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Classification of Uranium Deposits 

IF. J. Dahlkamp 

A listing of the recognized types of uranium mineralization shows nineteen determin- 
able types out of which only six can be classified as of economic significance at 
present: Oligomictic quartz pebble conglomerates, sandstone types, calcretes, intra- 
intrusive types, hydrothermal veins, veinlike types. The different types can be gen- 
etically related to prevalent geological environments, i.e.i, the primary uranium 
occurrences formed by endogenic processes, 2. the secondary derived from the pri- 
mary by subsequent exogenic processes, 3. the tertiary occurrences are assumed 
to be formed by endogenic metamorphic processes, however, little is known about 
the behaviour of the uranium during the metamorphosis and thereby the metallogen- 
esis of this tertiary uranium generation is still vague. A metallotectonic-geochrono- 
logic correlation of the uranium deposits shows that a distinct affinity of the uranium 
exists to certain geologic epochs: to the Upper Archean - Lower Proterozoic, to the 
Hercynian and in a less established stage: to the Upper Proterozoic. 

Various classifications of uranium de- 
posits have been published in the past. 
Maucher (1962) listed the more import- 
ant ones in his uranium book. Compre- 
hensive studies were also published by 
Roubault (1958) and Heinrich (1958), and 
more recently by Ruzicka (1971) and 
Z i e g l e r  (1974). 

D u r i n g  the  l a s t  ten  y e a r s  s e v e r a l  new 
t y p e s  of u r a n i u m  d e p o s i t s  h a v e  b e e n  d i s -  
c o v e r e d :  the  v e i n l i k e  -, i n t r a i n t r u s i v e  - 
and c a l c r e t e  t ypes .  In the  s a m e  p e r i o d ,  
e s p e c i a l l y  a f t e r  the  1965-70 u r a n i u m  ex-  
p l o r a t i o n  boom,  m u e h  new data  on u r a n -  
i u m  d e p o s i t s  b e c a m e  a v a i l a b l e .  T h u s ,  
an up to da te  r e v i e w  and r e c l a s s i f i c a t i o n  
of the  t y p e s  of d e p o s i t s  of e c o n o m i c  s i g -  
n i f i e a n e e  at p r e s e n t  s e e m s  j u s t i f i e d .  
H o w e v e r ,  the  s tudy  had to be r e s t r i c t e d  
to d e p o s i t s  of  the  W e s t e r n  W o r l d .  I n f o r -  
m a t i o n  of u r a n i u m  d e p o s i t s  in the  E a s -  
t e r n  B l o c k  c o u n t r i e s  is  too s p a r s e l y  and 
i n c o m p l e t e  to be i n c o r p o r a t e d  in th i s  
p a p e r .  

A general classification of recognized 
types of uranium mineralization by the 
time stratigraphic relationship of host 
rock to ore emplacement is set out in 
Figure i. 

This classification shows 19 types of 
which only six have economic significance 
(Dahlkamp 1974, 1975). They are, in 
random order: 

- O l i g o m i c t i c  q u a r t z  pebb le  c o n g l o m e r -  
a t e s  

- S a n d s t o n e  t y p e s  
- C a l c r e t e s  
- Intra-intrusive type 

- Hydrothermal veins 

- Veinlike types 

At the time of writing there are two 
additional viable proposition types which 
may be mentioned, and these exist only 
due to the present prosperous circum- 
stances. These are the contact-recta- 
somatic uranium deposit Mary Kathleen 
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Mode of o r i g i n  Host r ock  Examp le  

E l l i o t  L a k e  (Canada) 

s e d i m e n t a r y -  

I n t r u s i v e  - -  

Me tamorph i c  

C o n t a c t -  
metasomat ic  

Supe rgene  

C O N G L O M E R A T E S  

- - B l a c k s h a l e s  

Phospha tes  

Ac id  tuf fs 

- P e r a l k a l i n e  S y e n i t e s  

- C a r b o n a t i t e s  

.~ - A L A S K I T E S  

~ P e g m a t i t i c  
• "~ A l k a l i - G r a n i t e s  

- G r a n i t e s  

Pegmat i t es  

H Y D R O T H  EIRMAL 
V E I N S  

P h y l l i t e s  

S c h i s t s  

C a l c - S i l i c a t e s  

V E I N L I K E  T Y P E S  

S A N D S T O N E S  

C A L C R E T E  

L i g n i t e s  

Phospha tes  

- - K a r s t  

W i t w a t e r s r a n d  ( S . A . )  

Ranstad (Sweden) 

F l o r i d a  (USA)  
Cab inda (Angola)  

Wyoming (USA)  
Cotaj  e (Bol i v ien)  

I l imaussaq (Green land)  

Ph_alaborwa ( S . A . )  

R6._ssing ( S W - A f r  i ca ) 

R o s s  Adams ( U S A )  

Bingham {USA)  
{ C u - P o r p h y r  y) 

B a n c r o f t ( C a n a d a )  

Schwar  t z w a l d e r  (USA)  

F o r  stau (Aus t r i a )  

P o r t u g a l  

Mary. Ka th leen  ( .Aust ra l ia )  

A l l i g a t o r  R i v e r  ( A u s t r a l i a )  
Rabb i t  L a k e  (Canada) 

Wes te rn  U S A  
A r  I it_(N i..9 e._r _} 

Y e e l i r r i e  ( A u s t r a l i a )  

N - S  Dakota (USA)  

Bakouma (ZAR)  

B i g h o r n / W y o .  (USA)  

Cap i ta l  l e t t e r s :  economic depos i t s  
Smal l  l e t t e r s  : subeconomic  depos i t s  
- -  . . . . . . . . . .  : 1977 in p r o d u c t i o n  

1: m a i n - p r o d u c t  
• 2.: b y - p r o d u c t  Da. 1/1977 

Fig. I. Classification of Uranium Oecurrenees I 
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in Australia and the pegrnatitic uranium The different types of deposits can be 
deposit Madawaska in Bancroft, Canada. genetically related to prevalent geologi- 

cal processes, as depicted in Figure 2. 
For the sake of completeness, mention- These are: 

ing should be made of various polymetal- 
lie deposits from which uranium is ex- I. the primary, magmatogenic uranium 
tracted .as a byproduct, occurrences formed by endogenie proeessc 
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2. the secondary uranium occurrences 
which were formed by subsequent exo- 
genic processes from the primary types. 

3. the tertiary generation which was 
formed by endogenic metamorphic pro- 
cesses from the primary as well as from 
the secondary uranium occurrences. 

This cycle closes if by anatexis or 
palingenesis the secondary and tertiary 
types are retransforrned into the pri- 
mary type. Figure 3 represents the inter- 
relationship between source and host 
rocks of uranium deposits, in the form 
of a schematic geological profile. 

The genesis and the problems of the 
deposits in the various inferred metallo- 
genic processes may be summarized as 
follows : 

I. PRIMARY OCCURRENCES: 

b) concentrated into terrestric sedi- 
ments in intracratonic and intramontane 
basins, occasionally in littoral clastic 
sediments, and in weathering crusts. 
This was the mode of origin of the sand- 
stone and calcrete types of deposits and, 
according to some authors (Knipping, 
1974), even the veinlike types such as 
Rabbit Lake. 

3. TERTIARY OCCURRENCES 

The metallogenesis of the tertiary U- 
mineralization is still quite vague. Very 
little is known about the behaviour of U 
during metamorphism. 

