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Introduction 
T h e prospect ing w o r k carr ied out on t h e I tal ian side of t h e Alpine 

Range du r ing t h e last f i f t een years have led to recognize a large n u m b e r 
of u r a n i u m occurrences ( M i t t e m p e r g h e r , 1966). Othe r occurrences 
h a v e been f o u n d in t h e French, Swiss, Aus t r i an and Yugoslav Alps 
(H i i g i and ot., 1962; H ii g i , 1967; B a r r e a u , 1959). As a common 
fea ture , ali these occurrences a re contained in rocks of l a te Paleozoic or 
Lower Triassic age. 

A second group of u r a n i u m occurrences in f issures and in veinlets in 
t h e crys ta l l ine basement rocks is qui te less in teres t ing and impor tan t . 
N u m e r o u s s tudies h a v e so f a r been pe r fo rmed about these minera l 
deposits, whose dis t inct ive f ea tu re s a re n o w fa i r ly well known and 
described at suff ic ient extent (Fig. 1). 

Some supp lemen ta ry effor ts , however , a r e necessary f o r be t t e r under -
s tand ing of t h e minerogenet ic processes of u ran ium, which took plače, 
at a given geological moment , over a very l a rge area, approx imate ly 1000 
by 400 ki lometers wide. Some a t t empts in this direction h a v e been m a d e 
( M a r i n e 11 i and M i t t e m p e r g h e r , 1962) b u t only recent ly t h e 
geological in format ions have been acquired fo r an overall s tudy in order to 
obta in both, t h e outl ines of t h e "regional" f ea tu re s of t h e minerogenet ic 
processes of u r a n i u m and the correlat ions w i th t h e m o r e genera l u r a n i u m 
ore genesis in Hercynian era of E u r o p e ( M i t t e m p e r g h e r , 1970). 

THE GEOLOGY O F URANIUM OCCURRENCES IN THE 
POST-HERCYNIAN BASIN 

The u r a n i u m mineral izat ions occur in t h e volcanites and in t h e Con-
t inen ta l or l i t toral deposits of P e r m i a n and Lower Triassic ages of t h e 
whole Alpine area. 

These fo rmat ions overl ie unconfo rmab ly t h e eroded crystal l ine base-
men t and represent t h e magmat ic and sed imenta ry products t ha t a f fec ted 
a la rge subsiding basin of la te and pos t -Hercynian ages. 



The uran ium mineralizations are divided in previous papers (D'A g n o -
l o , 1966; M i t t e m p e r g h e r , 1958) as follows: 

— hydrothermal mineralizations in the volcanic rocks of t h e Lower 
Permian (Fig. 2); 

— st ra t i form mineralizations in the Continental sandstones of the 
Permian; 

— st ra t i form or lenticular mineralizations in the littoral deposits of 
the Permo-Triassic. 

Here I do not describe in detail t he features of above-mentioned 
mineralizations that are pointed out in several specific works. I recall 
only tha t the s tudy of these mineralizations has often required the 
reconstruction of the geological and minerogenetic conditions of ore depo-
sits deformed and regenerated by Alpine metamorphism. 

This is the čase of that par t of the post-Hercynian basin subjected to 
the complex Pennidic tectonism in Alpine age. 

It is very hard to assemble in an integrated picture a paleogeographie 
reconstruction, tending to comprise ali environmental and s t ructural 
varieties of the Alpine zone dur ing Permian and Triassic. This would 
require a p rehminary reconstruction of the Hercynian land and of its 
s t ructural changes over extremely large areas. On the other hand, the 
paleogeographie reconstruction is complicated not only by t h e difficulties 
of "spreading out" the Permian and Triassic formations ineorporated into 
the complicated movements of the folds during the Alpine orogenesis, but 
also by the diff iculty in oorrelating the different areas of the zoning of 
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Fig. 1. Uranium occurrences in the Alps 



Alpine tectonic. Such zonning occurs not only lo>ngitudinally with respect 
to the axis of the orogen but, stili asymmetrically, also along that axis. 

However, in view of the purpose of this study (drawing a picture of 
the general characters of the environment of uranium ore genesis in the 
late Paleozoic), a highly simplified description is deemed sufficient. For 
such purpose, I have utilized paleogeographical sections crossing the 
central and eastern parts of t h e Alps where it is easier t o correlate 
the Permo-Triassic environment and the Alpine tectonic units. 

