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Geochemical and geochronological data presendy available, coneerning i
pitchblende vein-type deposits in France, scem altogether too contradictory
for usc in building a genetic model. Mostly hydrothermal hypotheses have
however been suggesred, although the previously mendoned idea of formation
through continental weathering remains quite relevant; indeed, it may be g
! noted that: a) Uraniferous areas are predominantly connccted with granites ;
where geochemical uranium, found as uraninite, can easily be leached through
slight weathering, in the shsence of any vegetation, along with 51, Al Na and
Ca. b) Apart from Na, these are elements essentially found in mineral deposits
of pitchblende with a quartz, clay or calcite matrix. ¢) Such weathering condi-
tions occurred during the Permian period, sbout 245 million years ago, at
which titme these mineralizations may have been lald (geochronology
U-Pb); d} Veined pitchblende deposits show much analogy in their mineral
agsociations and scquences to the uraniferous concentrations from superficial
‘ sources, as is the case with certain deposits in the Unised States, formed by the
circulation of vadose waters. ! such a model proves corcect, this type of
deposit would he contemporaneous with red-bed series whose presence could
then become z valuable guide-line for regional-scale exploration,
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. Intraduction problem concerning some uraniferous sites in k
s ; . France.
Uranium deposits vary preatly in form and : g
wonomic importance: while stratificd deposits There are many advantages in choosing these
Ire at present the major source, vein-type de-  particular areas; their rcprional geology is
rosits are far from negligible. Though of less  known since a loog time, the deposits have
ialume, they are, on the other hand, much  been carcfolly described, and the presence of A
more widespread, since they are found in  a good ten mine workmos allows for detailed J
Yastern and Western Hurope as well as in sampling, Furthermore, important advances iy

North America and Australia. Owing to their  have been accomplished in one particular 1 oH
equent relation with intrusive granite, their  field — namely, that of the geochemistry of 1
digin is usually attributed to o hydrothermal  uranium in granites —- thanks to two or three

Mocess: i fact, geochronological measure-  thousand samples. Moreover, the age of the i -
meats incicate that they are slightly younger ore deposits, 722 of Ifcrcvoian origin and | S
fan the granite. Numerous problems however  therclore relatively yvoung, makes an easier e
emain ugsolved as yet, including that of the  study of the usual oilset between granitization 3
figin of the wranium. Morcover, a contro-  and uraniferows mineralization processes: alf p

sy has arisen since it was noted that the  other lactors being equal, analytical ertors
igin of many of these deposits was contem-  proved to be simaller than those that necessarily
fomry with continental crosion. We intend, appear in measurements performed on very old
“t the present paper, to cxamine the genctic  deposits such as Precambrian ones for instance,
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II. French Uranium Deposits

A, Geolagy

An old granitized and metamorphic shield of
pre-Cambrian and Caledonian origin was again
invalved during the Hercynian orogenesis,
with renewed metamorphism and granite
intrusions ranging from small isolated stocks
{with frequent Sn—W mincralization) to huge
batholits covering hundreds of square kilo-
metres. Sedimentation which till then was
marine, becomes continental: a thick series of
conglomerates, sandstones and shales inter-
bedded with coal; this is followed by a pro-
gressive peneplanation of the emerged con-
tinent oceurring during a transient lagoonal
and evaporitic Triassic period. The sea then
settles in, laving down sediments consisting
essentially of carbonates up to the end of the
Mesozoic, with perhaps a brief continental
interlude during the lower Cretacecus, It
thert follows a new phase with lagoonal and
marine periods alternating: progressively, as
from the Qligocene, these give way to =

Table 1. Chronology for coal deposits, stratabound ° uranium, two-micas granites

pitchblende veins

terrestrial and freshwater sedimentation .
much less importance than post-Hercinis
sedimentation, except for the Alps and Dy
f1ees areas. '

Uranium deposits are of two kinds: vein i, !
mations, and stratabound deposits lacated . :
Permian continental formations, or, to a i ¢
extent, in Oligocene formations (Table )

The pitchblend-veins, mostly ascribed to b ;
Permian period, occur most of the time - |
districts related to Hercynian granites, . .
especially muscovite granite, but also caleny :
caline granites in the Forez and Morvan provis
ces (Figure 1); these areas bave been studied i |
detail in the following monographs (Sarcia, !
and Sarcia, J. A, 1962; Poucrox 102 |
Carrar 1962; GERSTNER ¢f 2/ 1962; Canpn '
1964; GeErMAIN ¢t af. 1964; Dengry of af. 1964 .

{
B. Main Commron Characterittics of Mineral
Formations (Gryirox and ]. A. Sarcia 196f |
1. Controlling Factors {
{
i

The determining factors controlling pitck
blende concentration are the sccondary fracr‘[

and relawel .

Evolution of uraninite-

bearing granites

Ore deposits ,
1

Uranium in  Pitchblende veins

Age (M.Y) Morstagne St, Sylvestre  Ceal
gtanite granite sedimentary  in granites {'
rocks i
240 Les Brugeauds ?
Middle Saxonian Le Chardon :
Fanay
PERMIAN - ~— - 250 — oo —o e e b en e am n e e e —
Rodez L'Eearpiére '
. Lodéve
Lower Autunian 260 End of
denteric .
processes Ste Afirique  La Commanderi
e e e e BT o e e e e o e - — et e
Stephanian 280 Graissessac
Coal Ronchamp .
CARBONI- 290 End of deposits
FEROQUS deuteric
processes
Westphalian 300 Intrusion 5t Hippolyte
Intrusion
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Main mines and
smaller workings

Post-Permian cover

s _

Extension of Permian basins under
nesozoic and cenozoic cover

(I Saxenian (Middle Permian)

Westphalian, Stephanian
and Autunian

[j Basement

Fig. 1. Main uraninm deposits and Carboniferous-Permian sedimentaty basins in massif Central and
Vendée. After the monography “Les minerais uraniféres francais™ (see biblio)) and geologicat
maps at 1/80000; extension of Permian basing after C. Wesner (1972),

tres connected with important tectonic ac-
tidents, the presence of rocks with a high
Proportion of Fe and Mg (such as lampto-
phyres, dolerites) ot of carbon in the sedi-

mentary series. Special attention must be paid
to the episvenites, which are column-like for-
mations of dequartzified granite which have
thus become particularly porous. When miner-
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alized, these rocks have a strong uranium
content: their presence is therefore of prime

"economic impottance.

These pipes often have a ncar verticai axis; on the
other hand, the dissclution of quarrz, which makes
up 309 of the granite, undoubtedly afleers the
cohesivencss of that rock. It is guite possible that
in certain cases, a process of raock collapse or sett-
ling down may have occurred, which would
explain the breceiated appearance of some episye-
nites, Among other effects brought about by this
settling down, there is the possibility of a cavity
forming, with a subscquent formation of karstic
deposits, if that cavity is open to mineralizing
solutions.

