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1. INTRODUCTION

This final report refer to the Research Contract
n* 5561 -RB, entitled "Uranium Distribution in Brazilian Granitic Rocks -
Identification of Uranium Provinces".
The research deals with the recognition criteria for identification of
Uranium Provinces in Brazil, the related study on petrologicaL
geochemical and geochronologtcal characteristics of the U - enriched
granitoids and their correlation with tectonic environments. In addition
samples from the U- enriched granitoids have been analysed for Th, Zr
and La., in order to characterize the behaviour of this elements in the
studied granitoids.
For the development of this study a large number (1,800) of powder
samples of granitic nature have been selected, including granitoids,
migmatites, gneisses and acid volcanic rock*, aH of them isotopically
analysed for age dating in the Geochronokxjical Research Center
(CPGeo) of the University of Sao Paulo, Brazil. This selection was not
only representative of the main granitic Kthologies but also has a
reasonable geographic distribution within the entire brazilian territory
which is about 8,5 million Km2.
Afterwards it has been done a search through the scientific publications
and CPGeo files for analytical and geological informations like rock
types, Rb and Sr contents, geochemical characteristics, tectonic setting,
age, and Sr initial ratios.
The samples have been selected from known geologic units and
analysed for determination of total Uranium by activation analysis (DNA)
and soluble Uranium by fluorimetry.
Finally the data assemblage has been treated in special computer
geostatistical program (factor analysis) for correlation of different results,
such as U content versus age, Rb and Sr contents, tectonic setting and
so on, in order to represent the trends, graphycally.
The Uranium analysis has been done under an agreement between the
CNEN (National Comission of Nuclear Energy) and the IPEN (Research
Institute of Nuclear Energy) in Sao Paulo, Brazil., and the Th, Zr and La
analysis were made by GEOSOL laboratory.