In comparing rock units of different 
grades or facies of metamorphism the 
following might be observed: 

A) In phyllites such as those from 
Forstau, Austria, the ore controls are 
clearly lithologic. Based on all apparent 

The origin of the uranium in the primary 
occurrences is reasonably well established 
as either, juvenile magmatic, prevail- 
ing in the early Precambrian, or palin- 
genetic/anatectic, prevailing in younger 
times. 

2. SECONDARY OCCURRENCES: 

They owe their existence to exogenic pro- 
cesses. In upper Archean-lowest Proter- 
ozoic times when non-oxidizing conditions 
prevailed (Ramdohr, 1955) mechanical 
weathering and sedimentation formed 
placer deposits with detrital uranium, 
whereas after the change to an oxidizing 
atmosphere which occurred at the latest 

indications, the introduction of uranium 
was exogenic into the lagoonal sediments 
(Petrascheck et al 1974, 1977). Syngen- 
eric or epigenetic introduction has not 
yet been established. 

B) In biotite-muscovite schists or 
gneisses of the amphibolite facies, e.g. 
in the U-occurrences in Togo, the ore 
is structurally and lithologically con- 
trolled. The origin of the uranium in 
this geologic environment can be ex- 
plained either as 
a) of truly magmatic origin, or 
b) as the result of remobilization and re- 
deposition from earlier sediments. 

C) The veinlike deposits of the Atha- 

during the middle of the Lower Proterozoicbasca Basin in Canada, 
(approx. 2200 IV[. A. ) (Schidlowski et al. , 
1974; l?iebiger, 1976), chemical liberation 
of uranium lead to subsequent mineraliza- 
tion in a suitable lithochemical environ- 
ment. 

Dependant on climatic and transport 
conditions uranium wes either: 

a) transported into the sea and con- 
centrated in organic ooze (sapropels, 
black shales), and in marine phosphates 
or 

and in the Nor- 
thern Territory of Australia, contain 
relatively high and partly abnormally 
high accumulations of uranium in mylon- 
itized carbonatic rocks and chlorite- 
muscovite-biotite schists and gneisses. 
In the Key Lake orebodies in Saskatche- 
wan, Canada, these host rocks were 
derived from biotite- cordierite- silliman- 
ire gneisses and amphibolites of the Abu- 
cuma facies (Dahlkamp & Tan 1977), and 
at Cluff Lake from rocks of the upper 
amphibolite facies which derived by retro- 
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grade metamorphism from rocks of the 
granulite facies (Herring 1975, Pagel 
1975). The host rock of the Alligator 
River deposits, Northern Territory, 
Australia belong also to the amphibolite 
facies with retrograde alterations within 
the ore zones. 

The genesis of this veinlike type of 
deposits is still not understood. A poly- 
genetic evolution seems to be the most 

Geographically, only two districts are 
known presently which are being exploit- 
ed emonomically. 

a) Blind River - Elliot Lake, Ontario, 
Canada. (Little 1970, 1974; Robertson 
1974) 

b) Witwatersrand - Orange Free State, 
South Africa. (Liebenberg 1955; Schid- 
lowski 1966; Hiemstra 1968; Whiteside 

plausible hypothesis with the open question 1970) 
what role metamorphism has plaid. (see 
also chapter "Veinlike Deposits") 

The veinlike deposits of the Massif 
Central in France are similar in appear- 
ance, but here the orebodies prevail in 
a specific granitic facies as the host rock 
(Moreau et al. 1966; Gangloff 1970). 

Characteristics of the types of economic 
_deposits 

As shown in Figure 1 six main categories 
of economic uranium deposits exist which 
are now described in more detail. 

Conglomerate Type (Fig. 4) 

(Griffith 1967; Anhaeusser 1969; Bowie 
1970, 1977; Robertson 1974) 

The uranium host rock is an oligomic- 
tic conglomerate consisting of quartz 
pebbles in a quartzitic matrix rich in 
pyrite. The dominant ore minerals are 
uraninite, brannerite and locally urano- 
thorite. The ~ranium minerals common- 
ly occur in well-winnowed quartz pebble 
conglomerate lithofacies developed with- 
in depressions, possibly paleo-channe]s, 
upon the Archean basement surface. 
Other factors affecting uranium localis- 
ation and concentration in addition to 
proximity to major unconformities, are 
the packing density of the quartz pebbles 
and the abundance of pyrite. 

Although there are numerous occur- 
rences of uraniferous oligomictic con- 
clomerates in Precambrian Shields, only 
Lower Proterozoic/uppermost Archean 
strata, older than 2200 million years, 

a) The economy of the Blind River - 
Elliot Lake district is based upon uran- 
ium only. The average grade of the ore 
is about 0.15 % uranium. 

Thicknesses of the ore interval vary 
between 1.5 and 10m; the lateral widths 
and lengths of the individual ore bodies 
are in the range of I00 to 1000m. 

b) In the Witwatersrand - Orange Free 
State district uranium is produced as a 
byproduct in gold mining. Average con- 
tents in this case are around 0.025% 
uranium. 

The thicknesses of the mineralized 
lenses vary between several centimetres 
and several metres. The widths reach 
several hundred metres and the lengths 
several thousand metres. Ores have 
been mined to depths approaching 3,000 
metres. 

The genesis of the uranium deposits 
is debatable, but most geologists be- 
lieve in Ramdohr's (1955, 1959) opinion 
that uranium was transported as heavy 
minerals and deposited syngenetically 
with the enclosing lithofacies. To per- 
mit this process a non-oxidizing or low 
oxygen atmosphere is required, an en- 
vironment which no longer exists on 
earth. 

Sandstone Type 

(Bigotte & Obelianne 1968~ Gangloff 1970; 
Stipanicic 1970; Dodson 1972; Gruff 1972~ 
Adler 1974; Barthel 1974; Breger 1974; 
Harshman 1974; Belluco & Rodriguez 

contain significant uranium concentrations. 1977; Pfiffelmann 1975) 
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Fig. 4. Conglomerate Type (idealized, after Griffith (1967) 

Fig. 5. Sandstone-Type/Peneconcordant (idealized, after Grutt Jr. 1972, Clary ei al. 

1963 

Fig. 6. Sandstone-Type/Roll-Front (idealized) 

Fig. 7. Sandstone Type/Tecto-Lithologic (idealized,after Gangloff 1970) 

This category is divided into three 
subgroups 
- Peneconcordant Deposits 

Roll-type Deposits 
- Tecto-lithologic Deposits 

Peneconcordant Deposits (Fig. 5) 

Peneconcordant deposits are epigenetic, 
controlled by lithology. They are flat- 
lying or gently dipping bodies essential- 
ly parallel with the enclosing strata. Ore 

deposits are best developed in cross- 
stratified, medium-to-coarse grained 
arkoses and sandstones. The depositional 
environments of the host rock are main- 
ly fluviatile - strear~ channels~ flood 
plains and fluvialcoalesced alluvial fans - 
but may also be of a deltaic or lagoonal 
character. 

The proximity of these deposits to un- 
conformities is ren~arkable. This type 
of deposit is characterized by its sig- 
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nifieant pyrite content, the presence of 
vegetal organic material and of amor- 
phous organic substances, and by vanad- 
ium concentrations which can often be 
mined economically exclusive of the 
uranium. 

The dominant ore minerals occurring 
in the reduced zone are pitchblende 
and coffinite, to some extent associated 
with vanadium oxide minerals (montrose- 
ite etc. ). Within the oxidized zone the 
important uranium minerals are carno- 
tire, tyuyamunite or francevillite, all 
of which are uranyl vanadates. Acces- 
sory elements are Mo, Se, Cu and 
others. 

