onbekend 141, Richmond Townlands, Knapdaar 45, Kokers Graafs Vlakte 221, Taai 

Bosch Fontein 137 and Vischgat 223. Of these carbonate-cemented sandstone 

deposits only the one on Rystkuil was attractive enough for an exploration company 

to develop an underground test mine for the production of a bulk sample for 

metallurgical testing. 
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7. Possible indicators of molybdenum mineralization in the Karoo 

The field investigation showed that two factors control the molybdenum potential in 

suitable geological environments in the Karoo, namely rock type and stratigraphy. 

Consideration was also given to the possible use of stream sediment sampling and 

metal poisoning of livestock as exploration guides. 

7. 1. Potential host rocks 

In the southern Karoo basin significant LI-Mo-bearing bodies are restricted to 

sandstones of the Beaufort Group. Four potential types of host material within the 

sandstone beds were identified, namely: 

i. finely laminated sandstone, 

ii. carbonate-cemented sandstone, 

iii. carbonaceous debris (phytoclasts) and 

iv. mud-pebble conglomerate. 

Of these the laminated sandstone, the carbonaceous debris and the mud-pebble 

conglomerate are found near the base of sandstone bodies, i.e. domains that probably 

remained waterlogged until the sediment was completely lithified . 

In the weathering environment the laminated sandstone beds characteristically form 

hollow cliffs, usually capped by massive sandstone beds (Fig. 7.1.), and they are light 

in colour, but local iron staining is common due to the ubiquitous presence of pyrite 

in the fresh rock. The sulphuric acid formed during the oxidation of the pyrite weakens 

the cementing medium of the rock, resulting in the crumbly nature of the sandstone 

in outcrop. The U and Mo enrichment is commonly in the form of thin (less than 0,6 

m) tabular bodies less than 10 000 m2 in areal extent. 

The phytoclasts and lenses of mud-pebble conglomerate within the sandstone beds 

are only mentioned for the sake of completeness. Both, especially the former, can 

contain very high metal concentrations, but the volume of the individual bodies is 

insignificant as their surface area varies from a fraction of a square metre to a 
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maximum of tens of square metres (in the case of mud-pebble conglomerate). 

- mineralized rock 

e 

I• o f 

. · . · c~rbonate-cemented sandstone .· . . . 
• · massive sandstone 

Fig. 7.1. 

✓,. 

finely laminated sandstone 

mudstone 
phytoclast-rich pocket .f;;;,: 

Schematic section through a typical sandstone cliff showing four kinds 

of mineralization: Finely laminated sandstone, carbonate-cemented 

sandstone, mud-pebble conglomerate and one of the normally 

mineralized pockets of phytoclasts. 

The carbonate-cemented sandstone, locally referred to as "koffieklip", can be identified 

in the field by its black-buff manganese-enriched crust between 0.5 and 15 mm thick, 

formed by weathering. These "koffieklip" occurrences have no evident relation to the 

stratigraphy of the sandstones. In the field the impression was gained that they may 

have a relation to the palaeowater-table. These mineralized bodies are tabular, and 

commonly cut across bedding planes (Fig. 7.1.). Their areal extent is generally less 
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than 1 000 m2 and on account of their small volume they are of little economic 

significance. 

7.2. Stratigraphical position of the ore bodies 

The Poortjie Sandstone Member appears to have the highest economic potential which 

is reflected by the fairly large number of occurrences (43 %) that warranted 

investigation, their above average size and their fairly high grade. The initial field 

analyses obtained from samples of the Oukloof Sandstone Member (though based on 

an imperfect X-Met 840 calibration) were less encouraging. 

7.3. The value of geochemical stream sediment sampling 

In 1977 the Geological Survey commenced with a geochemical stream sediment 

sampling project in the south-western Karoo as its contribution to the uranium 

exploration in that area. All first order streams were sampled, giving a sample density 

of about one sample per km2
• The results for the Beaufort West degree square were 

analyzed statistically by HCckel (1979). He came to the conclusion that this regional 

geochemical exploration project has succeeded in delineating areas with a relatively 

high uranium (and molybdenum) potential. 

