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UITTREKSEL 

Indien die beraamde totale geologiese potensiaal van die 
wêreld se mineraal-energiebronne gefyknamig gemaak 
word, word die totale hulpbronne beraam op 20 600 
terawattjaar (TWjr). As aanvaar word dat al die hulpbronne 
herwin kan word, en met die toepassing van huidige 
tegnologie. sal dit genoegsaam weesvir 1 700 jaaronder'n 
geengroei-toestand. en ongeveer 130 jaar as n jaarlikse 
groeikoers van 3 % aangeneem word. 

Daar moet egter in gedagte gehou word dat slegs ongeveer 
1 5 % (of 3 100 TWjr) van die wêreld se hulpbronne as 
bewese of gedeeltelik bewese en herwinbaar op huidige 
prys- en tegnologievlakke beskou kan word. Indien n 
geengroei-toestand aanvaar word, sal hierdie hulpbronne 
vir n tydperk van ongeveer 260 jaar in toekomstige 
energiebehoeftes kan voorsien. Teen n jaarlikse groei
koers van 3 % sal hierdie hulpbronne ongeveer 70 jaar hou. 
Uit hierdie syfers is dit duidelik dat die bewesc mineraal-
energiebronne in die nabye toekoms uitgeput sal word. Die 
uitdaging aan geoloë om addisionele energiebronne op te 
spoor is geweldig en ten einde hierdie taak uit te voer, is die 
verspreiding van bewese hulpbronne in tyd en ruimte 
herwaardeer. 

Die huidige ondersoek onderskraag die tydgebondenheid 
van rnineraliserende prosesse. Hierdie prosesse het plaas-
gevind in n reeks duidelike gedefinieerde siklusse wat 
strek van die vroeë Proterosoïkum tot die Resente. Uraan 
en torium is die enigste ener^ebronne van die ProterosoT-
kum. In kontras daarmee, bevat die Fanerosolkum al die 
fossielbrandstowwe en ten minste 60 % van die kernhulp-
bronne; strata jonger as 600 Mj verteenwoordig dus die 
belowendste teikengebiede vir prospektering. 

SYNOPSIS 

If the estimated total geological potential of the world 

mineral energy resources is reduced to a common denomi

nator, then the total resources are estimated at 20 600 

terawatt years (TWyr). Assuming that all these resources 

are recoverable, and applying today's technology, they 

would suffice for 1 700 years under no-growth conditions 

and approximately 130 years assuming an annual growth 

rate of 3 %. 

It should, however, be borne in mind that only about 15 % 

(or 3 100 TWyr) of the world's resources can be regarded as 

proved or partly proved and recoverable at current price 

levels and with current technology. Assuming a no-growth 

scenario, these resources will meet future energy require

ments for a period of approximately 260 years. At a 3 % 

annual growth rate resources wil l last for -ibout 70 years. 

From these figures it is clear that the known mineral energy 

resources will be depleted in the near future. The challenge 

to the geologist to locate additional energy potential is 

enormous and in order to do so, the distribution of known 

resources in time and space was reappraised. 

The present investigation confirms the time-bound 
character of the mineralising processes. These took place 
in a series of clearly defined rhythms ranging from the early 
Proterozoic to the Recent. Uranium and thorium constitute 
the only energy resources of the Proterozoic. In contrast 
the Phanerozoic eon contains the totality of fossil fuels and 
at least 60 % of the nuclear resources; strata younger than 
600 Ma therefore represent the most favourpble target 
areas for prospecting. 

I N T R O D U C T I O N 

The striking increase in petroleum prices - approximately 
1 5 0 0 % since 1960 (Bender et al.. 1982) - led to the 
appreciation of the finiteness of this source of energy. This 
resulted in the coal, oil and uranium exploration rush which 
began in 1973 and lasted for almost eight years. Numerous 
global surveys of reserves and resources of the different 
mineral energy commodities have been made since then. 
Although the results of the various surveys differ in detail, 
the overall picture reveals that there are limits to the 
availability of mineral energy resources and stresses the 
fact that intensive programs are to be launched to search for 
such resources and to transform them into economically 
exploitable reserves. 