Stratigraphieally, this type of uran- 
ium deposit is found mainly in the Ter- 
tiary, Jurassic, Triassic and Carbon- 
iferous periods. The main ore districts 
are the Colorado Plateau, where van- 
adium is being produced along with 
uranium, and the Paguate-Grants- 
Churchrock District, New Mexico, 
United States; the Agades Region in 
Niger; the sub-Andean zone of Argentina; 
the Lake Frome embayment in South 
Australia. 

Average uranium contents vary be- 
tween 0.15 and 0.4 %. In plan the ore 
bodies show amoeba-shaped to lentieular 
oblong contours. The lateral extension 
is several tens to several thousands of 
metres. Thicknesses vary between 1 
and 5 metres and can be up to a maximum 
of 15 metres. 

Roll-Type Deposits (Fig. 6) 

The lithology and provenance of the host 
rock for roll-type deposits are similar 
to those of peneconcordant deposits. The 
ore bodies are epigenetic and controlled 
by lithology and chemohydrology. 

Uranium mineralization follows the 
contact between oxidized and non-oxi- 
dized sandstone. This boundary is re- 
garded as the furthest downdip or outer 
penetration front of oxidizing ground 
water. A characteristic is the inter- 
bedding of the mineralized permeable 
layers in impermeable horizons (clay-, 

siltstones etc. ). The dip of the strata 
is generally less than 5 ° (unless post- 
ore tectonics have caused tilting as in 
the Shirley Basin/Wyo. ). 

The ore bodies transect the strati- 
fication of the host rock and are thus 
discordant with the strata. In cross 
section, the form of the ore bodies re- 
sembles a crescent. The plan view of 
the deposits is like that of an irregular- 
ly laid pipe. 

Main ore minerals are pitchblende 
and coffinite. In addition, selenium as 
ferroselite, FeSe 2 (as native Se in the 
protore), is enriched on the convex 
side of the roll front. Molybdenum 
(jordisite, MoS~) and calcite are en- 
riched on the concave side of the roll 
front. In addition, arsenic, phosphorus 
and copper seem to occur coincidentally 
with uranium. 

Stratigraphically, roll-type deposits 
occur chiefly in the Tertiary strata 
(Paleoeene, Eocene in Wyoming; Eocene, 
Miocene and Pliocene in Texas), but 
they also occur in the Uravan Mineral 
Belt, Utah and Colorado, in strata of 
the Jurassic period. 

The main district of these deposits 
are the intraeratonic sedimentary basins 
of Wyoming (Powder River, Shirley, 
Gas Hills) and the Texas Gulf Coast. 

Average uranium contents vary be- 
tween 0. I and 0,5 %. The dimensions of 
the ore fronts in the apex zones are up 
to 15 metres (average: few tens of em - 
I0 m); the widths between a few centi- 
metres and several hundred metres; and 
the strike lengths extend up to several 
kilomeires. 

Tecto-Lithologic Deposits (Fig. 7) 

The deposits are teetonically-lithologic- 
ally controlled epigenetic deposits 
(called stack-deposits in USA) which 
occur in rocks of the same type as the 
peneconcordant and roll-type deposits. 

One characteristic of stack deposits 
is the uranium concentration in or along 
permeable fault zones with linguiform 
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impregnation of the adjacent clastic 
sediments. 

Main ore minerals in the reduced zone 
are pitchblende with subordinate coffin- 
ire. In the oxidized zone uranyl vanadates 
are present. 

Stratigraphically, this type of occur- 
rence is found in the Triassic and Jur- 
assic periods as well as in the Lower 
to Middle Proterozoic. 

Main deposits are found in the France- 
ville Basin of Gabon and at Ambrosia 
Lake/Grants District, New Mexico, 
U.S.A. 

The average uranium contents vary 
between 0.1 and 0.4 % at thicknesses 
ranging between a few tens of centi- 
metres and i0 metres and lateral di- 
mensions of I00 metres and more. 

Besides the above listed uranium dis- 
tricts, minor mostly subeconomic oc- 
currences of sandstone type mineralis- 
ation are found e.g. in the Permian of 
Europe (Matos Dias & Soares de Andrade 
1970; Gangloff 1970; Mittempergher 
1970, 1974; Barthel 1974; Herbosch 
1974; Eukacs & Florjancic 1974; Petra- 
scheck et al. 1974, 1977), Miocene of 
Japan (Hayashi 1970, Katayama et al. 
1974), IViioeene-Pliocene of Pakistan 
(Moghal 1974; Basham & Rice 1974), 
Karoo formation of South Africa (v. Back- 
stroem 1974), Proterozoic sediments 
in NW-Canada (Morton 1974). 

Veinlike Deposits 

(Gangloff 1970; Dodson 1972; Knipping 
1974; Ryan 1974; Anthony 1975; Eupene 
et al. 1975; roy & Pederson 1975; Rown- 
tree & Mosher 1975; Hoeve & Sibbald 
1976; Tapaninen 1976; Dahlkamp & Tan 
1977) 

Veinlike deposits are characterized 
by pitchblende mineralization in massive 
ore veins (Nabarlek/Aust.) or bodies 
(Key Lake, Cluff Lake D/Canada) and as 
impregnations in shear zones in meta- 
sedimentary/crystalline rocks (Ranger/ 
Australia, Rabbit Lake/Canada, Massif 
Central/France). The mineralization is 

mostly mono-mineralic, rarely poly- 
metallic. 

The main ore mineral is predominant- 
ly but not always colloidal, thorium- 
free pitchblende. Occasionally crystal- 
line uranium oxide minerals are devel- 
oped (Key Lake, Cluff Lake D). In oxi- 
dation zones, secondary products (uran- 
ium hydroxides and uranium silicates) 
may occur. The gangue, if present, con- 
sists of quartz and carbonate and oeeasion- 
ally hematite. 

Veinlike uranium deposits are restrict- 
ed to two geological epochs: The major- 
ity, including the Canadian and Austral- 
ian occurrences, are present in rocks 
of Lower Proterozoic age. The remain- 
ing deposits, situated in France, Portu- 
gal and Spain, occur in Hercynian (Up- 
per Carboniferous to Lower Permian) 
mobile belts. 

The average uranium contents vary 
between 0.2 and 0.35 %, but may reach 
grades as high as a few percent, as at 
Nabarlek, Key Lake, Cluff Lake D. 
Thicknesses range between a few centi- 
metres to about i00 m with lengths of 
up to a few hundred metres, more rare- 
ly to more than I000 m. One character- 
istic phenomenon is the depth, which 
rarely exceeds 150 m. 

Concerning the genesis of the vein- 
like type of deposits some geologists 
(Knipping 1974) interpret them as super- 
gen e. Analyses of fluid inclusionsj how- 
ever, (according to Poty et al. 1974) 
point to a formation temperature of 
340-350°C for the deposits of the IV[assif 
Central, andto about 200°C (Little 1974) 
or 160°C (Pagel 1975) for Rabbit Lake/ 
Saskatchewan. 

At first glance, the most plausible 
genetic explanation would involve meta- 
morphic events, causing remobilization 
and accumulation of the uranium from 
primary occurrences or from uraniferous 
sediments. 

Age dates from the Beaverlodge de- 
posits in Saskatchewan, Canada, support 
the validity of this theory for this region. 
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The oldest pitchblende-generation is 
dated at approximately 1780 m.y. (Koep- 
pel 1968) which is more or less concur- 
rent with the Hudsonian Orogeny. The 
exact petrographic- and depth-related 
sample location, however, is uncertain; 
it may have been at depth (-i000 m in 
the Fay Mine) or from an open pit (Bol- 
get, Gunnar). 