Early in the present project fourteen of these 1 :50 000 quarter-degree geochemical 

maps (Fig. 7.2.) were selected for a detailed investigation as to their value in 

exploration. Each of these maps contained between one and 34 known uranium 

occurrences. The total area covered is about 9 000 km2 and contains 195 known 

occurrences. The geochemical maps for U, Cu, P, Zn, Co, Mo, and V (based on 

Geological Survey XRF analyses) as well as those for U ( determined by neutron 

activation analysis) were studied. Anomalous values of copper are associated with 

dolerite intrusions (see also 7.4.) and in the case of uranium only some values 

determined by means of the neutron activation method were anomalous. 
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Locality of the fourteen quarter-degree geochemical stream-sediment 

maps investigated. 

The threshold value (mean plus two standard deviations after definition by Hawkes and 

Webb (1963)), determined for the neutron activation analyses for uranium on the 

fourteen geochemical maps lies between 5 and 6 ppm U (Fig. 7.3.). Because the 

definition of the threshold value is fairly arbitrary (Levinson, 1973) and the range of 

individual analytical values is rather wide, the lower value (5 ppm U) was chosen for 

the following discussion. 

Inspection of the fourteen quarter-degree geochemical data maps reveals that areas 

with a higher incidence of uranium occurrences are generally associated with higher 

uranium values in their immediate surroundings. If an exploration organization followed 

up each anomalous uranium value on the geochemical data maps by investigating the 

two rings of square km blocks immediately surrounding it (Fig. 7.4.) in detail, 142 of 

the 195 uranium occurrences known in the area (73%) would be found. On the other 

hand 489 anomalous values would return 160 known occurrences, which is 18 higher 

than the previous number, as in some cases a known occurrence falls in the influence 

area of more than one anomalous value. The percentage of anomalous values leading 

to actual mineralization would be about 28. By the elimination of squares falling on 

mudstone, the area that has to be examined in detail for an occurrence to be 
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Cumulative frequency distribution for uranium (neutron activation analysis) 
on the fourteen quarter-degree geochemical stream-sediment maps 
situated west of Beaufort West. Hatched values are anomalous. 

discovered can be reduced further, as potential uranium-molybdenum bodies are 
restricted to the more prominent sandstone bodies. Thus the area to be covered 
would be appreciably smaller than the theoretical 12 225 km

2 
(489 anomalous values 

each with an area of influence of 25 km2
, see Fig. 7.4). Thus even on a more detailed 

scale the maps are useful in closing in on potential targets. 

A stream on the farm Leeuwe Kloof 402 (Vredelus), 50 km southeast of Fraserburg, 
was sampled in detail for a distance of 145 m from a mineralized outcrop with high 
molybdenum and uranium concentrations (3 500 and 1 000 ppm respectively in 
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Fig. 7.4. The two significant rings of square kilometre blocks surrounding an 

anomalous uranium value that have to be investigated if the anomalous 

value is to be linked to a possible occurrence. 

individual samples) to determine whether a molybdenum and uranium dilution pattern 

could be detected in the stream sediment. The analysis of these samples was done 

by the standard techniques used for the Geological Survey's stream-sediment 

sampling programme. 

This particular stream, after crossing the sandstone layer, flows over a thick body of 

mudstone and the samples were collected from this part. There are one high 

molybdenum value (1 050 ppm at a distance of 60m from outcrop) and two high 

uranium values (1 110 and 7 40 ppm at distances of 52 and 80 m respectively) in the 

set of 18 samples (Fig. 7.5.). The remainder of the samples returned low values (of 

the order of the detection limit) and no diagnostic down-stream dilution pattern from 

the outcrop is evident. The three anomalous values are interpreted as a nugget effect, 

caused by unweathered uranium oxide minerals and molybdenite contained in clasts 

or as individual grains within the river sediment. To detect this occurrence an 

impracticably large number of samples would be required. 
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Although geochemical stream sediment sampling is regarded as one of the best ways 

of defining exploration targets, the above observation indicates that this is not the case 

with the Karoo uranium occurrences. The impression gained is that the uranium and 

molybdenum were solubilized and removed from this environment or that insufficient 

dispersal took place in the river sediment. 