2. DISTRIBUTION OF URANIUM ENRICHED GRANITOIDS

The Uranium enriched granitoids occur in several geological settings in
the South American platform, and present a wide range of lithological
types and ages. In general the U average contents in brazilian granitoids
is about 3 to 7 ppm, but for clear characterization of the U-anomalous
granites, it has been considered 12 ppm as a limit among U -enriched and
normal granites. The distribution of the U-anomalous granitoids wilt be
discussed on geotectonic and regional geology aspects.
The South American Platform can be divided in four cratonic units,
separated by Late-Proterozoic mobile belts. These units are covered by
extensive Phanerozoic sedimentary rocks as showed in Figure 1. Our
research is limited to the precambrian granitoids.
The largest cratonic units in south America are the Amazonian and the
Sao Francisco cratons. Smaller cratonic fragments also occur as the Luiz
Alves, Rio de La Plata and Sao Luiz Cratons (Figure 2).
The Amazonian Craton is. a very large un'rt limited by the Late Proterozoic
Paraguay-Araguaia belt, this unit can be described as an Archean core i
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Fig. 2 - GEOGRAPHIC DISTRIBUTION OF U-ENRICHED GRANITOIDS IN
BRAZIL. A-AMAZONIAN CRATON; B-SAO FRANCISCO CRATON; C -
LUIZ ALVES CRATON; D-RIO DE LA PLATA CRATON; E - SAO LUIZ
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named Central Amazonian Province, surrounded by Early to Mid-
Proterozoic mobile belts. These belts are: the Maroni-ltacaiunas (2,25-
1.9 Ga.) characterized by ensiakc and simatic evolution; Rio Negro-
Juruena (1 -75-1.55 Ga.) with a magmatic arc evolution; Rondonian
(1,45-1,3 Ga.) with ensiaiic evolution and Sunsas (1,25-1,0 Ga.)
developed by reworking of older crustal material (Cordani et al., 1979
and Cordani and Brrto Neves, 1982).
The Sao Francisco Craton (Almeida. 1977) is surrounded by the Laie-
Proterozoic Brasilia, Rio Preto, Sergipano and Ribeira folded belts. Most
of this craton is covered by Late-Proterozoic chemical and clastic
sedimentary rocks, which becames slightly metamorphosed at the
borders of the Craton. Mid-Proterozoic metassedimentary sequences
belonging to the Espinhaco Supergroup also affected the Craton, which
comprises clastic sediments and volcanic* submitted to fc»w metamorphic
grade.
The Archean and Lower Proterozoic rocks of the Sao Francisco Craton
are well exposed in central and eastern and southern parts of the craton,
and its possible to separe three types of geologic terranes: Archean
granite-greenstone terranes, Lower-Proterozotc supracrustals belts and
medium to high grade metamqrphic terranes, which include Archean
cratonic fragments of granulitic compositions (Cordani and Brito Neves,
1982).
Regarding the small cratonic fragments, we can consider three
geotectonic units, which are the Rio de La Plata, Luiz Alves and Sao
Luiz Cratons.
The Rio de La Plata unit (Almeida et al., 1973) occur in Argentina,
Uruguay and south Brazil, and have been described as gneissic-
migmatitic terranes with granite-greenstone characteristics. The western
part of this craton is covered by sediments of the Parana Basin. The
radiometric pattern established for the lithological assemblages of the
cratonic unit, which also includs granuKtes and basic to ukrabasic rocks,
indicated ages around 2.000 Ma., related to the Transamazonian
Orogeny. «
The Luis Alves cratonic area (Kaul, 1980) occur in the southern Brazil
and is composed by high-grade metamorphic terranes which includes
gneisses, migmatites, meta-ultrabasic rocks with intercalations of
quartzites and banded iron formations metamorphosed within the
arnphibolite to granulite facies. U-Pb zircon ages and Rb-Sr whole rock
isochrons suggests ages around 2,6 Ga. for the granuPtic metamorpNsm
and K-Ar ages in between 2,000 -1 ,800 Ma. time interval indicated the
cratonization period.
The Sao Luiz Craton (Hurley et al., 1967) constitute a basement
fragments along the north-northeastern brazilian coast. The sparse
basement outcrops are composed mainly by granite-gneissic migmatitic
terranes with shists subordinate. The whole rock Rb-Sr and K-Ar isotopic
data indicated ages within 2,200-1,700 Ma. time interval.
The cratonic units in South America Continent are geotectonicaMy
separated by late-Proterqzoic mobile belts, which may includes ancient
terranes as median massifs, like the Central Massive of Goias, and
Borborema Gneissic-migmatitic massive (Cordani and Brito Neves, 1982).
in general these massifs are located in between the different^ folded
belts, and exhibit lithological association which comprises mainly granitic
gneissic-rmgrnatic terranes. In some areas occur strong late-Proterozoic
granitizations events overprint. In others regions occur granite-
greenstone terranes, and basic to ultrabasic rocks with high grade
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metamorphism. Archean and lower Proterozoic ages are founded within
these median massifs.
During the late Proterozoic time the South American platform was
conditioned by the tectonic evolution of the following mobile belts: In the
central-western Brazil by the Paraguay-Araguaia and Brasilia belts, in the
northeastern part by the Serido, Sergipe, Jaguaribe and Ftiacho do
Pontal belts, and in the south-southeastern region by the Dom Feliciano
and Ribeira folded belts.
In general these fold belts exhibit linear structures and are composed by
gneisses and migmatites as infraestruture and metassedimentary and
acid to basic metavolcanic rocks as supra crustal sequences.
Figure 2 is a map showing the U distribution in granitoids in Brazil with
zones of U -enriched granites and boundaries of the main geotectonic
features. Can be observed that the granitoids with anomalous Uranium
contents occur in a variety of tectonic environments.
Within the entire brazilian territory (about 8.000.000 km2) were
established 28 zones with Uranium anomalous contents, which can be
grouped within the following geotectonic units:

2.1. The Amazonian Craton

In the Amazonian Craton the U-enriched granitoids are composed by
gneissic-migmatitic rocks, anorogenic intrusive granitoids and alkaline
ring complex.
The gneissic-migmatitic rocks constitute part of the Central Amazonian
and Rondonian Provinces. The first unit is composed by gneisses,
migmatites and granulkes with tonafctic-throndjemitic and granitic
compositions, metamorphosed within the amphibolite and granulite
facies. These rocks in general, have an age about 2,000 Ma., and in
some places were affected by strong granitization during the Mid-
Proterozoic time. The gneisses from this unit present 13 to 21 ppm of I I ,
66 ppm of Th, 790'ppm of Zr and 150 ppm of La.
The gneissic-migmatitic terranes of the Rondonian Province occur in the
southwestern part of the Amazonian craton and comprises granites,
gneisses, acid-granulites, amphibolites and blastomyionite-gneisses. In
general these rocks presents ages about 1,450 Ma. with Sr initial ratios
around 0,705 (Teixeira and Tassihari, 1984). The average U contents in
gneiss and granitoids range within 13 to 30 ppm interval and 95 ppm of
Th, and 140 ppm of La and Zr.
The cratogenic granitic magmatism with U anomalous contents is »slated
to the Rondonian, Teles Pkes and Jamon granitoids.
The Tin-bearing Rondonian Granitoids are composed by cratogenic
bodies, with granite to granodioritic compositions, in general comprising
pink coarsed biotite-granitoid, grey porphyritic biotite granitoid and
microgranitic ring-dykes. The ages of the Rondonian granitoids range
1,300 to 900 Ma. time interval and in genera! have very high Sr initial
ratios around 0,720 (Leal et al, 1978). The Rondonian granitoids present
average Uranium contents from 16 to 22 ppm and , Th contents from 30
to 80 ppm, Zr from 200 to 700 ppm, and La from 14 to 18 ppm..
The Teles Pkes Granitoids (Sirva et al, 1978) are related to the acid
volcanic rocks associated with the Rio Negro-Juruena Mobile Belt
evolution and it's comprises phorpyro-granitoids, microgranite, granites,
rapakivi granites, and granophyre. The main mineralogical assemblages
includs quartz, orthoclases with perthRes, plagioclases subordinates,
biotites, titanites and fluorspars.
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These granitoids yielded art age of 1550 Ma. with Sr initial ratio of 0,707.
The average uranium contents of the Teles Pires Granitoids are about
14 ppm, the Th contents range from 45 to 110 ppm, and some samples
present very high Zr contents about 1000 ppm.
The Jamon Massif is an anorogenic A-type granite intrusive in the
granite-greenstone terranes of the Sena dos Caracas legion. Rb-Sr
isochronic age is 1600 Ma. with Sr initial ratio of 0,712 (DaN'Agnol et al.,
1384). The rock is a equigranular biotite granite, with microgranite and
alaskitic granite associated. The U content in this granitoid range from
12 to 14 ppm.
The alkaline ring complex of Canama (Stfva et al., 1378) is located in the
southern of Rio Negro-Juvena Province, and it's composed mainly by
syenites, quartz-syenites and microsyenkes. It's constituted mainly by
alkali-feldspars, amphiboles, pyroxenes, apatites, fluorspars, zircons and
sphene. The age of the alkaNne magmamiism is 1,200 Ma. and have a
Sr initial ratio of 0,704. In general these rocks have been characterized
as alkaline and peralkaline rocks. The U, Th and Zr contents in the
Canama alkaline ring complex is very high about 27 , 320 and 860 ppm
respectively.

2.2. The Sao Francisco Craton

The Uranium anomalous rocks within the Sao Francisco Craton
comprises gneissic-migmatitic complex, granite-greenstone terranes,
intrusives granitoids and alkal;nes rocks.
The gneissic-migmatitic complex is represented by the Caraiba-Paramirim
Complex (Lima et al., 1981) which occur in the northwestern part of the
Sao Francisco Craton and consist the basement of the metassediments
of the Espinhaco Supergroup. It's comprises by gneisses with
granodioritic to tonalitic compositions, migmatites, granitoids and
cataclastic rocks.
T he miner alogical assemblages of the gneisses is plagioclases, quartz,
pherthitic microcline,* biotite, titanite, epidote, hornblend and diopsid.
The granitoids are composed by perthitic microcline, quartz,
plagioclases, biotite, muscovite and sometimes hornblend and titanite
also occur. These rocks were afected by amphibolite facies
metamorphism.
In general the m'etamorphic terranes of the Caraiba-Paramirim complex
are related to the archean times, but the U-enriched granitoids
associated gave an Rb-Sr isochronic age of 1700 Ma. with Sr initial ratio
of 0.710 (Fernandas et al., 1982). This parameter suggest that the U-
enriched granitoids were derivated by partial melting process of older
continental crust. The U-contents in these rocks range from 16 to 27
ppm, and the Th contents are between 85 and 22 ppm.
The Cansacao-Tanquinho granitoids (Gjava et al., 1983) constitute a
granite-greenstone terranes of the Serrinha greenstone belt, which is
part of the Itapicuru Complex. The contacts between the granitoids and
the volcanossedimentaiy sequences are tectonics.
These granitoids includs biotite-granites, two-micas granites, hornbiende-
biotite granitoid, adamelites and granodiorites. Sometimes also occur
porphyroides fsoies with gneissic aspects. In general these rocks
presents medium coarse and are composed mainly by quartz, a!ca!i-
feldspars, plagioclases and subordinated hornblende and biotite.
The Rb-Sr whole-rock isochronic age for these granitoids is 2100 Ma.
with Sr initial ratio of 0,704. The K-Ar results on biotites from the
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granitoid yield ages around 2000 Ma., which reflect the cooling period of
the batholit. The low initial ratio value is evidence that the granites were
not generate through ciustal anatexis.
The average U-contents in these rocks is about 15 ppm. and for Th the
average is 140 ppm.
The U-enriched igneous granitoids comprises the Lagoa Real, Carnaiba,
Para de Minas and Porto Mendes bodies and the Lagoa Real Massif , is
the most important of them, because is related to the Uranium
mineralizations.
The Lagoa Real Granitoid is enclosed in the Archean-Lower Proterozoic
metamoiphic terranes of the North of the Sao Francisco Craton and is
limited to the west by the Mid-Proterozoic Espinhaco fold belt (Lobato et
al., 1983).
This granitoid mainly consist of orthogneisses resulting from the
deformation and metamorphism of granites. Metassomatic alteration
leading to the formation of albitites also occur.
The Lagoa Real granitoid Complex includ five lithological units, such as
undeformed granites, deformed granites and orthogneisses, quartz-
albitites pyroxene + garnet albitites and amphibolrtes. The pyroxene +
garnet albitites are host of uranium mineralizations.
T he granites, deformed granites and orthogneisses present a
composition which corresponds to the most evolved terms of the Fe-rich
subalkaiine association and have geochemical and mtneralogical
characteristics intermediate between calcalkaline and alkaline
associations but closer to the last one.
The Lagoa Real Granitoids have been emplaced at 1,725+5 Ma., which
is showed by the zircons U-Pb ages, and present a very high Sr initial
ratio about 0,718, which strong suggest a crustai source for them
(Maruejolet al.,1987).
The samples with U anomalous contents are mainly with syenitic
compositions and pegmatoids and the results range from 16 to 37 ppm.
The Th contents in the same samples range from 660 to 65 ppm, and the
T h/U ratios in general are above 4,0.
The Para de Minas Granitoid constitute part of the archean gneissic
migmatitic terranes which occur in the southern part of the Sao
Francisco craton. It's composed by rocks with granodioritic to granitic
compositions and are related to the rocks with ages around 2,7 Ga.
(Teixeiia, 1985). There are no ages for this granitoids.
The U contents measured in the samples from the Para de Minas
granitoids are within the 15-24 ppm interval.
The Porto Mendes granitoid in intrusive in the archean gneissic-
migmatitic terranes of the southern part of the Sao Francisco Craton and
it is related to the Minas diastrophism which is responsible by the
generation of strong granitic plutonism in this region.
This granitoid have a Rb-Sr isochronic age of 2200 Ma. with Sr initial
ratio of 0,7012 (Teixeira, 1975). The average U contents of the Porto
Mendes granitoid is 20 ppm. These data shown U-enriched rocks with
very low initial ratio, which could suggest an example of primary Uranium
enrichment from the upper mantle.
The Carnaiba granitoid (Gava et al., 1983) with batholitic sizes is
intrusive within the metassediments of the Serra da Jacobina
metamorphic belt and presents tectonic contacts. It's composed by
alkaline-granites, micaceous granodkwites, adameljtes and subordinated
quartz-monzonites, pegmatites and two micas granites. The main
mineralogical assemblages is constituted by quartz, microcline.



