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Tue MIETALLOGENESIS OF THE SOUTH

AMERICAN PLATFORM

The main objective of this review is to describe the
most pertinent aspects of the metallogeny of the South
American Platform, aiming to define the most important
metallogenic units that developed during its evolution in
the way of economically significant mineral provinces, and
illustrating these with selected examples. The South
American Platform represents, together with the Patagonia
Platform and the Andean Belt, one of the principal tectonic
divisions of the South American Continent. The
consolidation of the South American Platform was
compteted by the end of the Neoproterozoic (Almeida ¢t
al, 1976} (Figs. 1 and 2).

The constraints impased by the space in which to
adequately treat the far-reaching nature and diversity of the
subject have necessitated that the selected models be
described only in synthesis. Thus the opportunity for a
mare profound scientific discussion was reduced. For
similar reasons the references cited are restricted to those
considered te be wider in scope and in which additional
references on the specific matter are cited.

The geochronological divisions adopted follow the
recommendations of the International Commission on
Stratigraphy (ICS/IUGS). However, for the Proterozaic we
have preferred to adopt a three-part division, with
boundaries at 1.8 Ga and 1.0 Ga, in line with the Tectonic
Map of South America (Almeida, 1978). On the other hand
the Preterozoic-Cambrian beundary is placed at 544 Ma,
fallowing the suggestion of Bowring et al. (1993).

THe GEoTECTONIC FRAMEWORK OF
THE SoutH AmERican PLatForm

The South American Platform forms the nucleus or core
aof South America. ltcovers an area of about 15 M km?, some
40% of which is exposed in three Precambrian shields:
Guiana, Central Bravil (or Guaporé) and Atlantic. About 34%
of the continental crust exposed in these shields was
formed in the Archean, 80% was formed during the late
Paleaproterozoic by the end of the Transamazonian Cycle,
and about 98% at the end of the Neoproterozoic Brasiliano
cycle (Cordani et al., 1988;Cordani and Sato, 1999). At the
end of the Neoproterozoic the South American Platform
consisted of several plates or independent cratonic nuclei,
most of which were still aggregated to their African
counterparts. Between ¢ 650 and 540 Ma, the final
amalgamation of these terranes (Fig. 3) was performed by a
series of collisions during the Brasiliano (PanAfrican)
Orogenic Cycle. The most important Brasiliano cratons of
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the South American Platform are the Amazonian, Sae
Francisco, and Rio de La Plata cratons, in addition to smaller
continental fragments. The basement of these cratons
consists essentially of medium and high-grade metamorphic
rocks, including associations of the granite-greenstone belt
type and numerous granitoid plutons. Fragments of Archean
medium to high-grade metamorphites occur as inliers in the
Proterozoic mobile belts.

Geochronological data show that the evolution of the
Amazonian Craton involved the addition of juvenile material
performed by a number of tectonic events during the Archean,
the Paleoproterozeic and the Mesoproterozoic, as well as
the reworking of older continental crust. In the high-grade
terranes {granulite and gneiss) some Archean protoliths
occur in the Imataca Complex, Venezuela with U/Pb and Sm/
Nd ages between 3.7 and 3.4 Ga (Sidder and Mendoza, 1995;
L.A, Bizzi, pers. com.).

1n the State of Amapd, Brazil, tonalitic rocks gave U/Pb
and Sm/Nd ages between 3.1 and 2 94 Ga, whereas granulites
showed Rb/Sr ages between 3.35 and 2.45 Ga (Lafon et al,,
1998). In the Province of Carajds, Brazil, it seems that the
principal time for the formation of continental crust is
constrained between 3.0 and 2.8 Ga. However, zircon crystals
aged up to 3.7 Ga have been reported in Paleoproterozoic
granite and in sedimentary rocks. (Rio Maria granite-
greenstone terrane). ( Tassinari and Macambira, 1999). The
oldest rocks found so far in South America occur in the Gavido
Block of the Sao Francisco Craton, yielding Sm/Nd T, model
ages up to 3.7 Ga (Cordani and Sato, 1999}. In general, the
majority of the radiometric results from this craton are of
Neo-Archean age, between 2.9and 2.5Ga, and they are most
prevalent in granite-greenstone terranes.

Archean granite-greenstone terranes or similar
sequences form extensive areas in the interior of ancient
cratens of the South American Platform. These include; (a)
the Province of Carajds (Central Brazil Shield); (b) the Gavizo
Block and the Quadrildtero Ferrifero of the 5ac Francisco
Craton and; (c) the Crixds area of the Central Goids Massif.
Some of these granite-greenstone asseciations show
Paleoproterozoic ages of about 2.2-2.1 Ga, such as the Rio
Itapicuru region (Sdo Francisco Craton) and an extensive belt
in the NNE of the Guiana Shield. Banded iron formation units
(BIF) of the Superior Province type {Paleoproterozoic), the
Carajds type (Archean), and the Algoma-type {Archean) as
well as sediments of the Witwatersrand type are also found
in some of the cratonic areas.

With the close of the Brasiliano Orogenic Cycle, a
netwark of mobile belts may be distinguished separating
the cratonic areas. On the Atlantic side these maobile belts
are especially well represented by the Brasilia, Aracuai,
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Ribeira, Dom Feliciano belis and by the Borborema Province.
In central Brazil, the Paraguay-Araguaia Belt, over 2500 km
long, extends inlo Bolivia and Paragoay. The relationship
between the Paraguai-Araguaia Belt with the Sierra
Pampeanas Orientales Belt, situated in the southwestern
extremity of the Platform in the interior of Argentina, is not
clear. Along the western margin of the Rio de la Plata Craton,
there occurred during the Brasiliane Cycle, in early Cambrian
times, a collision with the Pampia Terrane, that resulted in
the Sierras Pampeanas Orientales mobile belt (Ramos, 1988).
The Brasiliano mobile belts usually contain metasediments
and metavolcanic rocks of low to medium metamorphic
grade, and high metamorphic grade, locally. Many different
types of granitoid pluton intrude these rocks. In part, these
belts include clder reworked rocks. The Borborema Province
is different to the other mobile belts. It consists of branching
system of orogens developed around a number of small
cratonic ruclei, mostly Paleoproterozoic terranes, or rarely,
Archean terranes.

The characteristic feature of the Amazonian and $ao
Francisco cratons is the extensive platform cover consisting
of sediments and velcanic recks, mainly of Mesoproterozoic
or Neaproterozoic age. These rocks have undergone litte or
no deformation, and generally contain well-preserved primary
structures. This is probably the largestexposure of this type of
cover in the world. In the Amazonian Craton this platform
cover was deposited between r. 1.95 and 1.0 Ga, and was
subsequently intruded by anoregenic granitoid plutons. The
most important phase of magmatism (¢ 1.95-1.8 Ga) is
represented by calc-alkaline acid to intermediate volcanism of
the Uaturna type, the rocks of which are overlain by mature
sediments typical of continental and shallow-water marine
deposition (Roraima/Beneficente type). Over the Sdo
Francisco Craton there are observed large exposures of
platform cover cansisting of terrigenous clastic and carbonate
rocks of Mesoproterozoic and Neoproterozoic age  Espinhaco,
Chapada Diamantina, Arai and Bambuf types). Ancrogenic
magmatism, associated with the opening of diverse continental
rifts (Espinhago-Arai) occurred in this craton at the beginning
of the Mesoproterozoic between 1.77 and 1.70 Ga.

Fragmentaticn of the cratons and the development of
Brasitiano oceanic basins started to accur at the beginning
of the Neoproeterozoic between 1.10 Ga and 930 Ma,
involving extensive areas of the prato-South American
Platform. The closure of these basins during the Brasiliano
Orogenic Event resulted in the amalgamation of several
¢cratons and smaller cratonic areas or terranes, a process
that continued up to the beginning of the Paleozoic, and
terminated with the consolidation of the present-day South
American Platform.

The Precambrian basement of the South American
Platform is pastially covered by: (a) five large Paleozoic
intracratonic basins: Selimdes, Amazonas, Parnaiba,
Parand and Chaco-Parand, the last-named being covered
by extensive (Milani and Zaldn, 1999} Cenozeic deposits;
(b) several smaller Mesozoic/Cenozoic basins situated
along the Atlantic ceast {Cainelli and Mohriak, 1999) and;
{c} the subandean basins in the extensive Andean
foredeep {Llanos, Beni, Chaco, Pampas) lying along the
margin of the Andean Cordillera, and almost totally
covered by Cenczoic sediments.

JECTONKC EVOLUTION OF SOUTH AMERICA

From the end of the Brasiliano Orogenic Cycle this
extensive Precambrian landmass was almest unaffected by
iecionic events. Platform reactivation only occurred in the
Mesozoic with the opening of the South Atlantic (South
Atlantic Event) and continued up to the beginning of the
Tertiary. Mainly during the Cretaceous there occurred the
eruption of enormous volumes of basaltic lava and the
intrusion of a number of alkaline-carbonatite complexes
and kimberlitic pipes. The generation of sedimentary rift
basins along the Atiantic coast is likewise related to this
geotectonic event {Schobbenhaus and Brito Neves, 1996).

Tue AmazoniaN CRATON

The Amazonian Craton is one of the largest cratonic
areas in the world, and has a surface of about 4.3 Mkm®. It
stabilized at the end of the Mesoproterozoic (Almeida et
al., 1976; Cordani et al., 1988). Geographically, the
Amazonian Craton is separated into two blocks by the
Solimbes-Amazonas basins {Fig. 3): the Guiana Shield and
the Central Brazil (or Guaporé) Shield (Fig. 3).

According to the model proposed by Cordani and Brito
Neves {1982}, Lima {1984), Teixeira et al. (1589), Tassinari
(1996}, Tassinari and Macambira (1999), Cordani and Sato
(1999}, the geotectonic evolution that led to the
cratonization of the Amazonian region resulted from a
processof progressive crustal accretion from a more ancient
nucleus that stabilized at the end of the Archean at about
2.5 Ga {Macambira and Lafon, 1995). Mobile and/or
geochronological belts that succeeded each other in time
and space surrounded this more ancient nucleus. In
accordance with this concept, the Amazonian Craton was
divided into six geochronological provinces (Fig. 4): Central
Amazonia (>>2.3 Ga); Maroni-Ttacaidnas (2.2-1.95 Ga);
Ventuari-Tapajds (1.95-1.8 Ga); Rie Negro-Juruena (1.8-
1.55 Ga); Rondénia-San Igndcio Belt {1.55-1.3 Ga) and
Sunsas Belt {1.3-1.0 Ga).

Each of these provinces consists of specific plutonic,
volcanic and sedimentary associations having distinct
lithalogical, geochronological, geochemical and isotopic
characteristics. The progressive stabilization of the
Amazon region occurred during the Preterozoic through
successive manifestations and ruptile intracratonic
tectonics as can be seen through the development of rift
mechanisms with associated volcanism, continental and
marine sedimentation and the migration of anorogenic
plutonism. These events terminated at the end of the
Mesoproterozoic at about 1.0 Ga, at which time the
Amazonian Craton was juxiaposed along its southern and
eastern margins to the Paraguai-Araguaia Fold Belt.

The Guiana Shield

The Guiana Shield extends from the Atlantic Ocean at
the northern and northeastern ends of the South American
Platform to the Amazon sedimentary basin to the § (Fig. 5).
In its western part this shield consists of the basement of
the Andean foreland basins. Geological maps at adequate
scales and/or systematic geochronological studies are
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restricted to specific areas and are practically non-existent
in the largest part of the shield.

The Guiana Shield may be divided into (a) a terrane
cansisting of granulite and gneiss in the western region of
Venezuela as an Archean protolith {(Imataca Complex); (b)
a Paleoproterozeic granite-greenstone terrane some 300
to 400 km wide, lying along the Atlantic margin; (¢} 2 non-
differentiated terrain consisting of granite and gneiss and;
(d) a central and western part with extensive cover of
Paleoproterozoic  felsic  voleanic  rocks and
Mesoproterozoic continental sediments. Additionally,
there occur Mesoproterozoic or younger dykes, sills and
mafic flows besides alkaline complexes, also aof
Mesoproterozoic age. Paleoproterozoic events occurring
at about 2.0 Ga (Transamazonian Orogenic Event) involved
metamorphism, deformation and granitic magmatism,
manifest in the Imataca Complex, the granite-greenstone
terranes and to some extent the non-differentiated terranes
consisting of granitic rocks (Gibbs and Barron, 1983).

In the extensive regions of the Gniana Shield underlain
by non-differentiated granite and gneiss terranes and by
granite-greenstone terranes, Tassinari and Macambira
(1999) defined several geochronological provinces such as
those referred to in the previous item (Fig. 4).

Terranes undetlain by rocks of defined Archean age are
rare in the Guiana Shield. The area having the largest
exposures is that occupied by the Imataca Complex with
ages between 3.7-3.4 Ga (U/Pb, Sm/Nd). The granuliteand
gneiss of the Imataca Complex are the oldest rocks of the
shield, and display faulted contacts with the surrounding
Precambrian racks. At about 3.4 Ga this complex formed a
stabilized continental nucleus. Between the various rock-
types, of note are the intercalations of iron formation units,

to which the origin of an important metallogenic province '

is related. Intrusion of granitic rocks and development of
migmatite (Cerro La Ceiba migmatite) define a
tectonemagmatic event between 2.8 Ga (zircon age/
SHRIMP) and 2.7 Ga (Rb/Sr WR age) in the Imataca
Complex (Sidder and Mendoza, 1995; Gibbs and Barron,
1993; L.A. Bizzi, personal communication). This event is
known as the Aroense Event (Martin-Bellizzia, 1972). An
extensive granite-greenstone province of Paleoproterozoic
age and predominantly auriferous, lies along the Atlantic
margin of the shield from Venezuela to Brazil. These units
also include supracrustal formations that differ from the
greenstone belt sequences in their relative paucity of
volcanic rocks, and in seme cases, by their younger
stratigraphic position. Geochrenological data, including
that for U/Pb isochrons in zircon, Sm/Nd and Rb/Sr,
suggest that the volcanic rocks of greenstone belt
sequences and granite associated with the provinces under
discussion were formed between about 2.25 and 2.10 Ga.
In French Guiana, recent dating showed ages between 2.14
and 2.09 Ga for the Paramaka Volcanics (Carte Geologique
de la Guyane Frangaise, 1:500 000, in press). In general, the
greenstone belt rocks of the Guiana Shield show the same
typical characteristics as their Archean counterparts in
other parts of the world. However, they contain smaller
amounts of ultramafic rocks and larger amounts of clastic
sediments. The granite-greenstone terranes represent the
most important metallogenic unit of the shield, principally

TECTONIC EVOLUTION OF 50UTH AMERICA

on account of the assoclated gold mineralization. Three
different provinces may be distinguished: (a) Pastera-
Barama-Mazaruni, in Venezuela and Guyana; (b) Paramaka,
in Suriname, French Guiana and Brazil (State of Amapd)
and; {¢) Vila Nova, on the divide between the states of Pard
and Amapd in Brazil.

[n the central part of the shield in Brazil, Guyana and
Suriname, excluding the areas referred to above, there occur
exposures of volcanio-sedimentary supracrustal rocks that
underwent medium to high-grade metamorphism during
the Transamazonian Event. In Brazil, these supracrustal
rocks include the Cauarane Group.