It is concluded that best results in geochemical exploration for uranium will be obtained 

by stream-sediment analysis by means of neutron activation techniques, as the 

detection limit of this method is much lower than that of conventional analytical 

procedures. Targets on the geochemical data maps should then be followed up by 

field-work, during which favourable sandstone-types are selected visually from 

outcrops for detail investigation by means of gamma-ray spectrometry and sampling. 
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7.4. Plant toxicity as related to geochemistry as a possible key to molybdenum 

deposits 

The question as to whether metal poisoning in livestock could be utilized as a guide 

to ore deposits was also addressed, as both molybdenum- and selenium poisoning 

have been reported from areas close to uranium-molybdenum deposits in Colorado, 

United States of America. The selenosis reported is probably the result of selenium 

released from molybdenite, in which it substitutes for sulphur. Initial work by Brown and 

de Wet (1962) at the Veterinary Research Unit at Onderstepoort indicated that the 

stock diseases tribulosis (geeldikkop) and enzootic icterus (geelsiekte) represent 

different stages of selenium poisoning. This information, subsequently proved to be 

error..3ous, .was actually utilized by Esso Minerals (Africa) Incorporated in their target 

selection. Fortuitously the area selected on this basis contains some of the largest 

uranium occurrences in the Beaufort Group. 

During a visit to the Regional Veterinary Laboratory at Middelburg (Cape Province) I 

was informed by Dr. van Tonder that subsequent work (Louw .et .aL, 1967; van Tonder 

fil ru.:_, 1972; and Bath, 1979) proved that these diseases were unrelated to selenium 

poisoning as was shown on the basis of the selenium content of pastures and of the 

livers of affected animals. The analytical methods for selenium determination used by 

Brown and de Wet (1962) were shown to be inaccurate and subsequent analysis of 

plant material returned less than one ppm Se. In fact, Louw .et al. (1967), van Tonder 

et .fil. (1972) and Bath (1979) showed that the two diseases are caused by two totally 

different factors. Tribulosis is the result of feeding on pastures containing the weed 

Tribulus terrestris (dubbeltjie) which, under certain conditions, is toxic to livestock, but 

the toxicity is unrelated to heavy metals in the soil. Enzootic icterus has been proved 

by analyzing grazing and liver specimens of affected animals to be due to chronic 

copper poisoning. It was also established that high copper concentrations in plant 

material occur in pastures on dolerite. A remarkable correlation therefore exists 

between outcrop areas of dolerite and outbreaks of enzootic icterus (Figs. 7.6.(a) and 

7.6(b)). The higher incidence of the disease towards the southwest is probably related 

to the lower rainfall and the more frequent periods of drought in that area. The reason 

is that animals under stress are more susceptible to metal poisoning, as under these 
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Fig. 7.6.(b). The approximate outline of the outcrop area of the Karoo dolerite 

(Geological map - 1 :1 000 000). 
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conditions metals are released from the body reserves, where they have been stored 

metabolically during periods of adequate food supply. Ironically enzootic icterus is 

cured by dosing the livestock with ammonium- or sodium molybdatel 

Moon (197 4) analyzed samples from various uranium occurrences for selenium and 

found values below the analytical detection limit (5 ppm). The indications therefore are 

that the selenium concentration of the water in rivers that fed the depositional system 

of the Adelaide Subgroup was low. 

Heavy metal poisoning (molybdenosis and selenosis) of livestock therefore does not 

appear to be a guide to uranium-molybdenum mineralization in the southern Karoo. 