oligoclase, muscovite and biotite, and the granite presents emerald
mineralizations. No chemical analyses are available.
Samples from the Carnaiba granitoids yielded a Rb-Sr isochronic ages of
1960+-16 Ma. with Sr initial ratio of 0,708. This value suggest a upper
crust material contributions in the rock-forming process of this granitoid.
This granite present U-contents of 13 ppm., Th-contents of 22 ppm and
Zr and La of 120 and 33 ppm respectively.
The Alkaline Guanambi Complex (Barbosa and Moutinho da Costa, 1973}
is composed by granitoids which includs mainly syenites and also
granites, granodiorites, tonalites and monzonites subordinated. A large K-
metassomatism can be observed in this complex, which have a intrusive
characteristics.
The mineralogical assemblages of syenites is composed by
porphyroblasts of perthitic microcline, with plagiociases and few quartz,
biotite, hornblend and augite.
I he liuanambi complex were affected by amphibolite facies
metamorphism which was responsible by the mineral paragenesis
composed of perthitic microcline + clinopyroxenes + hornblend + biotite
and plagioclase + quartz + K-feldspars + biotite.
Samples from the Guanambi Complex., mainly syenites and granites
yielded a Rb-Sr isochronic age of 2100 Ma. with Sr initial ratio of 0,706,
and U, Th and La contents of 17, 58 and 110 ppm respectively.

2.3. Central Goias Massive

Within de Central Goias Massive were found U-enriched contents in
samples from the gneissic-migmatitic terranes and tin-bearing intrusive
granitoid.
The Gneissic-Migmatitic Terranes of Central Goias Massive, includs
granite-greenstone terranes with tonaiitic-trondhjemitic piutonic suites of
anchean ages (Danni et al., 1982) and gneisses and migmatites with
ages related to the early and late Proterozoic times.
The U-enriched granitoid in this domain is related to the early Proterozoic
belt, which is composed by gneisses with granodioritic compositions. The
Rb-Sr whole rock isochronic age of these rocks is 2,000 Ma. with Sr
initial ratio of 0,708. The U average contents in this unit is 12 ppm.
The Tin-bearing Se-rra da Mesa and Serra Dourada Granitoid presents
subvolcanic characteristics with fluorspars, blue-quartz and cassiterite.
In geochemical point view is characterized by high Rb, K and F and low
Sr (Drago et al., 1981). The emplacement of this body with granitic
composition was about 1,650 Ma. (Reis Neto, 1983) and the average of
Uranium contents is 22 ppm, and Th contents of 97 ppm.

