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ABSTRACT 

The energy situation has focusse,' attention on the potential 
role of uranium as a future source of increased and assured 
energy supplies. As a result, a large demand for uranium is 
forecast which cannot be satisfied merely by finding new 
ore bodies in known areas. New potentially favourable uranium 
areas must be discovered. How to select the most favouable 
regions for prospection, how to evaluate the uranium potential 
of unexplored areas, and a review of current guidelines, are 
dealt with in 17 papers presented to the meeting, and by three 
Working Groups set up specially for this purpose. 

SAMEVATTING 

Die energieposisie het die aandag op die potensiële rol ven 
uraan as Yi toenemends en toekomstige bron van versekerde 
energisvoorraad gevestig. Gevolglik word Yi groot vraag na uraan 
voorsien waaraan nie voldoen kan word deur slegs nuwe afsettings 
in bekende gebiede te ontdek nie. Nuwe pctensieel gunstige 
ur^angebiede moet gevind word. Hoe om hulle vir prospektering 
uit te kies, hoe om gebiede met die groctste uraanpotensiaal 
te evalueer, en ri oorsig oor riglyne is in 17 referate en drie 
Werkgroepe op die vergadering behandel. 
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1. INTRODUCTION 

The meeting attended oy the puthor was held to review 
current concepts and to recommend new guides for selecting and 
evaluating potentially favourable uraniferous areas in which 
exploration programmes would have the best chance of success. 

The participation of specialists on this subject was 
sought, and, at the invitation of the International Atomic 
Energy Agency, 50 delegates from 18 countries met in Vienna 
from 17 - 21 November 1975, where 17 papers were presented. 

South Africa is a founder member of the International 
Atomic Energy Agency (IAEA); thus it was considered to be of 
national importance that South Africa be represented, since 
the Secretariat of the IAEA nad asked for South Africa's 
assistance in securing the nomination Qf certain experts from 
this country, whose presence on the Technical Comn.ittee would 
greatly assist its proper realisation. As requested by the 
Agency, the following persons were nominated by the South 
African authorities: 

Dr J.W. von Backstrbn 
Dr P.J. Pienaar 

Mr D.J. Malan 

Mr C.J. Moon 

Director: Geology, Atomic Energy Board 
Consulting Geologist, Anglo American 

Corporation 
Manager: Prospecting, Johannesburg • 

Consolidated investment 
Corporation 

Geologist, Geological Survey 

2. OBJECTIVES OF THE TECHNICAL COMMITTEE 

The energy situation has focussed attention on the 
potential role of uranium as a future source of increased and 
assured energy supplies. As a result, a large demand for 
'...•anium is forecast, even if successful commercial breeder 
reactors are introduced in the 19S0's. This large demand 
probably cannot be satisfied merely by finding new ore bodies 
in the known uraniferous areas, or by raising the cutoff cost 
cf reserves. It therefore seems obvious that new potentially 
favourable uranium areas must be discovered, leading, in turn, to 
the following critical questions: how to select the most 
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favourable regions for prospection, and how to evaluate the 
uranium potential of unexplored aieas. It has become a matter 
of urgenc, to find more obvious and reliable indicators in 
selecting regions in which exploration programmes would have 
the best chance of success. 

After the IAEA panel mjeting on Uranium Exploration 
Geology (197D) and the Symrosium on the Formation of Uranium 
Ore Deposits (1974), it was felt that the broad scientific 
scope of uranium geoJjgy should be divided into several more 
specialised subjects which would form the themes of panel 
meetirns to be held between the more general symposia. This 
would allow topics to be discussed more comprehensively, and 
recommendations made by the panels to be more useful for 
exploration work. 

The Agency therefore convened a Technical Committee 
meeting or' the subject: Recognition and Evaluation of 
Uraniferous Areas, with the object of reviewing current guide= 
lines and recommending new proposals for the selection and 
evaluation of potentially favourable uranium areas. 

3. LI5T OF TOPICS 

3.1 The Distribution of Uranium in Rscks as a Guide to the 
Recognition of Potential Uranium Ore Deposit Districts 

Uranium ore deposits appear to be concentrated in 
certain parts of the earth's crust where the regional rocks 
are apparently enriched in uranium. This enrichment daces 
from the formation of the rocks, and the dispersed uranium 
in the rocks (the main source of the metal) has later been 
mobilised and concentre Led into ore deposits by tectono-
magnetic activity. A discussion of the association of uranium 
ore deposits with high uranium rock content regions, could 
include the following topics: 

(i) The geochemical distribution of uranium in different 
tectonic structures as a primary criterion for the 
formation of uranium ore deposits. 
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(ii) U r a P.iL!rn dispersion, in rocks bordsrino on the uplands 
of known sandstone-t/pe uranium deposits and basins, 
as a possible source for these ore bodies. 

(iii) A discussion of the cjmparison of the uranium content 
in host rocks of know i uranium provinces, with that in 
areas of similar geolcgical environment but in which 
no economic uranium ore deposits are known. This would 
provide criteria for ? ̂ sessing new areas. 

3.2 Application of Metallotsctonic Zoning for the Identifi= 
cation of Uraniferous Areas 

The basic lithological and physiographic features of 
the earth's crust are the product of global tectonic activity; 
hence the distrib tion of uranium and the formation of ore 
deposits ore also a result of tiis activity. This topic could 
include the following questions; 

(i) Utilisation of the study of plate tectonics as a meanu 
of outlining favourable areas for uranium on the 
continents . 

(ii) The study of photographs of the globe and the continents, 
taken from earth satellites, to assist in idsntifying 
geostructural units of the earth which may control the 
distribution of uranium. 

(iii) The study of rngional metaLlotectonic zoning to assist 
with the preliminary evaluation of aruas not previously 
studied. ;patial rela-.ian.r>hip of the different 
types of uranium ore deposits with tectonic structures, 
leading to the selection of new uranium provinces, 
based on motallotectonic concepts. 