2. Wallrock Alteration

There is nothing to prove that the removal of
silica from granite leading to the formation of

R

esting @ “per descensum”™ il
.,r:{nitcs that emerged during .
.iod could have undergone a o
rating the uranium through le
_the development of a stable
. .seration, that is, under biosty
aRr 1956): this “on-the-s
Locess, extracting the oligo-
stroying the silicate networks
—od the most hyclrophilic clem
" iy iron and vranium”. :

1956), the former is the result of a leach.
process, undoubtedly deep but neverthele.,
certain of a source which “scems to be ury.
inite! in the shape of inclusions or of cryg, .
scattered all through ctystalline rocks”, ¢
localization of which could therefore .,
explain the otigin of these deposits (Rousay: .
and Coppexns 1958).

a) Epithermal Formation Hypothesis. §. Gerrn,.
and J. A. Sarcia (1958) do not think it is acec
sary to assume that a dissolution of uranine :
occurred, pointing out that these depose i yorting to the idea of a very stro
cannot be linked with any ordinary magmu:: .1 well be explained by data exisy
type, and that, morcover, *“it is hard to imagi.  ut the way In which U-bearin,:

that th itchblende-vei ke the unpe tributed in the granite (Bowy e
at these pitchblende-veins make up hetp_w_ e 1955; Haaurxox 1958, |

arts of a classical metaliogenic series with - AL .
Ei h temperature”, these 1§thors associat {E-]'I- - renns 1957, 1958). So far, it was o
fE—_,' -TIp ; E o ¥ ’ C: wplacement of that element wh
ormation of uraniferous concentrations with. " T Gmple-scale, withen

o d . cpisyenites is genetically connected with late granitic activity evidenced, in particelu. e whole, any incoming ot depo
W EA uraniferous deposits : sterile episyenites do exist, by a p_hy]htlsatlon possibly leading up to kaolir - .1 yraniferous inclusions to chy
Lalell ; . . i i deposits. What then could the source of uri .y oxides in  fssute-jeints (R
ey as well as pitchblende concentrations in the cp = SOULC : ) & :
¥y absence of cpisyenites. Conversely, formation  fium be? By a process of elimination, thes  aerens 1968). The origin (I)f e
== | of hematite in wallrocks seems a much more authors show that the clement U, as well as wed to be in ratllmcr stab ctmm
; , ; a7 . ar onazite ite; thoun
:" } constant, though not systematic, feature; all othets such as 81, O, Ca, Mn, F, Srand Ba, a-. ;}I‘EZIF;" Sp};cm{:il;( OarpS;amﬂitc ba
Jo i ; very easily leached out, even at low temper. - ! UANHEIOUS PY ;
1 hematized zones are, as a matter of fact, not ] ! y
;“f- necessatily uraniferous.  Another frequent — AUTes: those arc the vety clements that ocour -
- L , . . . .o Foarpd R e, b
oy featute is the discoloration of hematite zones, MOst consmr.ltl}- in the U vein-type minez-
W [ with a possible occurrence of iron sulfides, alizations, with S and Fe. From that poin: : !
) when in contact with pitchblende. o?war‘ds, O}TG car;] \!ircu imagine Ehc formntfq:‘. 1L Recent Geochemical and €
ixiviation ranite i 7, .
- . . of vemns through hxiviation ol g tagical Data and Their Compa
o 3. Minerai Associations concentrations that probably depend on s 5% . del
5 | cendant leaching of underlying mylonitized FTEVIOUS Genetic Models
€y The fact that pitchblende veins ate poor in  S¢N¢30 the eli E’inati o of the 2 :}nusu't‘l"l \ Bebai Uraninm s Afivert
- " . . . 7 . il [‘. * " 3 J'.r'
(‘}- t mineral varietics has already been emphasized, #0055 The eiminaton of PP v Lenavigin ‘-f rai i s ;
N Those most frequently found are quarty, cal contained in ordinary granite, out of a volons ¢ Coynection with Present-Day ¥ ¢
ni ! . r P 3 A .
e cite and pyrite (or marcasite). Other sulphides Ofl 01'11 km l,dp!:()(_:ll:mes' 100;) tons l?fd:Zsit t4 great number of granites cot
S R . ' . . r P . . .
Y oceur in varying quantitics, depending on the Vhich Wouid be the size of a4 small dcf ..anium or pitchblende coacs
' areas: galena, chalcopyrite, sphalerite, more b) Continental Weathering Flypotheses. Lookine ' Saracterized by the presence of U
rarely cobalt and nickel sulpho-atsenides, and  at the problem from an entirely different angh. wcessory  mineral faitly evenl!
sometimes  bismuth sulphide, The quantity M. Moreau, A. PorcHon, Y. PUIBARAUD, a% nronghout the rock, but pref;
of hematite seems to follow that of caleite; H. Sanssrme (1906), following the suggestion: entrated in quartz and micas. !
while fluarite sometimes occurs, of G. Breorte (1964) and J. M, OReLLiaNst sourhood of the topographtt‘:li #
(1964} stress a possible genesis by continentd uctures along which water 1

On the whole, the scquence is probably the
following: pitchblende and quartz, sulphides
and finally calcite,

Ta conclude, it must be noted that French
pitchbiendes are no exception to the tule con-
cerning paucity in thorinm (Nozawa 1960},

faninite is systematically destro!
ses where the quartz acts as %
“ttion. As a result, samples d:'.:
“uface contain approximately ¥
thich is half the real content ol ¢
‘ed rock. Hence, it would nof !
ssume that half the uranium it
Nists as uraninite (BarBiER.
{AncHIN 1967).

change or weathering: they point out that the
depasits were formed atound 260 M. A. (D
ranp 1962, 1963) in graoites with 2 relativels
high geochemical background, 8 ppm of ur
nium. On the othet hand, mining cxploratios
show that lode-veins rapidly throttle dowt

4, Genetic Theories Suggested

i The fact that pitchblende is secondary to granite
appeared fairly soon, For M. Rousavwr (1955,

1 Uraninm oxide is called uraninite when crista
lized, and pitchblende when colloform.

o
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_b_._”__-_-_“"—-—s.__‘_l i )
f .cesting @ “per descensum” filling process.

1e result of a leacl,
. nites that emerged during the Autunian

deep but neverh,:

ch “seems to be 1y, | .,d could have undergone a deep alteration,
wclusions or of ¢ry, | _oting the uranium through leaching caused
crystalline rocks” . (he development of a stable and abundant
could thercfore ’-_; . .ctation, that is, under biostasic conditions
se deposits (Rouna;. { suart 1956): this “on-the-spot decaying

ocess, extracting the oligo-elements and

woying the silicate networks, could have
-4 the most hydrophilic elements, particn-
4y iron and uraniom”,

Hypafbf.ff-.f. J, GEI"I:Hr
do not think it is nec, .
issolution of urapjy...
- that these dcpus;'- ¢ «wring to the idea of 2 very strong weathering
ny ordinary mapgmy well be explained by data existing at the time
, ‘it is hard to jmage-. | .t the way in which U-bearing minerals were
ins make up the “f"i"- aributed in the granite (Bowtk in Kveprer and
llogenic scries wiy, | 1wt 1955; Hawmriron 1958; Rounurr and
- authots associate 1+ - PEYS 1957, 1958). So far, it was n_mstly the local
concentrations wish . \p{ﬂcement . of that clcment_ which had bpen
oo pam‘cu;... Jied, on 4 sarr_lplc-sc'alc, w]thout_ fhcrc being,