2.4. B'orborema Pfovince

The granitic rocks of Borborema Province with high U-content are
related to the Nordestino and Presidente Juscelino Complexes.
The Nordestino complex is characterized by migmatites, gneisses,
granitoides, amphibolites, quartzites, schists, limestones and calc-
silicated rocks. The gneisses and granitoides with 700 Ma. has been
analysed for Uranium and the results have an average about 25 ppm.
The Presidente Juscelino Complex according Gava et al., {1383} is
composed by gneisses, migmatjtes, granitoids and uMrabasic rocks. The
granites have an age varying from 570 Ma. to 515 Ma. and Sr initial ratio
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within 0,720-0.70? interval. The Uranium contents for these granites
range from 16 to 38 ppm. the higher value is related to the granite with
higher Sr initial ratio about 0,720.

2.5. Socorro-Guaxupe Domain

The Socorro-Guaxupe Domain is located in the southern marginal zone
of the Sao Francisco Craton and comprises granulite-granite-gneissic-
migmatitic terranes overlying metavolcanosedrm intary sequences wNch
characterize a regional nappe structures (Campos Neto, 1985).
The Varginha Complex is located at Guaxupe Massif and includ high to
medium grade metamorphic terranes composed by acid to basic
granulites, migmatites, charnockitic gneisses and granitoids. The U-
enriched gneiss comprises garnet, cyanite, cordierite and sillimanite.
There are no ages very well defined for these rocks, but the best age
estimated is around 1,300 Ma.
The U-content measured for these gneisses is 14,2 ppm.
The Moiungaba granitoid complex is intrusive in the Socorro-Guaxupe
Nappe and it's composed mainly by biotke-granrtoids and diorites. This
massive can be separated in the pink granitoid suite, made up by
equigranular quartz monzonites and 3b-3a granitoids, and the grey suite
which is composed by 3b granites and granodiorites, the Porphyritic
granitoid suite, which comprises porphyritic quartz monzonites and 3a
and 3b granites (Vlach, 1985).
The ages of these differents suites range from 500 to 620 Ma. and the Sr
initial ratio are in general around 0,706 iVIach op.eit). The U contents of
the Morungaba granitoid is about 13 ppm.

2.6. The Late-Proterosoic Folded Belts

Several granitic bodies related to the tectonic evolution of the late-
Proterozoic Mobile Belts in Brazil, presents high contents of U. The are
associated to the Ribeira, Paraguai-Araguaia and Dom Feliciano Belts.

2.6.1. Ribeira Fold Belt

The Itinga, Itaobim and Noyo Cruzeiro Granitoids bodies are related to
the terminal stages of the Ribeira Fold Beit evolution during the late-
Proterozoic times. These granitoids are represented by biotite-granite
fi.id two-micas granodiorites with associated pegmatites. The main
mineralogical assemblages identified for these granitoids is composed by
microcline, plagioclase,quartz, tourmalines, apatites, zircons and
opaques. The geochemical characterization of the granitoids indicated a
calc-alkaline to alkaline character.
The geochronological studies on samples from the Itaobim, Novo
Cruzeiro and Itinga bodies suggested respectivelly the following ages
and Sr initial ratios: 626+-26Ma and 0,708; 505+-35 Ma. and 0,715;
540+-10 Ma. and 0,712 (Siga Junior, 1986). The high values of the Sr
initial ratios clearly indicate a crustal sources for these granitoids.
The U contents measured for the granitoids range from 13 to 18 ppm.

2.6.2. Dom Feliciano Belt

The Pedras Grandes Granitic suite occur in southern Brazil and it's
characterized by late to post tectonic magmatism of "I Caledonian type.
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This body have on age of 540 Ma. and Si initial ratio of 0,710 {Basei,
1385). The U contents of the massive is 13 ppm.

2.G.3. Paiaguai-Afaguaia Belt

The evolution of the Serra Negra granitoid is related to the final stages
of the development of the Paraguai-Araguaia belt during the late-
Pioterozoic time in the Central portion of Brazil. This body is composed
by granodiorites with microcline, pfagioclase, quartz, biotite, chlorite,
muscovite, clay-minerals and epidote. The age of this intrusion is 520
Ma. and Sr initial ratio of 0,705 (Pimentel et a!., 1385). The Uranium
contents in this granitoid and in the host-rocks near the contact are 15
ppm.

