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1.

INTRODUCTION

(a) Geography
Brazil occupies an area of about 8.5 million square kilometers -almost half of the South American continent. The dominant geographic
feature is the Amazon basin. The Amazon River and its more than 200
tributaries drain about 60 percent of the country. The basin is a vast
tropical rain forest, whereas the remainder of Brazil is made up predominantly of highlands. The Central Highlands, which extends into the
Amazon basin, occupies nearly all of southern Brazil and includes major
mountain chains such as the Serra do Mar, Serra da Mantiqueira, and
Serra do Espinhago. The Guiana Highlands fringe the northern Amazon
basin and extend into Venezuela, Guyana, Surinam, and French Guiana.
Lowland areas other than the Amazon basin are found in western Mato Grosso,
and along the Atlantic coast from French Guiana to Uruguay.
(b) Climate
Fairly high temperatures and humidity with heavy rainfall are
characteristic of northern, central, and coastal Brazil. Moderate temperatures, humidity, and rainfall prevail in the southern uplands. The
interior of northeast Brazil is subject to variable rainfall, with floods
and droughts equally common.
(c) Access
Brazil has about 1.2 million km of roads, many of which are unimproved.
Sixty percent of the roads are in the south and southeast. Major highways
extend between Brasilia and Belem, between Jo'ao Pessoa and the Peruvian
border, between Cuiaba* and Santarem, and between Brasilia and Po*rto Velho
through Manaus to Venezuela. Transportation between the coastal areas
and the interior has been hampered for many years becau e of the expense
and difficulty of constructing roads and railroads across the rugged
eastern Central Highlands.
There are about 33,000 km of railroad track, largely in the south
and southeast; five different gauges are used. Air transportation
between major cities is good but many of the 2,000 landing strips in the
country can handle only small planes. There are over 32,000 km of inland
waterways, with the Parana and Paraguay Rivers accounting for most of the
commerce.
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GEOLOGY IN RELATION TO POTENTIALLY FAVORABLE
URANIUM-BEARING AREAS

The geology of Brazil is dominated structurally and areally by three
major shields composed of crystalline rocks of Archean and Proterozoic
age. Collectively they comprise the Brazilian complex which is probably
the largest Precambrian outcrop in the world. The complex is made up of
gneisses, granites, mica schists, quartzites, dolomites, skarns, diorites,
itabirites and gabbros, many of which are deeply metamorphosed. Faults,
quartz veins, and dikes are common. Recurrent granitization has occurred
from-the Precambrian to Late Tertiary.
Archean Rocks

'

Archean rocks occupy about half the area of Brazil.
Fold axes in the Archean trend primarily in a nortb-northeast direction
and secondarily to the northwest. Both of these axes were rejuvenated
during Algonkian to Jurassic time. Post-Archean erosion and crustal
settling have accounted for marine transgressions over .southern Goias,
southwestern Mato Grosso into Bolivia, northeastern Minas Gerais, and
Bahia, with resulting Froterozoic deposition of chiefly silica, kaolin,
and iron oxide.
•
Some of the area identified as Archean on the geologic map of Brazil,
may in fact be Proterozoic.
Proterozoic Rocks
The Proterozoic metamorphic series unconformably overlies the Archean.
The largest Proterozoic section is the Minas Series of the state of Minas
Gerais. The formations are important for uranium exploration for uraniferous metaconglomerates (Minas Series, Jacobina Series); uraniferous
pegmatites which number in the thousands (Minaa Series, C&avi Series);
and source rocks for associated sediments of later periods, fhe; Minas
Series is subdivided into four groups: Tamandua, Caraga, Itabira, and
Piracicaba. Of these the Caraga has been the more important exploration
target, with conglomerate and vein uranium mineralization in the Moeda
Formation.
The Proterozoic is divided by an unconformity into two main series
separated by a period of diastrophlsm which intensely folded and metamorphosed the Minas Series. At the end of the Proterozoic there was a
new elevation of the shield which resulted in further folding and
metamorphism.
During the Froterozoic the Brazilian shield was subjected to great
marine transgressions. The Itacolomi Series which overlies the Minas
Series has some continental facies but is predominantly marine.

