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S A M E V A T T I N G 

'n Sedimentologiese en mineralogiese ondersoek is van die 

River-af setting uittigevoer wat deur Mynboukorporasie (Edms) Bpk in 

Qwa-Qwa, 15 km suaidwes van Phu triad it jnaba, ontdek is. Die 

ertsliggaam is in íluviale sand-steen van die boonste Elliot-

formasie geleë. Palleostroomrigtings dui op 'n riviersisteem met 

'n lae tot baie lae 3d.nuositeit en met "h vektor-gemiddelde aanvoer-

rigting van 062°. 

'n Studie van sedimentere strukture en korrelgroottes in 

kranssnitte is deuir to ontleding van boorgatlogs aangevul wat 

die sedimentêre afsettingsoragewing as h gevlegte stroom 

van die Donjek-tipe onthul. 

Uraanraineralisasie 6gr die River-prospek is ongewoon dik, met 'n 

gemiddelde van bynai 2 m, maar toon 'n laer algehele graad as 

die suidelike Karoo-afsettings. Byna 30 I van die uraan kora in 

moddersteen en sliksteen voor, en die feit dat die 

mineralisasie in die sandsteen van sbortgelyke graad en dikte 

as die van eersgenoemde twee gesteentetipes is, dui daarop dat 

korrelgroottes hi betreklike.klein rol in die verspreiding van die 

ertsvloeistof gespeel het. Laasgenoemde het waarskynlik langs 

erosievlakke en litologiese kontakte beweeg. Die hoër reënval 

van hierdie gebied in vergelyking met die van die suidelike 

Karoo het waarskynlik 1n groter mate van uraan-herwoDilisering 

teweeggebring, soos deur die hoër persentasie van sekondêre 

minerale in hierdie afsetting aangedui. 

Die gesteentes behels hoofsaaklik drie tipes, naamlik 

steengrouwak, veldspatiese grouwak en sliksteen, waarvan 

kalkryke en kookstofryke variëteite van eersgenoemde twee 

voorkoia. 
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Uraanr.ineralisasie gaaii hoofsaaklik met organiese koolstof 

gepaard wat op verskeie maniere voorkoa. fn Klein hoeveelheid 

uraan kom ook as sekondêre beta-uranofaan voor wat in die 

tussenruiBtes van korrels en porieë in die kleiagtige matriks 

en steenfragmente teenwcordig is. Uraan is die enigste ekonomies 

belangrike spoorelement in die gesteente-
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A B S T R A C T 

A sediaentological and mineralogical investigation was carried 
out on the River deposit discovered by Mining Corporation (Pty) 
Ltd in Qwa-Qwa, 15 km south-west of Phuthaditjhaba. The 
orebody is located in fluvial sandstones of the upper Elliot 
Formation. Palaeocurrent directions reflect a low- to very low-
sinuosity river system with a vector mean azimuth towards 062°. 

A study of sedimentary structures and grain sizes in cliff 
sections was supplemented by an analysis of borehole logs, 
which disclosed the sedimentary environment as a braided river 
of the Donjek type. 

Uranium mineralisation at the River prospect is unusually 
thick, averaging almost 2 m, but of lower overall grade than 
the southern Karoo deposits. Almost 30i of the uranium is 
present in mud stone and siltstone, and the fact that 
mineralisation in the sandstone is of similar grade and 
thickness to that of the former two lithological types suggests 
that grain sizes played a minor role in the dispersion of the 
ore fluids. These probably migrated along scour surfaces and 
lithological contacts. The higher rainfall of this area as 
compared to the southern Karoo probably caused a greater rate 
of uranium remobilisation, as suggested by the higher 
proportion of secondary minerals in this deposit. 

The rocks are mainly of three types, viz. lithic graywackes, 
feldspathic graywackes and siItstones, of which calcareous and 
carbonaceous varieties of the former two occur. 

Uranium mineralisation is associated mainly with organic carbon 
which occurs in various modes. A small amount of uranium is 
present as secondary beta-uranophane which occurs interstitially 
to detrital grains and in the pores of the clayey matrix and 
lithic fragments. Uranium is the only trace element of 
economic significance. 
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Note Since the original of this report was completed. 
Mining Corporation drilled 49 of the 88 holes recouended, 
with the following results: 

Negative (<100 ppa) 17 
Mineralised (100-500 pp») 2S 
Half ore (GTP>0,5) 3 
Ore (6TP>1,0) 4 
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1. INTRODUCTION 

During January 1981 aeabers of the Geology Departnent visited the 
River uraniua deposit near Phuthaditjhaba in Qwa-Qwa, which at 
**»at tiae was being prospected by Mining Corporation (Pty) 
Ltd. In addition to surface saoples, selected sections of 
diaaond-drill cores were taken for aineralogical and 
geocheaical investigations. 

During the two weeks following the visit, j.p. le Roux remained 
at the site to conduct a sediaentological investigation of the 
occurrence. 

The object of the three-fold investigation was to assist Mining 
Corporation Ltd in their interpretation of the sediaentological 
environment and to provide a basic aineralogical description of 
the rocks as well as soae geocheaical data. 

2. SEDINENTOLOGY 

2.1 Introduction 

The River deposit is situated in the foothills of the 
Drakensberg about IS ka south-east of Phuthaditjhaba, capital 
of Qwa-Qwa. It was discovered late in 1979 in fluvial 
sandstone of the upper Elliot Foraation during a carborne 
radiometric survey by Mining Corporation (Pty) Ltd. In plan, 
the mineralised zone is Y-shaped with a strike length of at 
least 2 ka, the northern liab abutting against a dolerite dyke 
and the north-eastern extension still open-ended. Although of 
low overall grade (0,6 kg UjOg/t), the average thickness is 
1,98 a and two high-grade, thick ore-pods in the aras of the Y 
constitute easily mineable orebodies. The depth of ore is 
seldom more than 40 a, so that open-cast aining is feasible. 
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2.2 Depositional Environment 

Field work was carried out on the prospect in January 19S1, 
with a view to establish inq the environment of deposition and its 
control over mineralisation. The study included napping (Fig. 
1), the recording of palaeoturrent directions, measuring of 
cliff sections, core-logging and the analysis of borehole data 
supplied by Mining Corporation. The final interpretation was 
severely haapered by the paucity of outcrops, while erosion had 
removed part of the mineralised sand in places and resulted in 
large blank areas in the drilling grid, necessitating a fair 
amount of extrapolation. 