Late Paleoproterozpic calc-alkaline continental volcanic
rocks of acid to intermediate composition, locally associated
with clastic sediments, can be observed over much of the
central and western regions of the shield. These volcanic
rocks are associated, in part, with granitic to granodioritic
intrusiens (c. 1.85 Ga), locally of sub-volcanic nature. This
volcano-plutonism, to which the collective name of Uatuma
has been assigned (Gibbs and Barron, 1983, 1993) is widely
distributed throughout the Guiana Shield. However, Reis and
Fraga (1996) consider that the cogenetic character of the
Uatuma plutonic and volcanic rocks is inconsistent, taking
in account the clear geochemical incompatibility of both.
Indeed, the Uatuma volcanic rocks are more compatible with
those observed in the post-orogenic suites related to the
Transamazonian Event. The voleanic rocks of the Uatuma
type occur at shallow crustal levels, suggesting that these
might have been affected by the Transamazenian Event, and
for this reason were interpreted as being related to a late or
post-callision phase of this tectonic event (Bosma et al,
1983; Reis and Fraga, 1996).

Several regional names are applied to the volcanic rocks
of the Uatuma Supergroup: Surumu and iricoumé in Brazil,
Cuchivero inVenezuela, Burre-Burre and Kuyuwini in Guyana,
and Dalbana in Suriname. UfPb determinations in zircon
from rhyolite from the Surumu and Iricoumé formations gave
ages of 1.96 Ga, and samples of ash flow from the Cuchivero
Group collected near Santa Helena de Uairén were dated at
1.98 Ga (Brooks et al, 1995). A granite intrusive assigned to
the Iricouné Group at Pitinga situated to the NE of Manaus
was dated at about 1.8 Ga by U/Pb (Lenharo, 1998}. This
type of granite hosts important tin mineralization in addition
1o other elements.

The units of the Uatumi Event are overlain discordantly
by centinental sediments of the early-Mesoproterozoic
Roraima Group {c. 1.8 Ga), intruded by dykes, basic sills
and small subordinate intrusives of continental tholeiite
{Avanavero Suite). The most precise date for this tholeiitic
magmatism is 1.789 Ga (U/Pb in baddeleyite) {Norcross,
1998; apud Santos et al, 1999). The Roraima platform cover
extends over much of the western part of the shield. It
represents the most important unit of continental
sedimentary rocks in the Guiana Shield that form
tablelands {tepuis) typically represented by the Mount
Rorairma, at the triple divide between Brazil, Guiana and
Venezuela, where this group attains a thickness of about
2500 m. The Roraima Group consists of orthoquartzite,
arkase, conglomerate and smaller amounts of shale and tuff
with jaspér, deposited in fluvio-deltaic and lacustrine
environments. It is believed that the conglomerate units
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intercalated in the sediments of the Roraima Group are
responsible for the extensive alluvial and eluvial diamend
mineralization that occurs regionally {Fleischer, 1998). The
youngest ofthe Mesoproterozoic manifestations of granitic
intrusion in the Guiana Shield is the Parguaza Batholith
{1.55 Ga), situated near the margin of the Orinoco River in
Venezuela (Fig, 5). Most of the Parguaza-type granites show
rapakivi textures, anorogenic characteristics, and bear tin
mineralizations. A good example example is the Surucucus
Granite (1.551 Ga. UfPb; Santos et al., 1999), situated along
the boundary between Brazil and Venezuela, Overlying the
Parguaza Batholith there developed important supergene
concentrations of bauxite. In Brazil there are syenite
intrusions of normal and alkaline composition to which an
age of about 1.5 Ga has been assigned. Examples are
Cachorto, Serra do Acari and Mapari. Along the frontier
between Brazil and Guiana there occurs the Mutum alkaline
intrusion dated at ¢. 1.0 Ga. In the interior of the Guiana
Shield there is evidence for fauiting, reworking and the
closing of isotopic systems in mica besides igneous
intrusions at the end of the Mesoproterozoic and the
beginning of the Neoproterozoic. These events are prabably
related to more intense activity at the margin of the shield
between 1.3 and 1.1 Ga. Most of these faults strike NE-SW,
and are associated with mylonite and pseudotachylite, This
event has been referred to as Orinaquense, K’Mudku,
Nickerie ot Jari-Falsino. It is possible that these faults
involved significant reactivation along zones of weakness,
and as such could play an important role in the
concentration of gold.

The ignecis activity at the end of the Neoproterozoic
includes the intrusion of alkaline complexes and volcanic
mafic and felsic sunites. The youngest Precambrian
magmatic events observed on the Guiana Shield are those
that refer to the Quebrada Grande diamondiferous
kimbetlite in Venezuela, dated at 710 Ma (Channer et al,
1998}, and to basic dykes in French Guiana that strike NE-
SW and NW-SE, dated at 800 Ma (Carte Geologique de la
Guyane Francaise, 3:500 000, in press). The alkaline
complexes of Cerro Impacto, Venezuela and Seis Lagos,
Brazil, still undated, may also be of Neoproterozoic age.

Swarms of tholeiitic diabase dykes intruded between
the end of the Triassic and the beginning of the Jurassic,
with strike N-5 and NW-5E are very prevalent in the
northeastern region of the shield and are related to the
opening of the Atlantic Ocean.

The most important mineralizations on the Guiana
Shield are described below, with emphasis on gold deposits
along with those of iron, manganese, tin, chrome, niobinm,
tantalite, zircon and diamond. Mest of these deposits were
enriched significantly by tropical weathering processes.

The Imataca Province

Banded iron formatien units (BIFs} with impartant
iron mineralization are associated with the granulite belt
of the [mataca Complex. This complex strikes NE-5W and
forms a mountainocs chain at least 510 km long from the
Aro River to the Orinoco Delta at the northern limit of the
Guiana Shield (Fig. 5). The protolith of the complex with an
age between 3.7-3 4 Ga, consisted of clastic and chemical

TECTYONIC EVOLUTION OF SOUTH AMERICA

sedimentary rocks, sub-aerial volcanics of siliceous and
calc-alkaline composition, and smaller amounts of plutonic
rocks. These rocks were intensely folded and submitted to
metamorphism that varies in grade from that of the
granulite facies (two pyroxenes) to the amphibolite facies.
They consist of orthogneiss, paragneiss, granulite,
charnockite and metamorphosed BIE, along with smaller
quantities of manganiferous sedimentary rocks, marble,
dolomite and anorthosite. Regional metamorphism,
deformation and granitic intrusion eccurred during the
Aroense Event at about 2.8-2.7 Ga. Between 2.1-2.0 Ga,
during the Transamazonian Event, they underwent
metamorphism in the amphibolite and granulite facies with
granitic intrusions {Sidder and Mendoza, 1995).

The banded iror. formation units represent less than
1% of the rocks of the complex, and iheir average thickness
varies from a few centimetres up to about 200 m. Several
enriched BIF deposits such as Cerro Bolivar and 3an Isidro
are amongst the jargest in the world. The iron reserves
before mining exceeded 1855 Mt at 63% Fe, and 11 700 Mt
atabout 44% Fe. The proto-ore of the BIF units consists of
an oxide facies assemblage in which magnetite and hematite
are the main mineral species. The iron-rich beds are
interstratified with siliceous beds containing quartz and
metamorphic iron-rich minerals. These deposits are similar
to the iron formatien units of the Superior Province,
notwithstanding some units of the Algoma-type or Carajds-
type may also occur. The precious metal content of these
racks is seemingly low.

The majority of the iron cre deposits strike E-W,
following the principal structural irend of the complex. The
Cuadilatero Ferrifero of San Isidro (San Isidro Iron
Quadrilateral) contains the largest reserves known in the
complex. The district is underlain by amphibole-pyroxene
gneiss, granitic gneiss and amphibolite. The ore was formed
as the result of chemical precipitation of volcanic exhalative
origin. The average grade of the iron ore is 61% to 65%. At
the Cerro Bolivar Deposit the weathered ferruginous
laterite isa friable ore formed typically from very fine-grained
iron formation, Hematite, magnetite and quartz are the
principal minerals. Silicate minerals, mainly sodic
amphibole and pyroxene are the most common mineral
phases of the iron formation units. The Cerre Bolivar
Deposit is hosted in a thick stratigraphic section of iron
formation units (220 m) that is repeated by tight folding
and by imbricated reverse faulting, Weathering was an
important factor in the enrichment of the Cerro Bolivar ore
body. This produced an iron oxide cap composed of
ferruginous laterite consisting of grains of primary
hematite and a hard porous matrix of secondary goethite.
The El Pao Deposit occurs intercalated in hypersthene
granulite and quartz-feldspathic gneiss. Three types ofore
are present: siliceous ore (hematitic gneiss), high-grade
hard massive are, and canga. The first two ore-types consist
of lamellar hematite (specularite} in which the crystals are
orientated and strongly deformed.

Beds of secondarily enriched manganese are interstratified
with migmatitic gneiss, amphibolite and granulite of the
Imataca Complex. These rocks form part of a sequence
consisting of gondite, quartz-biotite schist, amphibole schist
and dolomitic marble, the thickness of which is about 500 m.

P

=
o
o
=
<<
=
[~ 9
=
<X
J
&
r
=
X
T
=
=]
[=]
v
L)
T
~
(¥
o
w7
-
L
=
o
o
L]
|
=
=
(v )
=
[5H)
T
—

763



>
=4
x
=
bt
oo
o
]
x
Lt
el
[ad
]
—
[
<L
.
=3
=
=
[5E)
=
=
L
)
==
<C
o
<
—
(NN
[
o
<1
=

764

TECTONIC EVUGLUTION OF SOUTH AMERICA

The individual manganese beds are generally less than 10 m,
with along strike extensions of more than 20 km. There are
arguments in favour of the non-volcanogenic sedimentary
model as well as the volcanogenic model to explain the genesis
of the manganese deposits (Bellizzia ef al.,1981; Sidder and
Mendoza, 1995; Gray et al., 1993).

The Pastora-Barama-Mazaruni and
Paramaka Provinces

Geological setting

The Guiana Shield has been proven to host large gold
deposits. Taking into account that the productien from
alluvial deposits overlying the shield in the last century was
about 15011, it is estimated that the remaining gold resources
of the shield exceed 700 t of gold. Most of the occurrences
show grades of 1.5 g/t Au (Bertoni &t al., 1998).

The Pzstara-Barama-Mazaruni and Paramaka provinces
contain the most important greenstone belt gold producers
in the Guiana Shield {Fig. 5). Altogether, the largest mines in
these provinces contain about 20 Moz of gold. These
greenstone tetranes extend for about 1500 km along the
Atlantic coast. In Venezuela, the Pastora-Barama-Mazaruni
Province comprises the Pastora and Botanamo groups, and
in its extension to northern Guyana the Barama-Mazaruni
Supergroup (Barama, Cuyuni and Mazaruni groups)
represent it, The Paramaka Province occurs in Suriname as
the Marowijne Supergroup and the Matapi, Paramaka and
Arminagroups. In French Guianaithas as its equivalent the
Maroni Supergroup and the Paramaka, Bonidoro and Orapu
groups. In Brazil (Amapd), the Paramaka Province is
represented by the Serra Lombarda Group (Ferran, 1988) and
by the Tartarugalzinho gold district in its southeastern
extremity. Granitic plutons, domal batholiths, gneiss and
migmatite separate the units of the greenstone belts in
branching synclinoria. The units of the greenstone belts in
the two provinces cited above were deposited mainly in
marine environments. [n general, the greenstone belts of the
Guiana Shield consist of: (a) a marine sequence of mafic
volcanic rocks of tholetitic composition; (b) basalt {tholeiitic
to calc-alkaline in composition}, andesite, dacite and rhyolite
and; (c} a sequence consisting of turbiditic greywacke,
volcaniclastic rocks, chemical sediments and pelite. There
also occur beds of metaconglomerate, derived mainly from
volcanic rocks with associated sediments. Metamorphosed
manganiferous and ferruginous sediments, chert and
carbonate units are also present. In the several belts there
alse oceur sub-valcanic intrusive rocks df felsic composition.
The metasediments include many varieties of tuff,
velcaniclastic conglomerate, greywacke and shale units
derived from the associated volcanic rocks. In Guyana, the
stratigraphic thickness of the greenstone belt is estimated
at between 8§ to 10 km. The provenance of these
metasediments is not known.

Basalt with pillow structures and showing evidence for
chemical alteration and mineralogy consistent with
submarine spilitization dominates the lower part of the
greenstone belt sequence. In the middle part of the sequence
there oceurs alarger amount of porphyritic andesite, dacite,
thyolite, submarine and possibly sub-aerial lava flows,

siliceons sediments and tuffaceous interflow beds.
Ultramafic rocks constitute 1% to 29 of the igneous rocks
of the greenstone belts of the Guiana Shield, generally
forming layered mafic-uitramafic complexes (Sidder and
Mendoza, 1995).

Mineralization

The rock chemistry of these sequences has not been
studied systematically. The original chemical compasition
of the igneous rocks has been changed by weathering and
hydrothermal alteration (spilitization and potassic
metasomatism) as well as by regional metameorphism in the
greenschist and amphibolite facies. Trends of tholeiitic and
calc-alkaline differentiation are common in the volcanic
rocks. The main rock-types are tholetitic basalt, sub-alkaline
and with low K content, in addition to basaltic andesite. The
volcanic Tocks were mainly extruded in submarine
conditions, and have chemical characteristics similar to those
published for modern oceanic basalt, island arc rocks and
rocks associated with continental arcs. Isotope studies have
reveaied that the volcanic vocks were derived by mantle
melting and do not contain any contribution from Archean
continental crust (Sidder and Mendoza, 1995),

The gold mineralization of the Guiana Shield can be
related to several epizonal environments including cale-
alkaline intrusives (Omai,St. Elie, Yaou, Dorlin, Sophie, Eagle
Mountain), deformed terrigenous sediments (Gross
Rosebel, Camp Caiman, Regina, Changement, Esperance),
metasomatic volcanites and/or intrusive rocks (Las
Cristinas, Dorlin) and semi-massive sulphide
mineralization (Paul Isnard, Increible, $t. Elie). Most of the
gold occurrences are hosted in rocks affected by ductil-
ruptile deformation in the vicinity oflarge shear structures
(Bertoni et al,, 1998) in which developed shear-zone hosted
with low sulphide gold-quartz veining.