The remarkable correlation between the incidence of enzootic icterus and the outcrop 

area of dolerite intrusions, however, indicates that the cause of the disease might have 

been found earlier had the local geology been taken into account. 
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8. Statistical analysis of data 

A data set was prepared containing all the analytical sample values, as well as relevant 

field observations in digital form. These field observations comprise palaeostream 

direction, stratigraphy, grain size, sedimentation features, presence of organic material, 

elevation above base of sandstone body, relative elevation of the sample within the 

ore-body, presence of secondary uranium minerals and presence of carbonate 

cement. Use was made of a SAS programme to analyze the data set statistically. 

Various methods (for example cluster analysis and tree diagrams) were experimented 

with. Though some success was achieved, the best results were obtained by dividing 

the data-set into subsets by means of parameters observed in the field. These subsets 

were then compared with each other on the basis of population distribution and 

population means. These means (Table 8.1.) form the basis of the following 

discussion. The determination of the means was by a method described by Lepeltier 

(1969) which makes use of cumulative frequency curves plotted on log-probability 

paper (Fig. 8.1.). 

The data set is statistically not representative of rocks of the Adelaide Subgroup, but 

rather of mineralized zones. There may also be a bias in the set due to the selection 

of samples after field analysis but before laboratory analysis. 

8.1. Palaeostream direction 

The palaeostream directions measured during the present project were processed by 

Cole (1988) and used to modify Theron's (1973) palaeocurrent map and are 

represented in Fig. 8.2. In the area of interest three stream directions can be 

distinguished, namely a southwesterly, a south-southeasterly and a west-northwesterly 

direction. The separation of the data set into these three directions indicates that a 

sub-division according to palaeostream directions alone is too coarse to be of any 

significance. A subdivision based on palaeostream direction and the two most 

important rock types for uranium-molybdenum potential, namely fissile sandstone and 
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respectively. (After Lepeltier, 1969) 

siltstone (see sub-section 8.3.) was therefore investigated. In this case the 
molybdenum potential (population mean) declines from SSE (196), SW (149) to WNW 
(27) (Fig 8.3.). From the stratigraphy (8.2.) it is obvious that the SW direction is 
negatively biased by the low molybdenum values obtained in the Oukloof Sandstone. 
Also the low value for the WNW-direction is probably not significant because of the 
small sample population (12 samples for the WNW direction). 
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8.2. Stratigraphy 

The sandstone packages investigated during the present study are shown in the 

stratigraphic correlation diagram (Fig 8.4.). The Koornplaats and Combrinkskraal 

Sandstone Members have already been eliminated during the rating stage of the 

investigation. Too few samples were obtained from the Richmond and Wortelfontein 

Sandstone Members to be statistically significant. 
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The Poortjie Sandstone Member represents the best molybdenum target in terms of 

its mean (293 ppm Mo), nearly three times as high as the mean of the combined 

sample set (112 ppm Mo). This molybdenum potential is associated with the second 

highest uranium potential (793 ppm) which is about twice as high as that of the total 

set (391 ppm U) and is only surpassed by that of the Loxton Sandstone Member (890 

ppm U). The Oukloof Sandstone Member has the lowest U-Mo potential. The 

Barberskrans Sandstone Member has the second highest molybdenum potential (160 

ppm) followed by the Moordenaars Sandstone Member (94 ppm). The potential of 

the other sandstones is negligible. In terms of uranium the Moordenaars (493 ppm) 

and Davidskolk Sandstone Members (422 ppm) may have some potential, whereas the 

remaining members are of little consequence. 

8.3. Rock type 

Under the subdivision according to rock type only the fissile sandstone and plant 

debris feature prominently with means of 157 and 1 824 ppm Mo respectively. 

However, as was mentioned in sub-section 7.1. the latter has no potential because of 

the small volume. The high Mo content does, however, reflect the adsorptive effect of 

carbonaceous matter on molybdenum. 