Three sandstones, designated SI, S2 and S3 from the base 
upward, are present in the study area. 

2.2.1 Palaeocurrents 

Of the S00 palaeocurrent directions recorded, the sedimentary 
structures constituted the following proportions (Table I): 

TABLE I. PROPORTIONS OF PALAEOCURRENT STRUCTURES MEASURED ON THE 
RIVER PROSPECT, QWA-QWA 

Type of structure Percentage of measured structures 

Parting lineation 42 
Trough cross-bedding 41 
Rib-and-furrow structures 12 
High-angle planar cross-bedding 3 
Low-angle (trough) cross-bedding 2 

The results, plotted on a rose diagram (Fig. 2), show a bimodal 
distribution of palaeocurrents with a maximum at 075* and a 
subnaximun towards 030*. The vector mean and magnitude 
calculated according to the method of Curray (19S6), are 062* 
and 80,7 t respectively, which gives a standard deviation of 
about 40* (Curray, op cit, Fig. 3). The resultant 80* range of 
palaeocurrent directions gives a sinuosity value of 1,09, using 
the formula: 



Fig. 1 
Topography, outcrops and tracks. River prospect 
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i2L2rr 
360 
2 sin x 

where x is the standard deviation. If, however, those readings 
constituting less than 10 % of the section with the maximum 
number of readings are ignored (Le Roux, 1979), a range of 140° 
is obtained, which yields a sinuosity value of 1,3. A Rayleigh 
test of significance shows that the probability of the observed 

20 
orientations being due to chance is less than 10 (Curray, 
op cit, Fig. 4), so that it can be safely concluded that the 
observed palaeocurrents reflect a very low to low-sinuosity 
river system. 
Although a bimodal palaeocurrent pattern usually indicates 
meandering of the river channel, the mean palaeocurrent 
directions for specific outcrops plotted in Fig. 2 suggest 
bifurcating channels instead. In the northern parts of the 
mapped area palaeocurrents display a northerly flow, in the 
eastern section an easterly flow, and in the south a north to 
easterly current direction. A braided river depositional 
system would therefore appear to fit the observed pattern of 
palaeocurrent directions best. 

2.2.2 Sedimentary structures and vertical profiles 

Due to the absence of good outcrops, well-exposed sedimentary 
structures were rarely observed during the course of mapping, 
and the field data were therefore combined with information 
gained from the diamond-drill cores (Fig. 3). A short 
description of the observed lithofacies and sedimentary 
structures follows, with notes on their possible origin. 

a) Mud-pebble conglomerates (mC) 

This facies occurs in lenses 1-50 cm thick at the base of 
sedimentary mesocycles. The mud-clasts are normally small 
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Fig. 3 

Column sections showing sedimentary structures and relative 
grain sizes in S2*andstone 
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(2-20 ram), poorly sorted and rounded to elongated in shape. The 
matrix is sandy. These intraforniational conglomerates 
represent either lag deposits formed by channel-bank slumping, 
or possibly longitudinal bar gravels. 

b) Trough cross-bedded sandstone (Stx) 

The few troughs observed in the field were usually wide (1-5 m) 
and shallow, with cosets sets ranging from about 300 mm to 5 m 
in thickness. The base commonly consists of an erosion 
surface, while occasional mud-clasts are present. Trough 
cross-bedding normally results from lunate dune or megaripple 
migration along the channel floor or bar tops under lower 
flow-regime conditions (Harms and Fahuestock, 1965). 

c) Planar cross-bedded sandstone (Shx) 

The facies varies in thickness from 100 mm to 1,5 m, with 
foreset dip angles between 12° and 21° (average 16,7°). The 
foresets represent the avalanche slopes of transverse bars 
migrating downstream. 

d) Low-angle cross-bedded sandstone (Six) 

Although the origin of this facies type has not been fully 
resolved (Miall, 1977), some resemble very shallow troughs, and 
could represent transitional bedforms between horizontally 
bedded and trough cross-bedded sandstone. This bedding type 
comprises the dominant sedimentary structure in the 
S2-sandstone, showing a thickness range of 1 - Sm. Erosional 
basal contacts are normally displayed. Coarse grain sizes 
suggest upper flow-regime conditions of deposition. 

e) Epsilon cross-bedding (Sex) 

Only one case of epsilon cross-bedding was observed in the 
field. The convex-upward shape of this sedimentary structure 
is typical of point or lateral bar deposition. 
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f) Horizontally bedded sandstone (Sh) 

The thickness of horizontally bedded sandstone units varies 
frcm several milimetres to more than 4m. Parting lineation is 
sometimes well developed on bedding surfaces. This facies normally 
develops under upper flow-regime conditions, but it can also 
form in very shallow water as low-amplitude sand waves (McBride 
et al. , 1975). 

g) Ripple (cross-laminated sandstone) (Sr) 

Only a few occurrences of this facies were observed, usually in 
fine to very fine-grained sand. These ranged in thickness from 
about 100-500 mm. The facies develops during low-water stages 
when ripples migrate across bar surfaces, eroding the tops of 
the lee sides of existing ripples (McKee, 1965). 

h) Massive (structureless) sandstone (Ss) 

Internal sedimentary structures may be present, but these can 
only be distinguished by using special techniques (Reineck and 
Singh, 1973). Mud clasts are occasionally present, suggesting 
relatively high current velocities. Thicknesses range from 
40Omm to about 5 m. 

» 

i) Siltstone (I) 

Siltstone was recorded in the diamond-drill cores only, as this 
facies is usually overgrown with vegetation or covered with 
talus in the field. Ripple cross-lamination or horizontal 
lamination showing small-scale upward-fining contacts were 
observed, but in most cases the siltstone is structureless. 
The horizontally laminated facies probably represents 
deposition from suspension (Allen, 1965), while the 
structureless facies could be a result of bioturbation. Up to 
2,6 m of siltstonc may be present in the uppermost part of the 
S2-sandstone, but in lower cycles, erosion by succeeding 
depositional events removed most of the very fine-grained 
facies. 
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j) Mudstone (M) 

Intraformational mudstone lenses in the S2-sandstone can be up 
to 2,6 m thick, with either gradational or erosional basal 
contacts. In the first case» a gradual transition to flood 
basin environments is indicated, while swale filling probably 
accounts for the second case. 