Native gold, pyrite and smaller amounts of tetrahedrite,
chalcopyrite, bornite, molybdenite, scheelite and sphalerite
are the most typical wetallic minerals present in quarlz
veins. Carbonate (usually ankerite) in quartz veins and
evidence for carbonatization >30 m into the wall rocks is
common in same gold districts such as E! Callao in
Venezuela. In addition to the carbonate alteration, the wall
rock shows intense silicification, sericitization and
propylitization {replacement of wall rock minerals by
epidote and chlorite) many dozens of metres frem the veins
{Sidder and Mendoza, 1995},

In the Serra Lombarda Greup predominates
mineralization ofthe hydrothermal vein-type hosted in gneiss
with amphibolite relicts, biotite schist, BIE and metachert,
regarded as the remnants of greenstone belt sequences. In the
Tartarugalzinho District, the main gold mineralization is
associated with quartzite beds, banded iron formation units
and schist (Carvalho et al, 1995; Ferran, 1988),

Large ductile shear zones have not been described in
the literature of the Guiana Shield to any extent. One of the
largest shear features in the Guiana Shield is related to the
so-called Sillon Nord-Guyanais (Milesi er al., 1995) situated
in the N of French Guiana, and associated with the
Transamazonian Tectonic Event. Several important gold
deposits are related to this shear zone, extending from W to



E: Regina, Tortue, Camp Caiman, Changement, Boulanger, St.
Elie, St. Pierre, Paul Isnard and Guyanais in the central region
of French Guiana, and representing a shear zone striking ESE-
WNW (Bardoux ef al., 1998). This structure appears to
extend to the central region of Guiana, crossing Suriname.
Amongst the gold deposits occurring in the vicinity of this
megascopic features the following may be ¢ited: Yaou, Dorlin,
Sophie, Repentir, Antino, Benzdorp, Omai, Salamangone and
Labourrie Siboa { Yoshidome). When analyzed as a whole, it
can be noted that the majority of the gold occurrences, until
now discovered in the provinces in question, are found in the
vicinity of large structures such as that cited above. All the
magmatic and sedimentary rocks of the greenstone belts that
host gold mineralization in the provinces of Pastora-
Barama-Mazaruni and Paramaka underwent at least one
phase of ductile deformation. Shear zones and foliation of
the first phase of deformation were affected by the structures
of a second phase, generally less penetrative. The second
phase may be genetically related to the K'Mudku or Nickerie
Event(c. 1.2 Ga). Thus, only the structures related to the first
phase are regarded as being true Transamazonian structures,
and the majority of gold occurrences described up to now
seem to relate this to a phase of remebilization alang the
structures of the second phase (Bardoux ef al., 1998).

Most of the intrusive rocks together with the Paramaka
and Mazaruni volcanics as well as the sedimentary rocks of
Armina were deformed concomitantly by a phase of intense
ductile deformation. This event has been dated at about 1.99
GaatOmaiand St. Elie,setting the approximate absolute age of
the Transamazonian Tectonic Event throughout the Guiana
Shield (Lafrance et al,, 1999). U/Pb ages obtained on rocks from
intrusive bodies from different parts of the Pastora-Barama-
Mazaruni and Paramaka provinces suggest that there occurred
at least three distinct intrusive events at 2.154 Ga (Las
Cristinas), 2.125 Ga {St. Elie) and 2.09 Ga{Omai) (Fig. 5). When
examined individually, it can be noted that the majority of these
intrusive bodies underwent at least ane phase of intense
deformation that in many cases is synchronous with the
mineralizatien. Data from Omai and St. Elie show that the
mineralization occurred more or less contemporanecusly in
these deposits at about 1.99 Ga. It also showed that the gald
was trapped several dozens of millions of years after the
intrusive event (Lafrance et al, 1999).

In summary, the characteristics of the gold occurrences
in the Pastora-Barama-Mazaruni and Paramaka provinces
are as follows; (a) the host rocks are variable, but velcanic
rocks predominate; (b} structural control is the norm,
although the types and styles vary; (c) the proximity-to
intrusions seems to be important, but ot always so; (d)
most of the depesits may be related to a stronger phase of
deformation; (e) the majority of the gold occurrences
observed are hosted within or very close to quartz veining,
which is syn-tectonic te late-tectonic; {f) most of the
occurrences are also hosted in discrete zones or regional
shear zenes; (g) the gold is generally associated with the
sulphide minerals {pyrite, chalcopyrite and pyrrhetite),
especially pyrite (Bardoux ef al., 1998).

The largest gold deposits in the Pastora-Barama-
Mazaruni Province are those at Omai (4.2 Moz) in Guyana,
and a set of deposits including Las Cristinas (8.6 Moz), El
Callao, Lo Increible and Botaname in Venezuela. Besides
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gold, the Las Cristinas deposits contain expleitable reserves
of copper (Minérios & Minerales, ed. 225, 1998). In the
Paramaka Province the most important deposit is that at
Gross Rosebel (2.4 Moz} in Surinama; Paul Tsnard (2.2
Moz),Camp Caiman (1.1 Moz}, Yaou (0.8 Moz), Dorlin (0.35
Moz) and St. Elie in French Guiana; and Salamengone/
Laborrie Siboa (0.35 Moz) in Brazil. The Omai Deposit in
Guyana is the largest gold deposit known to date on the
Guiana Shield, and one of the largest in South America.

The Vila Nova Province

The Vila Nova province is situated on the southeastern
margin of the Guiana Shield to the W of Macapd, Brazil and
extends to the international frontier with French Guiana.
This province is underlain by volcano-sedimentary
sequences of the greenstone belt type {Vila Nova
Metamerphic Suite or Vila Nova Group) enclosed in medium
1o high-grade metamorphic complexes (Ananai and
Guianense metamorphic suites). On the other hand, the
metamorphites of medium to high-grade may have been
derived from the same units that appear as lower grade
rocks of the adjacent greenstone belts (Jodo ef al, 1978;
jodo and Marinho, 1982; Lima et al., 1974; Gibbs and
Barren, 1993). Radiometric data show intense reworking
during the Transamazonjan Tectonic Event (Tassinari and
Macambira, 1599), involving older Archean rocks of high
metamorphic grade. The Vila Nova Group occurs as
discontinuous elongated and narrow belts that strike NW-
SW, ferming metamorphic belts of low to medium grade
and consisting of broad folds with vergence to the NE. This
group is considered to be an integral part of the various
volcano-sedimentary sequences of the Guiana Shield dated
between 2.25-2.10 Ga. The stratigraphy of the Vila Nova
Group is best defined in the area of Serra do Navio. At the
base there is a thick sequence of ertho-amphibolite {Jornal
Formation) in contact with the Ananaf Suite (Scarpelli,
1966}. The ortho-amphibolite is overlain by a
parametamorphic sequence consisting of aluminons schist
containing lenses of manganiferous proto-ore and beds of
quartzite {Serra do Navio Formation). The schist sequence
occurs in the quartzose, biotitic and graphitic facies. In the
guartzose facies there accur lenses of calc-silicate marble,
and in the graphitic facies zones of manganiferous marble
with rhodochrosite can be observed. The shsence of felsic
volcanic rocks in the Vila Nova Province is a characteristic
that differentiates this province from the Paramaka and
Pastora-Barama-Mazaruni provinces.

In the Serra do Ipitinga, the southern part of the Vila
Nova Province, the Vila Nova Group consists essentially
of mafic-ultramafic basal metavolcanic rocks, and smaller
amounts of metaplutonic rocks, rocks containing
cordierite-anthophyllite and quartz-chlorite. Chemical
sediments cansisting of BIF (oxide and silicate facies), in
addition to continental clastic metasediments {quartzite,
metapelite and metagreywacke) overlie these rocks. The
basal metavolcanic unit represents eceanic tholeiite with
a subordinate komatiitic chemical lineage. In the Serra
do Ipitinga occur three types of deposits: {a) sulphide
mineralization of the syn-depositional hydrothermal
volcanogenic type hosted, preferentially, in the quartz-
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chlorite rocks, and more rarely, in low grade
metamorphites {pyrrhotite-pyrite-chalcopyrite and
subordinately sphalerite with Au and Ag assaciated); (b)
lede-type deposits in sheared quartz veins containing
chalcopyrite, pyrite and covellite; {c) rocks altered by
supergene processes such as gossan and laterite (Faraco,
1990, 1997; Faraco and McReath, 1998).

In the region of the rivers Santa Maria and Cupixi there
predominate quartzite beds and sericite schist,
intercalated with B{F units, and subordinately,
metaconglomerate. This unit overlies the Bacuri mafic-
ultramafic complex, in which there occurs chromite
mineralization {Faraco and Carvalho, 19%4).

Furthermore, in the Vila Nova Province accur intrusive
rocks of the Mapuera Suite (biotite-alkaligranite and
riebeckite-granite) and the Falsino Suite {granodiorite), as
well as several bodies of the Mapari alkaline intrusive having
Paleoproterozoic to Mesoproterozoic ages {Rb/Sr). On the
southwestern margin of the Vila Nova Province the Mapari
Intrusive Suite consists of two alkaline-carbonatite
complexes (Maecuru and Serra do Maracanaf), with
titanium and phosphate mineralization.

From the metallogenic point of view, the Vila Nova
Province shows a widespread distribution of gold
occurrences. Including the Amapari gold deposit, there are
about 100 gold known accurrences. Also of note is the Serra
do Navio manganese deposit, and the chromite at Bacur, also
known as fgarapé do Breu. Gold mining has been carried out
at garimpos, generally in colluvial and placer depesits. In
general, the primary gold mineralization is of the
hydrothermal vein-type, associated with schist, quartzite
and amphibolite. Gold is also found in metaconglomerate.
The Mapuera Granite contains disseminated cassiterite; and
gold, columbite and tantalite in quartz veins (Carvalho ef al.,
1995; Faraco and Carvalho, 1994).

The Bacuri (Igarapé do Breu) Chromite
Deposit

The chromite deposits are associated with the Bacuri
mafic-ultramafic complex (Matos et al, 1992) situated to
the W of Macapd, which is intrusive into granite-gneiss
medium to high-grade metamorphic terranes, associated
with the Vila Nova Group. According to Spier and Ferremra
Filho (1999), the Bacuri mafic-ultramafic complex that
includes amphibolite, serpentinite, tremolite, and
chromitite was deformed and metamorphosed in the
amphibolite facies. These rocks include amphibolite,
serpentinite, tremalite, and chromitite. They have a
stratiform differentiated character defined in function of
the magmatic layering of the cumulate and the chemical
characteristics of the textures observed. The principal layer
of massive chromitite, having an average thickness of 12 m,
is situated in the interface between the mafic and ultramafic
rocks. Thinner layers of massive and disseminated chromite
(up to 3 m}, are observed intercalated in the ultramafic rocks.
The chromite crystals are euhedral, and their size is uniform
{average 0.2 mm). The intense lateritic weathering exceeds
depths of 120 m in the topographically elevated localities,
permitting the classification of the ore into three categories:
lateritic ore, very hard and cemented by iron oxide and

hydroxide; friable ore cemented by clay minerals; comnpact
ore cemented by tremelite, chlorite and rarely by
orthopyroxene and olivine.

This complex hosts 11 deposits of stratiform chromite
with before-mining reserves exceeding 9 Mt of chromitite,
of which 2 Mt were mined between 1989 and 1997.

The Serra do Navio Manganese Deposit

The manganese deposits of Serra do Navio have a strike
length of 10 km that trends N30"W. They are associated
with the volcane-sedimentary sequence of the Vila Nova
Group. This sequence has beer highly folded, sheared and
metamorphosed in the amphibolite facies. At the base
occurs a thick sequence of mafic metavolcanic rocks
{amphibolite), overlain by a predominantly schistose unit
{biotite schist, graphite schist, quartz schist) intercalated
with manganiferous layers and quartzite beds in the upper
part (Rodrigues ef al., 1986},

The manganiferous zones that constitute the proto-
ore of the queluzite-type, are intercalated with graphitic
schist, consisting preferentially of rhodochrosite
amounting to between 50% to 90% of the rock. In the more
impure zones the manganese silicate minerals such as
tefroite, spessartite and rodonite may predominate to form
true gondite. The Mn grade of the proto-ore varies between
19% and 36%. Some sulphide minerals such as pyrrhotite,
molybdenite, chalcopyrite and galena are found associated
in small amounts in the proto-ore. On account of the
equatorial climate, the laterite weathering profile may reach
a depth of 100 m, causing the transformation of the
carbonate and silicate minerals in the manganese-rich rock
te oxide such as cryptomelane, pyrolusite and manganite,
resulting an oxide ore richer in manganese up to 56% Mn.

The open-pit werking began in 1959 in the oxide ore
and continued for decades until 1997 at an output of 52
000 tpa, or a total production over the period amounting to
50 to 60 Mt Mn®,. During the final years of operation, the
carbenate-rich proto-ore was mined at abeut 150 000 tpa,
equivalent to a total preduction of about 3 Mt of manganese
ore at an average grade of 35% to 38% Mn.

The Amapari Gold Deposit

The Amapari gold deposit was found recently
(AngloGold} some 12 km to the E of Serra do Navio (Borges,
1999), The deposit is hosted in the volcano-sedimentary
sequence of the Vila Nova Group, and it is regionally related
to a transcurrent shear zene that underwent intense
hydrothermal alteration. From the base to the top, there
occur the following units: granite-gneiss basement; a
velcanic unit {metabasic rocks and amphibolite); a
chemical sedimentary unit composed of carbonate rocks,
calc-silicate and oxide, silicate and oxide-silicate facies;
banded iren formation units, silicate and oxide-silicate; a
clastic-chemical sedimentary unit consisting of quartz-
amphibole schist and amphibole schist; a unit consisting
of pelitic clastic sediments including muscovite-quarizite
and micaschist.

Throughout the area occur pegmatite intrusions in the
form of elongate bodies, the thickness of which varies from
some metres to more than 100 m. The pegmatite is syn-
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tectonic and generally associated with shear zones with
strike stmilar 1o the wall or country mocks.

The Amapari gold deposit has heen classified as a
contac] metasomatic deposit or & skarn-type deposit
{Meinert, 1985 apud Borges, 199%) in which the
hydrothermalism was controfled stractarally by a sinistral,
high-angled transcurrent shear zane striking NNW-S5E,
Amapari represents & gold deposit that resulted from a
combination of factors: liholegy (reactive rocks] and
favoarable structures (shear zomesh, the latter ’h!ih[l. the
more imporiant. The interaction between the rod-types
amd structune favoured the gold concentration, botl by
contacl mefasomatiam a5 well as by hpdrothermal
salutions that percalated abong the shear mone resultang in
intense hydrothermal alteration (principally silicifhcation,
sulphidizston and carbonatization) in reactive rocks such
as BIF units, amphibodite, carbonate beds and calc-silicate
The highest gold grades ocoar prefesentially in the BIF enis
{oxide, oxide-silicate and silicate facies), with miense
hydroithermal alterstion manifest as silicification and
sulphidization [pyrehotite and pymiel. The gold-bearing
rocks have @ brecoiated aspect and inlense ranspasbion
caused by shearing. There also occur carbonate rocks
{calcareniis marble), amphibolite and calc-silicase. These

rocks are quite reactive in the presence of mineralizing
hydrothsermal and metasomatic fusds that peroolated along
the shear tome, concentrating the gold in favourable
sructures in the host rocks. The gold seems 1o be related
to the structare of the sulphide minerals |pyrrhatite and
pyrite). Chalcopyrite, sphalerste, arsenopyrite, galena and
marcasie also occur in small smounts. However, with the
i::l;.:vl,-pl:iun of chllrnpyri.‘l:. these minerals do not seem 1o
be directly related o the gold miperalization,

The mineralization occurs in the zone of weathering as
well as in the sulphide-bearing bedrock, where i fallows
the shiear planes a1 depih, The primary mineralization
ocours along @ M-5 strike-length some 7 km long,
asoiated with rones of hydrothermal alteration in skam,
The weathering prafile attsins depths exceoding 100 m.