off

Alkalic Rocks
Brazil is noted for its alkalic rock complexes and their importance
to uranium exploration has been well documented. In southern Brazil five
separate groups of alkalic rocks are distinguishable on the basis of age
and relationship to epeirogenesis and volcanism. The best known for
ia
uranium is the Pocos de Caldas occurrence in the Minas Gerais-Goiis Belt.
r'
'N
Next in importance is the Araxa occurrence which contains uranium in
association with pyrochlore and apatite. Other alkalic intrusions, such
^S/v'
JD-as Salitre and Tapira, have been prospected for uranium but with disap§S**^ Cs *jr* pointing results.
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The alkalic rocks are composed of volcanics, as at Lages, Santa
Catarina; mixed facies, as at Pocos de Caldas, Itatiaia and Cabo Frio;
and plutonic rocks, as at Sa^o Sebastia'o. The plutonic rocks were accompanied by contemporaneous or penecontemporaneous effusions, and the
apparent distinctions are related to the present depths of erosion.
The carbonatites of Brazil are related spatially and geochemically
to alkalic magmas. They are comprised of two varieties that differ in
accessory mineral assemblages: the apatite-magnetite and the rare-earth
variety; there are gradational varieties as well.
Some carbonatites in the Minas-Goias Belt represent important reserves
of uranium and thorium. The pyrochlore deposit at Araxa" is the most
important of these.
Sedimentary Basins
Three enormous sedimentary basins contain the bulk of the sedimentary
sequences of Paleozoic age. These are the Amazon, Parana, and PiayiMaranha'o basins. The largest is the Amazon basin which occupies the great
Andean trough and the hinge line between the Brazilian and Guianian shields,
One of the most important for uranium exploration, the Parana basin occupies a similar position between the Brazilian and Uruguayan shields. The
Piaui-MaranKao basin occupies a geosynclinal area in the northeast.
The major basins are large and shallow. Crystalline masses within
these basins are old land masses in a stage of near peneplanation.
The small sedimentary basins of the northern and eastern margins of
Brazil are largely Cretaceous. The Propria geosyncline extends from the
Sergipe basin to the Tucano basin. It is assumed to extend under, the
Atlantic shelf in the north and to the Sao Francisco River in the south. '
Much exploration for uranium has been undertaken in the Cretaceous basins
in this geosyncline. Itabaiana, Sergipe and Tucano, Bahia have been the
most important target areas. Both of these basins are in Cretaceous
grabens located along a structural horst of Precambrian rocks.

- 4 Paleozoic Rocks
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Paleozoic erosion remnants are often expressed in bold relief -mountain ranges, knobs, and isolated peaks. Many of_these_sediments are
deeply metamorphose^ The rock types vary from(^h£les to quartz itesfjT}
with Che xacter otten forming the ridges. Faulting h^¥~THrirse~¥orae oiE
these sediments into underlying granites and gneisses.
Cambrian arkoses are found in Minas Gerais and Bahia. Additional
Cambrian sediments, the Uatunia Series and Corumba Series, are found in
Amazonas and Mato Grosso, respectively. The Uatuml' is a fine-grained
arkosic sandstone and indurated clay sequence found in the lower Amazon
Valley, the Tapajos basin, and the Tocantins basin.
The Cambrian-Ordovician Camarinha Formation of Parana is composed of
siltites with interbedded conglomeratic lenses and occasionally arkosic
clays. The conglomerates are in the upper part of the formation and
comprise a sequence about 2,000 meters thick.
The Silurian is believed to be present only in the Amazon basin,
north of the river in Amazonas and Para', and is represented there by
indurated sandstones and quartzites with interbedded shales.
Devonian sandstones and shales, largely marine, are present in all
three great basins: Parana, Amazon, and Piaui-MaranKa'o. The Devonian
in the Amazon basin is chiefly composed of white and yellow sandstones,
and black to reddish shales with local conglomerates. In Parana* and
southern Sao Paulo the Devonian overlies the Precambrian Brazilian complex
and dips to the west beneath the Permian; whereas, in Mato Grosso it dips
eastward. In Bahia, the Devonian is represented by the Cobodo Shales.
Mississippian sediments are known only from the Maranhao where they
are relatively thin. The Upper Carboniferous is exposed along the lower
Tapaj6s River in Para" and, north of the Amazon River, along the Uatumf,
Jamundo>and Trombetas Rivers. The rocks are chiefly marine limestones,
shales, and sandstones. Pennsylvania!! rocks are widespread in all three
basins.
The Permian covers large areas of MaranHa*o, Piau£, Cear/, Bahia,
Goias, Minas Gerais, Sab Paulo, Parana", Santa Catarina, Rio Grande do
Sul, and Mato Grosso. In general the rocks are sandstones, shales, and
limestones of continental fresh to brackish-water environments..The
Serra Grande Formation, widespread in the north, is continental.
Mesozoic Rocks