. 1 the whole, any incoming ot depositing of metal,
y Ieadmg up to kaol: . uraniferous Inclusions to clay minerals and
ld the source of ur. . n oxides in Hssure-jnints (Rousavrt and
of elimination, thee ! werns 1960). The origin of uranium was sup-
lement U, as woll ! sed to be in rather stable mincrals, such as
Mn, F, St and Ba, ar. | nezite, sphene and apatite; t_hough the presence
even at low temper. | | uraniferous pytite or uraninite had been report-

v elements that oceyr
U vein-type miner
‘e. From that poir-

nagine the formatio:
.ti(%n of granite ‘::'-' ~Il. Recent Geochemical and Geochrono-
ably depend on as sgical Data and Their Compatibility with
letlying mylonitize. ‘frevious Genetic Models

f the 5 ppm usuall: i\ Rebaviowr of Uraninn in Miveralized Grawites

ite, out of a volum. ¢ Conmection with Present-Day Weathering

0 tons of uranjum, | . .
f a small deposit. I\g{eat numb({r of granites containing some
. |-anium or pitchblende concentrations arc
Hyporheses. Lookin: -aracterized by the presence of uraninite as an
irely different "mgi“; Lwcessory mineral fairly evenly distributed
.Y- PUIBARAUD, % Sronghout the rock, but preferentially con-
ving the suggestion: { wntrated in quartz and micas. In the neigh-
J ‘M- OBELI_-II\N-“_ lourhood of the topographical surface and of
lesis by continent: pnctures along which water may infiltrate,
1 point out that th | waninite is systematically destroyed, except in
nd 260 M. A. (b j7¥es where the quartz acts as an cfficieat pro-
es with a relativel "werion. Ag 4 result, samples drawn from the
ind, 8 ppm of U uface contain approximately 8 to 10 ppm,
lning explotatio™ * hich js half the real content of the non-modi-
fly throttle dow®'ed rock, Hence, it would not be illogical to
ssume that half the uranium in these granites
aninite when ceistt {888 a5 uraninite (Barsmir, CaARRAT and
Aloform, RaNCHIN 1967).

The removal of utanium is not, however, the
general rule; driflings beneath the first few
metres of a weathered granite have shown the
constancy in the uranium-content, despite the
destruction of uraninite (Barmier and Ran-
cHIN 1969}, The few fluctuations observed
were shown to be directly connected with the
CO3 and HoO contents (about 1 and 29, re-
spectively), i.e. probably with the more or less
large quantity of organic matter ptesent; the
affinity betwcen utanium and carbon com-
pounds, for that matter, needs no additional
proof. The urapium then settles in the inter-
crystalline fissures ot joints, as has alteady been
demonstrated by M. Rousavrr and R. Coprens
{1960},
This type of fixation by organic products makes
it possible to suggest an explanation for con-
tents higher than in normal granite that have
been found, here and there, in some outcrops
{RancriN 1967): one can conclude that these
deviations are then not duc to the presence of
uranium-rich rocks, but rathet to local and
accidental maintenaace of the original back-
ground which is higher than int the more or less
feached-out superficial rocks. This trapping can
only be precarious, since, in a deep drilling also
carried out under cover of vegeration, the
weathered rones show a marked leaching-
out of uranivm (Barzizr 1968). This fixation
phenomenon must certainly be localized in the
neighboutheod of superficial humus-bearing
levels,
Whether or not there is a change in the U content
of the rock, in practically all cascs, the destruc-
tion of uraninite is followed by the formation of
autunite in the incipient weathering zone, which
autugite is then in turn destroyed when the
degree of weathering increases {that mineral is
but exceptionally met with in outcrops), pos-
sibly because of an acidification of the environ-
ment. The progressing change in the uranium
seemns to depend on the presence or absence of
plant covering: if it does occur, the fixation
takes place in the granitc joints; otherwise,
there is no hxation but an evacuation into the
depihs (Figure 2). It the organic matter is
destroyed by oxidation (as, for instance, when
the wvegetation disappears), the uranium s
released: this appears to happen in most present-
day outcrops which happened to be covered
by woods at some early timc or other, As for
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the phosphotus necessary to the formation of
autunite, its origin could not be explained as
yet; it may well have originated in weathering
granite, or it may be of biogenic origin.

{1 Evacualion de 3

Unweathered granite

K 20ppm\\'
%s\

Geochemical zones:

&)

Leached granite

Mean U value for each zone

U fixation {by oganic matter
mainly)

e — —

NN

Fig, 2. Schematic section showing U-weathering in an uraninite-bearing granite. Scction A:
Margnac drillings, Limousin (Barsrzr and Ranchin 1969a). Section B: Blond drilling (BARBIER
1968). Section C: Outcrop sampling (Barnier et Ranchin 1969 b

Oxided granite with autunite

The idea of a genesis of the vein-type pitc
blende deposits by continental weathering &
have immediate implications: there 1s no me
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J to a dispersal of utanium, -
r cht oxidation will set it off in 4 «
. . the other hand, an abundant ve
1 ibit rather the mobility of thay
{ ek of erganic matter will, on j.
vour It. :
. Grochronalagy of Granites and {1
Hineralizations
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f, lrge setics of measurements
* ssible to evaluate the age of
wiSe ratio techaique; the resul
l.ted by the method of isochs
Lyysen 1961) while the age of the
.gbtained by the Concordia Curve
i 936): i

Mortagne granite (Vendée):

) M.Y: intrusion of the granitic
MY, end of Rb and St excha
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-ases (Soner 1967},
3 M.Y: formation of  pitchble
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shuffling at 40 M. Y.
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LY, (Koszroranyr and Coprexs
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35 M. Y: intrusion of the granite
B0M.Y: end of intermineral ree
Dutnou and ViarsTer 1972) |
H0M.Y: pitchblende at the Bru
(uffling around 15—20 M. Y. {Con
W0LANYI and Dorriv 1969),
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1971),
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. to a dispersal of uranium, since even a
.t oxidation will set it off in a selective way;
. the other hand, an abundant vegetation will
.bit rather the mobility of that metal; while
ek of organic matter will, on the contrary,

vour it.

o Geochronology of Granites and Uraniferons

vineralizations

\ large series of measurements have made it

! ssible to evaluate the age of granites by the

iy $r ratio technique; the results are inter-

«ted by the method of isochrones (Nico-

\wseN 1961) while the age of the pitchblendes

,obtained by the Concordia Curve (WETHERILL

136):

\'lortagne granite (Vendée)

© ) M.Y: intrusion of the granitic body

{ 0M.Y.: end of Rb and Sr exchanges —on a
.mple scale — between the different mineral

. wases (SoNeT 1967).

COMY: formation of pitchblende at La
mmanderie (Koszroranyr 1971) with a
dutling at 40 M. Y.

5 M.Y: laying down of Le Chardon pitch-
:nde with recent reshuftlings around 20—25

, LY, (Koszroranyr and Correns 1970).

55 M.Y: pitchblende at L’Ecarpiére, with a

whuffling around 20—25 M. Y. (KoszroLanyr

971),

hint-Sylvestre granite (Limousin)
JI5 M. Y: intrusion of the granite.

HOM.Y: end of intermineral reorganization
Durrou and ViALETTE 1972).