3.3 Methods for the Preliminary Evaluation of Uranium 
Potential in Regions 

(i) Litho-facial analysis of sediments as a primary method 

,*0"^««#*W****J*»»iW«(S*<ft VMWS**,**!»***!*******^*^ i ' « r \ , 
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for the evaluation o,; sedimentary basins. 

(ii) Alteration of beds, and detrital magnetite and ilmenite 
in fluvial sandstones, as a guide for exploration. 

(iii) Utilising remnant magnetism for distinguishing altered 
ram unaltered zones in sediments. 

4. PROCEEDINGS OF THE TECHNICAL COMMITTEE 

For a complefe programme of the proceedings of the 
Technicax Conmittee, see Appendix I. No attempt is made to 
summarise the large amount of information contained in the 17 
papers ^nd three Working Group reports presented at the 
meeting. (T'hest' will appear in print). Comments are confined 
to some interesting conclusions which could be of significance 
in the furt'ier search for uranium. 

The first technical session was opened by Dr Robert D. 
Nininger j>r the United States Energy Research and Development 
Administration (tROA), with a general introductory paper re= 
viewing +he topics to be discussed (Appendix I). Illustrating 
his lecture with graphs, he emphasised that the known world 
low-cost i.ranium reserves and estimated additional resources 
are inadequate to support the production levels required to 
meet projected nuclear-power growtn in the world beyond the 
198G's, and that a much greater exploration effort will be 
requiied in the future. He said that the principal hope of 
increasing the totally inadequate rate of addition to reserves 
rests in the identification of entirely new uranium provinces 
and new types of large, intermediate-grade deposits with a 
uranium content of 100 - 700 parts per million. He placed no 
reliance on, and thought it imprudent to look to, the very 
low-grade deposits or to seawater. The cost of production 
from resources in bla_k shales (except those in Sweden) and 
granites was expected to bo w&ll over #100/lb U_0 H, and from 
seawater in excess of 2'JOO/lb LLQ *. 

*U5 2660/kg U 3 0 Q 
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The critical nature of the world uranium-supply problem 
had been understood by uranium geologists for many years, hut 
its recognition by the nuclear industry was a recent develop= 
ment. The International Atomic Energy Agency had been well 
aware of the problem and had actively addressed itself to 
possible solutions since the first report on world urarium 
resources by the joint IAEA/NEA Working Party on Uranium 
Resources published in 1967. A panel on u-anium exploration 
geolcgy had been convened in Vienna in 1970, which had 
developed and summarised the collective knowledge of world 
fcxperts on uranium deposition. At that meeting a number of 
small working groups had been established to investigate 
further various aspects of uranium geology, to maintain con= 
tact with one another, and to update information from time 
to time in their specific areas of interest. These groups 
had met again at the International Geological Congress in 
Montreal in 1972. 

In 1974 the Agency had organised a Symposium on the 
Formation of Uranium ure Deposits. This had resulted in a 
report, representing the collective knowledc,3 on uranium ore 
deposits, in even greater scope and detail than the 1972 panel 
meeting. These meetings and the reports they had produced 
had bv2en extremely well received and widely reviewed within 
the mining and geology professions. They har1 provided the 
background for the next step in a logical progression leading 
to the development of specific means of expanding uranium 
resources, namely the distillation from the mass of accumu= 
lated geological data, of information that could lead most 
effectively to the identification of new uranium provinces. 
This was the charge to the participants in the present 
meeting . 

4.1 The Distribution of Uraniun, in Rocks as a Guide to the 
Recognition of Potential Uranium Ore Deposit Districts 

This topic carries with it the implication that uranium 
ore deposits are confined largely to areas of the earth's 
crust which are regionally enriched in uranium. One can 
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derive from this the premise that, where uranium has been 
enriched in crustal rocks, exploitable uranium deposits are 
likely to occur through mobilisation and concentration at 
various times by various geological processes. 

Four paners were presented on this topic, two of which 
had only local application. Of more general interest is, 
firstly, the paper by Kostov on crystallochemical differen= 
tiation and localisation of the uraniferous mineral deposits 
in the earth's crust. He reaches the following conclusions: 

(i) Uplifted protocontinental geoblocks of greater primaeval 
thickness, which have undergone processes of grani= 
tisation and alkalisation. 

(ii) Boundaries between geoblocks, and tectonic zones in 
them tracing mainly vein-type uranium deposits. 

(iii) Unconformities (basal conglomerates of the classic Pre-
cambrian type) and permeable beds within formations 
of all geological ages, facies and tectinic setting. 
The permeable rocks of smaller closed basins within 
geoblocks deserve special interest. The sites in 
permeable beds typify 'sedimentary' uranium deposits 
sensylato. 

iv) Areas adjacent to evaporitic and petroliferous deposits. 
These are generally areas between orogenic belts and 
platforms (geoblocks). 

(v) Areas enriched with rocks bearing graphite, coal, 
bitumens and/or pyrite (sulphide in general) subjected 
to post-depositjonal deformation and alteration. 

vi) Sites of intensive low-tfjmp3rature hydrothermal rock 
alterations and especially zones of alkalisation and 
zeolitisation. Attention should be paid to zonality 
exhibited not only when drastic change in pH-Eh con= 
ditions occur, but also within one and the same physico-
chemical formation (e.g. changes in sets of minerals 
or even in particulars of one and the same mineral). 
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(vii) Specific studies on degeneracy marks, if any, of micro-
fossils and macro-fossils, abounding in former water 
basins with the influx of uranium, may serve even= 
tually as an additional criterion for parting syngenetic 
from epigenjtic uranium deposits, and thus for tracing 
L ites of abnormal ecology. This may give an indication 
as to the original concentration of uranium in a par= 
t icular basin. 