The present low-level state of exploration caused by the 
depressed world economy and resultant low energy 
demand is unacceptable if we wish to meet future energy 
needs. Moreover, alternative energy resources (extraction 
of uranium from sea water; hydrogen fusion, fast-breeder 
reactors; solar power; geothermal and hydroelectrical 
power) wil l require a long time to become commercially 
viable, particularly in developing nations. Consequently, 
ready availability of energy minerals up to at least the 
middle of the next century is a prerequisite for a smooth 
transition to steady-state conditions of energy production 
through innovative technologies. 

The aim of this paper is to review the availability of the most 
important mineral energy resources, and to indicate their 
distribution in time and space from early Proterozoic to late 
Tertiary. This exercise also aims at identifying mineralisation 
processes, particularly of nuclear fuels, which are at present 
only poorly understood and thus require future fundamental 
research. 

W O R L D ENERGY RESOURCE POTENTIAL A N D 
PRODUCTION 

An investigation of the resource potential of the various 
mineral energy commodities remains a difficult task due to 
the different techniques and parameters being applied by 
the various authors and also because of the intrinsic energy 
content of the resources. In order to examine the energy 
resource potential of the world in a meaningful way, 
resource estimates and production statistics for oil, gas, 
coal and uranium were reduced to a common denominator, 
i.e. terawatt years, a unit of power (1 TWyr * 1 0 9 metric 
tons coal equivalent). 
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All energy mineral occurrences, including those of a 
speculative nature but recoverable under current economic 
and technological conditions, are referred to as the total 
geological potential, of which, proved and partly proved 
resources are those for which reliable estimates are 
available. The potential of oil shale and tar sands was also 
evaluated, and in accordance with Hafele(1981). these wil l 
be called unconventional oil and gas resources. Thorium is 
an alternative fuel for nuclear reactors but exploration for 
this commodity was never conducted on an intensive scale 
so that resource estimates are at present grossly incom
plete. So far, the demand for thorium has been limited due 
to the higher cost of its utilisation in nuclear reactors 
relative to uranium. Because of these uncertainties, the 
thorium potential is not dealt with in detail. Unless 
otherwise specified, publications by McCaslin (1981): 
Háfele (1981); Ridley (1982) and the IAEA/NEA report 
entitled "Uranium Resources, Supply and Demand" (1982) 
were used to estimate the proved and partly proved energy 
resources, as well as the total geological potential. 
Despraires (1977) estimated the total geological potential 
of oil resources to be 419TWyr; more recent works, 
referred to above, have increased that estimate to 
447 TWyr. The 1981 International Institute for Applied 
Systems Analysis Study (HASA) estimated the total geo
logical potential of natural gas to be 274 TWyr. As in the 
above sase, this figure was increased to 323 TWyr. Uncon
ventional oil and gas resources are estimated to be 
587 TWyr (Hafele 1981). while Ridley (1982) estimated the 
total geological potential of coal (all ranks) to be 
18 958 TWyr. In the case of uranium, the total geological 
potential, i.e. the reasonably assured, estimated additional 
and speculative resources exploitable at a cost of less than 
$130/kg U, was calculated to be 300 TWyr, assuming a 
light-water reactor strategy (LWR). This figure includes 

500 000 metric tons U conservatively estimated to be re
coverable from the Australian Roxby Downs deposit. The 
total geological potential of the wor lds fossil and fissile 
energy resources is thus estimated to be approximately 
20 600 TWyr (or in excess of 20 700 TWyr if thorium is in
cluded). It is estimated that only 15 % of these resources 
can be regarded as proved or partly proved (Table I). 

During 1981. a total of 12 TWyr equivalent energy was 
produced throughout the world from the different energy 
commodities (Table II. Fig. 1). 