,......'.

The Mesozoic is marked by continental disturbances interspersed with
spasmodic volcanism, particularly in Jurassic and Cretaceous Sloe. The
Triassic is represented by continental sedimentation. The Santa Maria

- 5Formation of Early Triassic age overlies the Permian and underlies the
Middle Triassic Botucatu Sandstone, a widespread reddish, primarily
eolian sandstone.
The Botucatvf is intruded by numerous dikes, sills, and
laccoliths and overlain by widespread lava flows comparable to those of
the Deccan and Columbia Plateaus. Arkosic sandstones of the Roraima
Formation along the Rio Branco River near the Venezuelan border are
believed to be Triassic.
The Jurassic period is largely represented by diabase intrusives and
lava flows. In the south these flows cover wide areas. Two formations
are recognized in south-central Brazil: the Uberaba and the Caiua. The
Uberaba in Minas Gerais is composed of pyroclastics, tuffs, and agglomerates occasionally interbedded with sands. The Triassic and Jurassic
are considered to have been the main periods of alkaline intrusive activity.
The Cretaceous is found along the coasts of Bahia, Sergipe, Paraiba,
and Pernambuco, and also in Sao Paulo, Paranl, Santa Catarina, and Rio
Grande do Sul. The flat-lying Araripe Series of red sandstones, brackishwater limestones and marls, red sandstones containing silicified wood
and interbedded with bituminous shales, and conglomeratic sandstone
constitutes the Cretaceous in Ceara. The Gramame hosts the phosphate
deposits of the northeast coast of Pernambuco to Paraiba. The Serra
Grande, western Ceara, is composed of calcareous sandstones, cavernous
limestones, and conglomerates.
Tertiary Rocks
The Tertiary covers most of the Central Valley of the Amazon and laps
onto the Andean foothills. It is also found in Acre, where the deposits
are continental, and in Atnazonas where they are brackish-water deposits.
Throughout the rest of the northern states the Tertiary is considered to
be marine. In Rio de Janeiro, Sa'o Paulo, and Bahia there are Tertiary
lake deposits characterized by coal measures, bituminous shales, and
tillites. In Pernambuco, the Paleocene Maria Forinha Formation (limestone)
overlies the phosphatic Cretaceous Gramame Formation and underlies the
continental Pliocene Barreiras Formation which consists chiefly of argillaceous sands with clays and local cobbles.
3.

PAST EXPLORATION

Exploration for uranium in Brazil began in 1952 as a joint reconnaissance effort involving Brazilian geologists and U. S. Geological
Survey geologists under a program sponsored by the U. S. Atomic Energy
Commission. The program lasted until 1960. The joint U. S.-Brazilian
effort resulted in numerous discoveries, the most notable of which was
the disclosure of pyrochlore at Araxa and of uranium in the Serra de
Jacobina in central Bahia.