The evidence for considering a part of this depeosit as a
skarmi-type gold deposti s hased o the minevalogy, geological
seiting and the sulphide mineralogy. which may be comparned
ta that of gobd - dearns workdwide. The typical skam minerals
are girnet, pyrozene {diopsde-hedenbergiie], vesuvanite,
apatite, fitamite, actinolite, epidote and hornblende. There
alsoaceurs persene pichin manganese, The sulphide species
are pyrae and pyrchotie. The orggen of the minerakeing faids
may be explained in terms of the hypothess that the deposit
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came about as the result of metasomatic fluids laden with gold
and other elements that were channeled along fractures
opened by the pegmatiteintrusions. Seeingthat the pegmatite
Is syn-tectonic, it is probable that the mineralizing fluids were
also channeled along the shear zone (Borges, 1999).
However, the hy pothesis that stands up best in the light
of field observations and that best explains the gold
concentration of the deposit is that which invalves
hydrothermal solutions associated with the shear zone.
The mineable reserves of colluvial and oxidized
material, for a cut-off grade of 2,13 g/t Au, are about 30 000
kg/Au (c. 1.0 Moz Au), There is a considerable potential for
primary gold mineralization as sulphide ore that is still
being evaluated. Regional geochemical anomalies show
anomalies for copper, lead and zinc (Borges, 199).

The Pitinga Tin District

In the southern part of the Guiana Shield there is
important tin, rare metals {Zr, Ta, Y and REE) and eryolite
(Na,AlF ) mineralization, associated with the granitic
massifs of Agua Boa and Madeira at Pitinga {Figs. 5and 6).
These granitic rocks are considered t¢ be anorogenic,
intraplate and to have originated at high crustal levels. The
age of the intrusion into the Iricoumé volcanic rocks is given
as 1.8 Ga (Lenharo, 1998). Two types of tin mineralization
have been defined:

2) Tin mineralization associated with greisen of the
Agua Boa Massif. According to Daoud {1988) and Lenharo
(1998}, the Agua Boa Massif is a multiple intrusion
consisting of three distinct phases: Rapakivi Granite, Biotite
Granite and Topaz Granite. The tin mineralization is
associated with post-magmatic processes of hydrothermal
alteration in the form of vertical veining of mica-topaz-
quartz greisen containing cassiterite, opaque minerals and
teurmaline in fractures striking NSO"W. The associated
minerals are allanite, opaque minerals, zircon, fluorite,
siderite, beryl, and sulphice minerals such as sphalerite,
pyriteand chalcopyrite. Intense albitization of the granitic
wallrock preceded the greisenization.

b} Tin mineralization associated with albite granite
of the Madeira Massif. According to Daocud (1988) and
Lenharo (1998), the Madeira Massif shows three distinct
facies: Rapakivi Granite, Biotite Granite and Albite Granite.
The tin mineralization associated with albite-granite is
the disseminated type, being composed of cassiterite,
zircon, columbite-tantalite, pyrochlore, xenotime and
cryolite. The fresh rock centains: 0.176% Sn; 0.223%
Nb,0,; 0.028% Ta,0,; 0.030% U,0,; 0.80% Zr0,. This
disseminated mineralization is enriched in the weathered
mantle that is about 30 m thick and which is depleted
with respect to cryolite. At a depth of about 150 m, the
cryolite forms two massive bodies at the nucleus of the
albite granite. In 1997, the production was ¢. 11 693 t Sn
from 21 700 t of cassiterite concentrate with 53.88%
contained Sn. The perspectives for the next fifteen years
are to mine 13 M tpa of ore corresponding to the
equivalent of 13 000 1/Sn, in adition to 800 t of columbite
concentrate with 35% Nb 0, and 3,5% T20,.

Diamond in the Guiana Shield

Three distinct diamend-generating epochs may be
defined on the Guiana Shield: Dachine, Roraima and
Quebrada Grande.

Dachine: This is a new type of occurrence that has
recently been described in the Dachine area of French
Guiana. The host rock is a volcaniclastic komatiite, an
unusual volcanic rock found in the Paleoproterozoic Inini
greenstone belt of the Paramaka Province. In the Inini
greenstone belt there predeminates calc-alkaline andesite
and rhyolite and immature sediments. These rocks are
intruded by granitoid plutons including tonalite and
trondhjemite, suggesting an island arc setting. The
ultramafic rocks that host the Dachine diamonds form part
of a volcanic sequence in which most of the rocks have been
transformed into albite-carbenate-chlorite-talc schist.
Primary volcanic texture have been well-preserved locally.
The diamond pepulation consists mainly of micra-
diamonds. The largest stone recovered was ¢. 4.6 mm in
diameter. The discovery of diamond in altramafic schist,
such as the Dachine Schist, provides an explaination for
diamond occurrences from unknown sources in other parts
of the Guiana Shield, in addition 1o elsewhere on the South
American Platform (Capdevila et al, 1999).

Roraima: With the notable exception of the Quebrada
Grande area, most of the known diamond placers in the
Guiana Shield are in areas underlain by the Reraima Group,
or are in areas downstream from exposures of this group.
Diamend placers associated with the rocks of the Roraima
Group form the second group of occurrences on the Guiana
Shield. Although no diamond accurrence within the
Roraima Group has ever been found, there isa pronounced
spatial association between the alluvial diamond depeosits
and the outcrops of the Roraima Group, The most important
occurrence is San Salvador de Padl. The total historical
production exceeds 2 M carats. The monthly production is
estimated at 2000 carats. The high percentage of gem-
quality diamonds and the absence of other minerals typical
of a kimberlitic association that are more resistant to
transport suggests a distal source or more than one
sedimentary cycle or both {Gray and Qrris, 1993), Another
important locality for diamond placer deposits is [cabar,
Icabari occurs at the southern margin of the Roraima
Group, near ta the frantier of Venezuela and Brazil (Brooks
etal., 1995). Likewise, in this area the diamonds are mined
from conglomerate derived from the Roraima Group. The
main aluvial diamond mining areas occur around or in the
interior of the Pakaraima Mountains in Venezuela, Guyana
and Brazil. These alluvial diamends are generally regarded
has having been derived from Pre-Roraima kimberiite and
preserved in the conglomerate of the Roraima Group. In
Venezuela, most of the areas that have been worked are
situated in the drainage of the Caroni, Paragua and lcabard
in the eastern part of the State of Bolivar.

Quebrada Grande: The only diamondiferous
kimberlite in South America occurs at Quebrada Grande, a
tributary of the Guaniamo River, in the State of Bolivar,
Venezuela. Placer diamond deposits were discovered in
the Guaniamo region in 1968, and since then some 20to 25
M carats have been recovered, including stones exceeding



40 and 60 carats. In 1982, highly diamondiferous
kimberlitic dykes and sills were discovered. These
intrusives have been dated at 710 Ma (Kaminsky et al., 1998;
Channer ef al., 1998). The emplacement of this kimberlite
represents the youngest Precambrian event thus far
observed en the Guiana Shield. The kimberlite cuts biotite-
lamprophyre dykes dated at ¢. 850 Ma (Nixon et al., 1992).
The diamond production from this kimberlite by formal
mining methods is expected to be 450 000 carats per year.
It should be noted that the current production from the
entire Guiana Shield is estimated at ¢.250 000 carats per
year (L. A, Bizzi, personal communication)

The Carbonatites of Cerro Impacto
and Seis Lagos

The Cerro [mpacto is a structural feature in the State of
Bolivar, Venezuela, that was first observed in radar images.
Preliminary studies showed anemalous values for niobjum,
therium, barinm and other metais besides REE. Although
fresh rock has still not been found, the mineralogy of the
preducts of chemical weathering and leaching suggests that
the original composition of the proto-ore was a carbonatite
{gorceixite, goyasite, florencite, bastnaesite, monazite etc.).
The carbonatite is associated with a ring structure, ovalon
shape, and approximately 10 km in diameter. The
weathered cap that is at least 200 m thick does not contain
any fragments of the original carbonatite rock. The laterite
isenriched in Fe, Mn, Al, Ba, Th, Nb, REE (Ce, La, Nd), Ti, Zn,
Pb and other elements.

This body has been emplaced near the intersection of large
NE-5W and NW-5E fractures. These fractures may be related to
those into which was intruded the Quebrada Grande Kimberlite.
The age of the carbonatite is not known. A Proterozoic age is
suggested by a possible relationship with the Quebrada Grande
Kimberlite at 710 Ma {Bellizzia ef al, 1981; Sidder, 1995, Sidder
and Mendoza, 1995; Channer ef al, 1998).

The Seis Lagos Carbonatite is situated in the headwaters
of the Negro River, Brazil, near the frontier with Venezuela,
and it consists of three alkaline-carbonatite pipes,
mineralized with respect to niobium. In likemanner to the
Cerro [mpacto the age of this intrusion is not known. The
very intense laterite weathering resulted in the development
of a weathered cap exceeding 200 m thick in which the
pyrochlore was destroyed, and the primary niobium minerals
have been neomorphosed to rutile and niobiferous brookite.
The reserves at Seis Lagos have been estimated at 2.898
billion t of ore at 2.81% Nb.O, (Justo and Souza, 1986).

The Central Brazil Shield

With the exception of the Maroni-Itacaiunas Belt that is
for all practical purposes restricted to the Guiana Shield, the
Central Brazil Shield clearly shows a geotectonic zoning
developed from E to W around an Archean nucleus by the
accretion of successive magmatic arcs between 1.95 and 1.5
Ga, resulting in the formation of a vast continental juvenile crust.
From 1.5 Ga to 1.0 Ga, the evolution of this southwestern part
of the shield occurred in an ensialic environment.

TECTONIC EVOLUTION OF SOUTH AMERICA

The nature and distribution of the mineral deposits
found on the Central Brazil Shield reflect this geotectenic
evolution permitting the definition of several mineral
provinces as follows:

- The Carajds Province with goid deposits in Rio Maria
granite-greenstone terrane and with deposits of Fe, Mn, Au,
Cu, Zn, Cr and Ni associated with the volcano-sedimentary
sequences of the Grao Pard, Igarapé Bahia, Pojuca, Salebo
groups, and the sediments of the Aguas Claras Group;

- The Tapajés and Alta Floresta provinces with gold
deposits mainly associated with intrusive granite of the
Maloquinha, Serrinha do Matupd and Teles Pires types as
well as others, in addition to the Cu-Pb-Zn mineralization
related to the sedimentary (volcanic) cover of the
Beneficente Group;

- The Alto Jauru Cu-Au District with deposits
associated with volcano-sedimentary sequences;

- The Alto Guaporé Province with gold deposits formed
during the Sunsas Event and Ni deposits associated with
post-orogenic mafic-ultramafic complexes such as that of
Rincdn del Tigre in Bolivia;

- The Rondénia Province with tin deposits associated
with youngest anorogenic granites.

The Carajas Mineral Province

The Carajds Mineral Province (Fig. 7a, b} (Santos,
1983) consists of two sets of Archean rocks of distinet
age: the older Rio Maria region, and the younger Serra dos
Carajds region.

The Ric Maria region is situated in the SE of the State of
Pard and occupies the oldest part of the Archean Amazonian
nucleus. These rocks have been assigned to the Rio Maria
Granite Greenstone Complex, the evolution of which
occurred in an interval between 3.0 and 2.8 Ga (Souza ef al,
1996, 2000). The velcano-sedimentary sequences (2.98 to
2.90 Ga) occur in series of irregular belts (Andorinhas,
Gradais, In2jd, Rio Novoe and Sapucaia) known as the
Andorinhas Supergroup, and are intruded by granodiorite of
the Rio Maria type at 2.87 Ga (Pimentel and Machado, 1584;
Macambira and Lancelot, 1992). At 2.87 Ga the region
underwent an important tectono-metamerphic event,
correlative with the Xingu Granite-Gneiss Complex.

The consolidation of sialic crust is taken to have
occurred foliowing the development and deformation of the
Rio Maria greenstone belt sequence and its associated
plutonism. On this sialic crust developed the volcano-
sedimentary sequence of the Grio Pard Group, dated at2.76
Ga (Machado et 2, 1991; Gibbs et al, 1986, Wirth et al,
1986). This sequence is correlative with the Igarapé Bahia,
Pojuca and Salobo groups, which are overlain by the
sediments of the Aguas Claras Group, also of Archean age
{>2.645 Ga). Several generations of mafic and ultramafic
intrusions dated at 2.67 Ga {Machado ef al.,, 1991) and 2.645
Ga (Dias ef al., 1996) as well as granitic bodies assigned to
the Sossego/Cristaline (2.74Ga), and PlaquéfOld Salobo
(2.57 Ga) suites accur in the province (DallAgnol et al., 1987).

The deformation and the regional metamorphism associated-

with regional shear zones occurred between 2.58 and 2.5 Ga
(Machado et al, 1991; Pinheiro and Holdsworth, 1997},
constraining the final stabilization of the area. At the
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MARCH A DAADMEMNE AND CARLDS SCHOSHENHALS

Brecoaled sadments

Bewcciated minerakzed zome

Wolcariciasiic mocks

beginming of the middle Protenazoic | 1.88 Ga), occumred in
the region several anarogendc intmissnns such as the Central
Carajds Granite/Young Salobo Saite.

Thiese units are associaled with Cr, Fe, Cu-Au, Mn,
Au and W mineralization that define the Carajds
pilymetallic province,

Lode-type Gold Depasits

Several small deposits and pumerous gald showings
are found in pyrite-rich quanz veins that developed as the
result of intense hydrathermal alteration associated with
regtonal shear zones that cut the recks of the volcane
sedimentary seqisence. The best known deposits are the
Madema in the Sapucais greemstone beli [Dliveira of ol
1995 Dliveira and Lesnardos, 1990 Nascimento and
Biagini, 1988} and Babagqu/Lagoa Séca i the Andosinhas
greenstope beldt {Hubn, 1991; 1992; Sooza ef ai, 1990;
Sdlva and Cordeim, 19880},

Au-Cu-Bi-Mo Deposits of the Porphyritic

Lade-type

The Cumana gold deposit { Leanardos efal, 1991; Santos,
1995; Santos ef al, 1998) is associated with a stockwork of
qisartz veirs and veunlets, mich in pyrite, and related to a late-
tectonic grancdionie istrusion dated af LE7 Ga (Lafon and
Schieller, 1994 Ladon and Macambira, 1990). The associaion
of the metals Au-Co-Re- Mo, and the geochernical and isotope
diata, in addition tn the fluid inchusion shadies, led these suthors

FIGURE B - Geofogical sketok map of Cu-Aw igparape Bakia Depos it {modfied afier Soardd e al, 19991

io propose & mized origin for the gold mineralizaton,
classifying the depensit as a porphvritic bade-type exhabsting
both magmatic and structural contrels; The Cumaruy
Granodioite is defined as 1-type cale-alkaline intrusion of
volcanac arc affiliation, similar to porphyry systems, that
was affected by metamorphic squo-carbonic fuids, which
have cisculaied im the hear rome on the seuathern flank of
the Gradads greenstone belt,

The Serra dos Carajds Iron Ore Depasit

The Carajis Formation isan infermmediste uailof the Geio
Pard Group [Tolbert of al, 1971; Beisiegel ot al, 1973)
intercalated between two mafic voleanic wnits, and
conssting of jaspilite which represents the proto-ore of the
iron ore deposits. This jaspilise has a5 its main dharscieristic
thealternation afbands rich i bemalile/ magnetite and bands
of jasper, with mumerous sedimentary siructunes such 4s cut-
and-fill structures, spherulites, inraformational breccs,
slump structores, and dEh‘:rl]l'allull modules and veins
(Meirelles, 1986; Meirelles and Dardenne, 1993; Macambira
and Sibva, 1995, Geochemscal stsdies on the jaspilite showed
d positive anomaly for By and intermediate Co and n values
in relation fo e values for BIF of the Algoma and Lake
Superior types. The REE specima are wery similar to those of
ihe mafic volcanic wall pocks. The sef of geological amd
geochermical data endicate a volano-sodimentary onigin in 4
rifi emvironment for the farmation of the asplide in the
Carajés Formation
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These iron formation units cannot be classified either
as the Algoma-type or as Superior-type. Moreover, they
seem lo be a unique type: the Carajas-type. On one hand,
the strict relationship between the jaspilite of the Carajds
region with volcanic rocks permits a comparison with the
Algoma-type. On the other hand, the iron formation units
oceur only in the oxide facies suggesting similarities with
the depositional environment of the Superior-type
(Meirelles, 1986; Hoppe and Schobbenhans, 1990;
Meirelles and Dardenne, 1993).