40 M.Y: pitchblende at the Brugeauds, re-
thuffling around 15—20 M. Y. (Correns, Kosz-
‘oLanyr and Dorrin 1969).

:;;]I\I.Y: Fanay pitchblende (KoszroLanyr
! ).

These figures arc casily interpreted: urani-
“rous ores cannot have a deuteric or hydro-
caermal origin related to the end of a granite-
“tmation period, as was stressed by J« L
LtHOU and Y. Viaverre (1972). The 260 and
M. Y. ages given respectively for Mortagne
+2d 8t, Sylvestre granites indicate the end of

1% Rb/Sr exchanges in a closed system, on

1
sample-scale, and can thetefore be rea-

sonably taken as the end of the deuteric proc-
esses affecting the various mineral phases, if
one excludes the possibility of a local modifi-
cation occurring without change in chemical
compositon of certain minerals (among others,
the known transformations of biotite into
chlorite, calcite, fluorite and iron oxides).
Pitchblende is formed later, and this is partic-
ularly obvious in St. Sylvestre granite which
shows a lapse of about 45 M.Y. An epithermal
origin could then be considered, as was done
by J. GEFFroy and J. A. Sarcia (1958); but
the origin of the uranium then becomes a
problem, since no evidence of leaching out
has been observed in the granite itself, whether
or not it has been subjected to tectonic effects,
outside the zones of weathering: a cataclasm
breaks up the crystals of uraninite but does not
induce their disappearance. One does observe,
fairly frequently, a slight corrosion of the
uraninite (Rancrin 1968) but that affects
hardly more than 109, of the crystals, and there
is nothing to suggest that it occurred at the
same time as the pitchblende deposits (or
slightly earlier if there had been any genetic
linkage between the two phenomena).

C. Formation Conditions for Pitchblende

The measurement of homogenization on liquid
inclusions has led ]. Leroy and B. Pory
(1969) to assume that formation took place at
a relatively high temperature — about 400 °C —
which together with the suggestions by G.
Rancuin (1970) constitutes a new interpre-
tation. These data should not be neglected,
since they were obtained through precise
physical mcasurements; nevertheless, they
immediately contradict many other data:

— Though the use of minerals as geothermo-
metres is both awkward and controversial, the
presence of marcasite formed at the same time
as the pitchblende would tend to show a rather
low temperature of formation (J. GErFFroy and
J. A. Sarcia 1960; M. ArnoLp 1969).

— Beyond 150 °C, experimental syntheses have
viclded crystallized uraninite and no pitchblende
(Raransky 1958), this latter being obtained at
25°C (MiLLER 1958).

— A temperature of 400 °C at about 250 M.Y.
is surprising for granites which are known to
have been subjected then to certain erosion
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ptrocesses, since boulders have been found in
the conglomerates (KLEIN 1970); unless one
assumes there is an error in the geochrono-
logical determinations, or that there occurred
some hypothetical volcanic phenomena (or
rather that there existed, to be more exact,
fumaroles, since no Permian volcanic site bas,
to date, been found in the Vendée or Limousin
provinces).

Wall-rock hematization phenomena must be
connected with the circumstances and condi-
tions of ore-formation. Observations made on
samples from the Brugeauds mine are as
follows:

Hematite preferentially settles in most easily
modified minerals of granite: feldspar and
biotite; small calcite inclusions, more partic-
ulatly, completely disappear and holes form,
which could either have resuited from the tear-
ing processcs used to prepare thin rock slices,
or from a natural “boxwork™ process, Whatever
the case, hematite replaces calcite wherever the
latter occured, fe especially in oligoclase or
bictite (containing a greater of lesser quantity
of chlorite). It is then in turn destroyed when
in the immediate vicinity of pitchblende, in
relation with a possible formation (or deposit)
of pyrite, as evidenced by some rosctie-type
residues (J. GerrFroy and J. A. Sarcia 1960).

To conclude, data now existing aboue the
pitchblende deposits are contradictory: if one
trusts temperature measurements, this would
tend to prove that geochronological measure-
ments are probably erronecus, and vice-versa.
Since neither lead to any certain conclusion, the
best attitude is, undoubtedly, to accept in-
formation only in so far as it can be barmon-
iously integrated into a model that can explain
other facts obseeved. Since the genctic hypo-
theses made to date are mainly based ona hydro-
thermal origin following a long magmatic
activity (Rancmn 1970; CarraT 1971 RENARD
1971), we think it may be useful to suggest as
an alternative a model based on continental
weathering: this is borne out by the fact that
one finds, soon after the intruston of granite,
both hydrothermal mineralizations and erasion
of the Hercynian mountain range (Table 1),
On the other hand, as has been shown above,
certain facts lead us to reconsider the outline
suggested by Monrgau ef o/, {1966).

IV, A New Genetic Model: Continengy)
Weathering with Little or no Vegetation

A, Permian Weathering and the Mobiliry of
Uraninm '

1. Weathering During Permian Period

There ate two ways of finding out its charyr. .
istics ; the first consists in direct observation
the fossil soils, while the second method sty

a scdimentation series: trying to recreun ..

natural background or climate from s -
mentological data (s now a common meth.

As an exhaustive study of the Permian perio.:
not possible here, one may refer to awl -
itative works on the sedimentology and weir
ering involved.

a) Autiiian. Following a pedological deca. .
the bedrock, sedimentation accumulates ;-
creasingly resistant materials, such as qua:
and lcptynites; according to L. Carior,

Fucns and C, Scemasa (1967), this is evider.. |

for a progressive alteration with a formarion
soil. The climate is warm, with dry seasor-
heights are driet, with a possible developnu:
of red alteration, while the reddish sedimer:
turn inte buff or greyish beds after treductivs
by organic matter in the swampy areas, (Micu-
1964; Ganwnic 1965).

b) Saxonias. Dricd soils become more cor
mon, possibly pointing to a more arid clime:
{Garric 1965; PrrRriaux 1961); at the b
tom, grounds with a high Fe3+/Fe?t nr.
can be found, owing to oxidizing conditi::.
while hot and dry atmospheric conditior
favour the concenttation of copper (Fuer
1969). Sediments often contain detritic o
spats, including the easily attacked plagie
clases (MrLLoT, PERRIAUX, Lucas 1961; Pex
riaux 1961): chemical hydrolysis is then ver
weak. Climate has hardly changed since 17
Autunian period, “humid and warm, %t
intermittent dry periods”, and “tropopht.:.
forest vegetation in the lower regions -
xerophytic bushes on higher grounds of *
dry spots”. (Farke 1961; Erwmarr 19-
G. MiLtor (1964) have completed this o
scription in the following way: “it seems 1!’;“
tops as well as slopes must have been spasst:
populated, continually reshaped, constan
rejuvenated, and must have been covered w°
a meagre vegcetation, except for lower groui-
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ated from the granite or bare heights and may
have been fixed in the soil lower down, where
there was some vegetation. This “position
effect”, which would have been noticeable
before the Saxonian period, must have sub-
sequently disappeared with the general spread-
ing of oxidizing weathering conditions.
Some direet observation tends to give credit to
this scheme: under the Autunian sediments, a
paleo-pedological  concentration of uranium
on clays or iron-rich rocks has in fact bheen
spotted, while the Autunian sediments under
the Saxonian deposits have, on the contrary,
been leached out (Fucns 1969).