- 6Work at Araxa continued in 1954 with aerial reconnaissance. Between
1954 and 1960 considerable sampling and analysis of the phosphate and
pyrochlore bearing rock was accomplished. In 1967-68 radiometric and
geochemical surveys were made of other chimney-like deposits in the area.
Between 1954 and 1956 reconnaissance was conducted in the southern
Brazilian states of Rio de Janeiro, sSo Paulo, Parana", Santa Catarina,
and Rio Grande do Sul over a traverse covering more than 5,000 km. Occurrences of uranium were reported in pegmatites near Niteroi in Rio de
Janeiro state; in limonite-stained sandstone of the Rio do Rasto Group
at Passo des Tropas south of Santa Maria in Rio Grande do Sul; and in
altered alkalic dike rock in the Rio do Rasto Group near Lages in Santa
Catarina; but these were all considered to be of minor importance.
In 1962 a new exploration campaign was undertaken with the cooperation of the C.E.A. of France. The French remained in Brazil until 1966
when the program was nationalized under the auspices of the Comissao
Nacional de Energia Nuclear (CNEN). (see attached page 6 A ) .
The Minerals Research Company (CPRM) has carried out a systematic . >
subsurface program for CNEN, concentrating on the Pocos de Caldas Plateau,
Bahia's sedimentary basins, the Piauf-Marantia'o basin and in Parana".
By 1974,108,650 meters of hole had been drilled and radiometrically
logged.
In 1974 NUCLEBRAS was established and made responsible for exploration, mining, and milling of uranium.
In 1975 the German Federal Republic made a government-to-government
agreement with Brazil for collaboration in nuclear technology. NUCLEBRAS
entered into an agreement with the German exploration company, Urahgesellschaft, to form a joint company, NUCLAM, to undertake exploration,
mining, and milling of uranium within the areas of their concessions.
Brazil also entered into an agreement with Canada for geophysical
exploration, beginning in 1975. The agreement called for multi-channel
spec trome try and aeromagne tome try of a large area in the border of Pare,
Maranhao and Center of Goias States.
A number of other areas have been explored but with essentially
unfavorable results, as follows:
Exploration in the Tucano basin, Bahia, was encouraged by
discovery in 1957 of radioactivity in pieces of core drilled by Petrobras.
Subsequent investigation disclosed other occurrences in the basin but
none of these has resulted in an exploitable deposit.
Interest In the Piaui-Maranhao basin was focused on marginal
marine sandstones of the Devonian Pimenteiras Formation which contains
uranium in association with phosphatic beds in which autunite is present.

(6A)

The vrork was concentrated in the
Jacobina Pre Cambrian auriferous conglomerates, the crefaceous sediments
and the alkaline intrusions in the south east. Good uranium indications
were found at the Jatoba* and XaranhsJo basins plus in P C Q O S de Caldas
alkaline volcanics. Prom 1966 to 1970 the uranium exploration work was
conducted by the Brazilian Atomic Sner^ry Cocunissicn (CNSK) alone, and the
systematic evaluation of the entire country potential bestan. Lar^e
airborne surveys were sub-contracted, carborne radiocctric reconnaissance
of remote areas were undertaken and drillir.,^ contracts signed. This phase
eliminated several areas indicated as interesting by previous work.
Uranium not associated with iirconiusi ore was found in Poccs de Caldas and
subsequent drilling proved the existence of approximately 7CC tons of 0.2;'
U,Og close to the surface.
In mid-1971 a congressional law was approved channelizing to uranium
exploration Kbof the country's taxes on oil and natural gas. Now with a
"budget of approximately 6.5 million dollars, the C13N could undertake
projects of larger magnitude, for exsnrple, over 3CC.0C0 linear KB. of
airborne surveys. At the saae time, it v.-as created the CPKH - Corcpanhia
de Pef»cuic>a de Recursos V:inerais> an exploration government company. Frcs
197Pito 1975 all the field and laboratory actiivities in urardv.-. exTiioraxicr.
were eub-ccntracted wixh CFHII. IXirine this period additional reserves were
found in Pocos de Caldas (8,COO tens U3C5) and a new discovery was cade in
the Pern:o-Carboniferous sediments of Parana" basin (2,COO tors U-<Cs).
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Anomalies in the Jatoba basin, Pernambuco, are related to
ferruginous phosphatic cement in the Lajes sandstone of the Devonian
Inaja* Formation. More than 300 radiometric anomalies have been found
near Petrolandia and Inaja', but exploration was terminated for lack of
commercial concentrations of uranium.
From 1957 to 1960 reconnaissance for uranium was carried out
in the Quadrilatero Ferrifero, resulting in the discovery of autunite
in fissures in granite. Later some 100 radioactive anomalies were
detected, mostly in pyritiferous conglomerate at the base of the Moeda
Formation. Drilling in early 1972 revealed three radioactive levels,
one containing uraninite mineralization averaging 0.13 percent U~0_.
Since 1972 the CNEN has been exploring the Serido geosyncline
at the juncture of the states of Ceara, Rio Grande do Norte, Paralba,
and Pernambuco.
In 1967 a large number of radioactive occurrences were located
over an area of 2,000 square kilometers peripheral to the city of Bambui
in Minas Gerais. Thorium assays of 1 to 3 percent Th02 have been obtained,
but uranium averages only about 0.025 percent U3O8.
Although the occurrences explored since 1960 number in the thousands,
only two areas with economic potential have been found to date, namely
at Pocos de Caldas in the state of Minas Gerais and at Figueira in Parana'
northwest of Curitiba.
4.