3. RELATIONSHIP AMONG U-ENRICHED GRANITOIDS AND THEIR
GEOLOGICAL CHARACTERISTICS

The results of U concentrations analyses of the U-enriched granitoids
were interpreted in relation to age, Sr initial ratios, Rb contents, tectonic
environment, lithologies and geochemical characteristics.
The correlation of the U-enriched granitoids and geological-time-bound
has been investigated through diagrams for U-content related to the
rock-formation ages which aie shown in Figures 3 and 4. These ages are
supported mainly by whole-rock Rb-Sr isochrons and subordinated
•zircons U-Pb concordies and whole rock Pb-Pb isochrons.
The histogram of the Figure 3 shows that the majority of the U-enriched
granitoids are related to the 2,200-1,800 Ma. time interval, but this
tendency is produced because most of the analysed samples belongs to
this epoch. On the other hand, in the Figure 4, it is possible to see the
frequence of the U distribution within each time-bound considered. It
can be observed that the frequence of U-anomalous granitoids is more
important in the 1,800-1,300 M a time interval.
This time-interval delineated here coincides with the ages of the world's
largest Uranium deposits, like the Cluff Lake, Rabbit Lake and Key Lake
deposits of Saskatchewan in Canada, the Ranger, Jacobiluka and
Nabarlek deposits of Australia and the large Lagoa Real deposit in Sao
Francisco Craton, Brazil, which yielded ages around 1,700-1,500 Ma,
similarly.
Figures 5 and 6 show the U-contents distribution related to different
granitic lithological groups. The histogram of the Figure 5 shows that the
U -enriched granitoids are mainly composed of granites "sensu strictu"
and alkaline granites. Figure 6 shows the proportions of U -enriched
granitoids related with each lithological group. It is also clearly indicated
that the granitoids with granitic compositions and the alkaline granites
presents higher U concentrations. In general the U-enriched alkaline
granitoids are mainly composed syenites and quartz-syenites and the
granites are constituted by biotite-hornblende granites.
In the diagram UxRb of Figure 7 is observed that the U concentrations
increase with Rb concentrations in general, which is normal considering
that the uranium and Rb have the similar geochemical cycle and are
concentrated by geological processes in the ciust.
According to Wilson and Akerblom (1980) there are two opposing
hypotheses about the genesis of U-enriched granites. The first one is
that U-enriched granites are generated by analexis process in upper
crust (Beckinsale et al., 1979J, and the other is that these granitoids
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Alves, Rio de La Plata and Sao Luiz Cratons (Figure 2).
The Amazonian Craton is.a very large unit limited by the Late Proterozoic
Paiaguay-Araguaia belt, this unit can be described as an Archean core
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have a much deeper origin (Simpson et al., 1379). These two types of
granitoids can be related to the 5 and I-type granites of Chappell and
White (1974). As we know, the S-type granites afe derived from
sedimentary sources and are considered as having been generated by
partial melting processes of the thickened crust and are characterized by
limited compositional range, depletion in Na and Ca and high Sr initial
ratios. The l-type granites are derived from igneous sources and in
general correspond to the calc-alkajine granitoids, and have a wide
compositional range and low 87s f /86g f initial ratios.
The U-enriched granitoids from Brazil show a wide range of Sr initial
ratios values from 0,700 to 0,727 as is observed in Figure 8. Thus, the
uranium concentrations on these granitoids are not deary correlated with
Sr initial ratios, and so clearly indicate that the primary Uranium
enrichment process are not related with the magma sources. In other
words the U-enrichment process is possible to be correlated with both
the I and S -types granitoids.
On the other hand, the U-enriched granitoids when pioted Sr initial ratios
against their rock-formation ages, indicate that the generation of
granitoids with initial **7s r /86s r ratios lower than 0,704 is mainly related
with period older than 2,0 Ga. The period younger, than 2,0 Ga. are
mainly represented by the granitoids with the higher Sr initial ratio
From the above considerations it is suggested that most of the U-
enrichment process in granitoids generated during the Early Proterozoie
and Late Archean. May be mainly related with mantle-derived material or
partial melting of deep crust. In turn most of the Li-enriched granitoids of
the Middle and Late Proterozoic may be derived by anatexis process,
when the continental crust has attained a large thickness.

4.S0ME GEOCHEMICAL CHARACTERISTICS OF THE U-ENRICHED

' . In order to characterise the relationship between Th
and U of the U-enriched granitoids .. samples from these bodies have been
ana!vied for these elements and in addition forZr and La. The results are listed
in Table 1.

_ In Table 2, presented below, are represented the
average of the U.. 1 h, Z.t and La contents in relation to the lithology of U-
enriched granitoid:

T A B L E . 2

ROCK/TYPE

Alkaline ring
Complex

Volcanic rock?