In the second paper of general interest on geochemical 
factors contributing to uranium concentration in alkalic rocks, 
Adler concludes: 

i) The uranium-ore-forming potential of felsic plutons is 
directly related to the emanation of uranium together with 
certain other elements in the presence of volatile components. 
The dispersive ph iser, of uranium in the parent magma are 
developed to some extert early in the fractionation process, 
and are followed by a sharp increase in concentration in 
late-forming solutions. If it is assumed that the amount of 
an element separating in the ore-forming solutions is re= 
fleeted by the total amount of that element or associated 
elements dispersed or trapped in the crystallising igneous 
rock, then residual-element concentrations, as for example 
the Th/U ratio, may be useful guides to ore-forming potential 
in the igneous environment. 

ii) It is suggested that the quantity of uranijm in receptor 
minerals such as zircon, sphene and other accessory minerals, 
may possibly aid the identification of quantitative elevations 
existing in the magma prior to uranium egression in hydro= 
thermal solutio.i. If this is so, the uranium concentrations 
in these minerals could reflect the ore-forming potential of 
igneous rocks. Zircon may be particularly useful in this 
respect because of its rather wide-ranging uranium content. 
Late-forming minerals such as biotite, which are capable of 
incorporating uranium in their structures, may also be of 
considerable value. Their position in the Massif might deter= 
mine their uranium-concentration levels, with uranium enrich= 
ment more likely to occur as haloes in and near the apical 

. &ttHf&W#*»'*.l.'-•••-» ' 
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parts of intrusions at points of egress of post-magmatic 
solutions. 

iii) In identifying specific plagiogranites, alkalic 
granites, and syenites as ore-bearing intrusions, particular 
attention might also be given to the use of element-concen= 
tration ratios other than Th/U, both in the whole rock and in 
specific minerals. Considerable research will have to be 
done to determine which elements are most useful for th~s 
purpose, as, for example, on the one hand, Li, Be, and others 
likely to migrate with the valatiles involved in uranium en= 
richment, and, on the other hand, Ba, K, and others that show 
a tendency to accumulate in primary minerals in the pluton, 
and which have a weak relationship to volctiles. The ocserv= 
able ratios should distinguish between magmas with a high 
volatile content, which would probably be enriched in the 
volatile-associated elements, and magmas that are relatively 
barren, which would show greater concentration of the non
volatile-associated elements. The ratio of U to Ti, l\lb, Ta, 
and other elements already mentioned may be of some vaxue. 
Pathfinder element concentrations may also prove to be 
particularly useful in evaluating igneous bodies with exten= 
sive surface weathering and leaching. 

4.2 Application of Met illotectonic Zoning for the Identi= 
fixation of Uraniferous Areas 

Six papers were presented on this topic, three of 
which have general application in the search for further 
uranium deposits. 

Known uranium deposits are classified by Dahlkamp into 
a geochronoloqic-fm-; tal logenet ic framework, showing that 
certain types of uranium rjeposits and uranium source rocks 
prevail in certain geologic times, especially in the Late-
Archean, Lower Proterozoic and Hercynian. As a first approx= 
imation he comes to the following conclusions: 
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(i) In the Cenozoic Era, roll-type and calcrete deposits 
occur in Tertiary sediments. Peneconcordant types are 
occasionally found. 

•\ 
(ii) In the Mezozoic Era, peneconcordant and, in a sub = 

ordinate way, roll-type and stack deposits prevail. 
(iii) In the Paleozoic Era, peneconcordant sandstone deposits 

and magmatic veins are found, as well as additional 
(but restricted to the Hercynian) veinlike types. 

(iv) In the Upper Proterozoic, the intramagmatic Rossing 
deposit and a few magmatic veins were farmed. 

(v) The lithologic-tectonically controlled sandstone 
deposits of Gabon belong to the Lower Proterozoic. 

(vi) The Lower Proterozcic, in its Hudsonian or timewise 
equivalent orogenic belts, includes most of the vein-
type deposits, both in Canada and in Australia. 

vii) The Uppermost Archean/Lower Proterozoic contain 
uraniferous oligomictic conglomerates. 

In an interesting paper on the distribution of uranium 
in rocks as a guide to the recognition of uraniferous regions, 
Darnley concludes: 

Within those portions of the Canadian Shield which 
have been surveyed, there appears to be an empirical 
relationship between the distribution of known uranium 
occurrences (especially economic or potential1;, 
economic occurrences), and the presenc 0 rí uoove-
average regional concentrations of uranium. 

Such an ypsociation is consistent with knowledge con = 
cerning the geochemical cycle of uranium, whereby 
uranium initially deposited in rocks of igneous origin 
is subjected to weathering, and under favourable 
circumstances is concentrated in a variety of 
depositional situations. 
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'iii) From an exploration viewpoint, each regional uranium 
'high' should be examined both for the possibility 
that it may contain seme significant concentration 
within its boundaries, and that adjacent and geologi
cally related to it there may be more important derived 
concentrations which will usual'y be less extensive and 
thus less likely to be located during the preliminary 
reconnaissance phase of exploration. 

(iv) The primary object of preliminary reconnaissance 
surveys is to locate regional highs. Once these have 
been found, more detailed surveys must be undertaken 
in order to locate all the near-surface concentrations 
which may be present, either within or adja>cent ta 
each high. 

4.3 Methods for the Preliminary Evaluation of Uranium 
Potential of Regions 

Of the six papers presented on this topic, two have 
general application; a third deals with the evaluation of 
uranium potential in areas covered by lake waters, whilst 
the other three deal with uranium deposits in specific 
countries . 