LIFE OF THE W O R L D M I N E R A L ENERGY 
RESOURCES 

Because of the current depressed world economy, the 
period 1981/1984 has been marked by a negative growth 
rate in energy consumption. This situation is unlikely to 
continue and the life of the energy resources was therefore 
studied under a growth scenario which, for the purpose of 
this paper, was taken as 3%. taking the 1981 energy 
production of 12 TWyr as a basis. As reference, a no-

TABLE II 
1981 WORLD ENERGY PRODUCTION 

ENERGY RESOURCE 
PRODUCTION 

IN TWyr 
% O F 

TOTAL 

Oil 
Unconventional 
oil and gas 
Gas 
Coal 
Uranium 

4.00 

0,20 

1,80 
5,32 
0,78 

33 

2 

15 
44 

6 

TOTAL 12,10 100 

TABLE I 
WORLD ENERGY RESOURCE POTENTIAL 

COMMODITY 

TOTAL 
GEOLOGICAL 
POTENTIAL 

PROVED AND PARTLY PROVED 
POTENTIAL 

COMMODITY 

t x 1 0 » TWyr t x l O * TWyr % OF TOTAL 
POTENTIAL 

Oil 
Unconventional 
oil/gas 
Gas 
Coal 
Uranium 
Thorium 

319 924 

420 000* 

231 176* 
13 609 298 

23 
n.a. 

447 

587 

323 
18 958 

300 
n.a. 

95 810 

21 000 

69 424 
1 963 887 

8 
6 

134 

29 

97 
2 735 

98 
97 

30 

5 

30 
14 
33 
n.a. 

TOTAL 
(without thorium) 

TOTAL 
(with thorium) 

14 580 421 

n.a. 

20 615 

n.a. 

2 150129 

2 150135 

3 093 

3 190 

15 

n.a. 

'Metric tons oil equivalent 
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OIL/GAS URANIUM 

AUSTRALIA 

COAL TOTAL PRODUCTION 

AUSTRALIA ' 
3 % 
0.17 

REST 
• % 
0.4» 

CHINA 
16% 
0.86 

EUROPE 
3 1 % 
1.66 

NAMIBIA 0.4% 0.05 
NIGER 0.5% 0,06 

MEXICO 1.5% 0.19 
AUSTRALI 

2 % 0.21 
RSA 2 % 

0.26 

Figure 1 
1981 production in TWyr of the various energy commodities on a regional basis. 
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growth scenario was introduced into the calculations 
(Table III). 

increase (Oldekop. 1982). Consequently, only a LWR 
strategy will be considered in the following discussion. 

''ABLE III 
LIFE IN YEARS OF THE MINERAL 

EPcRGY RESOURCES 
TOTAL 

GEOLOGICAL 
POTENTIAL 

PROVED AND PARTLY 
PROVED POTENTIAL 

ASSUMING NO 
GROWTH: 
without thorium 1 718 257 
with thorium n» 264 

ASSUMING A 3 % 
ANNUAL GROWTH: 
without thorium 133 72 
with thorium n.». n.». 

The implementation of fast neutron power breeder reactors 
(FBR) which are capable of breeding more, new fissile fuel 
(Plutonium or 2 3 3 U) than is consumed, could considerably 
improve the world energy situation in the long term. 
However, the capital cost of fast breeders is considerably 
higher than that of light-water reactors (LWR), so that the 
"market prospects" of fast breeders depend mainly on the 
date of a beginning of a uranium shortage or a price 

Proved and partly proved resource* At a 3 % growth 
rate, and assuming that the fossil fuels will substitute for 
each other as they become depleted, the hydrocarbon 
resources (260 TWyr) will last for 27 years (Fig. 2). while 
uranium resources (98 TWyr) will suffice for 52 years. 
Assuming the introduction of thorium around 2011. the life 
of uranium resources will be extended by approximately 15 
years. The current known coal resources (2 735 TWyr) will 
bring the life of the proved and partly proved energy 
resources to approximately 70 years, as against approx
imately 260 years calculated for the no-growth scenario. 

Total geological potential At a 3 % annual growth rate, 
the hydrocarbon resource potential (1 357 TWyr) will last 
for 68 years and the ultimate uranium resource potential 
(300 TWyr) will suffice for 84 years. The coal resource 
potential (18 958 TWyr) will bring the life of the total 
geological potential to approximately 130 years. This figure 
is dramatically lower than the value of approximately 1 700 
years calculated for the no-growth scenario. 