The area at present tirne occupied by the Alpine Range corresponds 
roughly to one sector of the Hercynian foreland, t h e basement being 
iormed by me'„amorphites and Hercynian granites. This area has undergone 
an extended erosion process. Subsidence took plače by f rac tur ing and 
displacement of the eroded massif, with the formation of two separated 
basins: a Southern one known as "alpine type" and a Nor thern one as 
"germanic type" (Fig. 3). 

The two basins were separated by a s tructural "high" corresponding 
coarsely to the zone of the Pennide nappes. A sedimentation of Con-
tinental character began in both basins during the Lower Permian. A 
magmatism started simultaneously in both basins, f irst in the form of 
epigranites (average age 280 MY), later in the form of acid volcanism 
(indicative age 265 MY). In the "Alpine basin" the processes of Continental 
c.edimentation, with sediments predominantly of an alluvial nature, 
ended in the period ranging between the Upper Permian (Bellerophon 
zone) and the Lower Triassic (Werfenian), with mar ine and lagoon epicon-
t inental sediments (Fig. 4). In the "Germanic basin" the marine ingression 
took plače in the Lower-Middle-Triassic (Muschelkalk). 

In the transit ional belt, the whole zone of the Pennide and "Brianpo-
nian" nappes, the subsidence took plače very late: the Continental Permian 
is very weakly represented. The mar ine ingression of the Permo-Triassic 
took plače with recurrences and ext reme elaboration of the sediments 
(formation of the Triassic quarzites). The Triassic facies a r e in part of 
the "alpine type" and in part of the "germanic type". 

The whole Pennide and Southern Alps area then evolved into the 
Alpine geosyncline (Fig. 3). In this overall picture, the uran ium deposits 
of the Alps are located part ly in the original basin of the Southern Alps, 
part ly in the area cf s t ructural "high" of the Pennide nappes ( D e 
S i t t e r , 1959). 

In the thickest par t of the Post-Hercynian continental series, sedi-
mentary and volcanic, u ran ium occurs in the deeper levels and has 
an epigenetic character. In the Pennide zone, where the Permo-Triassic 
series is very reduced, uranium concentrations are part ly syngenetic and 
are located in the upper parts of continental sediments at the transit ion 
to the epicontinental mar ine formations; part ly they are epigenetic with 
the characters of the Southern Alps basin deposits. 

Uranium cccurrences related with "germanic facies" of the Triassic 
are not known in Italy; sparse and poorly documented reports suggest 
that in this series uranium ore bodies occur, as i. e. those of the 
"Buntsandste in" at Kitzbuhel, Austria. 
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Fig. 2. Uran ium deposits in volcanic rocks (a), sandstones (b) and me tamorph ic rocks (c) 



In Fig. 1 it is possible to note that the mineral occurrences related to 
the thickest Permian zones a re the most numerous and important . 

The general f ea tu re of the u ran ium province of the Permian and 
Permo-Triassic in the Alps is the fact of being located in a pregeosynclinal 
basin. This was a basin open southwards to> the Thetis Sea; the t ime of 
the sedimentation of the Continental facies is comparatively short. Accord-
ing to the current information, setting t h e age of volcanites at around 
265 MY and the Ladinian-Carnian limit a t more than 230 MY, the Con-
tinental and littoral sedimentation lasted not more than some 30 MY. 
The pregeosynclinal character of the basin and the fact that the direction 
of the displacement has always remained downward (subsidence), have 
determined the na tu re and quali ty of the sedimentary u ran ium occur-
rences. These mineralizations are small, very numerous and are distributed 
in a number of levels, somewhat heterogeneous in geochemical paragenesis. 
On the whole it seems to be evident tha t the processes of ore-deposit re-
constitution through remobilization and concentration of the ore bodies 
in subsequent stages and hydrogeological situation, didn't take plače. These 
processes of ten account for the economic importance of the uranium 
deposits in the intracratonic and intermountain basins. 

A first general conclusion which is confirmed also in t h e čase of the 
Permian and Permo-Triassic of the Alpine area is that the pregeosynclinal 
basins a re less important for the potential of u ran ium concentrations 
with regard to other types of basins (intracratonic, intermountain). 

