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usually contain more than 0,1 % sulphides as pyrite, chalcopyrite, 

sphalerite and molybdenite. The nodules occur interstitially between 

silicates and are often intergrown with sulphide minerals. 

Uranium and thorium are present in the nodules in the form of small 

inclusions of uraninite or thorianite within the carbon matrix. The 

carbon matrix itself is free of uranium and thorium but contains 

detectable amounts of sulphur and chlorine. 

The same mode of occurrence of uranium and thorium were found in carbon 

nodules from conglomerate specimens. Characteristic differences between 

carbon nodules from different conglomerate horizons, as well as 

consistent differences on a lateral scale, indicate their usefulness for 

geochemical mapping. 

Since many features of the granite host rocks point to a postmagmatic 

metasomatic overprint, the origin of the carbon nodules could be linked 

to such a hydrothermal activity. 

2.6 Geophysical Methods in Uranium Exploration 

Convenor: N J B Andersen - (NUCOR) 

Review of current research, problems and future trends with regard 

to geophysical methods in uranium exploration 

N J B Andersen - (NUCOR) 

In the past, the Geophysics Division of NUCOR involved itself largely 

with assisting the mining and exploration industry with the calibration 

of radiometric instruments, both total count and spectrometric. This 

free service continues to be used by the industry but lately on a reduced 

scale. 

However, since the decline in the price of uranium, the Geophysics 

Division has involved itself, amongst other things, with the improvement 

of NUCOR's calibration facilities, both at Lanseria for airborne and 
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truck-mounted systems, and at Pelindaba for hand-held and borehole 

logging systems. There Is also an active research program in the 

development of a collimated radiometric face scanner for the in situ 

determination of uranium grades underground. This instrument can also be 

used to estimate the gold grade of a stope face, provided the 

gold/uranium ratio is known. Mr Chris Smit will enlarge on this subject 

later on. 

I wonder how many radiometric instruments are lying idle in the cupboards 

of mining and exploration companies at the present time? There is no 

need for this, as these instruments can be usefully employed as mapping 

tools as are magnetometers and gravimeters, etc. For example, a 

radiometric instrument can be used as a mapping tool, providing useful 

geochemical information in the form of K, U and Th values, thus 

facilitating the correlation of rock types while mapping. The borehole 

logger can provide useful down-the-hole information for the same 

purpose. NUCOR's Geophysics Division has computerised its borehole 

logger to this end, and this will be described in a later paper. 

As you are all undoubtedly aware, the Geological Survey has, under 

contract, flown a radiometric survey covering a large portion of South 

Africa. I would like to recommend that those geologists involved with 

mapping and exploring of areas that this survey has covered take a look 

at the cost-effectiveness of having these data processed and compiled as 

contour maps of K, U and Th, which will greatly assist, as does 

aeromagnetics, in the evaluation of an area. The Canadian Geological 

Survey has, for several years, been involved with the production of such 

maps, which even in areas of surficial cover, show distinct trends that 

might otherwise have gone unnoticed. 

When using spectrometers as mapping tools, one very often has the problem 

that negative values result, particularly when very low grades are being 

measured or when the thorium and uranium values are very high. The 

solution to this problem is fairly complex and will be dealt with in more 

detail by Dr Corner. I would like however, to mention some of the 

factors contributing towards poor results: 
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1. A high count rate causes a large current draw on the battery, which 

as a result drops In voltage. This voltage drop causes a shift in the 

instrument's calibration resulting in inaccurate counting. 

2. Pulse pile-up occurs at high count rates when pulses of the same 

energy add to one another and form a single pulse of double the energy. 

3. The energy window alignment of the instrument can shift and should 

be checked at fairly regular intervals with a multi-channel analyzer. 

This can be done at Pelindaba but the details of such a service have not 

yet been worked out. 

4. The instrument dead time should be known and corrected for, 

particularly at high count rates. If this is not done, a pessimistic 

grade will result. 

5. The stripping ratios of the instrument change with concentration, 

and thus a stripping ratio suitable for the concentration being measured 

should be used. This aspect will be dealt with in more detail by 

Dr Corner. 

6. Poor counting statistics are probably the most important factor 

contributing towards inaccurate results. Atomic disintegrations follow 

Poisson's statistical distribution where the standard deviation equals 

the square root of the number of counts. Thus any single count N must be 

regarded as N + N. Therefore, if N = 100 then the standard deviation is 

the square root of 100 or 10 %. Equally, if N = 10 000 then the standard 

deviation is 1 %. 

7. Other interesting developments are the use of different materials in 

the construction of crystals. Obviously, a larger crystal will yield a 

higher count rate, but equally, if the density of the crystal is higher 

it will have a better stopping power, resulting in a higher count rate. 

Two such crystals that have been experimented with are cesium iodide, 

Csl, and bismuth germanate or BGO. Sodium iodide has a density of 3,67, 

whereas that of cesium iodide is 4,5 % and that of bismuth germenate is 

7,13. Tests carried out at Grand Junction showed that a BGO crystal 
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gives a factor of four increase in count rate in the uranium channel as 

compared with sodium iodide, whereas cesium iodide gave only a 25 % 

increase. However, the energy resolution of the BGO crystal i6 poor, due 

to its low level of light output. This weakness is currently being 

researched in Canada and no doubt improvements will soon be made. 

Finally, improvements in the data acquisition systems of spectrometers 

will greatly enhance their use as lithological mapping tools. This 

aspect will be dealt with in more detail in the last paper of this 

session. 

A review of recent developments in radiometric calibration facilities 

Dr B Corner - (BPI) 

Two new developments concerning radiometric ca l ibra t ion f ac i l i t i e s are 

described in th is presentation. 

The f i r s t i s the result of the internat ional program for the monitoring 

and cross-referencing of exist ing cal ibrat ion f a c i l i t i e s , sponsored by 

the Internat ional Atomic Energy Agency. Such f a c i l i t i e s are available in 

at l ea s t ten countries on three continents. All pads included in the 

program were monitored by Lovborg (Riso National Laboratory, Denmark) 

using a Geometries GR-410 portable spectrometer. Previous cal ibrat ion 

data recorded at f ac i l i t i e s in Canada, Sweden, Finland and the USA were 

found to be very consistent and the average of these data was used as the 

monitoring standard for a l l subsequent f a c i l i t i e s v i s i t ed . The 

monitoring program was completed in November 1982 and included f a c i l i t i e s 

in South Africa, Argentina, Brazil and Denmark. In s i tu monitored assays 

were compared (by ra t io) to those prescribed for the pads from laboratory 

assays. The correlation for the Lanseria fac i l i ty was excellent, and 

also the overall best in the group, v iz . 0,99 for the thorium pad, 1,03 

for the U pad and 1,06 for the potassium pad. The majority of the pads 

at Pelindaba were not monitored as they were considered to be too hot for 

the exercise. The potassium pad was read and yielded an excellent r a t i o 

of 0,99, whereas the fourth uranium source yielded a r a t io of 1,12. This 

i s considered to be s l igh t ly high and probably resu l t s from inhomo= 

geneit ies in the source. 