URANIUM OCCURRENCES AND RESOURCES

Uranium deposits and occurrences in Brazil are localized in numerous
diverse and widely scattered settings.
The
reported
(1973).
measured

known and estimated economic reserves and resources have been
by Andrade Ramos and Fraenkel (1974) and by Maciel and Cruz
The known reserves are at Pocos de Caldas and Figueira:
-- 5,940 tons U3O8; inferred -- 5,400 tons U3O8.

Pocos de Caldas
Radioactivity at Pogos de Caldas was first detected in 1949. In 1952
detailed aerial scintillometry, mapping, and surveying was begun. In 1960
construction of a processing plant was begun but ceased in 1961 when
extraction of uranium from caldasite proved economically unfeasible.
In 1962 systematic exploration for more easi l/vextract^b le material was
begun, culminating in 1965 in discovery of >^^b^y^nSraniuia occurrence"1!^"
In 1970 a second deposit of recoverable ore was discovered.
In the Agostinho deposit 1,100 tons of U30g have been measured and
an additional 2,400 tons inferred at an assumed price of between $10 and
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- 8 $15 per pound t^Og. At the Cercado deposit in this same area reserves
of 2,840 tons of l^Og have been measured and an additional 3,000 tons
inferred at costs up to $10 per pound U-jOg. At Agostinho uranium is
disseminated in altered tingualte breccia and in subvertical veins averaging 2.5 meters across, along the contact with foyaite. The associations are pyrite, fluorite, molybdenum, and thorium. High concentrations
of pitchblende, coffinite, autunite, and torbernite are found in enrichment
structures.
In the zones of higher uranium concentrations at Cercado, uranium
is present in amounts up to 1 percent U30g in association with molybdenum
minerals, fluorite, and pyrite in altered-tinguaite. Mineralization
appears to be due to the effects of hydro thermal ""*Jra""vrph'f am and •tirm-th- C>-v-^-v l< <
cmtmf, which has caused partial destruction of zirconium-bearing minerals
and release of uranium.
'
Figueira
., At Figueira in Parana, a preliminary estimate of 2,000 tons tlgOg has
been made in sandstone averaging 0.2 percent U360.
The Parana" basin has been explored since 1956. From 1969 on, activity was concentrated in the Rio de Peixe basill, including drilling, which
confirmed the area's potential for economic concentrations of uranium In
the Figueina area.
Uranium occurs in the Carboniferous coal-bearing Rio Bonito Formation
which is composed of sandstones, clay, and carbonaceous shal*. The unit
varies in thickness from 15-30 meters, and is a very fine to medium
coarse conglomeratic sandstone with intercalations of arkose, siltstone,
coal, shale, and limestone. Theenvironment °f deposition was fluvial,
floodplain, and coastal swamp. i H M n s the principal ore constituent, associated with pyrite. The deposit averages 0.2-0,.5 percent
Ifydg in the channels but the grade drops off outside the channels to
as low as 0,02 percent.
Other Deposits
At Araxa, Minas Gerais, uranium ore reserves associated with niobium
mineralization (chiefly pyrochlore) have been reported to be 3,000 tons
u*30g measured, 30,000 tons l^Og indicated, and 90,000 tons U3O8 inferred,
at an average concentration of 0.01 percent U3O3. Associated phosphate
(apatite) contains an indicated reserve of 9,000 tons l^Og at 0.01
percent U30g. Beneficiation studies indicate no potential for exploitation of uranium as a by-product of pyrochlore production because of
the low worldwide demand for niobium; however, uranium recovery from
phosphate processing is considered feasible.
The sedimentary phosphorite deposit at Olinda, in Pernambuco,
contains 5,450 tons of measured U3O8 and a similar amount of indicated
uranium. Total possible uranium reserves in the entire phosphorite