Siltstone has the highest U potential (1 665 ppm), but virtually no Mo potential (56 

ppm). This is probably what Anderson and Fraenkel (1979) observed and interpreted 

as a spatial separation of molybdenum and uranium. The next highest potential is that 

of plant debris (380 ppm, lower than expected according to field scintillometer signals) 

and fissile sandstone (226 ppm). The other rock types have neither a significant 

molybdenum nor significant uranium potential both in terms of mean metal values and 

volume (7.1.). 

8.4. Organic matter 

The data set was divided into two sub-sets based on the macroscopical visibility of 

organic matter in the sample (Table 8.2.). A positive c·orrelation exists between the 

presence of organic matter in the sample and the molybdenum and uranium 
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concentration. In the case of molybdenum the metal concentration is seven times 

higher when macroscopic organic matter is present and in case of uranium the 

enrichment factor is three. This confirms the strong concentrating influence of 

carbonaceous matter on these metals (8.3.). 

Table 8.2. ---------------------------------· 
I Mean element concentration of sub-set I 

---- ----------------------------------------
1 Sub-set I Sub-set I 

I Element with visible I without visible I 
I I organic material I organic material I 
---- ------------------------------------------

molybdenum 345 45 I 
uranium 449 138 I 

---- -------------------------------------------

8.5. Accompanying elements 

To establish inter-element correlations the data set was divided for each of the relevant 

elements (U\Mo, V, Co, Cu, As, Zn and Pb) into two subsets. The one subset 

contained all data for which the concentration of the accompanying element is higher 

than the mean of that element and the other those that are lower. For each of the two 

sub-sets the mean of the Mo and U concentration was determined. From the listing in 

Tables 8.3. and 8.4. it follows that there is a positive correlation between molybdenum 

Table 8.3. 
!Mean molybdenum concentration! 
I of sub-set I 

-----------------------------------------------------------
Element and mean 

value at which subdivision 
into sub-sets was 

made 

Sub-set with 
values 

greater than 
mean 

Sub-set with 
values 

less than 
mean 

-----------------------------------------------------------
U (226 ppm) 
V ( 88 ppm) 
Co (30 ppm) 
Cu (14 ppm) 
As (106 ppm) 
Zn (63 ppm) 
Pb (45 ppm) 

441 
428 
242 

54 
370 
152 
515 

161 
44 
67 

290 
62 

176 
36 

----------------------------------------------------- --
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Table 8.4. 

Element and mean 
value at which subdivision 

into sub-sets was 
made 

Mo (157 ppm) 
V ( 88 ppm) 
Co (30 ppm) 
Cu (14 ppm) 
As (106 ppm) 
Zn (63 ppm) 
Pb (45 ppm) 

-------------------------------72 
I Mean uranium concentration I 
I of sub-set I 

Sub-set with 
values 

greater than 
mean 

586 
609 
845 
170 
745 
645 
945 

Sub-set with 
values 

less than 
mean 

112 
137 
138 
390 
245 
160 
109 

and uranium (as was expected). Both elements are also positively related to V, Co, As 

and Pb. The relation with Zn is positive for uranium but between Zn and molybdenum 

it is indifferent to negative. The relation between copper on the one hand and uranium 

and molybdenum on the other is strongly negative. The reason for this behaviour of 

copper is seen in the much more limited domain of solubility of this metal in the 

exogene environment (Garrels and Christ, 1965). Thus copper was precipitated from 

solution before it could reach the domain of Mo and U precipitation. 

8.6. Elevation 

The influence of elevation above the base the of the relevant sandstone body was 

examined by dividing the data set into two sub-sets, one with elevations below the 

mean of the total set and the other with elevations higher. The relevant uranium and 

molybdenum means for the sub-sets are listed in Table 8.5, from which can be seen 

that elevation above the base has no influence on the relative distribution pattern of the 

two metals in question. 