This Hudsonian age is in strong con- 
trast to the age of all other veinlike 
deposits in the Athabasca region, name- 

ly Rabbit Lake (Knipping 1974), Cluff 
Lake (Tapaninen 1976) and Key Lake 
(Dahlkamp & Tan 1977). In all of these 
deposits the oldest uranium generation 
is established as II00 m.y. This age 
coincides with another uranium date 
from Beaverlodge. 

The younger ages differ by 700 m. y. 
from the Hudsonian orogeny (ab. 1780 
m. y. ) which metamorphosed the Apheb- 
tan sediments. No indications of post- 
Hudsonian metamorphism are evident 



Classification of Uranium Deposits 98 

in this region. Only dolerite dykes of 
1180 m.y. (Sibbald & Munday 1976) 
approach the younger ages. 

In the Cluff Lake (Tapaninen 1976) 
as well as in the Key Lake orebodies 
(Dahlkamp 1977), low formation tem- 
peratures are indicated. At Key Lake 
the occurrence of the kaolinite and 
chlorite gangue implies a hydrous phase. 
The low temperatures are supported by 
the presence of bravoite and alpha-U30 7. 

Similar conditions exist in the deposits 
of the Alligator River region, N.T. /Aus- 
tralia (Dodson 1974] Hills & Thakur 1975; 
Hills 1975). Few and not well established 
age datings of 1880 m.y. for Koongarra 
and 1700 m. y. for Ranger exist, which 
are concordant with the orogeny (1700 - 
1800 m. y. ) of the Koolpin formation 
(S, Alligator River) and the Koolpin equi- 
valent formation in the East Alligator 
river region and the Golden Dyke form- 
ation at Rum Jungle. Most pitchblende 
ages are around 900 m.y. and no meta- 
morphic event can be attributed to this 
age. 

Based on some indications - further 
research is in progress - a preliminary 
hypothesis of the genesis of the veinlike 
uranium deposits as discovered in Lower 
Proterozoic metasediments in Canada 
and Australia may consider the follow- 
ing evolution: 

I. During the middle to upper Lower 
Proterozoie uranium was transported 
synsedimentary into marine or lagoonal 
basins located around or in between 
Archean highlands. 

2. The Hudsonian or time equivalent 
orogenies may have caused - but not 
necessarily had to - a further concen- 
tration of uranium in strata-concordant 
seams or lenses (conceivable e.g. for 
the peneconcordant ~veins" in the deep 
sections of the Fay Mine - Beaverlodge - 
Canada and the mineralizations beneath 
the Ranger No. 3 orebody (400 m deep), 
N. R. -Australia. 

3, Middle Proterozoie weathering 
perhaps connected with lateritisation - 

i.e. processes similar to the biorhexis- 
tasy as described by Erhart (1967) - 
decayed and regolithized the paleosur- 
face of the Hudsonian metasediments 
and Archean cores to a depth of several 
tens of metres. Uranium and other el- 
ements were mobilised by these pro- 
cesses. 

4. A theoretical conclusion would be: 
the mobile elements migrated into tec- 
tonic traps and precipitated where they 
eneountered adequte agents for precipi- 
tation (reductants such as ferrous (Fe ÷÷) 
minerals, argillaceous, graphitic and 
chloritic zones, changes of permeabil- 
ity, pH, Eh etc. ). (In this context see 
also Knipping 1974~ Dodson et al. 1974, 
Barbier 1974). 

Unfortunately two important phenom- 
ena apparently contradict, a metallo- 
genesis as simple as that described 
above; at least for the Athabasca region. 

a) fluid inclusions (Little 1974, Pagel 
1975) point in places to formation tem- 
peratures of up to 200°C i.e. much too 
high for purely supergene emplacement; 

b) age datings of the Athabasca form- 
ation (Raemaeker 1976) gave 1350 m.y., 
thus predating the oldest generations of 
uranium oxides of II00 m. y. ; this means 
that the period of regolithisation must 
have ended at least 150 m.y. earlier 
than the oldest uranium ages. 
However, the discrepancy may be re- 
solved by the following hypothesis: 

5. Following the formation of ore de- 
posits as described Under 3 and 4, the 
Athabasea Formation was deposited and 
its thickness of several I000 m affected 
the underlying mineralization in two 
ways : 

a) diagenetic processes with hydrous 
phases and temperatures (as deduced 
from fluid inclusions, minerals etc. ) 
mobilized and redeposited more or less 
in situ the uranium, thereby causing a 
destruction of the original radiogenic 
equilibrium and simultaneously forming 
a new "primary" generation of uranium 
oxide with a rejuvenated age of about 
II00 m. y. 
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b) The covering sediments protected 
the orebodies against further weather- 
ing and leaching. 

6. Successive episodic uplifting re- 
sulted in erosion of the overlying cover 
formations and consequently changed the 
static equilibrium. Limited redistribu- 
tion of the uranium within the ore de- 
posits occurred. New generations of 
mineralization (sooty pitchblende) orig- 
inated. 

Alternatively the whole weathering 
cycle of points 3 and 4 could be disre- 
garded and the metallogenesis could be 
based on diagenetic processes solely. 
However, to substantiate this hypothesis 
the following conditions have to be proven: 

a) diagenetic processes must be cap- 
able of mobilizing uranium, and es- 
pecially nickel (Key Lake), and also 
additional elements (Cluff Lake) and 
transporting these along distances of up 
to several kilometres in o r d e r  to form 
the huge metal concentrations of up to 
several tens of thousands of tons of 
uranium, and also nickel as at Key Lake. 

b) The tectonic host zones and mi- 
gration channels which are open and per- 
meable at surface must remain so under 
the pressure of up to several i000 m of 
cover. 

Hydrothermal Vein Deposits (Fig. 9) 

(Furnival 1939; Kirehheimer 1952, 1963; 
Derriks & Vaes 1956; Derriks & Ooster- 
bosch 1958] Roubault 1959; Griffith 1967] 
Heyse 1971; Ruzicka 1971; Little 1974; 
Rich & Barabas 1976) 

Unlike the supergene veinlike deposits, 
real veins in the classical sense are re- 
garded as of magmatic hydrotherrnal 
origin. A distinction is made between 

a) polymetallic parageneses with Co, 
Ni, Bi, Ag, or Ni, Co and Cu. (In a 
katathermal origin, uranium occurs as 
isometric uraninite, partly thorium- 
bearing). 

b) monometallic lodes of pitchblende. 

The gangue is quartz, calcite/carbon- 
ate and occasionally fluorite and baryte. 

Geoehronologically, these hydrother- 
real lodes can be classified as Variseian 
(Upper Carboniferous to Lower Permian)j 
(Schwarzwald/Germany, Erzgebirge/ 
Germany-CSSR, Massif Central/France), 
Upper Proterozoic (Shinkolobwe/Zaire, 
Port Radium/Canada), and Laramide 
(Schwartzwalder Mine/USA). 

Contents vary between 0.I and 1% of 
uranium and higher, plus the accessory 
elements that can be mined and extract- 
ed as by-products. 

Thicknesses of the mineralized veins 
vary between centimetres and metres, 
the length being in the range of several 
tens to hundreds of metres. The ex- 
tension in depth, contrary to the super- 
gene veinlike deposits, may be i000 m 
and more (Pribrarn, CSSR). The min- 
eralization, however, is strongly inter- 
mittent. The uranium mineralized see- 
tions occupied only 12 % of the vein ex- 
tensions at Pribram and 8 % at Jachy- 
mov (CSSR). 