- 9 belt between Pernambuco and Paraiba are estimated to be 44,000 tons U3O0.
Possible uranium output based on phosphate production in 1973 was estimated to be only 17 tons l^Og annually. The uranium content is 0.020.036 percent U3O8.
One of the promising areas for uranium is the Serido region in
northeastern Brazil, largeTg/ in Para£ba and Rio Grande do Norte. The
mineralization here consists of uraninite, uranothorianite, and autunite
in Precambrian veins with silver and base metals. Some high uranium
values are associated with reddish granite and pegmatoid granites. The
contact between schist and granite is also commonly the site of uranium
mineralization, particularly where fracturing is intense. The Serido
area has been of especial interest because of its similarity to Rossing
in South West Africa.
Exploration in the Territory of Roraima in extreme northern Brazil,
adjoining Venezuela and the Guianas, has reportedly been directed at
two principal targets: a conglomeratic sequence and volcanics, with
volcanics the prime target. The Cretaceous Roraima Group consists
primarily of acidic volcanic extrusives. The volcanics are folded and
intruded by granite stocks, and are overlain by limonitic micaceous
sandstones interbedded with clays, conglomerates, and stratified basic
volcanics.
The metaconglomerates in the Minas Series near Belo Horizonte in
Minas Gerais and its correlatives have been the object of extensive
exploration. Much has been written about these deposits because of their
similarities to the Blind River, Canada, and Witwatersrand, South Africa
deposits. Over 100 anomalies have been identified in the area, a great
number in the Moeda Formation (1.8 b.y.) of the Caraga Group of the
Precambrian Minas Series. The most significant were associated with
fluvial, pyritic conglomerates at the base of the Moeda. The principal
mineral is uraninite, but torbernite and metatorbernite have also been
identified, associated with thorium and gold. Gold values appear to run
about 0.5 grams/ton and are not high enough to greatly affect the
economics. Although a maximum grade of 0.5 percent l^Og has been determined, uranium mineralization is generally low grade and discontinuous.
Preliminary calculations give the reserves at 5,000 tons of l^Og with an
average grade of 200 ppm.
Jacobina is another of the uranium- and gold-bearing pebble conglomerate deposits. Conglomerate forms lenses in the Serra do Corrego
Formation, 2,000 meters thick. The Serra de Jacobina is a long narrow
fault block, and the conglomerates are discontinuous throughout its
length. The uranium- and gold-bearing beds range up to 1 meter in thickness and are separated by quartzites. They contain between 0.25 and
0.45 ounces of gold per ton and 0.02 to 0.04 percent UoOg. No tonnage
estimates are available.

- 10 Uranium occurrences in the Sergipe and Tucano basins are low grade
and discontinuous. Both are Cretaceous basins within the Propria
geosyncline which lies within the states of Sergipe and Bahia. The Tucano
basin, Bahia, has been explored extensively, but no economic uranium
deposits have been discovered to date. The three main mineralized horizons have average grades of 100-500 ppm uranium.
The Caldense plateau, on which Pogos de Caldas is situated, is the
most important uranium district identified to date in Brazil. Uranium
is always associated with zirconium. Uranium is found in the caldasite,
the zirconium ore, and is also disseminated in the foyaite country rock
which has sustained intense alteration.
Uranium and thorium are associated with pyrochlore and apatite in
a large carbonatlte chimney at Araxa", north of the Pocoa de Caldas plateau.
The deposit averages 3 percent niobium pentoxide of which 300 million tons
are accessible. The chimney has the appearance of a dome with a relief
of from 200-500 meters. It is roughly circular with a diameter of 4.7 ion.
The apatite of Arax£ has long been a source of phosphate, and some uranium
has been recovered from this material. Overall the deposit is said to
;
contain 0.01 to 0.017 percent
The alkaiic rock district of Jacupiranga in Santa Catarina also
contains1 pyrochlore and-apatite and is not unlike Araxa* except that the
apatite content is greater. The alkaline chimneys of Solitre and Tapira
in the Minas-Cola's Belt contain uranium in perbvskite. In the lake
region of the Salitre the apatite-carbonatite is extremely radioactive.
In-1976 the Gia Vale do Rio Doce (CVRD) began developing the phosphate
deposits of Tapira and will be producing 1 million tons of concentrate
per year. Presumably the uranium will be extracted as a by-product.
5.