Distribution of uranium mineralizations in the Permian basin 
of the Southern Alps 

In the preceding sections we have discussed the distr ibution of 
u ran ium ore bodies in the di f ferent " t ransversal" zones of the geosynclinal 
basin, i. e. in the "germanic facies" area of Triassic in the intermediate 
area of the Pennide nappes, and in the Southern "alpine facies" area 
of Triassic. 

A bet ter unders tanding of the minerogenetic processes derives f rom 
a study of the distribution of u ran ium occurrences within an invididual 
s t ructural and paleogeographic area. 

Such a s tudy can well be carried out with respect to t h e Southern 
Alps area, characterized by the presence of both a considerable number of 
ore bodies and geologie and tectonic conditions which are comparatively 
easy to interpret . Among the di f ferent longitudinal zones of the pregeo-
synclinal basin, tha t of the Southern Alps was t h e area of fastest sub-
sidence, and the Permian and Triassic a re largely represented in it. Now 
a s trat igraphic reconstruction of the lithofacies and of their thickness has 
shown ( B o s e l l i n i , 1965) that the Southern Alps area can be sub-
divided into f ive sectors, in which the Permian and Triassic formations 
display widely di f ferent developments. The f ive sectors, perpendicular 
to the axis of the geosyncline and to the Hercynian direetions, a re alter-
nat ing areas of fas ter and slower subsidence (Fig. 5). Three of these areas 
are s t ructural "highs", in which the thickness of the Permian and Triassic 
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Fig. 3. Schematic development of Alpine basin during the Mesozoic era 
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series is re la t ively l imited (1000 to 3000 meters). These t h r ee s t ruc tu ra l 
"h ighs" a re those of p l a t fo rm of Lugano, Adige and Ju l i an Alps. Be tween 
t h e m a r e located twO' a reas of s t ruc tu ra l t rough, in which the P e r m i a n 
and Triassic series a r e as thick as 6000 t o 8000 meters . T h e areas of 
s t ruc tu ra l " low" a re t h e Lombard and t h e Veneto-Carn ian basins. Ana -
lysing t h e dis t r ibut ion of u r a n i u m occurrences w i th regard t o these 
s t ruc tu ra l divisions of t h e Sou the rn Alps (Fig. 5), w e f ind t h a t u r a n i u m is 
largely concentra ted in t h e " s t ruc tu ra l low" of t h e L o m b a r d Alps, w h e r e 
t h e P e r m i a n series is thickest . In par t icular , t h e u r a n i u m ore bodies a re 
m o r e f r e q u e n t in t h e eas tern slope of the L o m b a r d basin, near t h e Adige 
s t ruc tu ra l "high". General ly , the re fore , w e m a y conclude tha t t h e u r a n i u m 
mineral izat ions contained in t h e P e r m i a n and Triassic of t h e Alps a r e 
typical f o r pregeosyncl inal bas ins and that , wi th in these basins, t hey a re 
concent ra ted in t h e areas of fastest subsidence, w h e r e t h e lithologic series 
is thickest . 

Epicontinental facies 

Deep sea facies 

Late tectonic Hercynian 
granites 

Syntectonic Hercynian 
granites 

J- Cr = Jurassic -
Cretoceous 

Tr 

P 

- Triassic 

= Permian 



The relationship betvveen uranium mineralizations in volcanites 
and in sediments 

Volcanites a re a constant component of the Permian series of the 
Southern Alps. These volcanites, which are related to the oldest levels 
of the Post-Hercynian series, a re present in the three westernmost 
s t ructural zones, in the Lugano s t ructural "high", in the Lombard struc-
tura l "Iow" and in the Adige s t ructural "high". Volcanites of ten contain 
uranium ore bodies, as described above. If we compare the distributions 
of volcanites and uran ium mineralizations contained in the Permian 
sandstone, we observe a close connection; this connection is obviously 
more evident between ore bodies in the volcanites and ore bodies in the 
sandstones (Fig. 6). Since the sandstones a re younger than the volcanites 
and are made up in par t of volcanite f ragments , it is clear that the 
mineralizations in the sandstones are genetically related to the volcanites 
and, in part , to those contained in the la t ter ones. 