For completeness, the uranium-mol- 
ybdenum paragenesis should be mentioned. 
In the Western world there are no econ- 
omic deposits of this type of mineral 
association, but they are known to ex- 
ist in the Soviet Union (Kasanskij et al. 
1976) and Roumania. 

In India the presently exploited deposit 
of Jaduguda (average U content of 0.06 %, 
Bhola 1958) may be attributed to this 
hydrothermal type of deposit. 

Intra-intrusive Type (Fig. i0) 

(Mackevett 1958; v. Backstroern 1970, 
1974; Bowie 1970, 1977; Andrade Ramos 
& Fraenkel 1974; Armstrong 1974; Ber- 
ning et al. 1976; Moreau 1977) 

The intra-intrusive type is represent- 
ed by only one economic deposit at Roes- 
sing, South West Africa. Here~ the 
uranium mineralization occurs in an 
intrusive alaskit e. 



Classification of Uranium Deposits 95 

Primary uranium minerals are uran- 
inite and, to a lesser extent, betafite. 
They occur disseminated in the alaskite. 
Secondary uranium minerals predomin- 
ate in the weathering profile. However, 
independent of the nature of the ore min- 
erals, the total uranium content remains 
almost constant. 

The deposit has been dated as Upper 
Proterozoic. 

The average ore grade varies between 
0.03 and 0.04% U30 8. The ore body has 
a diameter of 700 m and has been tested 
to a depth of 500 m. 

To the intra-intrusive type belong 
also: Carbonatites, quartz-monzonites, 
e.g. granites, from which uranium is 
recovered as a by-product e.g. at Pala- 
bora, South Africa and Bingham, U. S. A. , 
and also ultimately the pegmatitic alkali 
granites of the worked deposit Ross 
Adams/Bokan Mtn. - Alaska• 

Calcrete Type (Fig. ii) 

(v. Backstroem 1974; Cameron 1976; 
Haycraft 1976) 

In arid climatic regions uranium is con- 
centrated in irregular lenticular forms 
within flat channels cut into Archean 
granitic basement rocks. The depressions 
are filled with clay and sand and ealcrete 
(= caliehe). The uranium occurs as 
uranyl vanadate (carnotite, tyuyamunite). 

The only economic deposit of this type, 
Yeelirrie, is located in WesternAus- 
tralia. The average uranium content is 
0.1 to 0.2%. 

The mineralization is situated close 
• to the surface, a condition enhancing 
the economics of the deposit. Dimen- 
sions are a thickness of 8 m, a lateral 
width of 500 m and a length of 6000 m. 
Similar occurrences are known in Na- 
Inibia/South West Africa. 

Potential Types of Deposits for Future 
Resources 

Potential sources and reserves of uran- 
ium are: 

- black shales (l(olm/Sweden, Chattan- 
ooga-shale/USA, Korea, Cuba) 

- phosphates (Morocco, Angola, Flori- 
da/USA) 

- lignites (Dakota/USA) 

They all have low uranium concen- 
trations only in the order of i0 to a few 
100ppm, but the reserves in some 
cases are extensive. A common prob- 
lem to these deposits is the difficult 
and costly extractive metallurgy. An- 
other difficulty is the environmental 
impact: most of the deposits could be 
mined only in large open pit operations. 

In addition, uraniferous pegmatites 
such as those formerly mined in the 
Bancroft District in Canada or in Mada- 
gascar may again become exploitable 
if uranium prices continue to rise at a 
rate faster than the costs of mining and 
milling. Additional to these examples 
are migmatitie types as known from 
Mont Laurier, Quebec. 

Another category comprises occur- 
rences which may be attributed to the 
intra-intrusive type. They include uran- 
ium-bearing carbonatites (similar to 
Palabora/South Africa), quartz mon- 
zonites (Charlebois/Canada), adamel- 
life (Crockers Well/Australia), lujav- 
rite (Ilimaus s aq-Kvanefjeld/Gr eenland), 
foyaite (Pocos de Caldas, Brazil) and 
certain pegmatitic differentiates. They 
contain uranothorite, uranothorianite 
and complex ore minerals composed of 
titanium, tantalum, niobium, thorium 
and uranium which are difficult to pro- 
cess and have low uranium contents 
(between 0.01 and 0.1%). Uraninite is 
rare. 

For completeness, brines and salt 
lakes shall be mentioned. They contain 
uranium up to several i00 ppbj as in 
the Searle Lake, California. Also, sea- 
water with a content of 2.0 ppb U is re- 
garded as potential source. 

Grades and Reserves 

Figure 12 presents a summary of grades 
and contents and Figure 13 shows a 
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TOTAL U-POTENTIAL)MINED+RESERVE) 
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Fig. 12. Uranium Grade and Potential of Types of Deposits 
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cumulation of the total reserves of the 
different types of deposits. The two 
figures illustrate the dominance and 
economic significance of the different 
categories. 

Metallot ectonic -Geochronolo gic Cor- 
relation of Uranium Deposits 

In order to complete the classification 
the remarkable geochronologic-strati- 
graphic correlation of uranium deposits 
has to be considered (Dahlkamp 1977). 

The presentation in Figure 14 out- 
lines the association of uranium de- 
posits with certain geologic epochs. (For 
epigenetic deposits the age of the host 
rock, not the age of ore formation, is 
used). This relationship is documented 
on a selective metallotectonic map 
(Fig. 15), where most of the deposits 
occur in the Precambrian, especially 
in the Lower Proterozoic, in the Her- 
cynian, and in cover sediments surround- 

ing these basements (Ziegler 1974, 
Bowie 1977, Dahlkamp 1977). 

]By plotting the symbols of the different 
types of deposits into a diagram (Fig. 16) 
which comprises geochronology, host 
rock, and also the petrographic-sirati- 
graphic setting of the deposits, it be- 
comes obvious that the uranium deposits 
show a direct or indirect affinity to: 

a) the uppermost Archean - Lower 
Proterozoic 

b) Hercynian - Upper Carboniferous 
to Lower Permian 

c) in a less established stage: to the 
Upper Proterozoic 

In addition to these facts, 
epigenetie deposits in sandstones and 
calcretes occur in remarkable spatial 
proximity to granitic complexes of the 
above ages. 
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E X P L A N A T I O N  OF NUMBER INDEX TO F iG ,  15 

No, Name of Uranium Deposi t  Count ry  No. Name of Uranium Deposi t  Count ry  

CONGLOMERATE T Y P E  

E I I T o t L a k e  D i s t r i c t  CAN. 
WitwatersPand S . A .  

SANDSTONE T Y P E  

3 Wyoming D i s t r i c t  USA 
4 New Mexico D i s t r i c t  USA 
5 remain ing Colorado P la teau USA 
6 Gul f  Coast D i s t r i c t  USA 
? Malargue ~ S i e r r a  P in ta ta  ARC. 
8 Sa l ta  ARC.  
9 API i t  NIGER 

10 Mounana~ Oklo GABUN 
11 Ningy6 TSge~, TSn8 JAPAN 
12 Z i r owsk i  Vhr  YUG. 
13 Lake  F rome  Basin AUS,  
14 Westmoreland D i s t r i c t  AUSo 

V E i N L I K E  T Y P E  

15 Beaver' lodge D i s t r i c t  CAN° 

16 Rabbit  Lake  
1"7 Ciu f f  Lake  
18 Key Lake  
19 Rum Jungle 
20 A l l i ga to r  R i ve r s  D i s t r i c t  

Jabi luka~ Koongar'ra~ 
Ranger~ Na bar I ek 

21 Centra l  Mass ive  
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23 Iber ian Meseta 

H Y D R O T H E R M A L  V E I N S  

24 P o r t  Radium 
25 Shinko lobwe 
26 Schwar t zwa lde r  Mine~ ColD0 
27 Spokane Distr ' ict~ Washington 

Sunsh ine Mine 
Mfdni te  Mine 

CAN, 
CAN. 
CAN. 
Aus. 
AUS.  