PRESENT STATUS OF EXPLORATION

',,'..

';

As of 1975 exploration was active in Roraima, Ceara, Rio Grande do
Norte, ParaCba, Pernambuco, Goia"s, Bahia, Minas Gerais, SSo Paulo,
Parana", Santa Catarina, and Rio Grande do Sul. The Ministry of Mines
and Energy announced in late 1975 that two large deposits had been
located at Amorinopolis and Campo Bello in Goi£s.
In general, by 1975 about 12 percent of the country had been covered
by airborne and surface radiometric surveys.
More recently, exploration in Roraima has been of considerable
interest but details are not publicized. Geophysical reconnaissance has
detected anomalous uranium and thorium near the borders of Venezuela and
Surinam.
The annual expenditure for exploration by NUCLEBRAS is on the order
of $10 million.

- 11 6.

AREAS FAVORABLE FOR URANIUM MINERALIZATION

The Archean and Proterozoie rocks of the Brazilian shield are
composed of gneisses, granites, schists, quartzites, and other metamorphic rocks that are the host and possibly the source for many uranium
deposits. Most occurrences found to date are small and uneconomic but
the vastness of the shield and the diversity of deposits in it suggest
that economic mineralized districts will eventually be delineated.
Guimares (1956) has defined on the basis of Archean dynamics a belt
of uranium favorability beginning in the northeast of Brazil in the
pegmatite region and extending into Bahia and Minas as far as the basin
of Rio Doce. The belt reappears at Sao Joao del Rey, Minas Gerais and
reaches Popos de Caldas, then takes a northern direction through the
Araxa area and extends into Goi^ts.
Proterozoic Rocks
The Proterozoic of Brazil is widely distributed and results to date
indicate that it may be favorable for deposits in metasediments and
conglomerates. The Moeda Conglomerate in the Quadrilatero Ferriferq,
Minas Gerais, and the Cear^ Series in the Serido geosyncline of northeast
Brazil are the best known examples of such deposits. Conglomerates are
widely developed around the S3o Francisco Craton, an extensive stable
area in central-east Brazil, and the geosyncline in which they are formed
may be favorable. The Cavalcante-Tocantins mining district may be
similarly favorable. It is about 350 km northeast of Goiania and lies
in a belt of north-south trending Algonkian rocks, resting on a basement
of weathered mica schists.
Alkalic Complexes
The alkalic rock complexes are favorable for uranium deposits and
may have served as source rocks for uranium in adjacent sediments. Of
next importance to the Pogos de Caldas and Araxa areas -?s the alkalic
belt of the Tunas Group which extends from Sao Paulo through Parana! to
Santa Catarina and consists of quartz syenite, syenodiorite, and related
rocks. The rocks are less ultramafic than at Jacupiranga and, hence,
possibly more favorable for uranium. Also of possible interest is the
group of alkalic rocks in the states of Rio de Janeiro and SUo Paulo
that includes the second largest alkalic complex in the world, the
Itatiaia complex, consisting of a variety of rock types dominated by
nepheline syenite and pulaskite with much volcanic breccia. The area
deserves much more detailed study which must take into account the high
degree of weathering and the vegetative cover that make exploration
difficult. Ipanema, a shonkinite porphyry, one of the world's largest
alkalic complexes, and highly enriched in K2O with a high alkali/alumina
ratio, may also warrant study for its uranium potential.