2. Weathering and Chronology of Uranium
Deposits

I'rom the Westphalian to the Autunian periods
came 2 period of relatively stable and abundant
vegetation which produces sediments  with
some uranium-rich concentrations; these form-
ed, of so it would appear, later than the strata
in which they were found, though apparcatly
only slightly later (Grrsserr 1956), Such is
the case {or the ore deposits of the Westphalian
(St. Flippolyee), of the Stephanian {Graissessac,
Ronchamp) and especially of the Awvtunian
periads: the Rodez basin, Todéve and Sainte-
Aflrique {Carcier 1965; Garrie 1965; Ker-
viLLa 1965}, The Saxonin period, on the
other hand, is practically devoid of any such
deposits (Table 1),
This difference can ecasily be explained as a
matter of weatheting if, along with Y, Fooss
(1969), we accept the fact that {ixation of ara-
nium in soils brings about its climination to-
wards a deposition basin, once the soils are
croded, Such occurrence could not happen
during the Saxonian period, because crosion
involved weathered rocks which had already,
maost probably, lost their uranium. What then
happened to the metal thus set free? The only
possible movement is a migration downwards
along the fractores, carried down by rainfalls.
These are known to descend quite far since,
even in France, oxidized zones occnr more than
400 metres below ground level; bencath moun-
tains, the supcrﬁcml waters have been found to
circulate at depths of about 1500 metres, and
there s nothing to imply that this is amaximurn.
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The 500 metres hole drilled in the Monts de
Bload (Limousin), is an interesting example; in
some of the deep fractures, oxidation has removed
the uranium {Bar»ies, 1968); but other fractures,
lined with black, fetid coatings, are on the contrary
tich in uranium (200 ppmy); this proves that, along
with the disappearance in the oxidizing zones,
fixation occurs, et least partially, in the reducing
zones,

This must be taken into consideration in
connection with the age most commonly
suggested for pitchblende-ore formation, /e
240250 M. Y. This age, according to AFNAS-
SYEV ef al. (1964), corresponds to the end of
the Petnian period; while the Holmes” sympo-
sium held in Glasgow (1964), came to the
conclusion that it corresponded to the end of
the Saxenian; finally, according to Y. Fucus,
F. LEvrweiN and . L. ZiadeErMass (19703,
this coincides with the fronticr between the
Autunian and Saxopian periods, Although
this last measurement was obtained by the
K-Ar technique — therefore different from the
UfPb technique used for pitchblende — it
should be given our full attention, since jt

true paleotopographic significance, with 4
older ones muatching the highest posios.
while the youngest ones would go with i,
lower zones where vegetation disappea:.
relatlvel} late. It should be noted that 3

mmating pOSlthl‘l of two-mica gramtes — ‘.i

present characterized by negative pravimer,
anomalies — is not unlikely,
To conclude, let us note that it is impossil.

to say whether pitchblendes could have b, !
laid down during the entire Saxonian pers,.

or whether their formation coincides with i
disappearancc of vegetation (agreement, 4
cotding to Y. Fuchs e &/, (1970), between 1

U/Pb dating and the cnd of the Antunia
the accuracy of geochronological data is tnsi.:

ficient, but the problem is well worth looki:
into. There are thus three possibilities:

a) Formation of pitchblende vein-type mineral.
zation by ctosion of the granites during tl.
complete sedimentation periods of the “red.

beds™.

In this case, the essential factor is the existene: |

of oxidizing conditions which are here due 1
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Autunian period, and date back to the times
when superficial fixation of wuranium did
not occur, owing to the abscoce or disap-
pearance of the vegetal mantle, Thus, sedi-
mentary depusits are followed by the formation
of pitchblende veins, in the same way as grey sedi-
menty are followed by red strata, Isotopic dating,
geological environment of the uranium depo-
sits, sedimentology, past and present altera-
tions make it possible to claborate the broad
outline of 2 model in which the different facts
observed fit fairly coherently.

In this light, it is nor impossible to envisage
the existence of Autunian pitchblende veins,
since a reddening weathering process is noder-
stood to have taken place on high grounds;
this might well apply to the Commanderie site,
if the age of 270 M.Y. that has been suggested
proves to he exact. A ditferent argument leads
back to the notion of “fertile granites” on
high grounds mentioned by M. MoxeAU ¢ o/,
{1966). Pitchbleade sites would even have a

The deposits would then have originated i
the destruction of a temporary form of fixation

¢) Weathering of the earlier vranifercus rocks,

stich as the Autunian carbonaccous sediments.
This hypothesis corroborates the theories o

G. Bigorre (1964), amalogous to hypothesis . -

except for the fact that the weathered substanc
is not granite.

Only hypotheses a. and ¢, seem likely to Involyve
large quantitics of metal; there is, moreover
nothing to exclude the possibility that the thre
mechanisms may bave occurred: with differes
initial geochemical associations of uraniur
erosion would lead to three types of uran:

ferous deposits, all vein- -type, but probabl

with different mineral associations. IIOW’L\(I
the precise localization of the main pitel
blende deposits in the immediate vicinity o7
certain granites rich In uraninite seems

exclude a sedimentary phase and thus support' ,

hypotheses a, and b, 4.2, formation on the spo |
without any intermediaty migeation,

oy . RETIIN . o
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processes are apparently necessary to explain
the behaviour of iron and the prescnce of
graphitoids.

However, supplementary data on the geo-
chemistry of sulfur and of fluorine would he
most welcome to fill in the picture,

C. Precipitation of uranium: a comparison with
Certain Strata-Bound Flewatized Deposits

VWhile downward infiltration of rainwater is an
undisputed fact, it does not seem generally
admitted as yet that this phenomenon could
also give rise to pitchblende veins which are
firmly established as baving a hydrothermal
origin, Yet, the concentration of uranivm and
the nature of the gangues most frequently met
with are easily explained by a process of slight
chemical weathering ; the formation of uranium
oxides at ambiant temperature and in confined
conditions is theoretically possible (GARRELS
and Crrist 1965), and has even been obtained
experimentally (Raraissy 1938); moreover,
all pitchblende deposits in Haviatile continental
sediments go to prove that this ore is often
found m a geological covironment belonging
to the supergene field. A uranifercus filing of
intragranitic fractures under similar conditions
is therefare not unlikely.

This type of association is, however, not very
convincing in itsclf, In view of the fact that
sedimentary and “hydrothermal” ores ofwen
diffier as to their mincral associations and
related  maodificarion; definite  resemblances
must, however, be pointed out, and will he
examined in the following paragraphs.

. “Shirley Basin” (Wyoming, U.S.A) Type
Depaosits

Tn the strata-hound roil-type U deposits of the
United States, D. R, Sizawe and H. C. Gran-
GER (1968}, as against H. . Avprer (1964),
divide mineralization into two main types.
The first one of these categories countains
depaosits surrounded by a ring of vocks showing
evidence of reduction: this is the “Colorado
plateau™ type: in the sccond the deposits
are localized on an oxidized tongue in the
mist of formations usually constitated by
sandstones, This “Shirley basin” type occurs
with a hematizatien of the sandsione in the
vicinity of the pitchblende ore, and this con-
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stitutes an analegy with intragranitic minerali-
zations that justifics a supplementary scrutiny,
It must be emphasized that this type of deposit
is not exceptional, but is even of common
occurrence, since it is met with — apart from the
Shirley basin — in Wyoming (Powder River
basin) and in South Dakorta (Black Hills).