The facies described above occur in the S2-sandstone in the 
following proportions (Table II): 

TABLE II. PROPORTIONS OF SEDIMENTARY STRUCTURES AND LITHOLOGIES 
IN S2-SANDSTONE 

Percentage of S2-sandstone in: 

Lithologies Average 
and Cliff Diamond-drill percentage 

sedimentary sections cores in S2-sandstone 
structures 

Six 40 
Stx 13 56 (Sx) 52 (Sx) 54 
Shx 3 
Ss 18 15 17 
Sh 12 27 19 
Sr 4 1 3 
mC 1 1 1 
I 7 2 4 
M 2 2 2 

The dominance of cross-bedded sandstone over horizontally 
laminated sand, suggests lower current velocities than would 
normally be expected in low-sinuosity rivers, expecially in a 
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braided river environment. This is augmented by the low 
percentage of mud-pebble conglomerate and the fact that 
mudstone and siltstone comprise 6 % of the S2-lithosome. 
According to Boothroyd and Ashley (1975), such deposits are 
commonest in the more distal parts of a braided stream system. 

A correlation of grain sizes with sedimentary structures was 
attempted in an endeavour to determine relative flow-regime 
conditions for the various sedimentary structures. Grain sizes 
were determined by comparing the core samples or outcrops with 
the American/Canadian Stratigraphic grain -size card using a 
hand lens. In Tables Ilia and b, the grain-size distribution 
is shown in Wentworth class intervals, to which weight numbers 
are attached. By multiplying the percentage of grain sizes 
within each class interval by its respective weight number, 
and summing the products for each sedimentary structure, the 
relative grain sizes of the latter with respect to one another 
are obtained. Higher values for SW.n. x % indicate finer grain 
sizes. 

TABLE Ilia. DISTRIBUTION OF GRAIN SIZES FOR VARIOUS SEDIMENTARY 
STRUCTURES IN S2-SANDST0NE (DIAMOND-DRILL CORE) 

Class interval mm 
Weight number 7 
Sr 
Ss 13,3 
Sh 15,5 
Sx 19,4 

Average 12,1 39,0 28,0 18,7 2,2 860,0 

f ff v vv IM.n.x 
8 9 10 11 

33,3 66,7 966,7 
51,1 26,7 2,2 6,7 837,9 
50,0 30,7 3,8 822,8 
54,8 21,5 2,2 2,1 812,8 
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TABLE IIlb. DISTRIBUTION OF GRAIN SIZES FOR VARIOUS SEDIMENTARY 
STRUCTURES IN S2-SANDSTONE (CLIFF SECTIONS) 

Class interval m 
Weight number 6 
Sr 
Sh 
Ss 
Six 5,8 
Shx 
Stx 

Average 1,0 19,0 54,7 8,6 16,7 821,0 

vv = 4,0-3,50; v = 3,5-3,00 ff = 3,0-2,50; f = 2,5-2,00; 
mm = 2,0-1,50; m = 1,,5-1,00. 

In both tables, the majority of grain sizes fall within the 
2,5-2,0 Wentworth class interval (0,177-0,250 mm), except for 
the Sr-facies which is much finer grained. Assuming a decrease 
in grain size with waning current velocities, the sequence of 
deposition can be arranged in the following order from the base 
upward: 

Sx - Sh - Ss - Sr (diamond-drill cores); Stx - Shx - Six - Ss -
Sh - Sr (cliff sections). Taking the average values of IW.n. x 
% for the two tables, the sequence would be: Sx 
(Stx-Shx-Slx)-Ss-Sh-Sr. To test whether these fades sequences 
occur in the proposed order, a Markov analysis was conducted on 
the five diamond-dull cores and 13 cliff sections. Transitions 
across erosional contacts were not taken into account. In 
Table IV, the figures in each transition block from top to 
bottom represent the transition count matrix, transition 
probability matrix, independent trials probability matrix and 
difference matrix. 

mm f ff V £W.n.x 
7 8 9 10 

100 ,0 1 0 0 0 , 0 
14 ,5 5 1 , 8 3 3 , 7 819 ,2 
1 7 , 3 7 1 , 1 1 1 , 6 7 9 4 , 3 
1 2 , 7 7 5 , 3 6 ,2 7 8 1 , 9 
1 8 , 2 8 1 , 8 7 8 1 , 8 
51 ,6 4 8 , 4 748 ,4 
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TABLE IV. MARKOV ANALYSIS OF SEDIMENTARY STRUCTURES AND LITHOLOGIES 
IN S2-SANDSTONE, RIVER DEPOSIT, QWA-QWA 

mC Sx Ss Sh Sr M Row 
Total 

mC 0,64 
0,37 
+0,27 

0,18 
0,30 
-0,12 

0,09 
0,15 
-0,06 

0,00 
0,05 
-0,05 

0,00 
0,09 
-0,09 

0,09 
0,18 
-0,09 

Sx 
0 

0,00 
0,00 
0,00 

20 
0,50 
0,48 
+0,02 

10 
0,25 
0,24 
+0,01 

2 
0,05 
0,08 
-0,03 

2 
0,05 
0,14 
-0,09 

6 
0,15 
0,28 
-0,13 

Ss 
0 

0,00 
0,00 
0,00 

14 
0,82 
0,40 
+0,42 

1 
0,06 
0,16 
-0,10 

1 
0,06 
0,05 
+0,01 

1 
0,06 
0,10 
-0,04 

0 
0,00 
0,19 
-0,19 

Sh 
0 

0,00 
0,00 
0,00 

7 
0,70 
0,36 
+0,34 

2 
0,20 
0,30 
-0,10 

0 
0,00 
0,05 
-0,05 

0 
0,00 
0,09 
-0,09 

1 
0,10 
0,18 
-0,08 

Sr 
0 

0,00 
0,00 
0,00 

0 
0,00 
0,33 
-0,33 

0 
0,00 
0,27 
-0,27 

0 
0,00 
0,13 
-0,13 

1 
1,00 
0,08 
+0,92 

0 
0,00 
0,16 
-0,16 

I 
0 

0,00 
0,00 
0,00 

1 
0,14 
0,35 
-0,21 

0 
0,00 
0,29 
-0,29 

0 
0,00 
0,14 
-0,14 

0 
0,00 
0,48 
-0,48 

6 
0,86 
0,17 

+0,69 

M 
0 

0,00 
0,00 
0,00 

0 
0,00 
0,34 
-0,34 

0 
0,00 
0,28 
-0,28 

0 
0,00 
0,14 
-0,14 

1 
0,25 
0,05 
+0,20 

3 
0,75 
0,08 
+0,67 

Column o 
Total 29 24 12 4 7 14 

11 

40 

17 

10 

90 
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From the positive values in the difference matrix, a facies 
tree-diagram can be constructed which shows facies transitions 
that are due to non-random sedimentary chains. 

r M 
! 
I 

1 
^Sr X 

Sh Ss 

i 
mC 

To test the viability of this diagram, the results were 
subjected to a chi-square test, which gave a X -value of 
87,25. The number of degree^ of freedom is given by the number 
of non-zero entries in the independent trials probability 
matrix (36) minus the rank of the matrix (7), i.e. 29. For 29 
degrees of freedom, the limiting value for rejecting the 
hypothesis that the sediments were deposited by a random 
process at a 99,9 % probability level is 58,3. A Markov chain 
process is therefore clearly indicated. 