In his paper on whore to prospect for uranium, Bowie 
further elucidates his attempt in 1970 to outline same of 
the more important geological concepts that account for the 
known distribution of uranium in the earth's crust. He con= 
eludes that-the problems of the imnediate future in relation 
to the discovery of new fields do not lie in detailed petro= 
graphic or mineragraphic descriptions of host rocks and ore 
minerals, or in classifications into types, depending on 
minor differences in miner a logical composition, temperature 
of formation or of wall-rock alteration. Rather, they should 
be aimed at such problems as how to recognise major uranium 
provinces, at obtaining more quantitative data on the environ: 
mental conditions of uranium accumulation and preservation, 
and at understanding the role of organic material in uranium 
solution and complex i. nrj . 
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In a very interesting review paper on remote sensing 
in uranium exploration, with particular reference to the 
potential application of ERTS satellite imagery, Gabelman 
concludes that the variety rind individual significance of 
remote-sensing techniques applicable to uranium exploration 
are expected to increase steadily. Geometric interpretations 
of orbital-height electromaqnetically sensed images are now 
very useful and would be more so if more uranium geologists 
would accord a greater role to tectonics in uranium mineral= 
isation. Reflectance spectrometry should prove highly useful 
when the ground-resolution element size is better matched to 
the average size of those geological features which are use= 
ful in uranium exploration. This can be accomplished by re= 
ducing the observation level of existing spectral scanners, 
or by designing new ones. 

4.4 Sessions of the Working Groups 

Three Working Groups were set up to deal with the 
following topics: 

I Some general concepts of uranium geology (tectonic and 
geochemicdl factors controlling formation of uranium 
provinces ) . 

II Uranium distributed within the earth's crust and 
rocks, as a guide for prospecting. 

Ill Relation uf tectonic factors to the origin of uranium 
deposits . 

Thu author, who was appointed to Working Group II, 
declined the Chai rn.ansh ip, but helpe-i to prepare the draft 
summary report, which, together wit', the two other draft 
reports, wore discussed by the Technical Committee during its 
final session. The; proceedings of the Technical Committee, 
as well as the finnl Working Group reports, will be published 
shortly. 
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4.4.1 Working Group I: Some general concepts of uranium 
geology (tectonic and geochemical factors controlling 
the formation of uranium provinces) 

i ) Obj ective 

The objective of the Group was to identify the factors 
controlling the broad L intribution of uranium in the earth's 
crust and on which the recognition of uranium provinces can 
be based. For this purpose a uranium province is defined as 
a region in which uranium is enriched in rocks of successive 
ages . 

The problem can be considered under igneous, sedi= 
mentary and metamorphic rock types, and the crustal evolu= 
tionary processes responsible for these and for the location 
of uranium enrichments within them. 

ii) Igneous associations 

It can be generally accepted that the response of 
uranium to its lithophile properties is reflected in its 
association with leucocratic roLÍctj of the alkaline suite, 
rather than with some basic rocks. Furthermore, it is appa= 
rent that there was a very significant development of such 
rocks in Lower Proterozoic to Upper Proterozoic times. The 
non-uniform distribution of uranium in early crustal rocks 
seems to indicate redistribution, which, it has been 
suggested, was possibly associated with corrective cells. 

The igneous rock associations which meet this differen= 
tiation criterior , and therefore constitute favourable pro= 
specting targets, are granitic, alaskitic suites, soda-rich 
intermediate rocks, and carhonatit.es, and enrichment may 
occur over a wide rangp from above the Clarke to several 
hundreds of parts per million. This favourable igneous 
association applies equally ho plutonic and extrusive rocks, 
and to late-stage processes such as hydrothermal activity, 
which may further modify the uranium distribution within a 
province, perhaps leading to zoning. 

http://carhonatit.es
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It is important to the definition cf a favourable or 
fertile enrichment (i.e. ore likely to lead to the formation 
of economic deposits) to know the minero-chemical association 
of the uranium, namely whether it is held in resistant 
accessory minerals or in a readily leachable form. 

iii) Sedimentary association 

Uranium in sedimentary rocks, including sandstones and 
conglomerates, can be attributed to two main processes: 
(1) syngenetic enrichment leading to the formation of deposits 
such as the uraniferous shales and phosphates, and (2) epi= 
genetic enrichment. The latter represents a greater potential 
for low-cost uranium. Such enrJ "/tin ant favours continental 
clastic formations of Late Paleozoic through Mid-Tertiary age, 
deposited in intracratonic basins or in geosynclines closely 
associated with crystalline rocks of the Precambrian basement. 
Favourability for the formation of deposits is de^srmined by 
alternating clay and sandstone litholagies, permeability, the 
thickness of the host sandstone beds, and the existence of 
reducing environment' J . 

The principal factors in determining the distribution 
of the highest uranium concentrations in sedimentary rocks 
are therefore (1> proximity to Precambrian basement and 
(2) suitable 1 ithojtratiqraphy due to favourable paleogeo= 
graphical/sediment at ion conditions. 

-v) Metamorphic associations 

Uranium concentrations in metamarphic rorks appear to 
fall into two categories which may be linked genetically, 
viz. those related to orogenies, and those associated with 
Precambrian erosion surfaces. The former show a marked, if 
not exclusive, preference for major crustal tectonic features 
with zones of crustal thickening and concomitant temperature 
increase and with high-grade metamorpnic facies. There is 
increasing evidence of there having been a major redistri= 
bution and/or addition of uranium to the metamorphic rocks 
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approximately "i 750 - 1 800 Ma ago. This is coincident with 
the Hudsonian or equivalent orogenies. Except for a small 
number of less important occirrences, to date it has not been 
established that significant uranium enrichment has occurred 
in metamorphic rocks associated with the Caledonian and 
Tertiary orogenies. 

The second type of deposit in metamorphic environments 
is that attributed to erosion and deposition of uranium on 
Precambrian land surfaces subsequently covered by clastic 
sedimentation. This enrichment factor, although still to 
some extent conjectural, must be considered in the recog= 
nition of favourable areas for uranium deposits. The same 
mechanism could apply to younger rocks. 

v) Evolution of a uranium province 
In the evolution of a uranium province, uranium con= 

tinues to be erriched after its initial concentration in tht 
crust from igneous differentiation. In almost all deposits 
so far studied, there appears to have been a successive 
introduction of uranium over periods of time, in some instances 
running to hundreds or millions of years. This applies 
equally to deposits in sedimentary and metamorphic rocks, 
and there is evidence to suggest that this episodic intro= 
duction of uranium may be related to orogenic episodes. 