The iron ore presently being worked in open pits at the
huge Carajds Deposit came about as a result of laterite
weathering that caused the supergene leaching of the silica
in the jaspilite and the residual concentration of hematite
(Costa, 1997). The reserves of the Serra dos Carajds have
been estimated at 18 biltion t of ore at 60% 1o 67% Fe. At
the N4E area the mineable reserves are about 1.251 billion
t of ore at an average grade of 60.9%Fe (Coelho, 1986). In
1998, the production was about 54 Mt of iron ore.

The controversy over the Carajds iron deposit invalves
the geotectonic context that preceded the development of
the rift; {a) the basaltic volcanism is intraplate and of the
Parand Basin-type (Wirth et al, 1986; Gibbs et af,, 1986;
Lindenmayer, 1998) and the high-K values are related to
the percolation of hydrothermal fluids (Lindenmayer e 4.,
1998); (b) the basaltic volcanism associated with the
jaspilite is defined as high-K with shoshonitic affinities
(Meirelles, 1986; Meirelles and Dardenne, 1991; Dardenne
et al., 1988; Teixeira, 1994; Teixeira and Eggler, 1994) that
developed as a mature magmatic arc, dominated by
subduction mechanisms.

The Luanga Chrome Deposit

The stratiform bodies of massive and disseminated
chromitite are associated with the orthopyroxenite of the
mafic-uitramafic layered and differentiated complex of
Luanga, intruded at 2.76 Ga (Machado et al, 1991) at the
base of the Rio Novo greenstone belt, thus being
contemporanecus with the volcanism of the Grio Par4
Group, This complex of mafic tholeiitic association is
composed of aset of cumulate rocks, beginning with dunite
and peridotite at the base, grading to erthopyroxenite with
zones of chromitite, and transitioning to nerite and
leuconorite in the upper part (Hirata et al., 1982; Medeiros
and Meireles, 1985; DOCEGEQ, 1988; Suita, 1998; Suita and
Nilson, 1991). According 0 Suita (1996}, the massive
chromitite is enriched in PGE, with grades attaining 3.2 g/
t PGE+ Auand 3.0 g/t Pt + Pd.

Cu-An Deposits

Grouped under this heading are the Igarapé Bahia/
Alemao, Pojuca and Salobo deposits, in addition to new
targets presently in phase of economic evaluation such as
the deposits of Sossego, Cristalino, S118, etc. All these
deposits have as their main characteristic the association
iron oxide Cu-Au {-U-REE).

The Igarapé Bahia and Alemao Cu-Au deposits
Associated with the volcano-sedimentary sequence of
the Igarapé Bahia Group, these two deposits (Figs. 8a and

8b) represent, for all practical purposes, 2 single
mineralized entity. The Alemédo Deposit, which was
discovered by geophysics {Barreira ef al, 1999) is the
along-strike extension in subsurface of the Igarapé Bahia
Deposit. Three types of mineralization are kniown: volcano-
sedimentary, hydrothermal and supergene.

- Volcano-sedimentary mineralization: this type of
mineralization was known before the others as the result
of drilling. It occurs in the form of disseminated chalcopyrite
and pyrite associated with chlorite, principally in the
sedimentary rocks and thythmite beds in the farm of banded
iron formation units composed of magnetite, fluorite and
chalcopyrite (Ferreira Filho, 1985; Ferreira Filho and Danni,
1985; Althoff ef al, 1994). Up to the present, this type of
mineralization is not of economic interest.

- Hydrothermal mineralization: this type of
mineralization was investigated by drilling and described
al Igarapé Bahia by Ferreira Filho (1985); Althoff et al.
(1994), Lindenmayer ef al. (1998), and Tallarico et al.
(2000b); and at Alem@o by Barreira et al, (1999}, and Soares
et al. {1999). There are two types of ore: vein ore and
brecciated ore.

The vein ore occurs in the form of small veins (0.7 to
2.7 ¢m thick) which cut several rock-types, and are
surrounded by a chlorite envelope consisting of an
association of calcite-quartz-chalcopyrite; quartz-
magnetite-chalcopyrite; and quartz-chalcopyrite.
Molybdenite and digenite {Althoff o1 al,, 1994), as well as
uraninite (Angélica et al, 1996) and fluorite have been
described in the area.

The brecciated ore is found in asseciation with
hydraulic breccia that is situated preferentially at the
contact of granophyre intrusions with sedimentary rocks
and mafic volcanic rocks,. The oreis composed of fragments
derived from the wall rock of the iron formation units. The
matrix is rich in magnetite and quartz, and cemented by
chlorite and calcite in addition to chalcopyrite-pyrite-
chalcocite-covelite. The gold is mainly associated with
chalcopyrite. The mineralization is accompanied by
intense hydrothermal alteration represented by the
assemblage of chlorite-quartz-albite-carbonate (Ferreira
Filho, 1985; Ferreira Filho and Danni, 1985).

Al Aleméo, the reserves of primary sulphide ore are
estimated about 170 Mt of ore at 1.5% Cu and 0.81 g/t Au
(or 113M1 of ore with 1.98% Cu and 0.94 g/t Au).

According to Lindenmayer et al. {1998), the fuids
responsible for the general chloritization and for the
mineralization were rich in CO2, U, REE, Cu, Ag, Mo, F end
Cl, as welt as being highly saline. For these reasons
Lindenmayer et al, (op. cit.) proposed that these fluids came
from a magmatic source associated with the anorogenic
graniteintrusions dated at 1.88 Ga, However, other workers
such as Huhn and Nascimento (1997), Oliveira et al. { 1998),
Tallarico et al. (1998, 2000 b} related the installation of the
hydrothermal system to Archean dioritic intrusions, thus
enabling a comparison with the Olympic Dam Deposit in
Australia The Igarapé Bahia was classified as a Fe oxide Cu-
Au (-U-REE) deposit.

- A good argument in favour to the second hypothesis
is the geological observation that the brecciated
mineralization does not cut the Aguas Claras sediments



that unconfermably overlie the kgarapé Bahia volcano-
sedimentary sequence.

- Supergene mineralization at Igarapé Bahia: the ore is
of lateritic origin (Zang and Fyfe, 1993; Costa et al., 1996;
Costa, 1997) consists mainly of hematite, maghemite,
goethite with gibbsite, and subordinate kaolinite and
quariz. This assemblage formed in the thick weathered
zone (20 to 50 m) that developed over the veining rich in
chalcopyrite. The gold grains found in the lower part of the
ferrupinous zone are almost pure. The deposit contained
before mining reserves of about 12 Mt of ore at 5 g/t Au, and
in 1999 the production was about 10 t of gold.

The Pojuca Cu-Zn-Au deposit

This deposit is situated on the northern side of the Serra
dos Carajds (Fig. 7b). The Pojuca volcano-sedimentary
sequernce that hosts the Cu-Zn-Au deposit consists of a
thick sequence of ortho-amphibolite intercalated with
banded iron formation units, and overlain by beds of
metamorphosed sandstene and siltstone. This sequence
is intruded by dykes and sills of metagabbro and
metadiabase (Farias and Saueressig, 1982; Farias et al,
1984; Medeires Neto and Villas, 1985; Medeiros Neto,
1986). The volcano-sedimentary sequence was intruded
at 1.88 Ga by the Pojuca anorogenic granite. According to
the workers cited above, three types of mineralization can
be observed at this deposit.

- Mineralization associated with iron formation units:
this type occurs as banded and disseminated sulphide, as
massive sulphide, and as siliceous breceia. Although this
type of mineralization has been considered as stratiform
and of volcano-sedimentary origin, the mineralization
associated with siliceous breccia is very similar to the
hydraulic breccia of hydrothermal origin described at
Igarapé Bahia.

- Mineralization associated with hydrothermal veining
of quartz-feldspathic composition: this type of
mineralization cuts all the rock-types of the volcano-
sedimentary sequence, and is accompanied by propylitic
alteration that is symmetric with respect to the axis of the
veins. The main minerals are quartz, fluorite, calcite,
tourmaline, albite and microcline together with chalcopyrite,
pyrehotite, sphalerite and bornite, besides molybdenite,
ilmenite, pyrite, matcasite, cobaltite, hematite, mackinavite,
cubanite and pentlandite. These quartz-feldpathic veins
seem to be related to remobilization brought about by the
intrusion of the Pojuca anorogenic granite at ].88 Ga. In the
vicinity of the Pajuca Granite, the same type of mineralization
has been described as that related to the intrusion of the
Gameleira Granite, dated at 1.88 Ga (M. Pimentel and Z.
Lindenmayer, personal communication).

The Salobo Cu-Au deposit

The Salobo Cu-Au deposit was discovered by DOCEGEQ
in 1977 (Farias and Sauesserig, 1982). Thedepositis situated
some 30 km to the N of the Serra dos Carajds (Fig. 7b), and is
hosted inahomenymous volcano-sedimentary sequence, the
attitude of which is vertical. The rocks consist of quartzite,
amphibolite, metagreywacke and iron formation units rich
in magnetite to which is associated the copper mineralization
(Fig 9a,b). The depasit is limited by extensive shear zones,
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the strike of which is WNW-ESE, and is intruded by syn-
tectonic granite, foliated and mylonitized {(05G), and dated at
2.57 Ga. Atthe beginning of the middle Proterozoic, at 1.88 Ga,
this sequence was intruded by an anorogenic quartz-syenite
(YSG) that caused contact metamorphism and intense
hydrothermal potassic and propylitic alteration, The ore of
the Salobo Deposit, studied mainly by Lindenmayer (1990,
1998}, Lindenmayer and Fyfe (1994), Réquia ef al. (1997)
consists mainly of disseminated or massive bornite and
chalcocite, always associated with lenses of magnetite. The
other minerals present are chalcopyrite, molybdenite,
urantnite, gold, Imenite, graphite, safflorite, Co-pentlandite,
covelite,digenite, hernatite and native copper. The oreis hosted
in the siliceous and aluminous iren formation units that are
tectonically foliated and even mylonitized. This deformation
reaches the lenses of magnetite-bornite-chalcocite, which
shew a plastic flux texture, mylonitization and brecciation.
With the intrusion of the anorogenic quartz-syenite [ YSG), the
iron formation units and the mineralization underwent
contact metamorphism in the pyroxene hornfels facies {750°C),
followed by potassic alteration (650°C-550°C; 2.5 kbar} and
by intense propylitization {350°C-270°C) manifest in a
generalized chloritization of the iron formation units by the
paragenesis almandine, biotite, hastingsite, titanite, rutile,
greenalite inassociation with fluorite and uraninite, and by the
development of veining with stilpnomelane, fluorite,
molybdenite, allanite, chalcopyrite, cobaltite, gold and quartz.

The Salobo Cu-Au deposit was initiaily thought tobe a
VMS-type deposit of volcanegenic origin. It was
successively defined by Lindenmayer (1990) to be
volcanogenic; and then of mixed origin: exhalative for
copper and epigenetic for Au-Mo-U (Lindenmayer and Fyfe,
1994). Later, it was considered to be porphyritic for Au
(Lindenmayer, 1998, 1999), and finally as a deposit of the
Fe-oxide Cu-Au (-U-REE) type associated with anorogenic
granitic intrusions at 1.88 Ga by Lindenmayer et af. {1998)
or with Archean granitic intrusions (Huhn and Nascimento,
1997; Huhn et al, 1999}, According to the contrasting views
of Siqueira (1996), the Salobo Deposit is of hydrothermal
origin, entirely related to a shear zone. A fundamental point
to be clarified is the abservation that the magnetite-
chalcopyrite-bornite massive bodies have been affected by
the Archean deformation as described initially by
Lindenmayer (1990}.

The reserves of the Salobo Deposit are estimated at
789 Mt of ore at £.96% Cu, 0.52 g/t Au and 55 gft Ag.

The Sossego-Cristalino/S118 Cu-Au deposits

The new discoveries of Cu-Au deposits known as
Sossego-Cristaling-5118 are situated to the § of the Serra
dos Carajds (Fig. 7b}. According to Huhn ef al. (1995}, these
deposits are associated with diorite and quartz diorite
intrusions, dated at 2.74 Ga, in the velcano-sedimentary
sequence of the Grao Pard Group. The attitude of these rocks
is vertical and metamorphism has occurred in the
greenschist te amphibolite facies. The mineralization
occursinbrecciated and hydrothermalized zones, forming
stockworks both in the volcanic wall rock as well as in the
diorite. The mineralization is accompanied by a distinct
enrichment in magnetite, apatite and allanite in addition to
varied types of hydrothermal alteration including
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microclinization and biotitization (potassic alteration},
albitization and scapolitization (sedic alieration},
chloritization and carbenatization, silicification and
tourmalinization. The ore consists of chalcopyrite, pyrite,
magnetite, braveite, willerite, cobaltite, vesite and gold.
Mineralized intersection from the first drillholes showed
grades of 1.4% Cu and 0.25 g/t Au, and the potential is
estimated to exceed 200 Mt of copper ore. The partial
reserves of the Sossego Deposit have been estimated at
about 219 Mt of ore with 1.14% Cu and 0,34g/t Au. Huhn
et al. {1999) consider that these new discoveries show
features that are also common 1o the Cu-Au deposits of
Alemao, Bahia, Pojuca and Salobo, and suggest these
deposits will fall into the Fe-Cu-Au-U-REE model of
Hitzman ef af. (1992), in line with the initial view proposed
by Huhn and Nascimento (1997),

The Azul Mn deposit

The Azul manganese deposit {Coetho and Rodrigues,
1986; Beisiegel et al., 1973; Bernadelli and Beisiegel, 1978;
Bernadelli, 1982) is associated with the lower member of
the Aguas Claras Group (Nogueira ef al., 1995) and dated
indirectly at 2.645 Ga. In the Serra dos Carajds area the
denomination Aguas Claras Group has substituted the
former Rio Fresco Group (Barbosa et al., 1966). The lower
member of the Aguas Claras Group consists of argiltite with
subordinate siltstone and sandstone, deposited on a marine
platform. The primary mineralization, or manganese proto-
ore {Bernadelli and Beisiegel, 1978; Valarelli et al, 1978} is
found intercalated in the pelitic sequence in the form of two
manganiferous units consisting essentially of
thodochrosite, quartz, phyllosilicate, feldspar and organic
material. The ore, of lateritic origin, developed from the
alteration and supergene enrichment in or on the lower
manganiferous unit in the form of cryptomelane. Tn 1996
the mineable reserves were estimated at 54.36 Mt of
manganese ore. The annual production was 1.1 Mt of
metallurgical-grade ore and 70 381 t of manganese dioxide.