F R A N C E  

F R A N C E  
S P A i N / P O R T ,  

CAN. 
Z A I R E  
USA 
USA 



Classification of Uranium Deposits 99 

No. Name of Uranium BeDosit  Coutqtry No. Name of Uranium DeDos[[ Count ry  

:~8 Sonora~ Duran9o ~ Chihuahua P r o v .  MEX.  
29 Pol:os de Caldas BRAS.  

Agost inho 
Ceecado 

,,30 Singhbum D i s t r i c t  INDIA  
31 Hog9ar A L G E R I A  

I N T R A I N T R U S I V E  T Y P E  

32 RGssin9 S . W . A .  

33 Pha laborwa S. Ao 

C A L C R E T E  T Y P E  

34 Y e e l l r r i e  AUS.  

OTHER T Y P E S  

35 Bakouma (U-Phosphate)  Z . A . R .  
36 Ranstad (Black Shales)  SWED. 
3?' Mary  Kath leen (pyrometasomat ic)  AUS.  

S 
~ Vl 0 

II E 

m e 
~ O 

s _ ~  p, -~ o o 

I . , -  - , ,  I:::1 

~: = . 

._~ ~ 

=aw 

) 
, ~ nHi i i i i  ~ ( 

o 



100 F.J. Dahlkamp 

o ~_ 

"H ~ I V  

' ' I 

~ - ~ H - I  ~ I ~ I - I = l ~ l ~ l ~ l  o 1 = 1  ~ ' I ~ I 

~-t',',;'J. + " ~  • 

s',i.;{:;~ + + 

::!I I ' , ~  " 'ws  + ÷ 

! 1 ! : '  + + + 

g + 

++ ÷ ÷ 

+ ÷ 
| ÷ + 

~:I ' t + + 
i, t + ~ ) 

/ - 
'! ~ :  ÷ 

+ °+ i +p+ + .+~- ) 
÷ @ e  

c~ 

O 

@ 
C~ 

i 

O 

@ 

O 

O 

i 

O 
~d 

O 

c~ 
cd 

h~ 

i 
c~ 

0 

0 

0 

.,--i 

REFERENCES 

Adler, H. H. : Concepts of uranium-ore 
formation in reducing environments 
in sandstones and other sediments. 
(IAEA-SM-183/43, Review Paper), 
141-168, Vienna 1974 

Andrade Ramos, J. R. de, Fraenkel, M. 
O. : Uranium Occurrences in Brasil. - 
Formation of uranium ore deposits. 
(IAEA-SM-183/35, 1974), p. 637-658, 
8 fig., Wien 1974 



Classification of Uranium Deposits 101 

Anh[usser, C. R. et al. : A Reappraisal 
of some Aspects of Precambrian 
Shield Geology. Geol. Soc. Bull. 80, 
2175-2280 (II) (1969) 

Anthony, P. J. : Nabarlek Uranium De- 
posit (in') Knight: Economic Geology 
of Australia and Papua New Guinea, 
304-308, Victoria 1975 

Armstrong, F. C. : Uranium Resources 
of the Future "Porphyry" Uranium 
Deposits. (IAEA-SM-183/12), 625- 
635, Vienna 1974 

Backstr6m, J. W. yon: The RSssing 
Uranium Deposit near Swakopmund, 
South West Africa: A Preliminary 
Report. Uranium Exploration Geo- 
logy, (IAEA-PL-391/12), 143-150, 
Vienna 1970 

- O t h e r  U r a n i u m  D e p o s i t s .  ( I A E A - S M -  
183/27) ,  605-624,  V i e n n a  1974 
U r a n i u m  d e p o s i t s  in the  K a r o o  S~]per- 
g r o u p  n e a r  B e a u f o r t  W e s t ,  C a p e  P r o -  
v i n c e ,  South  A f r i c a .  ( I A E A - S M - 1 8 3 -  
48),  419-424 ,  V i e n n a  1974 

B a r b i e r ,  M. M. : C o n t i n e n t a l  W e a t h e r i n g  
as a Possible Origin of Vein-Type 
Uranium Deposits. IVIineral. Deposita 
2, 271-288 (1974) 

Barthel, F. H. : Review of Uranium Oc- 
currences in Permian Sediments in 
Europe with Special Reference to 
Uranium Mineralizations in Permian 
S a n d s t o n e .  ( IAEA-SIv I -183 /34 ) ,  277- 
289, V i e n n a  1974 

B a s h a m ,  I. R . ,  R i c e ,  C. M. : U r a n i u m  
m i n e r a l i z a t i o n  in S i w a l i k  s a n d s t o n e s  
f r o m  P a k i s t a n .  ( I A E A - S M - 1 8 3 / 2 0 ) ,  
405 -418 ,  V i e n n a  1974 

B e l l u c o ,  A . ,  R o d r i g u e z ,  E. : B a s e s  p a r s  
l a  "" " p r o s p e c c l o n  u r a m f e r a  de l a  R e p 6 b -  
l i c a  A r g e n t i n a .  IAEA ISBN 9 2 - 0 -  
041077-4  (Vienna )183-199 ,  1977 

B e r n i n g  et al .  : T h e  R 6 s s i n g  U r a n i u m  
D e p o s i t ,  SWA. Econ .  Geo l .  71, 351- 
368 (1976) 

Bhola, K. L. et al. : Uranium Ore De- 
posits at Jaduguda in Bihar State, 
India. Proceeding of the Second Un- 
ited Nations International Conference 
on the Peaceful Uses of Atomic En- 
ergy, Survey of Raw Material Re- 
sources, Geneva 1958 

Bigotte, G., Obelianne, J. IV[. : D6couverte 
de Mmerahsatlons" ' " " Uranif~res au 
Niger. iV[ineral. Deposita, 3, 317-333 
Heidelberg (1968) 

Bowie, S. H. U. : World Uranium Deposits. - 
Uranium Exploration Geology (IAEA- 
PL-391/19), 23-33, Vienna 1970 

- Some Geological Concepts for Con- 
sideration in the Search for Uranium 
Provinces and IVfajor Uranium De- 
posits. - Uranium Exploration Geo- 
logy (iAEA-PL-391/27), 285-300, 
Vienna 1970 
Uranium distribution and availability. 
(in:) Geology, mining and extractive 
processing of uranium, 76-82, Lon- 
don (Inst. Min. IV[etall. ), 1977 

Breger, I. A. : The Role of Organic Mat- 
ter in the Accumulation of Uranium: 
The Organic Geochemistry of the Coal- 
Uranium Association. (IAEA-SIV[-183/ 
29), 99-124, Vienna 1974 

Cameron, E. : Uranium in calcrete en- 
vironment - Western Australia. 
47.th ANZAAS Congress, Hobart 1976 

Clary, T. A. , IV[orbley, C. M., Moulton, 
G. F. Jr. : Geologic setting of an an- 
omalous ore deposit in the Section 
30 mine, Ambrosio Lake area° Mere. 
New IViex. St. Bur. Mines 15, 72-79 
(1963) 

Dahlkamp, F. J. : Uranium Deposits and 
Reserves - Natural Uranium Supply. 
Deutsches Atomforum 89-125 (1974) 

