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The Poços d e Calda s Alka l ine Calde r a Comp lex , t h e largest o ne known in South
America, i s l oc a t e d in parts of southern Mina s Gerais and São Paulo s t a t e s , SE Brazil .
It is subcircular and about 30 km in d i ame t e r, wi th an a real e x tent of 800 km2 and is
composed predominantly of l euc o cra ti c phono l i t e s a nd n e phe l ine s yen i t e s 1. 2 • 3 . The
latest stage of the mul ti - s t a g e magmatic evolu t ion o f t he n ephelinic r ock sui te
i n c lud e d s t rong b u t localized s pecific h ydro the rma l al t e r a t i ons associ a t e d with
magmato-phreat i c explosive activity, brecci a pipe forma t ion , generalizedpyritizat i on
and hypogenic U-minera l ization s o f p ro tor e grade. Weather i ng proc e s s es a c t i ng sin ce
at l e a s t 76 Ma cau s e d mainl y pyrite ox i d a tion and the d e v elopment o f s pec t acu l a r
redox fronts with s econdary supergene U-enrichment and pyri t e f ormat i on through r o l l­
front t ype des c endent p rocesses4 • 5 . The se pro c e sses led t o the f ormation o f ore-grade
U-concentrations along wi th a n e n nob l i n g o f the o re due t o t h e s eparation o f the
supergene U from i ts original hydrothermal a s s ociation with high conce n t r a t i on s o f
Zr, Th and LREE.

ln t h i s study s u lph u r i s otope analys e s o f pyrite g eneratio ns a nd sul p hates
related t o U-minerali z a tions contr ibu t e t o a better understanding o f hypogenic and
supergenic U-metal l ogene sis a nd e nvi ronrne n t a l migra tion o f uranium .

Mineralogical, petrographical and ore- mic ros cop ica l studie s revealed characteristic
d i f f e r e n c e s b e t we en t he hypo - a nd s upe r g e nic U-pyrite assoc i a t ion s that allowed
physical separation of the specific pyr i t e generations . Hydrothermal U-mineralization
and related pyri t e s occur t hroughou t the mass o f hydrothermalized n epheline syenites,
phonol i t e s and magmatic breccias in two f orms: (1 ) impregna t e d h omogeneously in the
r o cks a n d r o ck fragments of the b r e c cias and (2) i r r egu l a rl y e nr i c hed fracture
mine r al i za t i on s in the rocks and t he b reccia matric es and c emen ts . The main U-mineral
i s highly c rys tal l i ne , very f ine grai ned (a few t ens o f microns ) uraninite . Hydrothermal
pyrites are predominantly i d iomorph ic and fine graine d (several tenths t o 1 mm); yet
large, we ll developed crystal s up t o 10 and 15 mm are n o t rar e . l n t h e near vicinity
o f redox fronts hydrothermal pyrites are frequently r ounded and cor rod e d due t o
incipient dissolut ion and r elease o f Fe ( I I ) sulphate sol u tion .

Supergenic U-mineralizations occu r exclu siv ely c losel y rel a ted t o the redox
fronts as mil limetric t o centimetric , frequently zoned, nodular pitchblende aggregates,
irregularly and discontinuou sly distributed within zones g enerally l ess than 20 cm in
wi d t h tha t e x t e nd i mmediately adj acent to the redox front s on the r educed side . The
ma i n U- mineral o f the pitchblende n odules i s c ryptoc rys tal l i ne , frequently botryoidal
uraninite o f l ow c r ys tal l i nity , a s s hown by SEM and X-ray diffraction studies .
Secondary pyrite o f the s upergenic U-mineraliza tions occuzs only insid e the pitchblende
n odu les and i s idiomorphic a nd coa r ser grained than the hydrothermal pyri tes of the
r ock matrix.

Hydro t h e rma l pyri t e s we r e separa ted as ver y p u re concen t r ate s from b oth r ock
ma tri ces and f r a c t u r e minerali z a tions . S isotopic measurements carried ou t at SURRC
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based on c onventional procedur e s 6 on a mass spectrometer I s ospe c 44 modified for S02
revealed a very narrow rang e of 0)4S variation and n o s i gnificant d ifferences between
the two texturally distinct types of h y d r o therma l pyrites . All t he h y d r o the rma l
pyrites lie wi t h i n t h e int erval of +1.24 t o -3 . 6 5 034S%0 (CDT) .

Concentrates of pyri t es from s upergene p itc hblende nodules were less p ure d ue to
inclusions o f inhe rited p r e-nodul e hydroth ermal pyrites. Nevertheless, a l l o f t he
concentrate s o f s econdary p yri t e s showed t he l i ghtes t s - i s o top e compositi ons, ranging
from -10 t o - 1 6 0 34S%0 (CDT). I n dividua l larger s ized crystals o f secondary pyrite s
that could be s e p a r ated from U-nodules according t o ne t textural e videnc e s and
analy zed wi th l ase r b earn tec hniques confirmed the lowermost 034S values . Final ly ,
supergene K-Al and Fe(II) - Al s ulphates (ma inly k a l inite a n d h a l o t r i chi t e ) wh i c h
formed unde r p resent-day atmosp h e ric and climatic c onditions on natural and art ificial
surfaces o f hydro thermal i z e d p h ono l ites a n d n e phe l i n e s y enites wer e sepa r a t ed and
analyzed f or the i r S-iso t opic composi t ion . The y y i elded r esu l ts of +0. 5 t o - 2 . 40

0 34S%o (CDT) , per f ectly wi t h i n t he range of the hydro t h e rmal pyri tes of t he s arne
rocks .

Resul t s show that the hydrothermal pyrites related to t he hypogene high -temperature
U-minerali zat i o n h ave S i s o t opic compositions compatible with an o r i g i n f rom uppe r
mantle derived maf i c magmas. The i r compos itional range is , interestinglyenough , a lso
the typica l r ang e of sulphi des f r om porphyry copper d eposi t s.

The l ow t emperature s e c on d a ry pyrites o f the supergene pi t chblend e n odule h a v e
the i s o t opic a l ly lig h t e st S , s u g g e s t ing, as do t he textur al e vidences , biologi cal
reworking of sulphur from hydrothe rmal pyrites and reprecipitation (su lphate -reduc ing
bacteria) during t h e growth of pitchblende nodules rel ate d to r e d ox front processes
and water- table forma tion. U/Th disequil i b r ia s t.ud i. es ? r e v e aled growth r a t e s of the
pitchblende nodules of a b ou t 0 .0 2 mm/ka, s lower at least b y a f a ctor o f 102 when
compared to the r a te of migr ation of l o c al we l l -def i ned redox fronts (rol l- front
processes); t h e se numbers a re signific an t too for the superge ne redox fron t related
pyrite diss o lution and its U-nodu l e related b iogeochemical r eprecipi tation .

Th e v a ria t i on o f S- i s otopi c a l compos i t ion o f s upergeni c s u l p hate s within the
range of the c o-existing hydrotherma l p yri t es i ndicates comple te ox i dation o f t he
pyrites in the presence o f abundant oxygen wi t hou t any isot opic fracti onat i on .
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