The predominance of coal over the other energy commodi
ties is clearly indicated in Fig. 2. but fiafele (1981) argued 
that coal is unlikely to p'ay the role of prime energy resource 
due to environmental and engineering constraints. If his 

ADEQUATE: RESOURCES 
TO MEET ENERGY DEMAND 

INADEQUATE 
RESOURCES TO 
MEET ENERGY 
DEMAND 

GROWTH IN ENERGY 
DEMAND (TWyr/yr) 

Figure 2 
Depletion of energy resources assuming a 3% annual growth rate in energy demand. 
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arguments are correct, the shortfall of minerals for energy 
might be even more dramatic than that represented in 
Fig. 2. From the above it is clear that the known mineral 
energy resources will be depleted in the near future. The 
challenge to the geologist to locate additional potential is 
enormous, and in order to do this the distribution of known 
resources in time and space, as discussed in the following 
part, will be of significance. 

THE T I M E - B O U N D D I S T R I B U T I O N OF ENERGY 
RESOURCES 

The following discussion of the geological controls in the 
distribution of fuels is also intended to stimulate discussion 
among exploration geologists, particularly by indicating 
those mineralisation regimes at present still poorly under
stood. The time-bound character of the uranium resources 
has been investigated by Toens (1981) and Toens and 
Andrew-Speed (1984). while Bois et a/.(1982) studied the 
global geological history and distribution of the hydro
carbon and coal reserves. The importance of the last 
300 Ma of geological history in the production and storage 
of fuels is diagrammatically represented in Fig. 3. This 
shows that more than 90 % of the world's proved and partly 
proved energy resources are contained in strata of late 
Carboniferous and younger age. These terranes include 
90 % of all known resources of fossil fuels and approxi
mately 48 % of nuclear fuels, and thus they represent the 
immediate targets for energy resources exploration. It is 
also likely that the Proterozoic terranes wil l become 
increasingly important during the next century if the 
present trend of maior Precambrian U-ore discoveries 
continues. 

PROTEROZOIC ENERGY RESOURCES 

Uranium is the only energy commodity (apart from 
thorium) present in the Proterozoic and its distribution in 
the Precambrian terranes of Gondwanaland is represented 
in Fig. 4. 

Three main periods, characterised by moderately distinct 
mineralising processes, have been identified by Toens and 
Andrew-Speed (1984) within the Proterozoic. A first period, 
between 2 800 - 2 200 Ma, characterised by Witwaters-
rand/EHiot Lake-type deposits, appears related to a reducing 
atmosphere, and to the possibility of detrital transport of 
urammte and genetically associated thorium minerals. 
Subsequent enhancement of oxygen concentrations 
between 2 200 and 1 200 Ma allowed surficial solutions of 
uranium to be locally trapped in the reducing environments 
near basal unconformities. Then, during the third period, 
the start of modern plate tectonics led to a greater potential 
for the thermo-tectonic reactivation of uranium. Lobato 
et al., (1983) described uranium enrichment (10 5 metric 
tons U 3 0 8 ) induced by overthrusting at ± 820 Ma in 
Archaean crystalline basement rocks in Brazil. Possibly 
similar in origin are the broadly coeval uranium and rare 
earth deposits of Mozambique, although alternative possi

bilities of uranium introduction from the mantle has been 
proposed by Andreoli (1984) and Andreoli and Hart (1984). 
Present mineralisation models cannot adequately account 
for the major Roxby Downs deposit of Southern Australia in 
the general area where Rossiter and Ferguson (1980) 
located a mantle "hotspot". While this would suggest a 
primary contribution of metals, including uranium and rare 
earths from the mantle, the basement granite here appears 
comparable to other K-Si rich intrusives of Southern 
Australia (Roberts and Hudson, 1983; Andreoli, 1984). 
These rocks also appear to be broadly comparable to the 
1 800 Ma old K-U-Th-Zr enriched granites of the Pine 
Creek and Mt. Isa inliers of Australia described by Wyborn 
and Page (1983). who derive these granites from a 
hypothetic deep-seated "fertile" precursor enriched in 
lithophile-incompatible elements (K. Rb. REE. Zr. U, Th0 2 

etc.) differentiated from the mantle at ± 2 000 Ma. 