The Azul manganese deposit may be compared to
sedimentary deposits developed at the margin of stratified
and anoxic basins (Force and Maynard, 1991).

The Buritirama manganese deposit, isolated to the N
of the Carajds Mineral Province may represent a
metamorphic equivalent of the Azul sedimentary sequence
or the Pojuca/Salobo volcano-sedimentary groups.

The Serra Pelada/Serra Leste Au Deposit

The Serra Pelada/Serra Leste gold deposit (Meireles et
al., 1982; Meireles and Silva, 1988) is hosted in the
sediments of the Aguas Claras Group, that form a regional
synclinal structure, and is associated with a dextral
transtensionat system the strike of which is NNE-§5W,
developed between regional shear zones the strike of which
is ENE-WNW (Freitas-Silva, 1999). In this dilational
environment the mineralizing fluids deposited gold in
manganiferous and carbonate-rich tectonic breccia. The
gold is free and rich in palladium (1% to 8% Pd) and
platinum. The ore also contains silver {c. 0.5% Ag), iron
{between 0.5%-1% Fe) and copper (¢. 0.5% Cu). According
to Tallarico et al (2000 a) the ore bodies are found in the

contact between the carbonate-rich siltstone and
dolomitic marble and are surrounded by intense
silicification. Quartz, dolomite, chiorite, actinolite, biotite,
muscovite, magnetite, calcite, tourmaline, hematite, pyrite,
chalcopyrite, melydbenite, galena, digenite as well as
uranium-bearing minerals and rare earths accompany the
Au-Pd-Pt mineralization. A hydrothermally-altered dioritic
intrusion is known te occur underneath the deposit to
which can be related the epigenetic mineralization.

The deposit has been highly weathered, and is known
for the development of large nuggets ( weighing up to 6 kg of
massive gold) as well as huge gold agglomerates having
dendritic and skeletal habits weighing between 26 and 62
kg. The deposit was discovered in 1977, and became
famous on account of the number of garimpeiros (over 40
000) that worked there. Between 1980 and 1984 the Serra
Pelada Deposit produced about 32.6 t of gold. The oxidized
mineralization is known to a depth of 300 m.

The Aguas Claras Cu-Au Deposit

The Aguas Claras Cu-Au deposit is associated with
shear zones and normal faults, the attitude of which is N20°
te N40°E/70°NW, which cut the sediments of the Aguas
Claras Group, consisting of siltstone, sandstone, and sills
and dykes of diabase. According to Soares ef al. (1994) and
Silva and Villas (1998), the primary mineralization is of
hydrothermal origin. The first phase consisted of the
development of massive quartz veins with cassiterite and
welframite accompanied with silicification of the mafic
rocks and the tourmalization of the sediments.
Chloritization and sericitization, intense brecciation of the
quartz veins and the precipitation of sulphides mark the
second phase of hydrothermal mineralization. The
dominant sulphide species are chalcopyrite, pyrite and
arsenapyrite; subordinate species are pyrrhetite,
sphalerite, stannite, cobaltite, bismuthinite and galena,
besides magnetite. The gold, rich in silver (c. 25% Ag),
appears as irregular grains (0.01 to 0.26 mm) in the contact
between pyrite and chalcopyrite crystals, as inclusions in
arsenopyrite, and as isolated grains in chalcopyrite. The
origin of the Au-Cu-Sn and W mineralization may be related
to the Central Carajds granite intrusion dated as 1.88 Ga.
The reserves of the depasit have been estimated at 9.5 Mt
of are at 2.43 g/t Au (Silva and Villas, 1998).

The lateritic weathering resulted in the formation of
gossan at the surface (Angélica et al., 1996), and the
secondary mineralization in the form of gold nuggets is
associated with goethite, limonite, hematite and martite,
besides quartz, kaolinite and tourmaline. This weathered
cap is worked for support of the industrial gold complex at
the Igarapé Bahia Mine.

The Pedra Preta W deposit.

The Pedra Preta wolframite depesit {Cordeiro and Silva,
1986; Rios ef ai., 1998) is associated with the Musa
anorogenic granite intrusion {1.88 Ga) (Dall Agnol et al,,
1994). The mineralization is contained in quartz veins with
strike N80*W/subvertical, which cut the volcano-
sedimentary sequence. Together with the quartz, there occur
besides wolframite, topaz, muscovite, tourmaline, pyrite,
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pyrrhastine and chalcopyrite. In the contact with the thicker
veing, the wollramine is also disseminabed in the intensely
silicified wall rock. Thee ofe reserves have been estimated ab
about 322 753t ol an average grade of 1.03% W03,

The Tapajés Province
Geological context

Tapajis 1s the largest pold prowince in Brazil. his simusted
i the cemiral region of the Central Brazil Shield berween the
Tapapds River and the headwaters of the Crepori and
famanxim rivers, the Serra do Cachumbo and the (rir River
(Fg. 101, The hasement of this province comsists of o maan
unais: the Cuid-Cuid and the Jacareacangs Metamorphic
suites of possible Facleoproterozoic age { > 2.0Ga). The Cuid-
Cuig Suite consists of gneiss, migmatite, granitowd and
amphibolite whereas the Jacarcacanga Saite represents a
supracnustal volcano-sedimentary sequence that has been
metamaorphosed and deformed in the high greenschist facies.
The relationabip of this umit with the Caid-Cuii
Metamarphic Suite is sol known, Both these metamorphic
suites were ntnuded by granodiorite and monzodiorite
plutons and bathaliths of the Parauar Suite considered to
be sym to lase tectondc (10-1.9Ga). The Parmuar Granioid
i calc -alicaline in composition, and aften displays a rapaka
texiare. AN these units form the basement over which was
depodited an extensive cover of sub-aerial volcanic rocks of
ackd to ipdermediate composition known as the o Group

{1.B0-1.57 Ga), and an anorogenic co-magmatic immsie
sudle, the Maloguinha Suive (1.57- 180 Ga). The magmatizm
of the [rir-Maloguinha recks accurmed during a gestectonic
regime that was mainky exiensional. The volcanic rocks and
their sub-vadcanic plutons are not penetratively deformed.
The valcamic rocks with pyroclastic umits aned subordinage
sediments have bow dips, except in the proamity of faulis,
Clastic Mavial sedimentary rocks ol the Casielo dis Somhes
Formation, underlie the Irin Formation. These ssdiments
generally form clongate quartzite nidges. An intrusion known
us the [ngarana Gabbreo [Intrasion (1.90-1,89 Ga} cuts the
Parawsri Intrusive Suite and the Caid-Caid basement
sequence. All these unils are overlain discordantly by a
sedimentary cover, kocally with vedeandc rocks of tphrogenic
chamcier assigned to the Beneficente Group. Basic sills and
dvkes of the Crepori umit intruded these rocks at about 1,69
Ga, s well 28 the muafic-altramabic rockes of the Cacheeim Seca
mital, dated a8 between 1.2 and 11 Ga (Robern, | %8 Faroo
et ol 1994,

The late stage Makwquinka Gransoud of alkaline to sub-
alkaline affinities intrudes the Parawari Suite and the Iriri
volcanics. These younger granitoid platons are more
iractiomated than these of the Parsusn Suie with RS >0,
and high NhZr and GdYh ratios. The Maloquinka ntrasive
ocks were emiplaced a1 @ very shallow depth. They have a
porphyritrc femre, and they ane frequenty reddish i colour.
In adelivhon o these charactenistics they are Enomalous with
respect 80 Eifn, REE, ¥, 5n, Au and Cu, and play an important mle
in the mineral economy of the Tapap's Province | Jacobi, 1999).
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Gold Mineralization

Primary gold occurrences are found mainly in the
western part of the province in rocks of the basement units
as well as in the Malequinha intrusions. There are relatively
few occurrences in the volcanic rocks of the Iriri cover. This
distribution of the gold deposits {Fig. 11) may reflect the
influence of the level of erosion in as much as these may
expose certain styles of gold mineralization {Robert, 1996;
Coutinho ef al., 1998).

Of the diverse occurrences of primary gold, two main
styles of mineralization are present: (1) gold in quartz veins
and {2) gold as disseminations in zones and stockworks.
Quartz veining is the most common style of mineralization
and can be abserved at many localities including Abacaxis,
Bom Jesus, Goianao, Sdo José, Davi, Batalha, Chico Torres,
Mamoeel, Cuid-Cuid and at N. . da Conceicdo. In general,
the gold occurs in narrow discontinuous zones. Very often
the gold is visible forming high-grade concentrations. The
hydrothermal alteration is restricted to the veins and is
never pervasive. Disseminated gold mineralization can be
observed at Tutai and Abacaxis.

The principal characteristics of the quartz veins may be
summarized as follows: (a) they are polymetallic and generally
contain pyrile, along with variable amounts of chalcopyrite,
galena, sphalerite, pyrrhotite and molybdenite. Some veins
contain alkaline feldspar, amethyst, and fluorite; carbonate
is common; (b) at the occurrences there may be observed
massive quartz to banded quartz structures (or comb quartz
structures), and structure filling open spaces are alsa
common; (c) the associated alteration consists of proximal
sericite-pyrite (Bom Jesus) or K-feldspar (Batatha) or
peripheral mineral assemblages of chlorite-epidote-calcite
(Bom Jesus, Davi) or chlorite/sericite-sulphide-carbonate
{Ourc Roxe); (d) the veins are associated spatially with ruptile
faults, and there is some evidence that, locally, the veins may
have been emplaced in active brittle faults (Bom Jesus,
Goiano). These characteristics are typical of veins that have
formed in relatively shallow crustai levels and indicate an
epithermal affinity for the veining of the Tapajés Province; (f)
the quartz veins occur in a variety of host rocks: granitic
basement (Goiano}, Maloquinha Granite (Bom Jesus) and
non-metamorphosed feldspathic sandstone (Abacaxis); (g)
the absence of penetrative deformation and significant
metamorphism of the Maloguinha intrusives and of the
sandstone at Abacaxis may indicate that the veining formed
at shallow crustal levels, a view that corresponds to the
inferred environment of the veins; (h) in spite of the diversity
of the different types ofhost rock and their ages, the similarity
of the characteristics of the veins suggests that the quartz
veins have similar ages. Consequently, the veins are
cottternporaneous or younger that the Maloquinha intrusives
(Raobert, 1996).

The absence of primary gold occurrences in the
Beneficente Group suggests that the veining is older than this
group. Based on available data, the most]ikely interpretation
is that the quartz veins were formed during the magmatic
event that resulted in the Maloquinha intrusions at the end
of the Paleoproterozoic {1.87-1.80 Ga). A possibleexception
is the veining at So José where the veins are parallel to the
penetrative foliation in basement granitoid, and which form

boudins along the foliation planes. The implication of this
boudinage is that the veining was developed during the phase
of basement deformation and is therefore older (2.4-2.0Ga),
this is to say at the base of the Paleoproterozoic. This fact
raises the impaortant possibility that there occurred two
events that brought about the gold veining in the Tapajés
Province: one that affected the basement rocks consisting of
mesothermal veins in the lower Paleoproterozoic, and a
second phase of veining in the younger Paleoproterozoic.
Additional work is required to examine these two
possibilities. Finally, it is important to note that the quartz
veining is related to the Iriri-Maloguinha magmatic event.
These veins are not abundant in the Iriri velcanic covet. The
tendency is for these to occur in rock-units below this cover
and within the Maloquinha intrusions.

The presence of disseminated auriferous sulphide
mineralization in the Abacaxis Granodiarite and in weak to
moderate fracture stockwaorks at Jutaf and Sao Jorge is highly
significant in spite of the fact that this mineralization is not
ore-grade. It shows that the disseminated stockwork
mineralization, generally associated with the porphyritic
environment {Sillitoe, 1991; Robert, 1996) could constitute
a valid exploration target for the Tapajos Province. At
Abacaxis, the granodiorite hosting disseminated sulphide
mineralization intrudes non-metamorphosed sandstone
and siltstone beds that are believed to be coeval equivalents
of the Iriri volcanic rocks. This also implies that the
granodiorite belongs to the Maloquinha Intrusive Suite, and
that the diseminated mineralization may possibly have the
same age as the quartz veining.

As mentioned above, the quartz veins have epithermal
affinities. Specifically, these show several common
characteristics with the epithermal deposits of the adularia-
sericite type (Heald e al., 1987; Robert, 1996). These include
K-feldspar/sericite/chlorite alteration; weak sulphide
mineralization in veins (sphalerite, chalcopyrite, and galena);
and hematite and adulatia (Dreher et al., 1998) in some veins,
and an absence of hypogene alunite, enargite-tenantite and a
high degree of argillization. However, in the Tapajés veins
thereoccur a few instances in which the veining diverges from
the classical model of the adularia-sericite-type: the veins
occur predominantly in the basement rather than in the
volcanic cover; many veins are polymetallic, and as
emphasized by Robert {1996) and Buchanan (1981) do not
show a vertical separation of the basic and precious metals.
The veins have some similarities with what Sillitoe {1991)
and Robert {1996) referred to as plutono-related veining.
These are transitional in character between adularia-sericite
epithermal and mesothermal veins that occur at a slightly
greater depth as compared to the epithermal veins. Figure 11
shows the position of the vein-types within a hypothetical
hydrothermal system centered on an intrusion, and provides
a plausible geological model for the gold deposits of the
Tapajds Province.

More than 90% of the gold produced in the Tapajés
Province was mined from thousands of placer deposits.
Producticn figures show that about 159 t of gold were
mined between 1959 and 1996. Garimpos of the Cuiti-Cuid,
Canta Galo, Abacaxis and Patrocinio types are classical
examples of these large Recent placer systems. Geldisalse
found in Tertiary paleoplacers, some 10 to 20 m below the



Recent surface (Nova Brasilia) or in paleoplacers above the
present surface (Sumatima) (Robert, 1996; Dreher ef al.,
1999; Martini, 1998; Costa and Carvalho, 1999; Coutinho
et al., 1998; Jacobi, 1999)

The Alta Floresta Province

Geological Context

The Alta Floresta Province is also essentially
auriferous, in like manner to the Tapajés Province. It lies
between the Serra do Cachimbo to the N and the Serra dos
Caiabis and the Chapada dos Dardanelos to the S. To the E
it is limited by the Peixoto de Azevedo/Matup4 region, and
by the Aripuand River to the W (Fig. 12).