To test further whether the relative position within the ore body has any influence on 

the distribution of the element concentrations the data set was divided into five 

sub-sets, namely samples where the total profile has been sampled, samples from the 

erosion surface (usually enriched in secondary minerals), and samples derived 

respectively from the upper, middle and lower third of the profile. The respective means 
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Table 8.5. 
I Mean element concentration 
I of sub-set I 

------------------------------------------------------------, 
I I I Sub-set with I Sub-set with I 

I Element I Mean I elevations I elevations I 

I I elevation I higher than I lower than I 
I I I mean I mean I 

I molybdenum 
I uranium 

1 500 mm 
1 500 mm. 

are listed in Table 8.1. This table illustrates 

153 
224 

143 
224 

73 

i. that the elements Mo, U, V, Co, Pb and Zn are concentrated to varying 

degrees on the erosion surface 

and ii. a slight decrease in mean concentration from the bottom to the top for 

molybdenum and uranium, but no significant change in the ratio between them. 
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9. Genetic model for Karoo uranium-molybdenum deposits 

The provenance from which the molybdenum and uranium were delivered to the 

streams that fed the depository of the Adelaide Subgroup was discussed by several 

researchers. The two main sources put forward are: 

i. volcanoclastic material in sedimentary rocks of the Beaufort Group in the 

southwestern part of the Karoo basin which, on devitrification, could have 

released uranium and possibly molybdenum (Martini, 1974 and Ho-Tun, 1979). 

ii. granitic terranes surrounding the Karoo basin (Gilbert, 1978; Scheepers, 1982 

and Rust, 1979). 

The volcanoclastic material is supposedly derived from volcanic eruptions south of the 

present African continent (probably related to the volcanic arc of Patagonia which was 

at that time situated in such a position). The latter source comprises the granite 

gneisses of Namaqualand and various granites of the Cape Suite. Although evidence 

has been produced which supports either of the proposed sources, this issue has not 

been resolved conclusively. For the present study it is sufficient to accept that uranium 

and molybdenum were available in the depositional environment resulting in the 

mineralized ore-bodies. 

The environment in which the sediments of the Adelaide Subgroup accumulated, is 

described by Smith (1981) as a warm to hot, semi-arid, flat, featureless continental 

flood-plain far removed from its source area. This plain was inundated by periodic 

ephemeral floods originating on higher ground to the southwest, southeast and 

northwest of the basin. These torrential floods transported arenaceous elastic material 

(to be deposited as sandstone along the course of the meandering river systems) and 

vast volumes of suspended mud (to be deposited as mudstones and shales in the 

form of overbank deposits) into the basin. These, often catastrophic, floods were also 

responsible for repeated reworking of previously laid-down sediments, usually by 

undercutting and collapse of vegetated levees and channel banks. Besides mud­

pebbles (to be deposited as mud-pebble conglomerates) two types of organic material 
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were also introduced into the stream: 

i. Fresh organic material which would float and be left as shore line deposits by 

the receding water. These would normally rot away and would not be preserved. 

ii. Humic organic material which would sink, join the bed-load and be deposited 

as phytoclast-rich pockets at the toe of point bars and in scour pools where it 

could be preserved due to burial in water-logged conditions. 

This style of flooding can be observed today in the drier parts of southern Africa where 

the following key factor to the proposed Karoo model can be observed: After the main 

flood event.(and the deposition of the sand and mud) a trickle of clear water continues 

to run on the sand surface of the river bed for extended periods (weeks to months). 

This, however, is only the surface expression of a much greater volume of water which 

is permeating downstream through the sand bed. Floods in the big sand rivers of 

Namibia (Kuiseb, Swakop etc.) usually do not reach the coast on surface on an annual 

basis. According to Stengel's (1963) research of historic sources for the period 1837-

1937 the Kuiseb River reached the coast only about once in ten years. By outlining of 

the water reserve, flood measurement, systematic monitoring of the water table and 

the measured water withdrawal from the Kuiseb sand aquifer at Rooi Bank for 

consumption by the coastal towns of Walvis Bay and Swakopmund he calculated an 

annual subsurface water recharge of 800 000 m3 (which is about 50% of the allowed 

withdrawal rate for the aquifer without over-exploitation). Using this and the known 

surface of the cross-section of the sand aquifer, he arrived at a subsurface water 

permeation speed of 280 mm per day. In some instances palaeodrainages are followed 

by these seepages due to the development of barriers in the form of shifting sand 

dunes. One example is situated between Gobabeb, where the present river course of 

the Kuiseb has been diverted northwards, and the fresh-water springs at Sandwich 

Harbour. Another palaeochannel feeds water over a distance of about 60 km from 

Koichab Pan to the fresh-water springs at Hottentots Bay and Anichab. In the case 

of the Fish River, in the vicinity of Mariental, ponds in the river, inter-connected by 

subsurface seepages, seldom dry up. Even in exceptionally arid years this is the case. 