Mineralized
granites

AVERAGE
U Th

32.23 126.0

10.00 66 5

16 6 72.8

Zr

G43

270

327

CONTENTS fppmi
La Th/Cl '

21G

110

106

4.15

6.50

4.38

granites 1S.7 48.4 246 35 130
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TABLE (. : CHEMICAL ANALYSES FOR U-ENRICHED GRANITOIDS (RESULTS IN ppnw

1

I

! SAMPLE::

ROW
8 A
PA
BA
BA
8A
BA
F'T-
UO-

PBL
I PBL
j SD-
LL-
LL-
AZ-
WB-
JB-

4B
38A
38B
38C
38 D
39A
41
29
618

-1A
-1G
iS
634. 5
570
£94 . i
ISi.i
70A

I:P~4SL

IP-47H
SJ-BS

215AG-09

GT-Gi

6-13
PV-76-A

WT-iSA-g

Wt-26.i

PT-05-2

PT-59
PT-93
OS-52
PT-52
PT-43A
PT-04
PT-88-g
PT-89-1
PT-56
PT-04
PT-i7.£
J-78
J-80
PT-03

I
j ROCK/UNIT Th It La j U

I

Ac . Mo lean . 1'r ir i
Syen :i.fee/'Cara Su,7a

I Canama SHen its 1
Migmatite/Goiano
CPX
Granitoid/Nova Roma

I " j
j Granitoid/S.Dourada
I Granitoid/Nova Roma 1
1 I

Urteis/Goiano complex
(iricis/Bu.anainbi Cpx {
53 a it . Cam a ib a/
Granitoid
Grar .oid/Pfes.
J u s c. a 1 i n o C o in p I. e x

Gneisse/Nordf?st ino
Complex
Tra/Fonol-Fort aleza
Alkaline Cpx
Granitoid/Pres.
...luscelino Complex
Cansancag/Granit. •
Iqnitnb/valc . Ipo.iuca
Granitoid/South S.
Francisco Craton
Gneisses/South S.
Francisco Craton
Gran it /Costa
liar quer;
Snenite Canama
Rondon ian Gran it oid

Rondonian Basement
Rondanian Granit.

Teles Pirc»s Granit:
Kara S u ,j a S a e n i t G
Cara Suja Ssenite
Xingu Complex -
Granit

72
140

ii®
35
.1.20
87
320

11.0

110
97
140
49
76
58

22

t.t0
33

86

100

36
61

85

£2

33
110
83
72
50
46
95
56
44
S.7
76
59
130
64

66

490
410
510
260
65
540
510
470

220
170
240
190

120
410 |
320 •

120

73 ]
210

410 j

2280 1

370 i
140 J
i040|

I
480

330
860
420
S40
230
£90
140
630
480
330
230
380
510
660

90 }
140
260
81
+30
160
230
320

120 !
120
120

1" |
81
120 |
110 {
33 |

30
54

140 j

340 j

I I
! Th/U !

- i
130

110 !

44 I

|
370
120
82
80 |
140 j
i40
260
120
98
63 |
110 J
200

250 j

i50

10
22,5
33,1
26, S
22,4
24,3

15,0

16,8 j
94,0

13,6
27,3
£i,5
15.3
22,9
16,2
16,7

12

11
ii

34,5

14,6

38,1 |
15,0 j
10,1

10,1
27,0
17,3
14.8
16,5
14,1
27,7
15,0
15,0
10,9
18,0
10,7
25,5
i5,9

21,6

7,2
6,2
5,1
4,£
1,56
4,93
5.17
3,40

8,8?
8,08
4,02
4,51
9,15
2,13
7,45
3, 47

1,8

0,6
3,0

6,84

3.14
2,4

6,0

5.4

2,0
3, 26
4, 07
4,79
4 .86
3,03
3,26
3,4
3,7
2,9
2,5
5,84
5,8
4,4
4,0

3,0

v I.
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beits, and exhibit lithological association which comprises mainly granitic-
gneissic-mkjmatic terranes. In some areas occur strong late-Proterozoic
granitizations events overprint. In others regions occur granite-
greenstone terranes, and basic to ultrabasic rocks with high grade
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evolution and it's comprises phorpyro-granitoids, microgranite, granites,
rapakivi granites, and granophyre. The main miner alogical assemblages
includs quartz, oithoclases with perthites, plagioclases subordinates,
biotites, titanites and fluorspars.
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t
mtrrgneissic aspects, in general these rocks

presents medium coarse and are composed mainly by quartz alcali-
feldspars, piagioclases and subordinated hornblende and biotite
The Rb-Sr whole-rock isochronic age for these granitoids is 2100 Ma
with Sr initial ratio of 0,704. The K-Ar results on btotites from the

1 1

i

f*.J

Migmattfes

20.7

129

62.2

57.5

:H8

102

95

53

3.50

4 62

From Table 2 it is clear that there are differences
between the rock-type of U-anomalous granitoids, in abundances of elements
and in Th/U ratios.This behaviour is regarde as a consequence of primary
magmatic processes related to the rock-formation episodes.