In the further evolution of the province, uranium con= 
tinues to be enriched in favourable host sediments either 
during their formation or over subsequent intervals of time. 
Intraciatonic basins are regarded as particularly favourable 
loci for deposit development, and it would 9eem that major 
block faulting and uplift cf the surrounding terrain plays 
a significant part in the evolutionary process. 

vi) Effects of global tectonics 
Evidence is as yet scant on the spatial relationship 

between uranium enrichments and tectonic plates, but there 
is an indication that the location of ancient plate margins 
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may be significant. An important factor in identifying 
favourable uranium regions is the displacement of crustal 
blocks since the deposits were formed», so that it is 
necessary to construct paleogeographic maps tc. study the 
original spatial relationships of uraniferous regions. 

vii) Research topics 
Research topic? which can be recommended to improve 

the better understanding of the uranium concentration pro= 
cesses in provinces are as follows: 

a) The time factor in the evaluation of uranium deposits 
by isotopic dating. 

b) Distribution studies of uranium in possible parent 
igneous rocks. 

c) Quantitative measurements of apparent depletion on 
enrichment of uranium, including mineralogical studies. 

d) The role of organic matter in the solution and fixation 
of uranium in sediments, including urano-organic com= 
pounds and carbon-isotope studies. 

e) The mobilisation of uranium under different meta= 
morphic conditions. 

f) The study of the association of uranium with plate 
boundaries, including paleogeographical syntheses. 

g) Detailed sedimentological studies. 
h) Studies of the association of uranium concentration 

with acid volcanicity. 

4.4.2 Working Group II: Uranium distributed within the 
earth's crust and rocks as a guide for prospecting 
A number of papers presented at this meeting stressed 

the importance of a regional high uranium content as a 
possible pointer to uranium deposits, while other papers 
questirned whether this correlation should be regarded as 
definitive. The idea has, however, been prevalent for 

l<.. i 
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some time in North America, South Africa and France. 

In MASSIF CENTRAL, France, many studies have been 
carried out on granitic bodies, irrespective of whether they 
contain uranium deposits or not. From these studies it 
appears that uranium deposits are located mainly in two mica 
granites with a high U content ranging from 10 to 20 ppm, and 
with a low Th:U ratio (0,5 to 1,5). These leucogranites show 
a characteristic deuteric evolution with a Na metasomatism, 
with the simultaneous formation of minute uraninite crystals. 
On the other hand, the monzogranites which do not contain any 
U deposit rarely show more than 5 ppm U, with a Th:U ratio 
around 4; U is essentially included in the so-called re= 
fractory minerals such as zircon, monazite, allanite and 
apatite. These characteristics are quite obvious in the 
Forez, where the U content ranges from 5 to 12 ppm, and the 
Th:U ratio from 4 to 7. 

Thus it may be said that if a high-uranium presence 
can be considered a favourable indication in the two districts 
of Limousin and Vendee, this lead would have been somewhat 
misleading in the prospecting for vein deposits in Forez; 
and the high Th;U ratio would strengthen this conclusion. 

In Argentina, paleozoic granites outcrop in the SIERRA 
de C0MECHINGQNE5, which have a U content ranging from 5 to 
20 ppm (average 6 ppm). This uranium is easily leachable. 
The most conspicuous feature is the accumulation of uranium 
that occurs nowadays in sedimentary strata of Tertiary age 
in the adjoining basin; the mineralised waters which enter 
these sediments come from fractures inside the granite. The 
U content of water from springs ranges up to 200 ppm. In 
some of these fractures, veinlets of pitchblende are found. 

In Canada (as stated by Darniey et. si. at this 
meeting) large portions of the Shield have been surveyed by 
means of airborne gamma-ray spectrometry. These regions 
include the Havre St Pierre, Mont Laurier, Bancroft, and 
Blind River areas, a..d large areas of the NW Canadian Shield 
in Northern Saskatchewan, as well as the District of 
Mackenzie. In these regions a correlation appears to exist 
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between the distribution of known uranium occurrences 
(especially economic or potentially economic occurrences) and 
the presence of above-normal concentrations of uranium. 

Although there is considerable evidence for the theory 
that uranium enrichment resulting from source rocks thought 
to contain uranium, adjoins ore provinces in many parts of 
the world, there seems to be little indication of such an 
association in the U5A. 

The mean uranium content of Precambrian igneous 
rocks in various highland systems near ore-bearing basins 
in the USA does not deviate much from the uranium Clarke for 
Silicic igneous rocks, given as 4,7 ppm. Mean uranium ccn= 
tents have been reported, on a geographic basis, to vary 
between 2,9 and 4,0 ppm U for analyses of some 200 samples 
from such rocks in Wyoming, South Dakota, Montana, Colorado, 
New Mexico and Arizona. The four major Mesozoic-Cenozoic 
batholiths of the Western USA also show no enrichment of 
uranium above the stated Clarke. For example, 59 samples 
from the Boulder batholith averaged 3,9 ppm U, 278 samples 
from the Sierra Nevada batholith 5,0 ppm U, 45 samples from 
the Southern California batholith 1,7 ppm U, and 33 samples 
from the Idaho batholith 2,7 ppm U. 

Highland systems located close to uranium districts 
present a similar picture. The average uranium content of 
the Granite-Seminoe-Shirley Mountains complex adjacent to 
the Gas Hills, Crooks Gap and Shirley Basin uranium districts 
in Wyoming, is given as 4,8 ppm U, based on the analysis of 
293 samples. Ten samples from the Owl Creek Mountains, which 
form the northern boundary of the Wind River Ba9in containing 
the Gas Hills and Copper Mountain ore deposits, yielded an 
average of 4,7 ppm U. It is interesting to note that the 
crystalline rocks with the highest measured values are not 
associated with known ore districts. 