Comparable K (and U) enriched granites and related 
rapakivi granites are distributed world-wide in mid-late 
Proterozoic age terranes (Andreoli. 1984) and contributed 
to the cratonisation of enormous areas of North America 
(Emslie. 1978; Von Schmus and Bickford, 1981): South 
America (Gibbs and Barron, 1983; Gaudette et a/. 1978); 
Nigeria (Rahaman et al.. 1983); Southern Africa (Andreoli. 
1984; Key and Wright. 1982); Fennoscandia and USSR 
(Salop. 1983: Bridgwater and Windley. 1973). As empha
sised by Von Schmus and Bickford (1981). no model of 
granitic magmatism based on Phanerozoic plate-tectonics 
can account for the genesis of these giant, in places 
"floorless". granitic-rhyolitic terranes frequently endowed 
with uranium and thorium. 

Thorium Available data (van der Merve, 1983) suggest 
that Proterozoic terranes also present a potential for the 
exploration of thorium. World reserves are reported to be in 
excess of 800 000 metric tons mainly from quartz-pebble 
conglomerates, carbonatites and veins. 

PHANEROZOIC ENERGY RESOURCES 

This eon contains the totality of fossil fuels and 60 % of the 
world uranium resources. Their relative distribution in 
space and relationship to orogenic belts during the late 
Palaeozoic, the Mesozoic and the Tertiary are depicted in 
Figs 5, 6 and 7 respectively. 

Hydrocarbons From the data presented by Bois et al., 
(1982), the Palaeozoic terranes are a lower-priority target 
for hydrocarbons, since these show a general decrease in 
the global amount of reserves with increasing age of the 
reservoir, reflecting thermal evolution and migration. The 
same authors observed that most reservoir rocks of this era 
were deposited in platform basins with low sedimentation 
rates, and located in or near the margins of the Mesogean 
ocean (Fig. 5). The development of rapidly subsiding basins 
(in or near orogenic belts) and of efficient Permo-Triassic 
evaporite seals accounts, according to Bois et a/.,(ibid), for 
peaks of hydrocarbon reserves in the Carboniferous and 
Permian terranes respectively. 
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Figure 4 
Distribution of uranium resources of Proterotoic age. 
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In contrast, hydrocarbon reservoir rocks of Mesozoic age 
(Fig. 6) were deposited in platform basins with low sedi
mentation rates more frequently than in rapidly subsiding 
basins in or near orogenic belts (ibid). As indicated in Fig. 6. 
a locally important role in the development of source and 
reservoir rocks was played during the Mesozoic by rifting 
environments, which were either aborted (the North Sea 
graben) or eventually evolved into continental separation 
(the south-central Atlantic). In strata of Tertiary to Recent 
age (Fig. 7) the potential for oil and gas resources is very 
large; their frequently observed relationship to fold belts is 
explained by the predominance of Cenozoic reservoirs in 
rapidly subsiding basins developed in or near orogenic 
belts (Bois et a)., 1982). According to these authors the 
evaporite deposits of Mesozoic and Tertiary age in the 
Middle East were critical in the preservation of hydro
carbons within this region. As in the Mesozoic. the younger 
graben structures of Africa also provided the site for 
hydrocarbon accumulation (Fig. 7). 

Although the biogenic origin of oil and gas is a nearly 
universally accepted concept. Gold (1984; personal com
munication) and Giardini and Melton (1983) have provided 
some evidence for a mantle-derived, abiogenic methane 
component in producing hydrocarbon fields. Should their 
arguments be confirmed, it is possible that large, deep 
methane resources occur in graben and subduction-zone-
related regions. 

Coal Plants began to colonise the Palaeozoic continents 
on a massive scale in Carboniferous times, and since then 
coal has accumulated in enormous amounts in a great 
variety of tectonic environments. Intervals of little or no 
deposition, like the Triassic, are rare and short. Mitchell and 
Garson (1981) listed a variety of tectonic settings favour
able to coal accumulation and preservation: back-arc 
compressive tectonic basins, outer-arc troughs, thrust 
belts, intramontane collision-related basins, extensional 
cratonic basins, Gondwanaland (Karoo), and deltaic sedi
ments and passive continental margins. Coal resources 
during the Palaeozoic (Fig. 5) either accumulated in slowly 
subsiding basins (adjacent to the orogenic belts of the 
Northern Hemisphere) or in fluviodeltaic environments (of 
stable platforms) associated with the retreating ice cap in 
the Gondwana terranes of the Southern Hemisphere. Coal 
resources in the Mesozoic are mainly restricted to the 
Northern Hemisphere, where they occur either in stable 
platform environments (e.g. Colorado, USA; China; Eastern 
Siberia) or in back-arc compressive basins (British Columbia, 
Canada; Burma) as proposed by Eisbacher (1974) and 
Mitchell and Garson (1984). 