- Formation and Types of Uranium De- 
posits/Uranium Resources. Nucl. Pow. 
Proj. Plan. & Implementation/IAEA/ 
Karlsruhe Nuclear Research Centre 
1975 

- Geochronologic-metallogenic correla- 
tion of uranium mineralization. IAEA- 
ISBN 92-0-041077-4, Vienna 1977, 
131-151 

Dahlkamp, F. J., Tan, B. H. : Geology and 
mineralogy of the Key Lake U-Ni de- 
posits, Northern Saskatchewan, Ca- 
nada. (in:)Geology, mining, extr. 
processing of uranium, 145-157, 
London (Inst. Min. Metall.) 1977 

Derriks, J.J., Vaes, J.F,: The Shinko- 
lobwe uranium deposit. UNAE. Genf 
6, 94-128 (1956) 



102 F.J. Dahlkamp 

Derriks, J. J., Oosterboseh, R. : The 
Swambo and Kalongwe deposit com- 
pared to Shinkolobwe: Contribution 
to the study of Katanga uranium. 
UNAE. Genf 663-695 (1958) 

Dodson, R. G. : Some Environments of 
Formation of Uranium Deposits. 
Uranium Prospecting Handbook, 
Edited by H. U. Bowie, M. Davis, D. 
Ostle, The Institution of Mining and 
Metallurgy 1972 

Dodson, R. G., Needham, R. S., Wilkes, 
P.G., Page, R.W., Smart, P.G., 
Watchman, A. L. : Uranium Mineral- 
ization in the Rum Jungel-Alligator 
Rivers Province, Northern Territory, 
Australia. (IAEA-SM-183/28), 551- 
568, Vienna 1974 

Erhart, H. : La gen@se des sols en rant 
que ph@nom@ne g@ologique. 2nd Ed,, 
Collection: Evolution des Sciences, 
Paris: Masson et Cie, 1967 

Grutt Jr., E. W. : Prospecting Criteria 
for Sandstone Type I~ranium Deposits. 
(in:) Bowie, Davis, Ostle: Uranium 
Prospecting Handbook, (Inst. Min. 
Metall. ) 1972 

Harshman, E. N. : Distribution of Elements 
in some Roll-Type Uranium Deposits. 
(IAEA-SM-183/4), 169-183, Vienna 
1974 

Hayashi, S. : Uranium occurrences in 
small sedimentary basins in Japan. 
(in:) Uranium exploration geology 
(IAEA-PL-391/5), 233-241, Vienna 
1970 

Haycraft, J. A. : Sampling of the Yeelirrie 
Uranium Deposit, Western Australia. 
(in:) Sampling Practices in the Mineral 
Industries, Aus. I. M. M. Melbourne 
Branch, Sampling Symposium, 51-62 
(1976) 

Heinrich, E. W. : Mineralogy and Geology 
of radioactive raw materials. 654 pp., 
New York-Toronto-London: McGraw 
Hill 1958 

Eupene, G. S., Fee, P. H., Colville, R. G. : Heyse, J. V. : Mineralogy and Paragenesis 
Ranger One Uranium Deposits. (in:) 
Knight: Economic Geology of Aus- 
stralia and Papua New Guinea, 308- 
317, Victoria 1975 

Foy, M. F., Pederson, C. P. : Koongarra 
Uranium Deposit. (in:) Knight: Econ- 
omic Geology of Australia and Papua 
New Guinea, 317-321, Victoria 1975 

Fiebiger, W. : Pr~kambrische Itabirile 
und Uran-Gold-Konglomerate als 
geochem. Zeitmarken in der Erdevolu- 
tion. - Geol. Rundschau, 65, 1035- 
1055 (1976) 

Furnival, G. M. : A silver-pitchblende 
deposit at Contact Lake, Great Bear 
Lake Area, Canada. Eeon. Geol. 34, 
739-776 (1939) 

Gangloff, A. : Notes sommaires sur la 
g~ologie des prineipaux districts 
uranif@res @tudi~s par la C. E. A. 
Uranium Exploration Geology (IAEA- 
PI-391/16), 77-i05, Vienna 1970 

Griffith, J. W. : The Uranium Industry - 
Its History, Technology and Prospects. 

of the Schwartzwalder Mine Uranium 
Ore. 87 pp., Luc. Pitkin, Colorado: 
Inc. -US-AEC Grand Junction 1971 

Herbosch, A. : Facteurs contr61ant la 
distribution des @Igments dans les 
shales uranif@res du bassin permien 
de Lod@ve (H@rault, France). (IAEA- 
SM-183/3), 359-380, Vienna 1974 

Herring, B. G. : The Metamorphism and 
Alteration of the Basement Rocks in 
the Carswell Circular Structure, Sas- 
katchewan. M. Sc. thesis, University 
of British Columbia 1975 

Hiemstra, S. A. : The Mineralogy and 
Petrology of the Uraniferous Conglom- 
erate of the Dominion Reefs Mine, 
Klerksdorp Area. Trans. geol. Soc. 
S. Afr. 71, 1-65 (1968) 

Hills, J. H., Thakur, V. K. : Westmore- 
land uranium deposits, Queensland. 
(in:) Knight: Economic Geology of 
Australia and Papua New Guinea, 
343-347, Victoria 1975 

Hills, J. H. : Uraninite in North Austral- 
ian uranium deposits. 1975 (in print) 

Mineral Report 12, Mineral Resources Hoeve, I., Sibbald, T. I. I. : The Rabbit 
Division, Ottawa: Department of En- Lake Uranium Mine. Geol. Surv. Sask. 
ergy, Mines and Resources, 1967 Symposium, Regina 1976 



C l a s s i f i c a t i o n  of Uranium Depos i t s  ~03 

Kasanskij, W. I., Lawerow, N. P., Tuga- 
rinow, A. I. : Die Herkunft der Erz- 
substanzen endogener Uranlagerst&t- 
ten. Z. ang. Geol, 2__22, Heft I0, Fret- 
berg (1976) 

Katayama, N., Kubo, K., Hirono, S. : 
Genesis of uranium deposits of the 
Tong Mine, Japan. (IAEA-SM-183/II), 
437-452, Vienna 1974 

Kirchheimer, F. : Die Uranvorkommen 
im mittleren Schwarzwald. - Mitt. - 
BI. bad. geol. L. A., 1-74, 8 Fig., 
1952 
Das Uran und seine Geschichte. 
Stuttgart : Schweiz erbarth 1963 

Knipping, H. D. : The Concepts of Super- 
gene Versus Hypogene Emplacement 
of Uranium at Rabbit Lake, Saskat- 
chewan, Canada. - (IAEA-SM-183/38), 
531-549, Vienna 1974 

Koeppel, V. : Age and History of the Ur- 
anium Mineralization of the Beaver- 
lodge Area, Saskatchewan. Geol. 
Survey Canada Paper 67-31 (1968) 

Liebenberg, W. R. : The occurrence and 
origin of gold and radioactive minerals 
in the W i t w a t e r s r a n d  Sys t em,  the Dora-  - 
i n i u m  Reef  and the B lack  Reef .  Geol .  
Soc. South A f r i c a  T r a n s -  and P r o c , ,  
58, p. 101-227,  J o h a n n e s b u r g  1955 

L i t t l e ,  H. W. : D i s t r i b u t i o n  of T y p e s  of 
U r a n i u m  Depos i t s  and F a v o u r a b l e  
E n v i r o n m e n t s  for  U r a n i u m  E x p l o r -  
a t ion.  U r a n i u m  E x p l o r a t i o n  Geology,  
( I A E A - P L - 3 9 1 / 2 ) ,  35-48,  V i e n n a  
1970 
U r a n i u m  Depos i t s  in C a n a d a  - T h e i r  
E x p l o r a t i o n  R e s e r v e s  and P o t e n t i a l .  
CIM Bu l l e t i n ,  M a r c h  1974 