Outside of Southern Alps it is not possible to localize the Permian 
volcanites owing to Alpine metamorphism. Nevertheless, in the Marit t ime 
Alps and in the Esterel, the correlation between volcanites and uranium 
mineralizations is very close. 

Without entering upon the mat ter of minerogenetic models, a subject 
which lies outside the purpose of this paper, it would seem that t h e facts 
outlined above suggest that a remarkab le importance for the occurrence 
of u ran ium may be at t r ibuted to the rocks of the late-Hercynian acid 
volcanism of the Alpine area. This importance indeed originates both 
f rom the uran ium occurrences within the volcanic rocks themselves and 
f rom the mineral deposits in the sediments. 

Two conclusions may be d rawn up f r o m this recognition. A first con-
clusion concerns the problem of the areal distribution of u ran ium mineral 
deposits: carrying fu r the r the points raised above. we can say that 
u ran ium ore bodies tend to concentrate in the areas where volcanites 
occur. The greatest concentrations are found in the "s t ructural lows", 
where volcanic rocks a re extensively present. A second co-nclusion concerns 
the problem of the Hercynian uranium province of Central Europe — a 
province in which, as it is known uran ium is particularly associated with 
the late-Hercvnian magmatic massifs. Also in the čase of the Alpine area 
the late-Hercvnian magmatism is clearlv uranium-bearmg. Whether this 
fact is a t t r ibutable to magmatic and hydrothermal causes result ing there-
from, or it is due to the part icular geographic evolution of the pregeo-
:;ynclinal basin, can be a mat ter of speculation. 

The Alpine regeneration and redistribution of uranium occurrences 

It has been recognized that u ran ium mineralizations are more numerous 
and important in the areas where the subsidence ra te of the post-Hercy-
nian basin is higher and in the areas with more intense volcanic activity. 
Furthermoire, it has been noted that the development of the post-
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Hercynian basin into a geosyncline has l imited r emarkab ly t h e impor tance 
of u r a n i u m o r e genesis. 

Actual ly it has confer red to the rocks a diagenetic f e a t u r e and has 
de te rmined the re fo re a d i f fe ren t k ind of de fo rmat ion and of hydrological 
behaviour . In the area of Pennid ic nappes and a long t h e marg ins of the 
grea t aus t roa lp ine dislocations (Orobic line), t h e a lp ine stresses have 
d i f f e ren t ly metamorphosed t h e host rocks and have regenera ted the ore 
deposits. The intensi ty of this action was d i f f e ren t in t h e d i f fe ren t areas 
of t h e Pennid ic nappes . W h e r e t h e me tamorph i sm was slight t h e ore 
deposits main ta ined a s t r a t i fo rm or lens-shaped s t ruc ture ; on t h e cont rary , 
w h e r e the me tamorph i sm was of a higher grade, t h e mineral izat ions were 
even completely regenera ted and assumed a typical synme tamorph ic 
fea ture . 

Similar examples of remobil izated and regenera ted ore deposits have 
been recordared in relat ion to myloni te bands and thrust-zones. In any 
čase, t h e tectonic and me tamorph ic processes h a v e been a f u r t h e r cause 
of dispersion of the u ran i f e rous occurrences. In Fig. 1 a r e shown the 
P e r m i a n or Permo-Tr iass ic u r a n i u m mineral izat ions regenera ted in Alpine 
age. 
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THE URANIUM OCCURRENCES IN THE CRYSTALLINE 
B A S E M E N T O F THE A L P S 

Fig. 1 shows tha t f e w u r a n i u m occurrences a re connected wi th the 
blocks of crys ta l l ine basement involved in to Alpine nappes . Typical 
examples a re represen ted by t h e Helvetidic blocks. For t h e descript ion of 
these mineral izat ions I recall jus t publ ished works. I r e m e m b e r only tha t 
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g e n e r a l l y t h e y r e p r e s e n t m i n e r a l i z a t i o n s in f r a c t u r e s a n d m y l o n i t e s of 
l a t e o r p o s t - H e r c y n i a n age . T h e i r p a r a g e n e s i s is t y p i c a l l y e p i t h e r m a l . T h e 
a r e c o n t r o l l e d b y a l a t e o r p o s t - H e r c y n i a n t e c t o n i s m a n d w e r e s u b j e c t e d 
t c r e m o b i l i z a t i o n p r o c e s s e s i n A l p i n e age . T h e r e f o r e t h e i r a g e v a r i e s f r o m 
190 M.Y. ( G o r d o l a s q u e ) t o 90—80 M.Y. ( M o n t e Bianco) . 