Coals of Tertiary age are generally of low rank, e.g. lignite, 
locally rising to (sub)-bituminous where the influence of 
thermal metamorphism was operative (Indonesia). In 
general, because of their high volatiles and moisture 
contents, Tertiary coals constitute low-grade energy 
resources to be utilised essentially by power stations 
adjacent to the mines. 

Uranium The distinctive signature of the uranium 
deposits in the Phanerozoic is the incorporation of organic 
material into continental clastic sediments, allowing the 
precipitation of uranyl ions (U 6*) before they reached the 
sea (Toens and Andrew-Speed, 1984). This led to the 
formation of important sandstone-type deposits in alterna
ting sequences of fluvial arenaceous rocks (aquifer) and 
carbonaceous shale (reducing and impermeable barrier). 
The uranium was derived from older basement or tuf-
faceous rocks; and the precipitation of uranium was usually 
controlled by the amount of carbonaceous components. 

The extent of uranium deposits of this type :n the Palaeozoic-
Mesozoic of Gondwana is represented in Fig. 5. The 
structural environments were, accu.o.ng to Lock (1980), 
the back-arc compressive basins in the cold-climate Karoo 
terranes of Southern Africa and Argentina. Mitchell and 
Garson (1981) further suggest that the uranium deposits in 
the Karoo of Zambia, Malawi and Tanzania were found in a 
back-arc rifting environment. So far these Gondwanaland 
terranes have failed to produce uranium resources of the 
importance comparable to those of the Colorado Plateau 
area (USA). 

Polymetallic-hydrothermal veins related to granite and 
sandstone are the main uranium depositories of late 
Palaeozoic age in Western Europe (Toens, 1981; Zuther, 
1983). The fertile granites typically belong to subalkaline 
potassic (shoshonitic) and biotite-muscovite suites possi
bly derived from the contribution of mantle magmas and 
deap-crust materials (Pagel, 1982). 

Characteristic uranium deposits of Mesozoic age are of the 
sandstone tvpe, both in the Northern Hemisphere (where 
the largest mineralisation occurs in western USA) and in 
the Southern Hemisphere in the upper Karoo. With the 
possible exception of the Argentinian deposits, the others 
are typically representative of stable cratonic environments, 
or perhaps in the case of Colorado, of back-arc compres
sions! basins (Mitchell and Garson, 1981). The Colorado 
Plateau area is also characterised by important fossil fuel 
resources in a structurally controlled basin. 

The conditions attained in desert environments in certain 
parts o< the world during the Tertiary have allowed valley-fill 
or calcrete-type deposits to accumulate under evaporitic 
conditions in South Africa, Australia, Botswana, South 
West Africa/Namibia, Somalia and elsewhere (Toens, 1981). 
Conditions favourable to the formation of sandstone-type 
deposits persisted during early Tertiary in Wyoming and 
Texas. In Tertiary times and in older periods of the 
Phanerozoic, uranium accumulated in many other, locally 
important environments (Toens, 1981). 

Thorium In view of its greater chemical inertia compared 
with uranium, processes leading to the accumulation of 
thorium appear less sensitive to the progressive shift in 
oxygen content of the atmosphere. Monazite is in fact a 
relatively stable mineral which is accumulated in a detrital 
state in heavy mineral sand.; of various age, i.e. early 
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Proterozoic (see j.-«»vious section), late Palaeozoic Karoo 
terranes (South Africa) and finally, the coastal sands of 
Recent age from various parts of the world (Australia, Brazil, 
India and South Africa). Alkaline magmatic rocks such as 
tinguaite and carbonatite, also contain thorium mineralisa
tion, and they are particularly common during the late 
Mesozoic. Phanerozoic thorium reserves are probably in 
excess of 5 000 000 metric tons (van der Merwe, 1183). a 
substantial proportion of which is contributed by detrital 
sources. 