It may be said that the presence of hematite
constitutes a characteristic feature, and 4s much
can be said of its behaviour: an carly phase of
hematization occurred, followed by the replace-
ment by the uranium specics, as is proved by
the red traces found in the ores; there is always
a bleached zonce between the pitchblende aad
the reddened sandstone (SHare and Gisnoxs
1964; Murax 1968; Harr 1906). Concerning
the Shirley basin, R, B, Mzoix (1964) gives
the fellowing sequence: hematite, ealcite,

neutral waters with alcalice and  oxidiy. * qough & change in pli conditis
tendencices, and that the precipiaation is due . | greary to sedimentary deposits,
the strongly reducing conditions at the le,, | 1 hardly be generally attribure
edge of the sheer of water. 1, water with granitic host
While genetic considerations are being (. | ..rite and calcite are only foune
cussed, it must be mentioned that a I‘]‘léi;{lli‘l;u;.\ il quantitlcs orgamic mattyy
hydrothermal origin constitutes a hardl, . | king and weathering of play
fensible theory (Harstimann 1968); on ¢, . from the decrease in sodiom
contrary, the interfering of bacterial acy. | apite) is hardly perceptible, o
is often cailed on, though the metaliopens | congly hematized zoncs, :
efhciency — at least in the present case — ot o, i
process is still a controversial point (Wanw -
1972).

2. Comparison with Intragranitic Velns

srther hydrolysis may occur Tunce
-wrological weathering, but this
_-.\nucct-cd with hematizarion. {3
-amatization does not systematic.l,
The main ores formed are, on the whid, ith the .fnfmfm”" _Uf autuntee
. S . . ] e inclusions are destroved:
Idcntul:al in roll-type and vein-type pitchblend. |70 corological oxidation, so
depositst apart from uranium oxide, there nt under oxidizing  conditivns
sulfides {mainly of iron), as well as caleite an! | pwin, Bur could autunite — wli

|

r-}-g pytite, marcasite, pitchbiende, with cach min- : L _
- eral replacing, at a given point, the mineral hematite; the gangue could perhaps be ricke: | drated mineral species — have o
:é: previously laid down. This succession in time {0 silica in the C:ES(': of gF:lﬂI.t!C dcposus.'i‘tltr{‘]w: Sorover 200 MY .'
a8 is accompanicd by a succession i space, since mhml?’ the ?“‘;‘;‘355'01’1 of ores SCTImS Vlcrﬁbff“11}<“'; “since the neutralizing and reduc
X pitchblende, calcite and hematite are found ; © hemattze rcmn‘mt}‘;,aa \;Ll "‘;1“" m"h”‘“- uwite on the solutions s ve
wl between unoxidized and oxidized sandstone. f:;lu,?f(iq !m fﬁm‘ﬂ;}l’ :':j”: l;;fi'cf_) (i?qlsfnwcr;:; o T{“l scaker than that of pyritic su
X S .
:JI; | According to R. i Mruin (op. cit.) these have{ rhr:,u ({;ount\cr;;rt in French dcgusu,!“ic'm and “’!{»et"] i?r_m'd‘m“ “.;
\'l: facts can ‘bc explaincd b:\v the progressive (Gureroy and Sancia 1960), In both C“L,_‘Il\z:cctwc at thc}}_}mir-o \mlttr.!}:::m'i
) ncutrall:farion of a quantity of acid water po e and ealeite are among the last ] Y ‘pc,rm!(xi:u ity ;}?:(i?w L; ~th.
W, pcrcolﬂ.t'mg thro_ugh the sandstones, with the precipitate, being preceded by pyrite, which i Imcui?;rf lg\:(tk“{r:“w ble b med |
&y ncutrah/:;tlon brought ;{bflaut l;\' }}u:h\w:athcr— itsclf posterior to marcasite (as regards the _1:{5315(0 1?" e i
Ny glg of [illc EOCLS through which the water 15060500 sites, ef. M. Ar~orn 1969}, \u‘[ h, in thi ‘ ‘ul;m'q ok«
o OWS. cad of the water, the mf_(;mm I8 e also enriched in S, Feet (pyrite), minerdl | nic in this case, occurs M
E;_-; : neutra.I or shghtl}l alcaline, and calctlrc and o hon (calcite) and uranium; the similarin S+ tered granite, r “}
Qi hematite are deposited from _rhc solution; as complete if onc refers to selenian ineras | inee the reduction necessary !
st the boundary progresscs, calcite and hematite reported in certain areas (AGRINTER and Grit smation and sulfde formaticd
Efj: are formed further duwn‘; thetr place ils raken oy 1965, 1968, 1969). iuseribed mostly to a rlcac;mrn \]:t
5:’3: _ by. mlncriil substances \}:hlch ate s'gal}lc in MOte  The apajogy is sufficiently close for the flling q.ms:: must b(.rsoug 1t‘ :;“\L“ Il.
e acid media, such as pyrite, marcasite and pitch- of the granitic featutes to be explained by 1 rogressive confinement: | . '
b](.‘l?ld(,‘. When the sglumm .is practically neu- L hanism similar to the one which gave fisc ‘nrjchmcnt in 1!!«11}11 n;ct‘z :::lrd\‘
i» Frahzcd by the atkali-meeal ions, the sequence ooy type deposits: a penetration by super- .;utralu-ltlclm d_ whic :m:I:]\ y
{ is reversed _"md marcasite, pyfite, calcite and i) water, then a reaction with the sheathing “m“t a r\"{“‘f ]prctf(])[r: would 1
, lastly hematite are successively deposited be- e and alteration of the walirocks (dissolvin L?‘Emntc. Mineraliza .
; yond pitchblende. ) of the calcite, hematisation), formation o following sequence: :
' b‘ N. H'“{S”M'\NN (1966) interprets thcr(; f.ﬂCtS mineral species it an order which, in tin, it t5 ) Fauliing of the granite, infilirass
: in a somewhat Ff‘ﬂ"'r‘”.“ ff;.shmr). Unoxtd;yl_cd reverse of that observed, iy space, at the waffrocki ) \id and oxidizing uratiferens “f
; sandstones contain pyrite, iimenite, magnetite, , . i qruction of the caicite in the 217
calcite and organic matter, which are destroyed 3. Probable Deposition Circumstances ‘ “hgdrolysis of the plagtockses i
: in weathered sandstones; these are, however,  Resemblances noted between the urantferousp o8 5 v shite in the 3
; richer in Se and Fe37 while between the two  mincralization of the “Shirley basin® type an i, sathering, l
N lie ozes containing, more particularly, concen-  intragranitic pitchblende  veins  support T“L.- . (¢ (he }
| trated mineral carbon, S, Se, Be, Fo?- and U, theory of formation at Jow temperature from %) Superficial croston o '“, ¥
:I That author then concludes that the weathering  meteoric water: logically, one should also ake | Continuous selective fe ‘13‘“‘:}: g
: of sandstones is the result of the passing of  into consideration the possibility of depositior Nation of the waters in dep i
i e
|
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+ _ough a change in pH conditions. However,
sqtrary to sedimentary deposits, this difference
1o hardly be generally attributed to a reaction
, watet with granitic host rocks, Indeed,
..rite and caleite are only found In extremely
il quantities, organic matter is completely
«king and weathering of plagioclases (judg-
v from the decrease in sodium content of the
-nite} s hardly perceptible, even in certain
rongly hematized zones.