The results of the Markov analysis correspond well with the 
order of deposition proposed on the basis of grain si-.es, which 
proves that upward-fining cycles abound in the S2-sandstone. 
This is also clearly illustrated by the grain-size columns in 
Fig. 5, which in addition, suggest an overall upward-fining 
relationship in the S2-lithosome. It is also in accordance 
with a description by Campbell (1976) of some Jurassic deposits 
interpreted to be of braided river origin. Here there are 

http://si-.es
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several small-scale cycles (1 - 6 m thick) in gross upward-fining 
sequences, with the fine-grained facies normally truncated or 
removed, except in the uppermost cycle. Each sequence is taken 
to represent several periods of channel aggradation at 
decreasing energy levels, until the entire channel was 
abandoned by avulsion. 

The upward transition from cross-bedded sandstone to 
horizontally bedded sand suggests a transition from lower to 
upper flow-regime conditions in response to a decrease in water 
depth over a point or channel bar (Visher, 1965). 

According to Reineck and Singh (1973), the depth of depositing 
streams corresponds roughly to the thickness of complete 
upward-fining sequences, which in this case would suggest 
stream depths of about 3 - 10 m. For a river of this size, a 
bankfull width of about 1 - 3 km can be expected, assuming a 
width:depth ratio of 300:1 (Miall, 1977). 

Miall (op. cit.) distinguished four main types of braided 
rivers, namely a Scott, Donjek, Platte and Bijou Creek type, 
which differ in their facies assemblages and vertical 
sequences. Of these the Donjek type shows the most 
corresponding features with the S2-sandstone of the River 
deposit, and a short description of this type is therefore 
presented. 

The Donjek River (described by liilliams and Rust, 1969) is in 
Yukon Territory, Canada, and was used as a reference by Miall 
(op cit.) to describe broadly similar characteristics in the 
Donjek-type braided river. The gravel content of the Donjek 
River is actually much more than that of the Donjek-type model, 
the latter being characterised by a great variability of 
vertical profile. The most important feature of the model is 
the presence of upward-fining cycles on several scales, 
commonly ranging from 1 - 3 m in thickness, with a maximum of up 
to 60 m. Trough and planar cross-bedding are the dominant 
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sedimentary structures, followed by ripple narks and occasional 
horizontal lamination. Longitudinal, transverse and point or 
lateral bar deposits, channel-floor dune deposits, bar top 
deposits and overbank deposits nay all be important, with 
lateral and vertical changes in grain sizes both common and 
abrupt. This correlates reasonably ^ell with the facies 
assemblages encountered in the present study. 

2.2.3 Borehole analysis 

The lithological logs of 245 percussion boreholes were used to 
reconstruct the palaeoriver system (Fig. 4). Geological 
sections were drawn along all north-west -running grid lines 
(S-coordinates) to facilitate the interpretation of data. A 
final east-west section was constructed to show the general 
characteristics of the stratigraphic sequence (Fig. 5*, ref. 
Fig. 4). From this the mineralised S2-sandstone emerges as a 
complex unit showing abrupt facies changes and interfingering 
relationships with the surrounding mudstone. Siltstone and 
mudstone lenses within this unit probably represent the remnant 
tops of upward-fining cycles or else abandoned channels. The 
undulose basal and upper contacts of the S2-sandstone with 
surrounding mudstones (accentuated by the vertical scale and 
the concertina-type section line) suggest a high incidence of 
lateral channel migration, avulsion and scouring. 

A stratigraphically higher sandstone (S3) is present in some 
localities, while a lower sandstone lithosome (SI) is sometimes 
scoured into by the S2-unit. In such cases it is almost 
impossible to determine the basal contact of the latter with 
any accuracy, extrapolation remaining the only method. 

Fig. 6 is a structure contour map of the base of the 
S2-sandstone, showing the erosion topography of the depositing 
river on the mudstone of the flood basin. 
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Fig. 5 
Geological section through River prospect /Ref. Fig. 4^ 
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Deeper parts represent channels while shallow areas indicate 
channel bars. A well-developed channel enters the area from 
the south-west, diverges around channel bars in the left lower 
quarter and left centre of the figure, and from here continues 
as two major systems toward the north and east. The latter 
channel is divided by two prominent channel bars, which diverge 
the flow to the east, south-east and south, into what appears 
to be a very deep channel running north-east or east. The 
north-flowing channel system has not been drilled out 
completely, and there is also a distinct possibility of more 
channels continuing along the general north-easterly trend of 
the palaeoriver system. In the south-eastern part of the area, 
data are insufficient to reconstruct the palaeochannels with 
any certainty, but the existence of two channel bars separated 
by a north-east-flowing channel is suggested. The latter 
may be fed by an east-flowing channel connecting the 
inflowing stream to the south-west with the deep channel to the 
north-east. 

A lithofacies map of a 25 m thick section below the top of the 
S2-sandstone (Fig. 7) shows a similar picture. In this case 
channels are represented by sandy facies and bars by mud or 
silt facies. The river entering from the south-west flows 
around a prominent channel bar in the left lower quarter of the 
area and around two bars in the left centre of the figure. The 
north-flowing system is divided by a mud bar in the north, 
while the east-flowing system is diverged around three bars to 
the east, south-east and south. The presence of two channel 
bars separated by a north-easterly flowing channel is again 
suggested by the lithofacies in the south-west, although it is 
impossible to define their exact outlines with the limited data 
available. 

Fig. 8. is a type of facies map designed to show up areas where 
there are rapid vertical facies changes, indicating inter-



Fig. 6 
Structure contour map: base of S2-sandstone 
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Fig 7 
Triangle lithofacies map of 25m section below top of S2-sandstone 
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fingering relationships. The latter would delineate channel 
bar areas or the edges of channels, while homogeneous, sandy 
facies would represent the deeper parts of channels. In this 
case a zone 20 m thick, taken from the top of the S2-lithosorae 
downward, was used. Again a similar pattern emerges, although 
the position of some channel bars in the north-east has shifted 
and others are less well defined. 