- 12 Sedimentary Basins
Consideration of favorability of the sedimentary or metasedimentary
terrane is governed by the interrelationship of the sedimentary basins
of Brazil to the Precambrian shields. The Brazilian Precambrian cratonic
areas are believed to have formed by a process of accretion which began !
at least 2.7 b.y. ago. These cratonic areas are surrounded by four
"'::o
sedimentary basins that occupy hinge lines between the shields, somewhat
as in Africa and Australia. Hampel (1976) concludes that there should
be a likelihood of finding in Brazil a similar sequence of uraniumbearing hosts as in Africa and Australia, i.e., pegmatites, veins,
Froterozoic conglomerates, Proterozoic unconformity-related deposits,
and-fluvial-deltaic sediments; and also that there is a possibility of
as yet unknown environments resulting from differences in geology and
in weathering phenomena.
The Amazon sedimentary basin has not been prospected for uranium
except in a cursory fashion. To date it is known that the shales of the
Devonian Curua Formation have 2 to 3 times background as does the Alto
do CHa'o Tertiary sandstone. The little-explored Tertiary lignites of
western Amazonas are widespread over an enormous area along the Peruvian
border.
The Acre Territory is largely covered by Tertiary sediments, mostly
fluvial sands and clays.
The Piauit-Maranhao basin has been the subject of an extensile, but
disappointing drilling program. The Longa Shale (late Devonian) has
yielded a uranium value of 0.01 percent U3O8 from two different
250 km along strike. The Piau{ Shale (late Carboniferous) was
near Natal and gave a value of 0.03 percent
The areas most propitious for uranium in the Parana basin are those
around the periphery where the Permo-Carboniferous sediments are in
contact with the basement complex. The southeast part of the basin has
yielded the most favorable prospects, particularly in the Rio do Peixe
coal region' where there is an important occurrence of uranium at Figueira.
Although the basin is the most important, geologically, for uranium
exploration, it is almost 80 percent covered by Cretaceous basaltic flows
and deposits of Recent sediments.
The Late Carboniferous Itarare' Formation in the Parana basin contains
reworked basement materials with higher uranium content than the average
for the complex. There are indications of a deltaic region to the northnorthwest of the area, and the whole sequence has been likened by Saad
(1974) to the uraniums-rich Arlit region in Niger.
Another Interesting and possibly favorable area in the Parana' basin
is that of the sub-basin of Cerro Partido; Encruzilhada do Sul in Rio
Grande. This small Paleozoic basin was carved into the Precambrian

- 13 granite compleK. The sediments of the basin are sandstones, siltstones,
and clay8. Some of the sandstones are pyritic, carbonaceous, and intercalated with coal beds. The host rocks are considered equivalent to the
Rio Bonito Formation which is uranium-bearing near Figueira.
Another area of interest is the Klabin coal area of Parana. Pitchblende mineralization containing up to 1.24 percent T^Og has been found
at Harmonia with copper, nickel, cadmium, zinc, and vanadium. The area
northeast of Cuiaba in Mato Grosso has also been described (White and
Pierson; 1970) as a possibly favorable sandstone area. Values of 0.2
percent I^Og were associated with fossil Sauropod bones in a formation
correlated with the Bauru (Late Cretaceous) of Minas and Sa"o Paulo, and
the bleached sandstone itself had values of 0.074 percent
The Tucano basin in Bahia has been explored extensively since
discovery of uranium in the Sergi Formation (Cretaceous). No economic
deposits have been encountered to date, but the basin is still considered
to be one of the most favorable exploration areas in Brazil. All the
other basins in Bahia, Alagoas, Sergipe, and Ceara* show some promise
for uranium though prospecting has shown no indication of minable deposits
to date. These basins also have arkosic sandstones in fluvial environments with proximity to potential source rocks.
Pegmatites
The extensive Borborema pegmatite province in northeast Brazil is
worth further attention. Many of the pegmatites contain disseminated
uranium as pitchblende and its alteration products.
Pegmatites in east-central Brazil are considered favorable. The
more important of these are located at S3b joa^o del Rey in Minas and
in the Ferros and Piata areas in Bahia.
The Perus area of S#o Paulo offers considerable potential for
uranium in pegmatites. The granites and granite pegmatites intruding
Precambrian metasediments in this area have a higher background radioactivity than the metasediments and a variety of uranium minerals have
been identified.
POTENTIAL FOR NEW DISCOVERY
The area of Brazil is large and its geology is favorable, in places,
for every known type of uranium deposit. This is not reflected in the
amount of "known" and "inferred" reserves -- slightly more than ll-t000 21,000
tons. Rather, it is an indication of the small amount of exploration
done* taking into account the large area to be covered.
The speculative potential can only be guessed.
be 500,000 tons.

It is guessed to
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