The permanent nature of these ponds with their fish population gave rise to the name 
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of the river. 

In northern Namaqualand this model can be taken a step further in the case of the Koa 

Valley. At Henkries, just before the valley descends towards the Orange River, the Koa 

River was probably dammed up by sand dunes and consequently a marshy area 

developed, resulting in the accumulation of large volumes of organic material and 

diatomaceous earth. The water of the Koa Valley, which drains granite gneiss terrains 

in Namaqualand, percolated through this accumulation of organic material and uranium 

was deposited mainly in the form of adsorptions on organic material, with a resulting 

sub-economic uranium deposit. This deposit, according to the Anglo American 

Corporation (personal communication) that prospected the deposit in the late 

seventies, is so young (1 O 000 - 60 000 years) that the uranium decay chain has not 

reached equilibrium. 

The processes active during the formation of the Karoo uranium-molybdenum deposits 

are envisaged to have followed much the same lines. Humic organic material, as part 

of the bedload, is seen as the vehicle by which molybdenum and also part of the 

uranium have been transported into the depositional environment. In the case of 

molybdenum the metal content of the organic fraction consists of primary molybdenum 

deposited metabolically by the living flora in the plant -tissue and molybdenum 

adsorbed on the decaying plant matter. The latter molybdenum was probably derived 

through a process of oxidation of plant matter, release of molybdenum into solution 

in ground water and re-adsorption to un-oxidized vegetable matter. The uranium in the 

phytoclast-rich pockets was probably concentrated only by the second route, as 

uranium has little function in the metabolism of living plants. Reducing conditions, the 

result of the anaerobic decay of water-logged plant debris, induced the precipitation 

of the heavy metals such as uranium and molybdenum from the circulating metal­

bearing groundwater. The sedimentary facies played a decisive role in the formation 

of these deposits. It would appear that the laminated sandstone, besides its position 

close to the base of a sandstone package, also represented a more permeable 

medium, with the result that most of the lateral ground water movement took place in 

this facies. 
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For the preservation of this metal concentration in the sediment the causative reducing 

environment has to be maintained until lithification has been completed. The requisite 

for this is that the mineralized zone remains submerged below the watertable. In places 

such favourable conditions only prevailed in sand-filled erosion scours ripped into the 

underlying mud plain by the initial flood, i.e. over-deepened channels protruding below 

the mean base of the sandstone body. 

The carbonate-cemented sandstones are probably not palaeo-valley-fill calcretes in the 

sense of Carlisle's (1983) description of the Australian and Namibian occurrences. In 

these uranium is found as carnotite. In the Karoo carbonate-cemented occurrences, 

however, no sympathetic U - V pattern is evident. A more likely model for the formation 

of the uraniferous carbonate-cemented occurrences of the Karoo is based on the work 

of Mount and Cohen (1984) who investigated rhizoliths from the marginal lacustrine 

deposits of Lake Turkana in Kenya. They distinguish between carbonate precipitation 

by vertical and horizontal root systems. In the former case calcite is precipitated under 

well-oxygenated, well-drained vadose conditions. These deposits, which are formed 

by plant roots tapping a variable watertable, are characterized by the absence of 

organic matter and manganese enrichment (no U-Mo mineralization is therefore 

expected). The cements of the horizontal root systems contain abundant clay and plant 

debris, and usually contain higher manganese concentrations (up to 4,5 cation 

percent). The horizontal root systems are formed by plants in swampy environments, 

i.e. water-saturated environments. Here reducing conditions prevail, which are 

favourable for the precipitation of heavy metals. The absence of significant Mo 

enrichments is explained by the high Ca +2 concentration surrounding this environment, 

which precipitates molybdenum from solution as powellite outside the domain of 

carbonate precipitation. The ubiquitous presence of phytoclasts and the manganese­

enriched weathering crust of the mineralized carbonate-cemented sandstones indicates 

that the "koffieklip" is probably the product of horizontal root mats in a marshy 

environment on the flood-plain. 