Very little.published data are at present available 
on the uranium content of silicic volcanic rocks near ore 
districts in the USA. Tuffs, rhyolites and pumice from the' 
Hall Creek area of Idaho and Wyoming show bptween 5 and 10 
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ppm U on only 9 samples, and data on similar rocks in the 
Goose Creek area of Idaho and Utah show between 1 and 7 ppm 
U on 11 samples. In comparison, 14 analyses on volcanic 
rocks of the 5t Francois Mountains of Missouri, which are 
far removed from the western sandstone-type uranium ore pro= 
vinces, show between 1,2 and 5,3 ppm U. 

Whether these samples are representative of uranium 
concentration in these igneous rocks remains to be determined; 
this will perhaps be established during the course of sche= 
duled aerial radiometric surveys similar to those undertaken 
in Canada. 

The volume of uranium weathered and eroded from plutonic 
and volcanic rocks in the highlands bordering the uranium-ore 
districts of the Colorado Plateau and Wyoming basins, was 
evidently extremely large. The analyses to date suggest that 
the average uranium contents of these rocks approximate their 
Clarke values. It can therefore be concluded, tentatively at 
least, that these probable source rocks may not have been 
enriched in uranium, and may not need to have been, in order 
to provide a supply of uranium ample enough to account for 
the ore in adjacent sediments. 

The only contra-indication with respect to this conclu= 
sion lies in the results of fairly recent U-Th-Pb determ= 
inations on samples from the Granite Mountains of Wyoming. 
These highly interesting data, which have been published 
under the auspices of the US Geological Survey, seem to 
support the existence of a much higher uranium content in un= 
weathered granite than is now directly detectable in leached 
surface exposures. If this situation can be found to be 
extensively reproduced, as it has been in France and as 
Locardi's paper would suggest for volcanics, it would point 
to the need for a complete re-eva.i uation of the usefulness of 
information to be gained from surface whole-rock analyses. 
Additional research is scheduled and recommendations may thus 
eventually be forthcoming, through this Working Group, con» 
cerning the usefulness of samples taken on the surface for 
U and U:Th ratios, as a guide to exploration. 
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Uranium/zirconium enrichment has been observed in 
crustal rocks, particularly in highly alkalic rocks at 
Ilimaussaq in Greenland, Pocos de Caldas in Brazil, and the 
Front Range of Colorado in the USA. Geochemical consider» 
ations suggest that Zr elevations in igneous rocks may be 
useful in recognising potentially uraniferous source rocks, 
and that the uranium content of zircons may also be inform= 
ative in this respect. Moreover, where leaching presents 
a problem in the recognition of uranium enrichment, and 
U:Th ratios are indefinable in tarms of the question "has 
the uranium been leached or was it lacking in the first place?" 
U + Zr/Th may become an effective substitute. Much research 
needs to be done, however, to establish basic U-Th-Zr 
relationships in granitic rocks; recommendations have been 
made by the Working Group that such efforts be undertaken, 

U-enriched igneous rocks should not be restricted to 
the role of source rocks, since in several cases they contain 
enough LI to be regarded as ' Porphyry'-type deposits. 

Undersaturated magmatic rocks rich in volatiles 
(halogens and water) are characterised by a high uranium 
content. Late differentiates of such intrusions may form 
low-grade 'Porphyry' ore with II contents in the range of 
100 to 300 ppm (Ilimaussaq, Lovosero, Pilanesberg). Further» 
more, carbonatites may have similar uranium contents. The 
low-grade ores are rich in rare elements of economic interest, 
such as Zr, Nb, Li, Be, and rare earth3. It seems, however, 
that at present the viability of such types of deposits will 
depend on the possible recovery of valuable rare elements 
as by-products, or vice versa. In this respect the Working 
Group would point out that L) recovery should increase sig« 
nificantly as a by-product. In the Witwatersrand, for 
example, thousands of boreholes are not analysed for radio» 
activity, and this is also true for many phosphate and copper 
deposits. 

The Working Group is of the opinion that source areas 
should not be restricted in terms of the classical notion, 
viz. as intrusive rocks and volcanics, but should also include 
other parts of the U cycle. 
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In South Africa, a complete cycle of uranium in the 
upper crust can be seen, beginning with the deposition of 
quartz-feldspathic sediment, or similar rock of volcanic 
origin, of the Etusis Formation. The r.ios t likely origin of 
the alaskite, portions of which are uraniferous, may be 
sought in the anatectic melting of vast volumes of quartz-
feldspaÝhic rocks of the Etusis Formation. 

The uranium derived from the classicial source areas 
(i.e. alaskites) may have been introduced into sedimentary 
deposits during a later erosion cycle. The most interesting 
rocks in this respect are arkosic 3nd gritty conglomerates 
in an arkosic matrix cemented by CaCCL. These rocks are 
generally referred to as caliche or calcrete. Very often 
they contain appreciable amounts of gypsum, so that when the 
sulphate-to-carbonate ratio is high, ths rocks become gypcretes. 

The formation of these calcretes has already been dis= 
cussed (von Backstr'óm, 1974). From the Upper Pliocene to 
the present day, cyclic movements and climatic changes have 
been responsible for a complicated morohology, and many intra= 
formational unconformities are observed in the younger sedi= 
ments. According to seismic surveys, accumulations of debris 
are up to 150 m thick in places, especially within broad and 
extensive drainage channels, now choked by calcareous and 
arkosic sediments that form calcareous grits and calcretes. 
These contain scattered pebbles and trace amounts of uranium. 
The uranium present in the caliche, calcrete or gypcrete is 
usually in the form of carnotite, intimately but very unevenly 
associated with the calcite in the matrix. Some of the most 
promising uranium occurrences are associated with the drainage 
channels, and are now under active investigation. 