GEOLOGICAL CONTROLS 

The study of the geological controls of known mineral 
energy resources has given broad indications as to where 
to direct future prospecting and research efforts. The late 
Archaean to early Proterozoic fossil placer deposits could 
only have occurred because the atmosphere at the time of 
deposition was largely anoxygenic. Had the atmosphere 
been oxygenated, the uranium minerals would have occurred 
in a different environment as chemical precipitates. Taking 
cognisance of the relatively large number of cratons which 
predate 2 200 Ma, there would seem to be a reasonable 
possibility that deposits similar to those of the Witwaters-
rand remain to be discovered. However, as many of the 
potentially favourable localities are situated in glaciated 
and tropical areas, or have an extensive cover of younger 
sediments, exploration is likely to be expensive and time-
consuming. 

With increasing oxygen concentrations in the atmosphere 
after 2 000 Ma, uranium became solubilised in progres
sively greater amounts, and consequently, the localisation 
of high-grade ores has become a challenge for the economic 
and theoretical geologist. 

The explosion of life which marks the beginning of the 
Phanerozoic provided the raw material for widespread 
reduction of dissolved oxidised uranium into black carbon
aceous shales in coal-bearing formations or in continental 
porous sandstone beds. In Tertiary and Quaternary times 
global changes In climatic conditions permitted the preci
pitation of uranium in dry environments with poor drainage. 

The high crustal abundance of thorium (approximately four 
times that of uranium) will make it a very important energy 
resource in the future. However, the greater chemical 
stability of thorium-bearing minerals (e.g. monazite) against 
weathering processes prevents this element from sharing 
the enrichment processes characteristic to uranium. 
Proximal sediments adjacent to Precambrian granitic 
terranes will remain important energy resource targets. 

The present investigation partly confirms previous sugges
tions (Toens, 1981) tha' there is a broad correlation 
between the occurrence of the major oil, coal and uranium 
deposits. It is also clear, however, that the correlation is 
certainly not simple and not always applicable as an 
exploration tool due to the great number of variables 
contributing to the genesis of the coal, oil, gas and uranium 

deposits. Only future studies will indicate whether the 
inter-relationship between hydrocarbons, coal and uranium 
is at least in part controlled by periodic degassing of the 
mantle volatiles as proposed in most recent models of 
planetary activity (Gold, 1984; Nicolaysen, unpublished 
lecture, 1983; Giardini and Melton, 1983). 

CONCLUSION 

Two important conclusions emerge from the analysis of the 
projected consumption of energy resourr i , using a 3 % 
annual growth and a LWR uranium strategy: 

(a) Predominance of coal over the other energy com
modities 

(b) A critical world-wide energy shortage developing 
towards the end of the 21 st century unless drastic 
steps are taken soon to avert such a crisis. 

Bearing in mind therefore that we do after all live in a finite 
world and even if due allowance is made for the identifica
tion of additional resources and improved technology, it 
would seem that the ultimate resource inventory could 
suffice for an additional 60 years. Much of this increase 
could, however, be offset by the fact that a large portion of 
the known and potential energy resources are located in 
remote or inaccessible areas militating against their exploi
tation prior to the advent of crisis conditions. 

Due to environmental constraints the increased use of coal 
is in the long term unlikely to be acceptable and in any 
event the time cannot be far off when it is going to be 
realised that coal is far too valuable a chemical feed stock to 
be used "just for burning". 

Therefore even allowing for the development of alternate 
sources of energy such as hydro, solar, wind and wave, 
which in any event would probably never exceed more than 
10 % of the total energy supply, it would seem imperative to 
timeously increase the total energy package if a crisis is to 
be averted. 

The discovery of additional resources is therefore of 
universal concern which transcends political boundaries 
and one which demands the constant attention of earth 
scientists. In the long term it would appear that the 
development of the nuclear option toward breeder reactors 
remains the only viable alternative and that complacency 
with regard to the seemingly large resource figure should 
be viewed with caution. 
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