This mechanism for the formation of mineralization in such an environment implies that 

the heavy metals are precipitated early in the depositional history, well before the major 

diagenetic reduction in pore space takes place. This is substantiated by the crumpled 
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nature of molybdenite flakes and the matrix-supported fabric of carbonate-cemented 

sandstone. No evidence for any post-diagenetic movement of heavy metals (except 

on the present erosion surface) was found on any of the deposits investigated. The 

reason for this is seen in the grain size of the Beaufort Group sandstones, which is too 

fine to permit any substantial water movement after reduction of the pore space 

through diagenesis. This idea is supported by le Roux (1990) who postulates that only 

the sandstones of the Molteno Formation hold any potential for roll front type deposits. 

He substantiates this by his observation in the Molteno Formation of higher uranium 

concentrations close to dolerite sills. These concentrations he interprets as the result 

of ground water brought into circulation by the cooling sill. 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

79 

10. Summary and conclusions 

During the present investigation a portable XRF spectrometer was successfully 

employed to delineate mineralized rocks in the field. 

The uranium deposits in the Karoo with which the molybdenum is associated are thin 

(generally less than 0,6 m thick) planar (usually horizontal) bodies which have areal 

extents of less than 10 000 m2
• This implies difficult mining conditions for open-cast 

operations due to high stripping ratios and for underground operations due to limited 

stope width, accompanied with labour-intensive extraction of broken ore. Further the 

total volume of a single body is small, which implies that a number of ore bodies, each 

of relatively.short life-span, will have to be exploited at the same time, feeding a central 

processing plant. Economic mining under present conditions of low commodity prices 

and high labour cost appears unlikely. 

Factors controlling the molybdenum distribution in the sediments are stratigraphy, rock 

type and presence of organic material in the rock. 

According to this investigation the Poortjie Sandstone Member has the highest 

molybdenum potential, both in terms of mean molybdenum concentration (391 ppm) 

and number of individual deposits. This is associated with the second highest uranium 

potential (only surpas~ed by the Loxton Sandstone Member). This molybdenum 

potential is followed by the Barberskrans and the Moordenaars Sandstone Members 

with mean concentrations respectively less than half and about one quarter of that of 

the Poortjie Member. According to the results of this study the potential of the other 

sandstone packages investigated is negligible. 

The fissile sandstone is the rock type with the highest molybdenum potential, whereas 

siltstone has the highest uranium potential in terms of mean grade and volume. The 

influence of organic material as concentrating factor for both the metals is indicated by 

higher mean values in pockets of plant debris and in the sample set of rocks 

containing macroscopically visible phytoclasts. 
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The accompanying elements Mo\U, V, Co, As and Pb are interpreted as precipitates 

that formed under mutually favourable conditions. The poor correlation of Zn and Cu 

with Mo and U is interpreted by precipitation of these metals outside the domain 

favourable for uranium-molybdenum precipitation. 

The genesis of the ore-bodies is seen as early diagenetic and well before compaction 

and lithification. The mobilizing and transporting medium for the dissolved ions is seen 

as oxygenated seepage water following the main ephemeral flood event which 

deposited the sand bodies. When this water percolates through pockets in which 

anaerobic conditions prevail as a result of buried decaying organic material, the 

dissolved metals are precipitated. If these are not flushed out by an excess of 

oxygenated water or oxidized by a drop in the water-table to below the deposit, these 

bodies are preserved. 
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