Fig. 9 is a composite picture of Figs. 6, 7 and 8, 
incorporating features from Figs. 12 and 13 as well. Blank 
areas indicate stable channels, as shown by at least three of 
the five methods of reconstruction. The shaded areas represent 
channel bars, with an increase in the intensity of shading 
corresponding to a decrease in the number of channels (2,1,0), 
indicated by the respective methods. 

Superimposed on the diagram are the mean azimuths of recorded 
palaeocurrents on surface, which correspond well with the 
reconstructed palaeoriver system. The general trend of the 
latter is towards 040°. With all the evidence outlined above 
in mind, there can be little doubt that the S2-sandstone was 
deposited by a large braided river flowing in a north-easterly 
direction. Although the north-western (left) bank of the river 
appears to be more or less on the edge of the drilled-out area, 
some lower-order channels apparently continue towards the north 
and the shaded areas here could in fact represent channel bars 
instead of lateral bars. The south-eastern (right) bank of the 
river has clearly not been drilled out, and could lie 
considerably farther to the south-east. The deep channel along 
this edge of the map could in fact represent the main channel, 
which in turn could mean that the right bank of the river may 
be still another kilometre or more towards the south-east. 
Another possibility is that the river system simply bifurcates 
in this rea, one system of channels continuing towards the 
north and the other towards the east, although this would be 
rather unusual. Whatever the case may be, it is clear that 
only a small portion of the depositional system has been 
drilled out, and that much infill drilling as well as 
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wide-spaced exploratory drilling outside the present grid area 
can still be carried out. 

2.3 Uraniuo Mineralisation 

In plan the mineralised zone of the River deposit resembles a 
large Y, with the only fair-sized, high-grade ore-pods at the 
northern and eastern ends of the deposit (Fig. 10). Smaller, 
scattered uranium pods with grades in excess of 500 ppm arc 
present in the rest of the mineralised zone, but these ar? too 
far apart to represent attractive mining targets. The poor 
grades of the intervening areas are somewhat compensated for by 
the thickness of mineralisation (Fig. 11), which exceeds one 
metre in many localities and can be up to 7 m or more in 
places. The thickness contours seem to follow meandering 
courses which do not exactly coincide with the reconstructed 
palaeochannels, but nevertheless show a broad correspondence 
with general palaeocurrent trends. Maximum thicknesses 
coincide with the higher-grade pods in the northern and eastern 
limbs of the mineralised zone. Figs. 12 and 13 are structure 
contour maps of the upper and lower boundaries of the 
mineralisation (cut-off 100 ppn) respectively. Both maps show 
a general resemblance with the reconstructed palaeoriver 
elements, with bars and channels more or less in the same 
position. This is a clear indication that sedimentological 
environments played a prominant part in controlling the 
distribution of the uranium. In an endeavour to determine the 
influence of grain sizes on the uranium mineralisation, the 
various lithologies that are mineralised in specific boreholes 
were plotted on Fig. 14. If this map is superimposed on Fig. 
9, it becomes apparent that, although mineralised siltstone and 
nudstone mostly occur in or at the edges of channel bar areas, 
they are not necessarily confined to these bars but occur in 
channels as well. A significant feature is the fact that 
71,5 t of the mineralisation occurs in sandstone, 8,5 \ in 
siltstone and 20 % in mud stone. The last figure is unusually 
high, and suggests that the rocks were relatively 
unconsolidated at the onset of mineralisation. This 
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Grade contours of uranium mineralisation 
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Fig. 11 
Total thickness of uranium mineralisation 
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Fig. 12 
Structure contour map: top of mineralised zone 
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Fig. 13 
Structure contour map: base of mineralised tone 
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possibility can be pursued further by considering the following 
statistics (Table V): 

TABLE V. RELATIONSHIP OF LITHOLOGIES TO GRADE AND THICKNESS 
OF MINERALISATION IN THE RIVER DEPOSIT, QHA-QHA 

Host of Av. thickness Av. grade Grade x 
Mineralisation: of of thickness 

Mineralisation Mineralisation 

Sandstone 1,2« a 2S6 ppa 366 
Siltstone 1,01 • 37f ppa 332 
Hudstone 0,99 a 363 ppa 3S9 

With the grade/thickness products of uranium Mineralisation 
nearly constant, the ore-pods appear to be slightly thicker, 
but of lower grade in the sandstone, suggesting perhaps greater 
dispersion of the ore fluids in response to the greater 
permeability of the latter. These differences are so snail, 
however, that it appears as if grain size played a relatively 
ninor role in controlling the Mineralisation. The fact that 
71% of the uraniua Mineralisation occurs in sandstone, could 
therefore be due to other sedinentological factors, such as the 
greater abundance of erosional scour surfaces, sediaentary 
structures and organic aaterial in the fluvial channel 
sandstone as opposed to the Hudstone of the flood basin. If 
the ore fluids Migrated along scour surfaces and lithological 
contacts instead of texturally nore perMeable zones, dispersion 
of the uran* ;J into the surrounding rocks would be aore or less 
equal irrespective of lithology, provided that the 
permeabilities of these r-̂ cks were More or less siailar at the 
tiae of aineralisation. These conditions were presuaably net 
before coMplete lithification of the rocks, and could also 
explain the unusual thickness of Mineralisation and the low 
overall grade of the River deposit. Another explanation could 
be the fact that the orebody lies in an area with considerably 
higher rainfall than that of the southern Karoo deposits, which 
nay cause renobilisation by Migrating present-day 
groundwaters. The doninance of secondary uraniua Minerals in 
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the River deposit over primary minerals enhances this 
assumption. However, it is unlikely that distances of more 
than a few metres are involved in the present-day 
redistribution of the uranium, as shown by the lithological and 
sedimentological control over mineralisation. The fact that 
drilling on the northern side of the dolerite dyke in Fig. 1 
failed to intersect uranium (J. van Schalkwyk, pers. coram.), is 
probably due to erosion, and not to enrichment of the uranium 
grade by present-day groundwaters on the southern side of 
the dyke. 

2.4. Conclusions and Recommendations 

The sandstone of the River deposit was laid down in the distal 
part of a braided stream system. The vector mean palaeocurrent 
trend obtained from field data is toward 062°, compared with 
the reconstructed trend of about 040°. Upward-fining point or 
lateral bar sedimentary cycles are common, which is 
characteristic of the Donjek-type braided river described by 
Miall (1977). Stream depths are estimated to be between 3 and 
10 m, with a bankfull width of about 1 to 3 km. 