The alkaline ring complex contain high Th/U ratios, and
high levels of U, Th,Zr and La.

Very interesting point are the geochemical differences
between the mineralized granites and commom granites. The tin-bearing granites
and granites with gold mineralization related to the quartz-veins deposits,
presents Th/U ratios of 4.38, wilst the non-mineralized granites have low Th/U
ratio, about 2.90. The U, £r and La contents of these post-tectonic granitesare
similar, the differences are related to the Th content, which for the mineralized
granites is about 73 ppm, for the others granites is around 50 ppm.

The studied U-enriched acid volcanic rocks generally
contain
high Th/U value of 6.5, and about 10 ppm U, 66.5 ppm Th, 270 ppmZr and
110 ppm La.

For comparison, in the Table 3 are presented some
geochernical characteristics of the non (J-enriched granitoids.

TABLE 3: Whole rock analyses for selected samples representing the
Non U-enriched granitoids

SAMPL U Th La Th/U

AS4
A 129
A 22
A3201
A S3
AF.H
A 153
A 239
A12A
A17A
A 93B
A16'

2.1
4 3
4.3
6.7
5.5
21
1.8
2.6
3.6
4.7
2.6
4.5

14
10
13
27
24
17
12
10
10
15
14
10

34
360
140
310

110
470
170
290
270
190
140
120

30.
110
60
94
31
120
61
44
62
38
73
30

6.66
2 32
2.65
4.35
4.36
8.50
6.66
3.97
2.96
4.7
5.38
1.90

From Table 2 and Table 3 can be observed that there
are strong differences between U-enriched granitoids and normal granitoids in
the abundance of Th, Zr and La elements. In general the Non U-enriched
granitoids are relatively poor in Th,Zr and La, but the difference of the THAI
ratios between the two types of granitoids it is not very clear, because, in these
rocks the Th and U tend to exhibit the same geochernica! behaviour, although in
both cases the Th/U ratios vary within a range from 2.0 to 9.0.

The variation diagram for Th ys U (Figure 10) show
how U and Th varied together with rractionation .. exhibiting relatively simple

1

i i



intrusive within the metassediments of the Serra da Jacobina
metamorphic belt and presents tectonic contacts. It's composed by
alkaline-granites, micaceous granodiorites, adamelites and subordinated
quartz-njonzonites. pegmatites and two micas granites. The main
mineralagtcal assemblages is constituted by quartz, microcline.

t
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silicated rocks. The gneisses and granitoides with 700 Ma. has been
analysed for Uranium and the results have an average about 25 ppm
The Presidente Juscekno Complex according Gava et ai {1983) is
composed by gneisses, migmatjtes, granitoids and ukrabasic rocks The
granites have an age varying from 570 Ma. to 515 Ma. and Sr initial ratio

1 •?

fiends, where the Th concentrations increase with U contents. This
characteristic is also observed in the variation diagram for Zr vs U ( Figure 11},
although less evident.

In the variation diagram for La vs U f Figure 12 ) there
are no good correlation of the La and U contents with fractionation, but it is
possible to observe that the alkaline rocks presents higher La contents, when
compared with others kinds of U -enriched granitoids.

i
v-

5. CONCLUSIONS

This work characterizes and describes the U-enriched granitoids in
Brazil. They occur in a variety of tectonic environments, are represented
by a variety of granite types and distinct ages. In general they have
been generated by partial melting process of continental crust., but some
of them, with tonalitic compositions, were generated through important
contribution of mantle-derived material, which may suggest primary
Uranium enrichment from the upper mantle.
In addition the reseaich provides the most common characteristics of the
brazilian uranium-enriched granitoids, which are very useful for
identification of Uranium. Provinces and perhaps Uranium-mineralizations,
although the Uranium-mineralizations are not directly related to the
primary uranium enrichment process.
In general the U-anomalous granitoids are composed of granites with
alkaline composition and granite "sensu strictu" which comprises mainly
syenites, quartz-syenites and biotite-hornblende-granites, with ages
between 1,800-1,300 Ma. The U-anomalous granitoids belonging to this
period present high Sr initial ratios values, above 0,706, and high Rb
contents.
Most of the U-enriched granitoids occur within ancient cratonic areas, or
within Early to Mid-Prpterozoic mobile belts, but after their cratonization.
Generally these granitoids are related to the border zones of the mobile
belts or deep crustal discontinuity.
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2.6.2. Dom Feliciano Belt

The Pedras Grandes Granitic suite occur in southern Brazil and it's
characterized by late to post tectonic magmatism of "I Caledonian type.
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concentrated by geological processes m the crust.
According to Wilson and Akerblom {1380) there are two opposing
hypotheses about the genesis of U-enriched granites. The first one is
that U-enriched granites are generated by anatexis process in upper
crust (Beckinsate et a!., 1973), and the other is that these granitoids
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