The suggestion is that such secondarily derived 
uranium, present usually in trace amounts, should be con
sidered in the recently formed uranium deposits as at least 
a 'secondary provenence area'. 

In conclusion, the Working Group would like to make 
the following points: 

Von Backstrom, J.W. Other uranium deposits. Symposium on the 
the formation of uranium ore deposits. IAEA, AthenB, 1974 
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a) Evidence from Argentina, Canada, France, India, South 
Africa and Sweden, points to the geological essociation 
of regions containing above-normal uranium concen= 
trations, with known uranium deposits. 

b) There is insufficient information on the overall 
crustal distribution of uranism to indicate whether 
there are other areas in the world with equally high 
uranium contents, but which do not contain U deposits. 

c) There is some evidence to indicate that there are 
major areas of uranium occurrerce which are not 
associated with regional U highs. However, the data 
are not conclusive because the rocks sampled may have 
been leached of uranium. Further work is therefore 
necessary in the southwest USA, in order to obtain 
more reliable facts for that area, particularly from 
.samples taken at depth. 

d) Pending the collection of more supporting data, it 
would be unwise to plan exploration programmes solely 
on the basis that regional highs are the only signi» 
ficant criteria in the selection of area9 for detailed 
exploration. Nevertheless, the concept of related 
source and depositional areas is consistent with 
knowledge concerning the geochemical cycle of uranium, 
and provides a rational basis for exploration in many 
known geological situations. 

e) Systematic uranium reconnaissance survpys (airborne 
and/or ground), provided they are of a high technical 
standard, should be undertaken, irrespective of any 
favoured hypothesis concerning uranium metallogenesis. 
These reconnaissance surveys must be scientifically 
supported by geological and petrological work. 

f) The preliminary assessment of the results of recor»» 
naissance surveys is facilitated if there is evidence 
to indicate the relative concentration of pairs of 
significant elements, as well as the absolute concen» 
trations, for example, U/Th, U + Zr/Th, U/K. 
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g) Each regional high should be examined both for the 
possibility that it may contain an economic concen= 
tration within its boundaries, and thst in adjacent 
regions geologically related to it, there may be 
important deposits derived from it. 

4.4.3 Relation of tectonic factors to the origin of 
uranium deposits 
In this regard it is possible to distinguish two 

principal types of tectonic activity. Firstly, there is 
orogenic tectonic activity, in which the continental crust 
to a depth of tens of kilometres is involved. In this sect 
of crust, already enriched in uranium, strong mobilisation 
occurs both in the roots and the skin. Secondly, there is 
taphrogenic tectonic activity, in which the sector of 
continental crust involved in remobilisation is less thick 
(from 100 to 1 000 m) but in which mobilisation from the 
mantle occurs along deep fissures. 

As a first approach, the Working Group set up the 
following framework: 

1. Tectonic activity responsible for mobilisation of 
uranium geochemically distributed within rocks 

1.1 Tectonism 
1.1.1 Continental migration 
1.1.2 Orogeny 
1.1.3 Taphrogeny 

1.1.3.1 Tension 
1.1.3.2 Wrench 

1.1.4 Diapirism 
1.1.5 Explosive vertical piercement 

1.2 Tectomagmatic activity 
1.2.1 Continental migration 
1.2.2 Orogeny 
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1.2.2.1 Anatexis - regional metamorphism 
to granitisation anatexis 

1.2.2.2 Island arcs - magmatism is 
related to 'subduction; gives 
rise to calc-alkalic magmaseries 

1.2.3 Taphrogeny - a passive tectonic process 
1.2.3.1 Taps available 'fluids' - deep 

crust to deep mantle 
1.2.3.2 Tension 
1.2.3.3 Wrench - Volcanics mostly at 

lineament intersection*- ; 
related to block uplifts 

1.2.4 Epeirogeny - no magmas are generated 
1.2.5 Diapirism - no fluids are produced 
1.2.6 Explosive vertical penetration 

1.2.6.1 Magmatic gases 
1.2.6.2 Post-explosive magmatic 

emplacement 
1.2.Í.2.1 Ultramafic 
1.2.6.2.2 High alkalic series 

2. Relationship of different types of uranium deposits 
to some geostructural units 
2.1 Continental migration 

2.1.1 Uranium enrichment 
2.1.2 Uranium veins 

2.2 Orogeny 
2.2.1 Uranium zones in orogenic mineralisation 

belts 
2.2.2 Post-tectonic granitoids 
2.2.3 Sedimentary rocks enriched in uranium 

2.2.3.1 Fliish or shale 
2.2.3.2 Molasse 

' 2.3 Taphrogeny 
2.3.1 Tension 

2.3.1.1 Orogenic hinterland 
2.3.1.2 Foreland-wrench-tension 
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2.3.2 Wrench - only at intersection with older 
orogens or other taphrogenic faults 
2.3.2.1 Alkalic piercemenjis 
2.3.2.2 Others - not magmatic 

2.4 Epeirogeny 
2.4.1 Remobilisation into marginal basins is 

possible 
2.4.2 Possible confusion with marginal 

taphrogeny 

2.5 Diapirism - some questions about the requirement 
of deep roots arose 
2.5.1 Associated with orogeny - post-orogenic 

granites 
2.5.2 Not associated with orogeny 

2.5.2.1 Foreland uplifts - domes 
2.5.3 Magmatic diapirism 

2.6 Vertical piercement 
2.6.1 Magmatic gases 
2.6.2 Magmatic ultramafic complexes 

Application of CRTS images for identification of 
areas favourable for prospecting for uranium 

5. CONCLUSIONS 
(i) The Technical Committee meeting on the 'Recognition 

and Evaluation of Uraniferous Areas" brought together 
the most outstanding uranium geologists from all over 
the western world, and the opportunity to ,neet such 
distinguished colleagues for private discussions 
of mutual interest was in itself a rewarding and 
most worthwhile experience. 