With the multitude of channels and bars characterising the 
braided river depositional environment, a prediction of 
mineralised target areas is virtually impossible. The only way 
to explore such a system fully is to cover the area with a grid 
extended along the palaeocurrent trend. In Fig. 15, the 
ore-grade pods occur both within channels and along channel 
bars, so that neither of these can be ignored. 

Some boreholes were stopped short of possible mineralisation, 
and should be deepened to establish whether the uranium 
mineralisation encountered in adjacent holes in fact extends 
further. Of these the three boreholes south-east o*" the 
northern major orebody are particularly important, since they 
could establish a connection with the eastern major orebody. 
Other holes will have to be drilled in the intervening areas, 
where erosion has not removed the mineralised sandstone. A 
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possible continuation of the eastern major orebody should also 
be investigated by means of fence-lines as far as the 
topography allows. A possible connection of the two major 
orebodies with the west-central ore-pod can be investigated by 
drilling a fence, as indicated in Fig. 15. 

Further exploration, starting with wide-spaced drilling, should 
investigate the suggested channel and bars in the south-east, 
while the deep channel to the east is particularly promising 
and should be drilled out as far as possible. To establish the 
position of the right bank of the river and demarcate the river 
system more clearly, a fence-line can be drilled toward the 
south-east. Finally, the north-easterly trend of the 
palaeoriver system should be followed as far as possible where 
allowed by the topography. 

3. MINERALOGY 

3.1 Introduction 

Thirty samples from outcrops and diamond-drill cores were 
investigated mineralogically, the purpose being: 

i) to provide a petrographic description of the sediments ; 
ii) to determine the uranium content of the rocks; 
iii) to study the uranium distribution and determine the 

host minerals of uranium ; and 
iv) to provide information which may be useful in extraction 

metallurgy. 

The sample numbers and their corresponding depths are listed in 
Table VII and the diamond-drill hole positions indicated on 
Fig. 4. 

3.2 Procedure 

Autoradiographs were made of all the samples collected, with 
the purpose of studying uranium distribution and selecting areas 
for detailed microscopic study. 
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Polished thin sections were made of selected areas and 
thin-slides on resin discs were used for fission-track study of 
uranium distribution. 

Powdered portions of selected samples were submitted for 
uranium analysis by the delayed neutron Qethod. 

3.3 Terminology Relating to Carbon Content 

Various terms regarding the carbon content of the rocks in 
question are used througout the report and for the purpose of 
clarity the following definitions should suffice: 

organic carbon - a component of organic material and coal 
particles 

organic material - relating to material of unknown composition 
but containing organic carbon and usually 
occurring interstitially and somewhat 
disseminated. 

coal - accumulations of organic material usually 
highly reflective and occurring either as 
discrete grains or lenses attaining several 
millimetres in length and thickness. 

carbonaceous - pertaining to the organic carbon content of 
a rock, 

calcareous - pertaining to tne calcite content of rocks. 

3.4 Petrographic Description of the Sediments 

Microscopic study of the rocks revealed mainly three texturally 
distinguishable sediment types of which representative modal 
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and chemical analyses are presented in Tables VI and VII 
respectively. The detrital composition of representative 
samples is plotted on a triangular composition diagram in 
Fig. 16. 

Fig. 16 Triangular composition diagram showing plots of 
selected sandstone samples in the lithic and feldspathic 
graywacke fields 

Type 1 Lithic graywackes 

This rock type is fine-grained with an average grain diameter 
of 0,15 mm, but local patches occur with a grain diameter of 
less than 0,1 mm. 

The detrital minerals are mainly quartz and potassium feldspar 
with abundant siltstone fragments, of which the diameters equal 
those of the other detrital components. Coal particles occur in 
varying quantities and may reach 2 mm in diameter,often showing 
an overgrowth of plagioclase feldspar. A variety of this rock 
type with a coal particle content exceeding 5 % occurs, which 
can be termed a carbonaceous graywacke (Table VI). 

The accessory minerals include rutile, zircon, monazite and 
hornblende. In general, the detrital grains are better rounded 
than those of comparable rocks from the southern Karoo uranium 
occurrences. 
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This rock type has a high matrix content which consists mainly 
of clay minerals, organic material and a variable but usually 
low calcite content. The clay minerals are mainly illite, 
biotite and chlorite. Apart from its presence in coal 
particles, organic material occurs finely disseminated in the 
argillaceous matrix or concentrated in an undulating stringy 
habit parallel to the bedding. Where present in abundance, it 
accentuates the otherwise poorly defined stratification of the 
rock. 

Secondary pyrite concretions with which variable amounts of 
uranium are associated, occur in some samples. The concretions 
are usually spherical and have replaced the interstitial 
material between detrital grains, the latter being observable 
in their undisturbed attitude within the concretions. In some 
samples the pyrite concretions have been completely oxidised to 
hematite. 

Secondary beta-uranophane cccurs in some of the samples. It is 
mainly found in the interstices between grains or along grain 
boundaries but also occurs finely disseminated in the pores of 
the argillaceous matrix and some lithic fragments. The mineral 
is recognised by its bright yellow colour and acicular habit. 
In the hand specimen it can often be observed with the unaided 
eye, especially in fluorescent light where it fluoresces bright 
yellow. Conglomeratic layers reaching several millimetres in 
thickness occur at some horizons in the lithic graywackes. 
These consist of mostly elongated siltstone pebbles within a 
lithic graywacke matrix. In contrast with conglomeratic layers 
the southern Karoo, those of the River prospect are virtually 
devoid of uranium mineralisation. 

The siltstone pebbles generally have a very high matrix content 
with a small proportion of detrital grains, 0,02 to 0,04 mm in 
diameter, whicn "float" in the argillaceous matrix. Abundant 
coal particles are present in most of tue siltstones and they 
tend to occur in layers. Secondary pyrite concretions are 
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interspersed anong and within the siltstone pebbles where they 
have grown spatially at the expense of the siltstone pebbles. 
The coal particle content of the siltstones increases in the 
vicinity of the pyrite concretions. 

The lithic graywackes have a variable but generally high 
uranium content which appears to be proportional to the coal 
particle content and is the most important group of rocks from 
an economic point of view. 