With the exception of some studies in specific areas the
level of geological knowledge of the Alta Floresta Province is
limited for the best part to geological mapping at 1:1000 000
scale. Presently, geological mapping at 1: 250 000 scale is
being carried out by the Geological Survey of Brazil. According
to Tassinari (1996) the Alta Floreta region corresponds to
the limit of two geological provinces or tectonic belts: the
Ventuari-Tapajés Belt (1.9-1.8 Ga) to the N, and the Rio
Negro-Juruena Belt (1.8-1.55 Ga) to the S, both defined by
this author mainly on the basis of geochronology,
supplemented by geological data. The limit between these
two provinces passes approximately along aline between the
towns of Matupd ~ Alta Floresta - Paranaita - Apiacds (Fig.
12). These two geochronological provinces or tectonic belts
were interpreted by Tassinari (1996) and Teixeira et al. (1989)
ashaving developed in magmatic arcs originating by collision
directed against a continental block situated to the NE
(Central Amazonian Province) (Fig. 4).

The basement of the Alta Floresta Province consists
essentially of granitoid plutons of granitic to monzogranitic
composition and gneiss of granitic to tonalitic composition.
There also occur schist and mafic and ultramafic rocks,
banded iron formation units, migmatite and other rock-types.
In the basement of the Alta Floresta Province occur large
batholiths (Juruena-type granitoid) that are isotropic to
foliated banded and monzogranitic to granodioritic in
composition (Paes de Barros, 1994; Paes de Barros et al,
1999). The batholiths of the Juruena-type have not been
adequately mapped yet. Recent U/Pb dating of a number of
samples of basement granitoid, collected between the towns
of Apiacds and Peixoto de Azevedo, show ages between 1.9
and 1.8 Ga for these intrusive rocks (JICA/MMAJ, 2000). On
the other hand, a dozen samples of granite collected from the
areas of Apiacds and Paranaita, dated by K/Ar, showed that
these rocks have been reworked isotopically between about
1.35 and 1.10 Ga (JICA/MMAJ, 1999).

Overlying the above-mentioned basement occur acid
to intermediate volcanic rocks with calc-alkaline affinities,
including pyroclastic rocks (Teles Pires Group). There are
few reliable dates available for this volcanism correlated by
some authors to the Iriri Group. U/Pb dates collected near
the town of Apiacis to the NW, and to the N of Matup4,
showed ages of 1.78 Ga (JICA/MMA]J, 2000) and 1.8 Ga (C.
Schobbenhaus, personal communication), respectively, for
the Teles Pires Volcanics. About 400 km to the W of Apiacés,
inthe Moreru area, an ignimbrite sample presents an U/Pb
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age of 1.81 Ga for this volcanism (Pinho et al., 1999). These
dates indicate that the Teles Pires volcanism is about 100
Ma younger than that of the Iriri volcanic rocks exposed in
the Tapajés Province. The Teles Pires volcanic rocks are
cut by granitic intrusions (Teles Pires Granite) that are
generally circular in plan, and similar in this respect to the
Maloquinha Intrusive Suite, occurring associated with sub-
volcanic rocks with alaskite affinities. U/Pb age
determination for this granite gave ¢.1.76 Ga (J. Orestes
Santos, personal communication). Mesoproterozoic
sediments of the Beneficente Group, the thickness of which
exceeds 1000 m, cover the volcanic rocks and granite
intrusives of the Teles Pires Group. These sediments were
probably deposited between 1.8 and 1.5 Ga in a continental
rift, the strike of which was NW-SE. Morphologically, they
form an extensive plateau known as the Chapada do
Cachimbo. The Beneficente Group consists of continental
and marine sediments intercalated with pyroclactic rocks.
Sedimentary rocks from this group revealed Rb/Sr ages of
1.4 Ga, interpreted as the diagenetic age of the sediments
(Tassinari et al., 1978). In the Aripuana region there occurs
associated sedimentary and volcanic rocks of low
metamorphic grade that are also correlative with the
Beneficente Group. K/Ar and Rb/Sr ages of ¢. 1.5 Ga and
1.45 Ga, respectively, for diabase and alkaline rocks
intruded into the sediments represent minimum ages for
the sedimentation The southern limit of the Alta Floresta
Province is marked by two important physiographic
features: the Serra dos Caiabis and the Chapada dos
Dardanelos in which there occur continental sedimentary
sequences known as the Dardanelos Formation. This
formation overlies the volcanites of the Teles Pires, the
Beneficente Group and the basement. Alkaline basalt flows
intercalated in the Dardanelos Formation gave K/Ar ages of
between 1.4-1.2 Ga. To the NW of the Alta Floresta Province,
in the region of the Sucunduri Dome, continental sediments
of the Prosperanga Formation, of possible Neoproterozoic
age, overlie the Beneficente Group (Iwanuch, 1999).

Gold Mineralization

Gold is the most important mineralization related to
the Alta Floresta Province. In second place occurs base
metal mineralization. Gold mineralization, whether this be
in secondary alluvial deposits or primary deposits, is
widespread throughout the province for more than 500km,
and especially along the southeri margin of the Cachimbo
Graben that strikes WNW-ESE. Most of the gold
occurrences have received little study. Mining began in 1966
following the discovery of gold by garimpeiros along the
Juruena River. Official production figures and estimates of
the production from small workings in alluvial deposits
between 1982 and 1995 (DNPM) are 112 and 148 t of gold,
respectively (Peixoto de Azevedo, Colider, Matup4, Terra
Nova do Norte, Guaranta do Norte, Alta Floresta, Apiacis,
Paranaitaand Aripuani areas).

Paes de Barros et al. (1999) divided the occurrences of
gold mineralization into four districts: Peixoto de Azevedo,
Teles Pires, Cabega and Aripuani. According to these
authors, in the Peixoto de Azevedo area that extends from
the vicinity of the town of Peixoto de Azevedo to the vicinty
of the town of Alta Floresta, important gold mineralization
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is hosted in shear bands and in extensional structure that
strike NNW-S5E and WNW-WSE. The ductile shear zones
have as their main characteristic, continuous lineaments
representing quartz-mylonite with the development of
extensive pervasive hydrothermal alteration including
silicification, chleritization, sericitization, epidotization
and propilitization. Dozens of occurrences are hosted in
shearfractures, including those at the Paraiba, Cubu, Pezio,
Edu, Edson, Goiano, Mineiro workings and others. At the
Serra do Guarantd occurrence, vein mineralization can be
observed hosted in talc-chlorite schist that form mega-
enclaves of uitramafic nature, Deposits related to granitic
apophyses and stocks are frequently related to the Teles
Pires magmatism. These may be observed as veins, veining
and in stockworks,as for example, at the Pé Quente, Trairio,
Aluizio, Naiuram garimpos and others. The Teles Pires area
{Paes deBarros et al,, 1999) lies in a belt, over 2001ong, that
strikes E-W to NW-SE extending from Paranaita, passing
through Apiacds to the Juruena River and reaching the area
of the Moreru River. In general, the mineralization of this
region is related to pre-Teles Pires magmatism represented
by granitic batholiths, the rocks of which consist of
equigranular biotite-monzogranite, light grey in colour. In
the vicinity of the mineralized zones occurs a facies showing
a higher degree of hydrothermal alteration with large bluish
quartz crystals associated with an epidote, chlorite and
pyrite paragenesis. The gold mineralizatien occurs
associated with sulphide in quartz veins and as
disseminations hosted in closely-spaced multiple shear
bands. Gald also occurs associated with sub-volcanicacid
rocks in pockets and in disseminated pyrite with grades
exceeding 10 g/t Au. In the Cabeca region the gold
mineralization accurs associated with a probable volcano-
sedimentary sequence that underwent several phases of
cataclasis, and which is locally intruded by the Teles Pires
Granite. This volcano-sedimentary sequence is
conditioned by a ductile shear zone, the strike of which is
N70°-80°W. Thin gold-bearing veins with high-grade ore
strike N20°-30°E and N5°-15°W.

The primary gold mineralization of the Alta Floresta
Province may be divided into three types: (1) shear zone-
hosted quariz vein type; (2) porphyry or disseminated type;
(3) stockwork type. Examples of each of these three types
are Paraiba, Matupd and Nova Planeta, respectively {Fig. 12).

The gold mineralization of the shear zone-hosted
quartz vein type is related to a ductile shear zone that has
the regicnal strike NW-SE, which cuts the entire province.
This shear zone may be several kilometres wide, and
includes some dozens of important gold veins and
hundreds of zones with smaller gold veins.

This type of mineralization is best seen at the Paraiba
underground mine, which has been considered to be the
most important working in which veining is hosted in a
shear zone. Reserves are given as «. 4.3 1ofgold. The zones
with quartz veins and veinlets have the preferential strike
N20°-60°E, NNE, N30°-60°W and E-W. The Paraiba lode
consists of a network of quartz veins with gold and copper
displayed in parallel bands with variable sulphide content
(Siqueira, 1997, Paes de Barros, 1994; JICA/MMAJ, 1999).

The gold mineralization of the porphyry or
disseminated-type is associated with calc-alkaline granitic

TECTONIC EVOLUTION OF SOUTH AMERICA

Type I plutons, of which the Serrinha do Matupd Granite is
the best example (Batelho et al., 1997; Moura, 1998;
Botetho and Moura, 1998). The age of this granite (1.87 Ga,
Pb/Pb), together with its geochemical characteristics are
favourable indicators for gold prospecting in the region. The
gold in this granite occurs in small high-grade vein-type
deposits as well as in disseminations in wide
hydrothermally-altered zones with sericitization,
feldspathization, and pyritization. The association of gold
with oxidized Type [ granite and the hydrothermal
alteration style are analogous to the associations present
in world-class porphyry-type deposits (JICA/MMA],
1999). The Serrinha de Matup4 Massif is a homegeneous,
non-deformed monzogranite, with equigranular to
porphyritic texture. The geochemical characteristics are
similar to those formed in velcanic ares as well post-
collisional bodies, formed in associatien with oceanic
lithosphere.

The stockwork-type geld mineralization is observed
inthe Teles Pires Intrusive Saite. It is controlled by regional
lineaments ot shear zones, and best observed in the area of
Nova Planeta around the periphery of a monzogranite of
the Teles Pires type. Here the strike is E-W, a direction that
also coincides with that of a prominent shear zone. This
monzogranite is intruded in basement granitoid as well as
in volcanic racks of the Teles Pires Group, as shown by the
presence of dykes and apophyses of the intrusion (JICA/
MMA]J, 1999; Veiga, 1988).

Base Metals Mineralization

In the Aripuanaregion (Fig. 12), low metamorphic acid
volcanic and pyroclastic rocks, problably related to the
Teles Pires volcanism, host hydrothermalized
polymetallic Zn, Pb, Cu, Au and Ag deposits. At the Serra
do Expedito garimpo, situated to the NW of Aripuand, the
country rocks are metasiltstone that has been correlated
to the Beneficente Group, and the mineralization
resembles a gossan, There also occurs in this area
polymetallic mineralization of the stratabound type
related to the intersection of shear zones, striking E-W, in
catbonate-rich pelite of the Beneficente Group. The
mineralization occurs as massive, disseminated and
veined sulphide with pyrite, pyrrhotite, sphalerite galena,
and subordinately, gold and silver. Gold mineralization is
also associated with the periphery of sub-outcropping
intrusives (Neder ef al., 1598; Paes de Barros et al., 1999).

In the Moreru area on the Aripuani River, situated about
250 km NNW of Aripuani area, Pinho ef al. (1999} refer to
hydrotermalized acid volcanics (1.81 Ga) and pyroclastic
rocks with Au mineralization associated with pyrite,
chalcopyrite, galena and ilmenite. Sulphides occur as
disseminated form orin massive bands in subvelcanic bodies
and in quartz-carbonate-chlorite veins cutting rhyolite.
These rocks are related te the Teles Pires magmatism.

At Terra Preta, on the Sucunduri Dome (Fig. 12}, the
Beneficente Group bears copper mineralization
{chalcopyrite and bornite) in beds of sandstone, argillite,
calcareous sandstone and limestone. The mineralized
zomes are 7 to 12 m thick and centain copper grades of about
0.35% Cu {Carvalho and Figueiredo, 1982).
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The Alto Jauru District

The Alio Jawru gobd district is situated in the State of
Mato Grosun, Brapl, si the southeastern extreminy of the
Alto Guaporé Gokd Province {Fig. 13) and is included in the
Ria Megro-joruena Belt (1.8-1.5 Gal. It consdsts of three
volcano-sedimentary belts stnking NI5°W, separated by
bamds of granite-gneiss known from E to ¥, as Cabaal,
Araputanga and Cuatro Meninas, constituting the Alto
Jamru Greerstone Bell ( Montesro er al, 1988). There is a
Au-Cu- Ag deposit a1 Cabagal. The volcano-sedimentary
sequence may be divided imbo theee umits: (1] & bagzal wni
consisting of malc-ultramafic valcanic rocks af the Maia
Preta Formatson; (2} an intermediate unit consisting of acid
volcanic rocks of the Manael Leme Farmation; | Y] an upper
sedimentary unit assigned tothe Rancho Grande Formation
Gneissified platonic mocks of toralitic campaiition intrude
thes sequence, The age ol these rocks was determined 1o be
between 20 and 1.7 Ga [ Geraldes ¢ al, 1996; Pinha, 1996}
The Cabacal gedd deposin is associsted with a valcano-
sedimentary belt that developed in an sland arc setting
(Pinher et ol 1997), M hosts a sequence of tuff wnats and

intercalated volcamiclastic rocks with chen zones of the
Manuel Leme Formation | Mandeiro ef al., 1988). Three main
tvpes of mineralization have been recognized: associated
with @ shear zone; volcanogenic massive sulphide (VMS)
rype; and disseminated mianeralization in tonalite {Pisbn &
al, 19971 The third type is disseminated, banded, vetned.
breceiated and massive, and u composed of sulphide
species such as chalcopymite, pymite, pyrhotite, marcasite,
sphalerite, cubanine, galena and molybdenite. [n addition,
there are minerals with selenaum, telkarum. Au- Ag and Au
Bi compownds (Pinho, 199%6; Pinho e al, 1997}, The total
reserves of the Cabagal Depasit are shoat 1.9 Moz Au, 0.4
Moz Ag and 43 000 § Cy (Souzs, 1988, partially mined
dnrinB: the last decade. The mune o now clased.

The Alto Guaporé Gold Province

This province is situated on the boundary between
Brazdl and Bolivia in the upper reaches of the Guaporé River,
in the southern part of the Amazonas Craton (Fig. 131 There
ocourmed between 1.2 and 1.0 Ga the development af the
Sunsas passive margin. representing & zone of oceank
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expansion between Amaronia and Laurentia, as well as the
development of the Aguapel Aulacogen by intracontinental
rifting (Saes and Fragoso Cesar, 1994; Sies, 1999). The
closure of this basin by intercratenic collision of the
Amazontan Craton and the Grenville Province brought
about the formation of the Grenville-Sunsas collision beit,
the inversion of the Aguape{ Rift, and the amalgamation of
the Rodinia Supercontinent at 1.0 Ga.

The tectonic defermation related to the Sunsas Event
is reflected by the development of an extensive shear belt of
dextral character striking N20°W, which affected especially,
the central zone of the Aguapei Rift, to which are associated
the main gold deposits and occurrences.