sether hydrolysis may occur later, through me-
arological weathering, but this is in no way

initic Veins
c, on the wh
n-type picchbler,
m oxide, there 4
well as ealcite un . |
perhaps be ricl.. -
deposits, Furthe,
ecms very similar,
ell as the bleach. .
iblende which 4r,
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y pyrite, which i
+ (as regards th
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y formation o
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annected with hematization. On the other hand,

. omatization does not systematically seem to go

qih the formadon of aurunite (zlthough the
rninite inclusions are destroyed) as in present-
q¢ meteorological oxidation, so that its develop-
wat under oxidizing conditions is not quite
crtain. But could autunite — which is a2 highly
airated mineral species — have remained stable

Docover 200 ALY ?

snce the neutralixing and reducing power of
nanite on the solutions is certainly much
veaker than that of pyritic sandstone, with
aleite and vegetal products, it can only be
eetive at the limit of water penctration and in
“ww permeability zones: this could explain
e very slight weathering of hematized parts,

vanee iron oxide may be formed by oxidation,

we also by ncutralization (Garweprs 1965)

(+hich, in this ease, occurs valy ar the limit of

.1.i]rercd granite,

nce the reduction necessary for pitchblende
mation and suliide formation cannot he
iscribed mostly to a reaction with ;_‘mmrc, its
wainse must be sought for elsewhere, in a

-j‘rf)grcssive confinement: this would cause an

tarichment in alkali-retal fons — hence a
weutralization ~- which would itself bring
bour a related precipitation of calcite and
cmatite. Mineralization would then happen in

the followmg: sequence!

4 Faulting of the granite, infiltration of slightly

at the walfrockil aid and oxidizing uraniferous solutions; de-

istances

the uraniferou
basin® type am'|
s support th

Struction of the caicite in the granite and slight

wdrolysis of the plagioclases: formation of
wrunite and limonite in the zones of incipient

; veathe ring.

npetature {rom

hould also taks
y of depositiv”

b) Superficial crosion of the granite with
‘ontinuous selective leaching of uraniom, stag-
tion of the waters in depth, duc to rhc levell-

a0

ing of the relicf and stabilization of the hydro-
static level, The medium is confined and
becomes reducing (biochemical processes, re-
ductien of the organic mattet); partial bleach-
ing of the ferric oxides occurs and pitchblende,
marcasite and pyrite are deposited,

¢) Progressive dehydration and filling up of
the cracks; disappearance of autunite and
transformation of limonite into hematite; even-
tually, final laying dowe of calcite and hema-
tite when the medium slowly becomes alcaline,

1. Conclusion: “ Per Duscensupr” Genesis of French
Vein-Tvpe Pitchblendy Deposits

Having thus followed the migration of uraniam
from granite at the start of the weathering
process to its deposition in depth within the
fractures, one can draw a quick skcrch of the
formation of intra-granitic veins. [n the lower
Permian, crosion vigorously attack the Hercy-
nian ranges, but plant life is extensive; ura-
nivm, which has been freed [rom granitic
hodies rich in uraninite, is trapped in the
neighbourhood of the surface at pedological
levels; once these have been destroyed, the
wranium is removed along with other clements
which were also trapped in the superficial for-
mations. The resule is a line secdiment rich in
uranium and numerous other merals, with an
abundance of organic matter.

During the middle Permian, vegetation has
largely disappeared and weathering is mainly
mechanical, with little chemical attack, The
levels at which uranium was fixed have been
destroyed and this element becomes one of the
very first to be released by weathering, thus
hcmg scparated from the other metals, After
being leached out quite sclectively, it migrates
towards the deep fractures ro_ctht.r with some
major clements, Reaction with granite wall-
rocks causes hematization, while confinement
and reduction lead to the formation of pitch-
blende, marcasite and other sulfides; progres-
sive alcalinisation finally yields the hematite-
calcite terminal phase, This results in the for-
mation of uraniom veins which are posterior
in time to the stratabound deposits containing
organic matter, though there may possibly
cxist a transition period during which both
formations may cocxist, one of them being
connected with high grounds devoid of vegeta-
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tion, and the other occurring in accumulation
basins.

E. Variations on and Constanis of the Model

The model suggested may seem over-simpli-
fied, inasmuch as it only deals with general
facts and does not give an explanation of the
vatiations in thc mineral associations, host
rocks or in the formation encountered in the
uraniferous lode veins, Nevertheless, a fairly
widespread type of mineral formation can
certainly only be accounted for by a sequence
of fairly common processes. On the other hand,
a simpic model has the advantage of being
adaptable to numerous specific cases and, with
a few variations, applicable to fairly dissimilar
objects.

1. Variations

Of the mother-rock

Though we have used uraninite in granite as
an example here, and since the cssential re-
quisite s the presence of vranivm in a fairly
labile form, the rock which contains uranium
could just as well be gneiss, a conglomerate
or any otner silico-aluminic uraninite-contain-
ing specics. Other potential sources are sand-
stones and uranium-bearing schists.

Yn the host-marerial

As happens in fractures, certaln granitic for-
mations will give rise to local uranium con-
centration if they can contain stagnant water:
such is the case with episyenites mentioned at
the beginning of this article which simply act
as a passive rescrvoir in the hypothesis consid-
ered here. The host rock is, furthermore, not
necessarily granitic, and since slightly bur
definite reactions do occur between the solu-
tion and the wallrocks, variations in the
accompanying mineral species can be predicted.

In the mincral associations

Mineral substances originate in solutions carry-
ing clements freed by superficial weathering
and by exchange with rocks in depth, The
nature of the gangues and sulfides, as well as
their abundance, will therefore depend on the
geological context. This fact is as true on the
scale of a single deposit (richness in dron
sulfides closc 1o veins of lamprophyre, Grr-

FROY and Sarcia, 1960) as it is on the 5o
of a whole disttict (more abundaat caleite 4.
barite in a granite rich in Ca and Ba, Bagug.
1971), or of a metallogenic province (Gipry,.
1964). However, it is, for the time being, 5
easy to distinguish among elements releys,
by metcorological weathering, and elemen:
arising from topochemical reactions i
wallrocks.

It is undoubtedly not a mere coincidence 15,
mineralizations richest in Co-Ni should ©
associated with the most basic environmi

in a district essentially made up of schi. !

and gneiss (Nicholson mine, Beaverlod:,

district, Canada); similarly, the Great Ko

lake deposits with Bi, Co, Ni and Ag .
found in a volcano-sedimenrary seties of .
and dacito-andesitic cffusive rocks (LANG ¢ &
1962). The Co and Ni content of these rogl
can be ten times higher than that of grani

and their frequent high Bi content has alv -7

beea noted {(B.R.G. M., unpublished analyses.
up to 20 or more ppm}. It thercfore seem.
reasonabic to assume that vraniferous concen
tration with Bi-Co-Ni-Ag contents are connceci-
ed with volcano-sedimentary formartions,
least as 2 working hypothesis.