A second variety of lithic graywacke which can be terued a 
calcareous lithic graywacke contains an appreciable calcite 
content. The limit of IS X calcite for these rocks to be 
termed calcareous was arbitrarily chosen. The modal analysis 
of this rock type is presented in Table VI. It differs from 
lithic graywackes in that calcite has completely replaced the 
argillaceous matrix resulting in a texture in which tne 
detrital grains "float" in a matrix of calcite. The high 
calcite, content is reflected by the high calcium values in 
Table VIII. The detrital grains have been corroded by the 
calcite thus exhibiting small embayments on the periphery of 
the grains. Some detrital grains have been completely replaced 
by the calcite with only a skeletal outline of tne original 
grain remaining. The only organic material present is 
intimately associated with secondary pyrite concretions, which 
have remained unoxidised. 

Type 2 Feldspathic graywackes 

This rock type consists of medium-grained quartz and feldspar 
with an average grain diameter of 0,25 to 0,4 mm densely packed 
within an argillaceous matrix, and occasionally calcite in the 
interstices. The presence of secondary quartz results in 
interlocking sutured detrital grains with the original outline 
of the grains hardly visible. 

Coal bands occur locally concentrated in places, reaching 2 to 
3 mm in thickness and these are laterally persistent over 
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several oilliaetres. However, these layers are devoid of 
uraniua. Apart fro» the coal layers, no coal particles occur as 
in the Type I rocks, resulting in a low uranium content. The 
iaaediate vicinity of the coal bands shows increase in 
argillaceous natrix content. 

Rutile and hornblende are the sain accessory Minerals. 
Calcareous and carbonaceous varieties ot this rock type occur, 
of which the nodal and cheaical analyses are shown in Tables VI 
and VII respectively. 

Type J Siltstones 

These rocks have a high aatrix content with a snail proportion 
of detrital grains, 0,02 to 0,04 •• in diaaeter which "float" 
in the predoainantly argillaceous natrix. Apart fro™ the thick 
accunulations which they for» these rocks also occur as pebbles 
in the lithic graywackes. They are usually virtually devoid of 
uranium. 

TABLE VI. «£P»ESE.VTATIVE MODAL ANALYSES OF ROCK VIPHS FROM THE 
RIVER DEPOSIT, QWA-QWA 

Mineral Content (volume per cent) 
Rock- Quartz K- Plagio- Lithic Matrix Cal- Coal Mat-
Type feld- clase frag- cite par- urity 

spar nents tides Index 

Carbon
aceous 
feldspa-
thic 
graywacke 

S4.0 J,4 10,S 1,6 13,2 9,5 7,8 3,5 

Calcar
eous 
feldspa-
thic gray
wacke 

49,2 7,2 6,4 1,8 20,8 12,3 0,3 2,8 
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Mineral Content (volume per cen t ) 

Rock- Quartz It- P lag io- Li t ine Matrix Cal- Coal Mat-
Type feld- c l a se frag- c i t e pa r - u r i t y 

spar aeuts t i d e s Index 

Lithic 
gray-
wacke 

50,2 7,8 2,7 12,4 26,6 0,2 0,2 2,2 

Lithic 
gray-
wacke 

57,1 1,« 1,2 18,4 19,8 0,0 1,7 2,7 

Carbon
aceous 
lithic 
gray-
wacke 

48,4 8,5 0,35 x.:,4 24,9 0,0 5,2 2,J 
* 

In general, the rocks are fairly nature sandstones as reflected 
by the maturity index (Table VII),wiiich is calculated as the 
proportion of quartz to feldspar and rock fragaents. This is 
also evident in the rounded nature of the detrital components 
as compared to the more angular grains of similar uraniferous 
rocks from the southern Karoo. 

With regard to the mode oi occurrence ot organic carbon, the 
rocks differ from the uraniferous rocks elsewhere in the Karoo 
in that organic carbon is present as coal particles as opposed 
to its more stringy nature elsewhere. 

3.5 Uranium Distribution 

The uranium contents of thirty samples, as determined by the 
delayed neutron method, are shown in in Table VII. 



TABLE VII. MINOR AND TRACE ELEMENT ANALYSES OF THIRTY DIAMOND-DRILL HOLE AND SURFACE SAMPLES 
FROM THE RIVER PROSI>ECT. QWA-QWA 

Depth 
(neeres) 

MINOR ELEMENTS (Per cent) TRACE ELEMENTS (ppss) Rock Type 

Fc 20 3 MnO MgO CaO Na 20 K,0 Mo Cu 2n Pb 

Diaconcf-urill ho le : S11/E10 (No 8) 

16.40-16,SS 1,88 <Q,04 0,90 0,34 1.54 2,05 
16.SS-17.0 2,06 <0,04 0,90 0,39 1.67 1.78 
19.9J-20.I 1,21 <0,04 0.46 0,42 1.27 1.13 
21,10-21.38 1.62 0,14 0.66 6,70 1.16 1.S4 
70.75-71.0 0,39 <0.04 <0.10 12.3 0,86 0.94 
71,00-71.27 1,70 0,20 0,60 8,81 0.62 0,84 
71.27-71.SS 0.90 0.07 0.17 2.29 0,84 0.84 
71,55-71,95 2,06 0.12 0.32 3,10 0.99 1.16 
Diaiuoi.J-drill hole S12/ES (No 12) 

1.43 27,0-27,1 3.17 «0,04 1,46 0,53 1.43 2.6S 
27,4-27,5 3.20 <0.04 1,39 0.45 1.29 2.36 
28,2-28.3 2,09 <0.04 0,99 0,34 1.S9 1.71 
29,0-29,1 1,49 '0.04 0,50 0,39 1.35 1.23 
30,2-30,3 1.S2 «0,04 0,60 0,25 1.43 1,40 
30.9-31.0 2.03 <0,04 0,46 0,34 1.37 1.7S 
31.S-31.6 2.34 -0,04 0,76 0,34 1.43 1.73 
32.5-32,7 1,94 •«0,04 0,76 0.2S 1.62 1,52 
33.5-33.7 1.94 0,10 0,61 2,94 1,29 1.37 
33.7-33,9 1,40 0,33 0,50 12,30 1,08 1.20 
34.1-36,3 1.43 0.39 0,46 19,00 0,73 1,01 
36.3-3Ó.S 1,80 0,10 0,83 1,29 1.37 1,37 
37,1-37,2 2.43 <O,04 1.19 0,59 1,08 2,46 
Diamond-drill hole: S4.0/WO.S 

o.u 1,00 5.5-6,0 1,23 «0,04 0,43 o.u 1,00 0.94 
6.5-7.0 1,72 <0,04 0,48 0,14 1,09 1,20 
7,5-3.0 2.20 <0,O4 0,13 0,34 1,08 1.4S 
Diaaond-drill hole: SU.S/E4.0 