T h e s e m i n e r a l i z a t i o n s , t h e m o s t t y p i c a l of w h i c h a r e loca l ized in t h e 
M o n t e B i a n c o M a s s i f , m a y b e r e l a t e d t o a c o m m o n g e n e t i c s o u r c e , t h e 
s a m e of t h e u r a n i u m o c c u r r e n c e s of t h e A s t u r i a n - V o s g i a n p h a s e of t h e 
F r e n c h C e n t r a l Mass i f . C o n t r a r y t o t h e ac id v o l c a n i t e s t h a t r e p r e s e n t t h e 
e x t r u s i v e e q u i v a l e n t s of s u c h p l u t o n i c s , t h e s e o n e s h a v e n o p r a c t i c a l 
i m p o r t a n c e . O n t h e w h o l e , t h e H e r c y n i a n p l u t o n i c s of t h e A l p s a r e p o o r 
in u r a n i u m o c c u r r e n c e s . 

References 

B a g g i o , P. 1963, II granito del Monte Bianco e le sue mineralizzazioni 
uranifere: Studi e Ricerche della Divisione Geomineraria del CNRN, v. I, 
parte I. Roma. 

B a r r e a u , J. 1959, L'uranium des Alpes Frangaises, Colloque de Grenoble, 
1 1 — 2 0 . 

B o s e 11 i n i , A. 1965, Lineamenti strutturali delle Alpi Meridionali du-
rante il Permo-Trias, Mem. del Museo di Storia Naturale della Venezia Triden-
tina, v. XV, fasc. III. Trento. 

D'A g n o 1 o , M. 1966, II giacimento uranifero di Novazza in Val Goglio 
(Bergamo), Atti del Symposium Inter. sui Giacimenti Minerari delle Alpi, 
v. 1—2. Trento. 

D e S i t t e r , L. U. 1959, Structural Geology, McGravv Hill Pub. 
H i i g i , Th., D e Q u e r v a i n , F., R i c k e n b a c h , E., und H o f m a n -

n e r , F. 1962, Ubers ich t skar te der Uran und Thorium Mineralisationen der 
Westalpen, Schweiz. Geotechnische Kommission, Kummerly und Frey, Bern. 

H ii g i , Th. 1964, Uranprospektion in der Schweiz unter besonderer Beriick-
sichtigung des alpinen Raumes, Beilage zum Buli. Nor 2. der Schvveiz. Vereini-
gung fiir Atomenergie, S. 1—8. 

M a r i n e l l i , G., M i t t e m p e r g h e r , M. 1962, Provenienza e modalita 
di deposizione dell'uranio nei giacimenti italiani del Tardo Paleozoico, Notiziario 
CNEN, anno 8, n. 12. Roma. 

M i t t e m p e r g h e r , M. 1958, II giacimento uranifero della Val Rendena. 
Studi e Ricerche della Divisione Geominerario del CNRN, v. I, parte II. 

M i t t e m p e r g h e r , M. 1966, Le mineralizzazioni ad uranio delle Alpi 
Italiane, Atti del Symposium Int. sui Giacimenti Minerari delle Alpi, v. 1—2, 
Trento. 

M i t t e m p e r g h e r , M. 1970, Characteristics of uranium ore genesis in 
the Permian and Lower Triassic of the Italian Alps, Proceedings of a Panel 
on uranium exploration geology, IAEA, Vienna. 

R u 11 e n , M. G. 1969, The Geology of Western Europe, Elsevier Publ. Com-
pany, Amsterdam. 

S U M M A K Y 

T h e u r a n i f e r o u s d e p o s i t s d i s c o v e r e d in t h e A l p i n e a r e a c a n b e s u b -
d i v i d e d i n t o t w o g r o u p s . 