L u k a c s ,  E . ,  F l o r j a n c i e ,  A. P. : U r a n i u m  
o r e  d e p o s i t s  in  the  P e r m i a n  s e d i -  
m e n t s  of Northwest Yugoslavia. 
(IAEA-SM-183/7), 313-329, Vienna 
1974 

MaeKevett Jr., E. M. ! Geology of the 
Ross Adams-Uranium-Thorium De- 
posit, Alaska. Proceedings of the 
Second United Nations International 
Conference on the Peaceful Uses of 
Atomic Energy, Survey of Raw Mater- 
ial Resources II, 502-508, Geneva 
(1958) 

Matos Dias, J. M., Soares de Andrade, 
A.A. : Uranium deposits in Portugal. 
(IAEA-PL-391/10), 129-142, Vienna 
1970 

Maucher, A. : Die Lagerstfitten des 
Urans. Braunsehweig: Vieweg Verlag, 
1962 

Mittempergher, M. : Characteristics of 
uranium ore genesis in the Permian 
and Lower Triassic of the Italian 
Alps. (IAEA-PL-391/8), 253-264, 
Vienna 1970 

- Genetic characteristics of uranium 
deposits associated with Permian 
sandstones in the Italian Alps. - 
(IAEA-SM-I83/22), 299-312, Vienna 
1974 

Moghal, M. Y. : Uranium in Siwalik sand- 
stones, Sulaiman Range Pakistan 
(IAEA-SM-183/41), 383-403, Vienna 
1974 

Mor e a u ,  M. ,  Poughon,  A . ,  P u i b a r a u d ,  
Y . ,  S a n s e l m e ,  H. : L ' u r a n i u m  et l e s  
g r a n i t e s .  C h r o n i q u e  des  Mines  et de 
l a R e c h e r c h e  Mini@re, 350, 47-51 
(1966) 
L 'u ran ium et les granitoides: essai 
d'interpr~tation. (in:) Geology, min- 
ing and extractive processing of ur- 
anium, 83-102, London (Inst. Min. 
Metall. ) 1977 

Morton, R. D. : Sandstone-type uranium 
deposits in the Proterozoic strata 
of Northwestern Canada. (IAEA-SM- 
183/37), 255-273, Vienna 1974 

Pagel, M. : Cadre G@ologique des Gise- 
ments d'Uranium dans la Structure 
Carswell (Saskatchewan-Canada), 
Etude des Phases Fluides. Thesis, 
France: University of Nancy 1975 

Peirascheck, W.E., Erkan, E., Neu- 
wirth, K. : Permo-triassic uranium 
ore in the Austrian Alps - paleogeo- 
graphic control as a guide for pros- 
pecting. - (IAEA-SM-183/25), 291- 
298, Vienna 1974 

Petrascheck, W. E., Erkan, E., Siegl, 
W. : Type of uranium deposits in the 
Austrian Alps. (in:) Geology, mining 
and extract ve processing of uranium 
71-75, London (Inst. Min. Metall. ) 
1977 



104 F.J. Dahlkamp: Classification of Uranium Deposits 

Pfiffelmann, J. -P. : L'uranium dans le 
bassin de Franceville. - (IAEA-SM- 
204/33), 37-51, Vienna 1975 

Poty, B. P., Leroy, J., Cuney, M. : Les 
inclusions fluides dans les minerais 
des gisements d'uranium intragrani- 
tiques du Limousin et du Forez (Mas- 
sif Central, France). (IAEA-SM- 
183/17), 569-582, Vienna 1974 

Raemaeker, P. P., Dunn, C. E. : Geology 
and Geochemistry of the eastern 
margin of the Afhabasea basin. Geol. 
Surv. Sask. Symposium, Regina 1976 

Ramdohr, P. : Neue Beobachtungen an 
Erzen des Witwatersrand in Sfidafri- 
ka und ihre genetisehe Bedeutung. 
Deutsche akad. Wiss. Berlin Abh. , 
KI. Mth. u. allg. Naturwiss. No. 5, 
Berlin 1955 
New Observations on the Ores of the 
Witwatersrand in South Africa. Trans. 
geol. Soc. S. Afr., Annex to Vol. 62, 
Johannesburg 1959 

Rich, R. A., Barabas, A. H. : Mineralogy, 
Paragenesis, Fluid Inclusions, and 
Origin of the Schwartzwalder Uranium 
Mine, Jefferson County, Colorado. 
Hoffman Laboratory, Dep. Geol. Sci., 
Cambridge: Harvard Univ. 1976 

Robertson, D. S. : Basal Proterozoic 
Units as Fossil Time Markers and 
Their Use in Uranium Prospection. 
(IAEA-SM-183/35), 495-512, Vienna 
1974 

Rowntree, J. C., Moshier, D. V. : Jabiluka 
Uranium Deposits. - (in:) Knight: 
Economic Geology of Australia and 
Papua New Guinea. 321-326. Victoria 
1975 

Roubault, M. : G@ologie de l'Uranium. 
Paris: Masson et Cie, Editeurs, 
1958 

Ruzieka, V. : Geological Comparison be- 
tween East European and Canadian 
Uranium Deposits. 196 pp., 7 figs., 
Ottawa (Dep. Ener., Mines and Res. ) 
1971 

Ryan, G. R. : Ranger i, a case history. 
(in:) Bowie, Davis, Ostle: Uranium 
Prospecting handbook, 296-300, Lon- 
don (Inst. Min. Metall. ) 1974 

Schidlowski, M. : Beitr~ge zur Kenntnis 
der radioaktiven Bestandteile der 
Witwatersrand Konglomerate. i. : 
Uranpecherz in den Konglomeraten 
des Orange-Freistaat-Goldfeldes. - 
N..Jb. Miner. Abh. 105, 183-202 
Stuttgart (1966) 

Schidlowski, M. , Eichmann, R., Junge, 
Ch. : Evolution des irdischen Sauer- 
stoffbudgets und Entwicklung der 
Erdatmosph~re. - Umsehau 74, H. 
22, 703-707 (1974) 

Sibbald, T. I. I., Munday, R. J. : Geologi- 
cal Setting of Uranium Deposits in 
Northern Saskatchewan. Min. Geol. 
Surv. Sask. Symposium, Regina 1976 

Stipanicic, P. N. : Conceptos geoestruc- 
turales generales sobre la distribu- 

./ 

clon de los yaeimientos uraniferos 
con control sedimentario en la Ar- 
gentina y posible aplicaci6n de los 
mismos en el resto de Sudam@rica. 
(IAEA-PL-391/24), 205-216, Vienna 
1970 

Tapaninen, K. : Cluff Lake Area - Field- 
trip A- i, Guidebook-U-deposits in 
N-Saskatchewan. Geol. & Mineral. 
Ass. of Canada, 50-71 Edmonton 
(1976) 

Whiteside, H. C. IV[. : Uraniferous Pre- 
cambrian Conglomerates of South 
Africa. Uranium Exploration Geo- 
logy, (IAEA-PL-391/14), 49-75, 
Vienna 1970 

Ziegler, V. : Essai de Classification 
Metallotectique des Gisements d' 
Uranium. (IAEA-SM-183/16), 661- 
677, Vienna 1974 

Received June 21, 1977 

Dr. F. J. Dahlkamp 
()ibergstr. I0 
D-5307 Liessem 
W-Germany 