0,31 1.S9 17,0-17.5 2.37 «0.04 0,15 0,31 1.S9 1,81 
18,0-18.5 1,14 "0,04 0,40 0.34 1.1S 1,06 
Diamond-drill hole S12.S/ES,S 
43,0-44,0 1.16 0.06 0,46 1,51 1.16 0,99 
44,0-45,0 1,21 -0.04 0,46 0,42 1,27 1,20 

23 «2 «15 S2 «40 
34 2 IS 34 40 

203 2 15 28 40 
28 «2 IS 34 40 
1 6 IS 14 40 
4 4 IS 14 40 
2 «2 IS 24 40 
2 <2 15 24 40 

3 «2 IS 64 40 
3 2 IS 64 40 

36 2 IS 54 40 
525 «2 IS 28 40 
626 5 IS 32 40 
765 «2 IS 54 40 

1007 4 IS 46 40 
37 «2 IS 40 40 
24 2 IS 32 40 
17 2 15 28 40 
51 2 IS 28 40 
11 2 IS 40 40 
10 <2 IS S4 40 

616 
• 
<2 IS 28 40 

748 15 38 40 
494 *2 15 44 40 

3S * 2 15 40 40 
186 *2 IS 20 40 

232 <2 15 24 40 
63 «2 «IS 2S «40 

Very fine-grained lithic nrúvw..cke 
Very fine-grained lithic graywacke 
Carbonaceous lithic grayvacke 
Calcareous lithic graywacko 
Calcareous feldspathic graywacke 
Calcareous feldspathic graywackA 
Fuldspurhic graywacke 
Feldspathic graywacke 

Siltstone 
Siltstonc 
Lit hie graywacke 
Carbonaceous lithic graywacke 
Carbonaceous lithic graywacke 
Carbonaceous lithic graywacke 
Carbonaceous lithic graywacke 
Conglomeratic lithic graywacke 
Lithic graywacke 
Calcareous lithic graywacke 
Calcareous lithic graywacke 
Calcareous lithic graywacke 
Conglomeratic lithic graywacke 

Carbonaceous lithic graywacke 
Carbonaceous lithic graywacke 
Carbonaceous lithic graywacke 

Lithic graywacke 
Carbonaceous lithic graywacke 

Carbonaceous lithic graywacke 
Lithic graywacke 



(CONTINUED) 
TABLE VIÍ. MINOR AND TRACE ELEMENT ANALYSES OF THIRTY DIAMOND-DRILI. AND SURFACE SAMPLES 

FROM THE RIVER PROSPECT. QWA-QKA 

Depth 
(meters) 

MINOR ELEMENTS (Percent) TRACE ELEMENTS (ppn) Rock Type 

Fe 20 3 MnO MgO CaO Na 20 K 20 U Mo Cu Zn fb 

Surface samples: 

QQ/4 QQ/Ó 1.21 5.02 
• 0,04 
«0.04 

0.43 
0.27 

0.20 
0.03 

1.24 
0.0« 

1.20 
1.01 

1 070 3 15 24 40 
583 5 «IS 40 «40 

Carbonaceous lithic graywacke 
Carbonaceous lithic graywacke 

Mean SPEV 
Fe 20j 
MgO 
CaO 
20 
values 
TO 170 
NaiO 
K;5 
I» 
in 

1.80 
0.6 
2.56 
1.0 t 0,33 
7.02 
1.19 
1.42 
24« 
36 

0.65 
0.34 
4.62 
0.14 

5.96 
0,34 
0.48 
334 
13. S 

a so 
i 

I 



PER-74-42 

Uraniun occurs mainly associated with organic material which is 
present in various modes: 

i) Finely disseminated organic material in the 
argillaceous matrix and silty -rock fragments, 

ii) Wavy stringers of organic material occurring parallel 
to the bedding which accentuates the stratification 
when present in abundance, 

iii) Discrete coal particles of variable size which are 
evenly distributed throughout the lithic graywack.es. 
In large grains, uranium often occurs only on the 
periphery with the core completely devoid, suggesting 
a secondary origin for the uranium in these rocks. 
Some grains are totally devoid of uranium, 

iv) Abundant uranium is associated with fine organic 
material often present on the periphery of secondary 
pyrite concretions, 

v) Uranium is associated with hematitic patches probably 
remaining after the oxidation of pyrite concretions, 

vi) Minor amounts of uranium are associated with the 
accessory heavy minerals nonazite and zircon. 

Uranium is present in the secondary mineral beta-uranophane, 
which occurs interstitially to detrital grains or along 
grain boundaries and in micropores in the argillaceous 
matrix and lithic fragments of the lithic graywackes. 

3.6. Minor and Trace Elements 

The thirty diamond-drill and surface samples from the River 
prospect were analysed for some minor and trace elements 
and the results are presented in Table VII. 

The average Fe203, MgO, MnO, Na2° and K 20 contents 
of the rocks conform well to representative analyses of 
similar rock types published by Pettijohn (1975) . The 
average Ca and Mg contents can be accounted for by the 

http://graywack.es
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natrix minerals, whereas a Cacontent exceeding 0,51 reflects 
the presence of calcite in the rocks. Iron is present in 
natrix oinerals and pyrite, and Na and K in aicrocline and 
Na-plagioclase. None of the trace elements except U is present 
in any significant quantities. 

3.7 Petrogenesis 

The high feldspar and Matrix contents and relatively fine 
grained nature of the rocks suggest their deposition under 
low-energy conditions where very little to no reworking has 
taker. place. Intermittent periods of non-deposition 
allowed the accumulation of organic carbon in thin coal 
layers, which at a later stage nay have been disrupted to 
various extents by scour currents. 

Several observations suggest the secondary fornation of 
uranium, nanely the peripheral distribution of uraniun in 
coal particles and its association with organic Material in 
secondary pyrite concretions. 

The presence of uraniun in beta-uranophane is thought to 
represent the nobilisation of uraniun later than the events 
mentioned above. 

3.8 Extraction Metallurgy 

With regard to extraction metallurgy, the rocks in general 
appear to be amenable to acid leaching except for sone 
types which have an appreciable calcite content. The high 
matrix content consisting nainly of clay minerals nay 
influence the settling speed during thickener operations. 
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