(ii) The quality of the papers presented and contributions 
to discussions were of a high standard. This gave 
rise to real planning for positive action to achieve 
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solutions to the problem of locating new deposits of 
uranium timeously. 

Delegates viewed with concern that the maximum annual 
production capability of the uranium industry achieve 
able from presently known reserves, and from 
estimated resources, remained far short of the quan= 
tities needed for continued nuclear-power growth into 
the next century (even with the introduction of 
breeder reactors) and in spite of the increased 
exploration effort. 

Basic to the exploration effort is the knowledge and 
understanding of where uranium deposits are formed. 
As a result of this meeting three further Working 
Groups were set up to study tectonic and geochemical 
factors controlling the formation of uranium pro= 
vinces, as well as the distribution of uranium within 
the earth's crust. Discussions on these themes were 
particularly animated and fruitful. 

New ideas and new knowledge gained cannot but con= 
tribute to the concepts applied in planning new 
investigations and executing old ones. It is the 
author's firm belief that both the delegates and 
South Afiica benefit and gain much more by being 
well represented at such smaller gatherings of 
experts, rather than from the very large conferences 
and congresses. 
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APPENDIX 

TECHNICAL COMMITTEE MEETING ON 
RECOGNITION AND EVALUATION OF URANIFEROUS AREAS 

17 - 21 NOVEMBER 1975 

PROGRAMME 

OPENING OF THE MEETING - Prof. Zheluder 

MONDAY, 17 NOVEMBER 1975 

TOPIC I - THE DISTRIBUTION OF URANIUM IN ROCKS AS A GUIDE 
TO THE RECOGNITION OF POTENTIAL URANIUM ORE DEPOSIT 
DISTRICTS 

R.D. NININGER 
(USA) 

General introductory 
paper 

(Paper No. TC/25-1) 

I. KOSTOV 
(Bulgaria) 

(Pape-. No. TC/25-2) 

B.L. NIELSEN, 
A. STEENFELT 
(Denmark) 

H. ADLER 
(USA) 

P. KNEUPER, 
H. MÍ3LLER, 
J. ERTLE 
(Fed. Rep. 
Germany) 

Crystal^ochemical 
differentiation and 
localisation of the 
uraniferous mineral 
deposits in the earth's 
crust 
The geochemical (Paper No. TC/25-3) 
distribution of radio= 
active elements within 
the Caledonian realm in 
East Greenland as a clue 
to the recognition of 
uranium mineralisations 

(Paper No. TC/25-4) Geochemical factors 
contributing to 
uranium concentration 
in alkalic igneous rocks 
Sedimentary uraniferous (Paper No. TC/25-5) 
deposits in the upper 
carboniferous 9trata of 
the northern part of 
Black Forest 
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TUESDAY, IB NOVEMBER 1975 

TOPIC II APPLICATION OF METALLOTECTONIC ZONING FOR THE 

IDENTIFICATION OF URANIFEROUS AREAS 

J.W. GABELMAN 
(USA) 

K.S. HEIER, 
I. LINDAHL 
(Norway) 

(Paper No. TC/25-6) 

(Paper No. TC/25-7) 

r.J. DAHLKAMP 
vFed. Rep. 
Germany) 

A.G. DARNLEY 
(Canada) 

Orogenic and taphro= 
genie uranium con= 
centration 

Possible uranium 
mineralisation in the 
light cf recognised 
geological and geo= 
tectonical structures 
in Norway 

GeochrDnologic-metal= (Paper No. TC/^5-8) 
logenetic correlation 
uf uranium mineralisation 

Paper No. TC/25-9) 

H. S0REN5EN 
(Denmark) 

A.E. BELLUCO, 
C. MARTINEZ, 
K. MARINKEFF, 
E.J. RODRIGUEZ 
(Argentina) 

Distribution of 
uranium in rocks as a 
guide for the recog= 
nition of uraniferous 
regions 

Features of the distri= (Paper No. TC/25-10) 
bution of uranium in 
igneous rocks and 
uranium deposits 
associated with 
igneous rocks 

Basis for uranium 
exploration in the 
Republic of Argentina 

(Paper No. TC/25-11) 

WEDNESDAY, 19 NOVEMBER 1975 

TOPIC III - METHODS FOR PRELIMINARY EVALUATION OF THE 

URANIUM POTENTIAL OF REGIONS 

5.H.U. BOWIE 
(UK) 

A.C. SARASWAT 
(India) 

Where to prospect 
for uranium 

(Paper No. TC/25-12) 

Recognition of a (Paper No. TC/25-13) 
favourable uraniferous 
area in sediments of 
Meghalaya, India; A 
case history 
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L.S. BECK, 
G.R. PARSLOW 
(Canada) 

J.W. GABELMAN 
(U5A) 

P. ADAMEK, 
M.R. WILSON 
(Sweden) 

C.J. MOON 
(South Africa) 

29 -

Evaluation of the 
uranium potential of 
areas covered by lake 
waters, using geo= 
physical, $eochemical 
and radiometric 
techniques 

Remote sensing in 
uranium exploration 

(Paper No. TC/25-14) 

(Paper No. TC/25-15) 

The recognition of a (Paper No. TC/25-16) 
new province from the 
Precambrian of Sweden 

A geological appraisal (Paper No. TC/25-17) 
of the uranium minerals 
isax.ion in the Karoo 
System, South Africa 

THURSDAY, 20 NOVEMBER 1975 

TOPIC IV - SESSIONS OF THE WORKING GROUPS ONJ 

(a) Fundamental concepts of uranium geology 
(Tectonic and geochemical factors controlling 
formation of uranium provinces) 

(b) Uranium distributed within the earth's 
crust and rocks as a guide for prospecting 

(c) Relation of tectonic factors to the origin 
of uranium deposits 

Preparation of the reports by the Working 
Groups 

FRIDAY, 21 NOVEMBER 1975 

Discussion of the reports of the Working 
Groups 

Closing of Technical Committee meetings 
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