T h e f i r s t g r o u p , t h e m o s t i m p o r t a n t f o r t h e n u m b e r of o c c u r r e n c e s as 
w e l l as f o r t h e i r e c o n o m i c i m p o r t a n c e , i n c l u d e s m a i n l y s t r a t i f o r m 
p e n e c o n c o r d a n t o r e bod ies , g e n e r a t e d in t h e p o s t - H e r c y n i a n v o l c a n o - s e d i -



mentary basin during the Permian and the Lower Triassic periods. The 
distribution of these mineral deposits is connected wi th the features of 
the evolution of this basin. In the Southern Alps, where the Permian 
Continental and volcanic series has a remarkable development, t he mine-
ralizations are mainly localized in the volcanites of Lo<wer Permian and 
in the lower horizons of Middle Permian sandstones. In the nor thern areas 
of the Alps, where the Triassic sediments are as "germanic" facies, the 
few mineral occurrences discovered are localized in the sandy levels of 
Upper Permian and Lower Triassic. 

In the Pennide Region, representing the pr imary transit ional area 
f rom "germanic" to alpine facies of Triassic, the uran ium occurrences 
are localized both in the Permian and in the Triassic formations. 

The main mineral deposits occur in the Lombard basin, where the 
Permian series is thicker. Fur thermore, it has been found that the most 
important and widespread mineral deposits are distributed in proximity 
of late Hercynian volcanic masses. The importance of late Hercynian 
magmatism for uranium in Europe is confirmed. During the Alpine dia-
strophism ali these mineralizations were partially diagenized, meta-
morphosed and regenerated. The uran ium ore deposits of the Permian and 
Triassic in the Alps are of limited economic interest, since they took plače 
in a typical pregeosynclinal basin. Such basins are quite less suitable than 
the in termontane or intracratonic basins. Indeed, in the last ones most of 
the world uran ium reserves occur. 

In the second group of mineralizations, ali of no economic interest, the 
occurences connected with mylonites and post-Hercynian tectonic struc-
tures in the blocks of crystalline basement occurring in the Alpine nappes 
are included. 

D I S C U S S I O N 

Uytenbogaardt: Do you have any information about the absolute age 
determinations of the different u ran ium deposits? 

Mittempergher: Yes, we have some age determinations of uranium 
in sedimentary deposits connected with the Upper Permian sandstones. 
The m a x i m u m age we found is 220 million years. In the čase of syn-meta-
morphic regeneration of u ran ium deposits we have a clear younger age. 
Stili in one čase we found, if I well remember , about 90 million years. 

Petrascheck: I may make a few remarks concerning the numerous 
new finding of u ran ium in the Austr ian Permo-Triassic beds. I got the 
impression that your paleogeographical approach is the right one I think 
in the Austr ian Alps even a more detailed paleogeographic conception 
vvould be possible separat ing the different Alpine troughs and uplif ts as 
the so-called "unterostalpine Zentral t r ias" and "mittelostalpine Zentral-
trias", ali of them containing in several places uranium. As fa r as it 
concerns the connection with the Permian volcanism, it is probable. It is 
t rue that even in the metamorphic Permo-Triassic rocks we have clear 
evidences of Permian volcanism. But on the other hand — and Mr. 
S c h u 1 z may correct me — it seems that the u ran ium findings in the 



Buntsandstein near Kitzbiihel and in other places of t h e Werfen shale 
and Buntsandstein a re not at aH connected wi th volcanic phenomena. So I 
got the impression tha t the pa!eogeography is even more impor tan t than 
the volcanic activity, bu t as in many cases it may be t h e one and the 
other. I was very interested in this lecture you gave. 

Mittempergher: Thank you very much, Professor P e t r a s c h e c k . 
I quite agree with you that paleogeography is the most important condition 
for the u ran ium ore genesis in t h e Alpine Range. The lithological con-
nection between u ran ium mineralizations and volcanic rocks of late 
Paleozoic is a conclusion of statistical calculations. I know very well the 
čase of Kitzbiihel connected with the Buntsandstein, where there a re no 
volcanic rocks. Also in other par ts there are no volcanic rocks. But by 
plotting ali the mineral deposits, t he connection between the volcanic 
rocks and the mineralization in the sandstone becomes very clear. I don't 
believe also that in the Žirovski Vrh u ran ium deposit the re is a close 
connection between t h e mineralization in sandstones and the volcanic 
rocks. 