This does not imply that the metals present in thi:
type of deposic all share the same origin: in v
maodel which has been oudined here, the uraniue

is freed by metcorological oxidation. Bi, Co, N . .
Fratmaosphere, ef, 5. M. Roscor

and Ag could originate from a reaction in depd
between wallrocks and migrating sheets of liqui
during the phase of confinement and neutralization
since we have assumed here that this is a late phas

as compared to the formation of pitchblende, thir

would constitute a simple explanation of the rctl
tively early deposition of pitchblende found i
deposits containing Bi, Co, Ni, Ag and U,

in the same line of reasoning, mention mus
be made of the uraniferous deposit contaimt:
chalcopyrite and chalcolite at Les Bois-Neie
(Poucrion 1962), close to the old coppe
mincs of Charrier.

In the deposition time
Weathering conditions as they prevailed durin.
ing ja granite and pegniint
¢ fact which agrees
Unther-rock” condition; the ni
'uldc veins is at most 171
683, therefore posrumr s

the Permian in Western Europe are not unique
they ocecurred during the Devonian period #
well {old red sandstone), and, in France, durt-
certain periods of the Miocene, Although v
pitchblende deposit of Devonian age seems !

i continental Weathering as 4
; —— T T T T ey
. we been found to this

i .cessaty mother-rocks |
¢ anges 10 pre-existing
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e been found to this day (but were the
cossary  mother-rocks then outcropping?)
nges in pre-existing deposits occurring at
sout 20 MUY, (Miocene) are considered as
«ing possible (Ch. Koszroranyr 1971), They
p«rccedcd by a period during which conti-
caral strarabound deposits are laid down and
. which organic miatter, howcver scanty,
daved an important focal part in concentrating
¢ uranium (CARIOU 1964), Weathering duting
v Miocene may have played, as far as this me-
J is concerned, as important a part as it did
firing the middie Permian period, by stopping
-+ removal towards the accumulation hasins
{ .2d by shifting it in depth by the disappearance
i prganic matter.

1
3

». Prerequisites and Possible Verihcations

\ certain number of points, constant to all
die numerous forms that could arise from this
odel, must be emphasized:

|- The presence of a mother-rock potentially

> assume that uraniferous coneer | -ich in uranium.

Bi-Co-INi-Ag contents are conres:.
& ’ } - Continental weathering with little or no

"l organic matter.

leano-sedimentary  formations,

rking hypothesis.

imply that the metals present in th |

it all share the same arigin: in .
has been outlined here, the uraniu:

Lctcorok)glcal oxidation. Bi, Co, \: r-'
- originate from a reaction in dept |}

ucks and migrating sheers of ligu
se of conAnement and neutralization

assumed here thar this is a late pias. s
o the formation of pitchblende, the

ite a stmple explanation of the reb-

eposition of pitchblende fonad i
cihus carrics in dtself its own means of control,

imd the clue of the debate herween

ining Bi, Co, Ni, Ag and U.

F
joxcludes a possible genesis at any time prior

I'bis last condition, as against those connected
#ith a hydrothermal scheme of formation,

o 2000 MUY, {ne oxypen in the terrestrial
mosphere, cf. S. M. Roscor 1968) and to the
rine sedimentation. On the contrary, it
nplies the existence of a niedinm favosrable fo
e laving down of red bed series of which pitch-
lnde wonld, in a way, constitute a leteral oqui-
it The model which has been suggested

“h\dro—

line of reasoning, mention must ! ‘eralzsrs” and proponents of a formation

te uraniferous deposit containin:
nd chaleolite at Les Bois-Nain
?62), close to the old coppe,
riet,

sitien time

aditions as they prevailed durite
Western Liurope are not unlgi
during the Devonian period &
indstone), and, in France, duti
i of the Miocene. _\lrhough =
posit of Devonian age scems b

ber descensum’” may lie in stratigrapbic or
Ldimcntoloqxcal studics,
Ihe inferences drawn from this model do not,
il now, seem to bring about a refutation.
Let us consider, as an ummpic the uraniferous

! Beaverlodge District in Camada {close to lake

Yehab; basca); we find that uraninite is given as
ing in granite and pegmatites (Beox 1968),
4 Faet which agrees with the “favourable
Mother-rock” condition; the age of the pirch-
‘Lnd(, veins is at most 1730 M. Y. (KokprreL
H68), therefore postetior to the 2000 M.Y.

limit, and is furthermore sub-contemporaty
1o a ted continental series, the Martin Formation
(Tresnray, 1968), There is thus nothing to
forbid looking upen the mineral deposits of
that district (shich, besides, are quite similar
to French deposits in their hematization and
their mineralogy) as having also been born ot a
particular phase of continental erosion.

F. Consequences for Exploration

It follows from all this that if the theoty
suggested is correet, the presence of red sedi-
mentary series lying on an old shield is 2 factor
quite favourable to the presence of uranifetous
veins in the basement, These scries will most
likely occur (especially in the more ancient
shields) as scattered remnants lying in former
depressions. The minecralizations themselves
could be quite distant from them: a sketch
made of the main deposits in France shows,
at a glance, that there is a distance of over
100 kilometres (Figure 1) between uraniom
deposits and presens-dav outcroppings of the
Permian series. This will therefore only con-
stitute a valuable guideline when used on the
scale of a provinee, i.e. in wide-range prospect-
ing. On a ten-kilometre scale, sharper control
will be pmvidcd by the presence of rocks with
2 high uranium content, such as uraninite-
hcarm;‘ Eramtc‘; (Barpirr 1972),

It is however important to note that the exist-
ence of red sediments at a given spot does not
in itsclf preclude the possibility of finding
uraniferous deposits in the immediate viciaity,
as is shown by the Beaverlodge districr in
Canada and the Morvan district in France.

V. Conclusion

As an alternative to the hypothesis of pitch-
blende deposit formation by a hydrothermal
process, the idea of a genesis by continental
weathering has a number of attractive featurcs.
As far s is presently known, only geothermo-
metric measurements are not in agreement
with it. The rest of the facts — localizing next
to uraniferous rock, easy solubilization of the
uranium, mincralogy comparable to that of
certain roll-type depasits, formation afier that
of granites and synchronous with important
occurrences of continental sedimentation —

e
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all harmonize into a perfecty coberent scheme.
Logic goces so far as to give these deposits a
true palectopographical (formation dircctly
beneath heights) and palenciimatic value {warm
and dry climate, scarce vegetatinn).

A comparison with the geological context of
other deposits in Ausiralia, Canada, Tastern
Burope and the Soviet Union will no doubt
allow for the theory to be proved or disproved.
If it should be confirmed, one interesting
consequence, from a practical peint of vicw,
will be the presence, on a regional scale, of
red-bed series lying unconformably on an
older basement — a characteristic that sfrongly
Javours the presence of pitchblende vein-type de-
pesits.
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