The gold mineralization is associated with quartz
veining: Laurinha, Pau-a-Pique, Sao Francisco Xavier and
Sio Vicente, constituting the Alte Guaporé Gold Province
{Sdes et al,, 1991; Silva and Rizzotto, 1994; Geraldes et af,
1996; Sdes, 1999). This veining generally occurs at the
contact between the sediments of the Aguapei Group and
the granite-gneiss of the basement, and locally in the rocks
of the Aguapei sequence. The gold ore consists of quarte,
pyrite and goid, accampanied by magnetite, chalcopyrite,
galena and arsenopyrite. The hydrothermal alteration
associated with the mineralization involved silicification,
chloritization and sericitization which has been dated at
between 960 and 910 Ma by K/Ar. The deposits are small
with grades between 0.6 and 20 g/t Au, and reserves
amounting to scme tonnes of gold. Gold mining in the Serra
de Sdo Vicente has been going on for almost a century. The
gold occurs in placer deposits formed from the erosion of
sediments and quartz veins of the Aguape{ Group. The total
reserves in alluvial-coluvial material are given as .14 Moz
atan average grade of 0.14 g/m’ Au. The gold reserves of the
Alto Guaparé Province exceed 90 t Au.

In this province there also occurs mineralization
associated with volcano-sedimentary units of the San
Ignacio Group, However, the most important occurrence is
sitnated 10 the NW, outside the province at Serrania San
Simon, Bolivia, neat the Guaporé River (Fig, 13). At this
locality the gold mineralization is associated with the San
Ignacio tectonic event (1.4-1.3 Ga) and occurs in
hydrothermal gold-quartz space-filling lodes in greywacke,
sandstone and conglomerate beds of the low-grade
metamorphic San Ignacio schist belt. It is estimated that
some 41 of gold have been mined from vein and secendary
deposits (Litherland ef al., 1986).

The Ronddnia Tin Provin(;e

Accarding to Bettencourt et al. (1997) cassiterite was
discovered in 1952 in the then Territory of Rondénia, and
has since been intensively mined by garimpeirosand mining
companies. The total production up to 1995 has been
estimated at about 220 000 t Sn. Present production is
about 7500 tpa from the still active Bom Futuro and Santa
Bédrbara mining districts.

In the Rondbnia Tin Pravince (Fig. 14) the Sn deposits
and associated metals {W, Nb, Ta, Cu, Zn, Pb) are spatially
related to the final phases of the rapakivi anorogenic granite
intrusives of Sio Lourengo-Caripunas (SLC: 1.3 Ga) and
the Younger Rondénia Granites (YRG: 950 Ma). These twa

suites ate correlated with the development of the Sunsas~
Aguapei Orogen that occurred between 1.30 Ga and 900 Ma.
The SLC is related to an extensional phase that preceeded
the orogenic phase, whereas the YRG are interpreted as a
distal manifestation of the oregenesis.

TheYRG occur mainly in the Massangana, Ariquernes, $3o
Carlos, Caritianas, Pedra Branca, Santa Bérbara and Jacundd
massifs, sitvated in the central part of the province. The
intrusive suite displays three distinct intrusive granite phases:

(a) an early phase, anly observed at the Massangana
Massif, consisting of coarse-grained biotite syenogranite
with suberdinate hornblende and accessory minerals that
include zircon, apatite, ilmenite, magnetite and fluorite.

{b) an intermediate phase consisting essentially of fine to
medium-grained syencgranite and alkali-feldspar granite with
biotite, and locally with hornblende. The most common
accessory minerals are zircon, monazite, lmenite and fluorite,

(¢) Alate phase consisting essentially of topaz, Li-mica-
albite granite and topaz-quartz-feldspar porphyry.

The tin mineralization and associated metals are
spatially associated with the two last phases, occurring
mainly in the form of Li-micza-albite granite with
disseminated cassiterite and less abundant quantities of
columbite-tantalite; pegmatite with topaz, beryl, cassiterite
and subordinate columbite-tantalite; greisen bodies with
cassiterite; quartz veins with cassiterite and wolframite;
and quartz veins with Cu-Pb-Zn-Fe sulphides.

Tue SAo Francisco Craton

The Sdo Francisco Craton {Fig. 15) (Alkmin et al, 1993;
Almeida, 1977) started its evelution in the Archean and
ended at the close of the Mesoproterozoic. It is delimited
by Neoproterozoic mobile belts related to the Brasiliano
Cycle: Brasilia, Rio Preto, Riacho do Pontal, Sergipano, and
Aragual (Fuck er al., 1993},

The 840 Francisce Craton may be divided into three
main compartments (Barbosa, 1997) the strike of which is
broadly N-§: Eastern, Central and Western that are exposed
over extensive areas of the states of Bahia, Minas Gerais
and Goids. The limits of these compartments correspond
tolarge tectonic features, also with N-§ strike: the tectonic
limits of the marginal coastal basins; the Contendas-
Jacobina Lineament, the Espinhago Lineament; and the
Yirnit of the Sac Francisco Craton with the Brasilia Belt.

These three compartments contain important
deposits, of which the most important are associated with:

- Granite-greenstone terranes: Au and Mn of the Rio das
Velhas greenstone belt (Quadrildtero Ferrifero); gold of the
Rio Itapicuru greenstone belt; magnesite of the Brumado
greenstone bely; barite of the Mundo Novo greenstone bels;

- Mafic-ultramafic complexes: Fe-Ti-V of the Jacaré and
Campo Alegre de Lourdes sills; chrome at Rio Jacurici and
Campo Formaso, and copper at Ris Curaqd/Caraiba;

- Exhalative sedimentary sequences: Fe of the Minas
Supergroup (Quadrildtero Ferrifero); Pb-Zn.at Boquira; Fe-
Mn at Urandi-Licinie de Almeida;

-Sedimentary sequences: Au-U-PyatJacobina and Moeda;
diamond at Diamantina and on the Chapada Diamantina.
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The Eastern Compartment

The Eastern Compartment includes the Jequié and
Serrinhablocks with extensions into the Macururé Domain
of the Sergipano Belt, the Itabuna and Cura¢d-Salvader
belts, as well as with the Jacobina rift sequence.

The Itapura Barite Deposit

The Itapura barite deposit {Castro et al., 1997) is
situated near the town of Miguel Calmon and is net well
known. It accurs as hydrothermal veins that cut the
metasedimentary unit of the Mundo Novo greenstone belt.
However, one can cbserve banded iron formation units and
zones with stratiform barite, intercalated with beds of chert,
which favour the hypothesis of an exhalative origin of a
distal facies of a volcano-sedimentary sequence. In the
Munde Novo greenstone belt, defined by Mascarenhas and
Silva (1994), also occur some gold showings and those of
base metals {Cu-Pb-Zn) at Fazenda Coqueiro where
disseminations and zones of massive sulphide (pyrite,
pyrrhotite, chalcopyrite, sphalerite, galena and associated
gold) can be observed in mafic and felsic volcanic rocks,
intercalated with pelitic and chemical metasediments.

Rio Itapicuru Gold Province

The Rio Rapicuru greenstone belt {Fig. 16) (Davison et
al., 1988), metamorphosed in the greenschist facies, is
hosted in the Serrinha Black, which is represented by the
Santa Luz Complex. This complex of Archean age consists
of gneiss, granodijoritic orthogneiss, amphibolite and
intrusions of differentiated mafic-ultramafic complexes
containing chromite associated with the Pedras Pretas
Deposit, situated near the town of Santa Luz. The volcano-
sedimentary sequence consists of a basal mafic volcanic
unit of tholeiitic composition of ocean-floor origin; an
intermediate to felsic calc-alkaline voleanic unit, having the
characteristics of a continental arc; and an upper
sedimentary unit consisting of turbidite beds, chert and BIF
units. It is intruded by syn to late tectonic Type I granitoid
plutons. The evolution of the supracrustal and granitoid
rocks occarred between 2.2 Ga (basalt) and 2.0 Ga (syn-
tectonic granitoid} as determined by Sm/Nd, Pb/Pb, U/Pb
geochronology in zircon, and by Rb/Sr (Silva and Cunha,
1999). Important gold concentrations are found in the
Fazenda Maria Preta District to the N of the Rio tapicuru
greenstone belt and in the Weber Belt, situated to the § of
the Rie [tapicuru greenstone belt (Kishida et al, 1991),

The Fazenda Maria Preta deposits (Coelho and Freitas-
Silva, 1998; Alves da Silva et al., 1998) are found in three
second order sinistral shear zones, the attitude of which is
N-5/50°70°W. These zones lie paralle] to the main shear zone
farther 10 the E that affected the Maria Preta unit, which
consists of andesitic lava flows intercalated in pyroclastic
rocks and metasediments. The main mineralized zones are
associated with quartz veins parallel to the mylonitic
foliation: and to breccia and stockworks of the wall rock.
Pronounced veining, silicification and carbonatization attest
to the intense circulation of hydrothermal fluids along the
shear zone, resulting in the growth of quartz, carbonate,

TECTONIC EVOLUTION OF SOUTH AMERICA

albite, and the precipitation of suiphides (pyrite,
arsenopyrite, pyrrhotite), besides sericite and chlorite. The
gold is free in the quartz and in the sulphide minerals. The
deposits of the Fazenda Maria Preta district are not
important economically. The reserves are estimated at £2.5
tof gold. The deposit was mined by open-pit methods toa
depth of 100 m.

The deposits of the Weber Belt {Santas ef al.,
1988;Teixeira et al,, 1990; Reinhardt and Davison, 1990;
AlvesdaSilvaetal, 1998) are found tothe S inan E-W bend
that corresponds to a zone of overthrusting, resulting in
the overturning of the stratigraphic units, which from 5 ta
N are: the Incé unit, consisting of carbonate-chlorite schist
representing basalt; the Fazenda Brasileiro unit, bearing the
mast important gold mineralization; the Canto unit,
containing pelitic-carbonaceous sediments intercalated
with pyroclastic volcanic rocks; and the Abébara unit,
consisting of a thick sequence of basalts with thin
sedimentary intercalations.

The Fazenda Brasileiro unit consists mainly of two
zones of quartz-chlorite-magnetite-schist (magnetic
schist) which host the gold mineralization. The upper
magnetic schist zone is overlain by a sequence of graphitic
schist. The magnetic schist zones have a thickness of 20m
and 3m, respectively. Both magnetic schist zones are
separate by an intermedijate sequence of sericite-chlorite-
catbonate-schist and plagioclase-actinolite-schist, the
latter representing altered pabbroic bodies.

At the Fazenda Brasileiro Mine, the reserves of which
are estimated at about 150 t of gold at 7 to 8 gft Au, the
mineralization is assocjated with zones of more or less
graphitic quartz-chlerite-magnetite schist. The
mineralized bodies may be up t¢ 500 mlong and 40 m wide,
and they contain several generations of quartz veins with
associate sulphide, locally forming a sulphide alteration
halo with pyrite, pyrrhotite, arsenopyrite, carbonate and
albite, Arsenopyriteis the most important sulphide species
on account of the fact that it is always asseciated with gold.
However, at the other mines in the Weber Belt, the gold may
be associated preferentially with pyrrhotite. The gold is free,
and occurs in the intergranular contacts, microfractures,
and as fillings in sulphide. The circulation of hydrothermal
fluids that gave origin to the mineralization of the Weber
Belt are related to I3, and D, events, and were for the best
part channeled along shear zones resulting from the D,
deformational phase.

The Rio Jacurici and Campo Formoso
Chromite Districts

The chromite deposits of Medrado and Ipucira, situated
in the Valley of the Jacurici River are associated with a mafic-
ultramafic complex, some 7 km long and 300 m thick,
introded into the Salvador-Curaga Belt. These depositswere
initially interpreted as a stratified sill {(Barbosa de Deus and
Yiana, 1982) in the contact between quartz-feldspathic
granulite at the base, and a metasedimentary sequence at the
top consisting of serpentinite-marble, diopsidite and
metachert, forming a arge synform the axis of which strikes
N-§. The sill consists mainly of dunite, harzburgite, pyroxenite
and gabbro (Fig. 17} in which there is intercalated a zone of

|
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cumulate chromite having an average thickness of 5t0 8 m,
lecally attaining 15 m. The chromite grains are subhedral
and fine-grained, having an average diameter of0.4 mm. The
chromite is tich in chrome (48.8% Cr203) with a low Cr/Al
ratio of about 3.2. According te Marques (1999), the cryptic
variation of the minerals along the sill suggests injections of
a primitive magma during the formation of the main chromite
zone. The chromite reserves of the Ipueira-Medrado Sill are
estimated at about 8 Mt (Mello et al., 1986).

The Campo Formoso Complex is about 40 km long and
900 m wide. It is intruded into the granulitic rocks of the
Mairi Block, and cyt by the Campo Formoso Granite, dated
at 2.0 Ga. The complex is covered discordantly by racks of
the Jacobina Group. From base to top it consists of actinolite
gneiss, tremolite-actinolite serpentinite and serpentinite-
chlorite-carbonate-tale schist; the two upper units contain
seven chromitite beds with massive, disseminaied and
stringer ore {Barbosa de Deus ef af, 1982). The chromite
grains are enhedral, and have an average diameter of I mm.
They display a network texture, and locally an olivine-fill
texture. The chromite is rich in Cr,0, (up to 60%), and has
high Cr/Al (¢, 6.5) and Cx/Fe (c. 3.0) ratios.

The emerald deposits known in the Campo Formose
area are associated with a granite intruded at 2.0 Ga into
the ultramafic rocks of the complex (Giuliani et ., 1993).

The Rio Curacéd Copper District

The Caraiba copper deposit (D'el Rey Silva and Oliveira,
1999; Lindenmayer, 1981) is situated in the valley of the
Curacd River. It is associated with a mafic-ultramafic
intrusive compley in the high-grade metamorphic Curagd-
Salvador Belt generated by the collision of the Serrinhaand
Mairi continental blocks at about 2,0 Ga. The sequence
consists of gneiss with intercalations of amphibolite,
paragneiss, BIF units, calc-silicate rocks, olivine marble and
quartzite at the base; gabbro, gabbronorite, leucogabbro,
peridotite, olivine-pyroxenite, hypersthenite rich in Cu,
melanorite and norite in the intermediate unit; and
migmatitic gneiss with syn-tectonic granite intrusions
(tonalite and granodiorite) in the upper unit. The structure
of the complex i5 vertical following polydeformation and
pelymetamorphism, in addition to shearing along ductile
structures striking NNW-55E and NNE-SSW. The
mineralization consists essentially of chalcopyrite and
bornite, which are disseminated or form massive irregular
bodies in the coarse-grained hypersthenite, concordant
with the mafic and metamorphosed sequence of the wall
rock. The mineralized sill is attributed to successive
intrusions of mantle-derived material before or during the
D, deformation. The entire tectonic evolution is -
considered tohave occurred between 2.2 and 1.9 Ga. Mining
since 1978 in open-pit and underground workings, the
Carafba Depuosit has produced up to 1998 about 600 Mt of
ore at 1.6% Cu.

To the N,in the Macururé Block,the Serrote da Laje Cu-
Ni-Co deposit, situated in the proximity of Arapiraca
(Alagoas), shows Cu-Ni-Co sulphide mineralization
(Figueiredo, 1992; Horbach and Marimon, 1988).

The Jacobina Au-U-Py Deposit

The Jacobina gold deposit (Fig. 18) was mined
continuously between 1973 and 1996. The ore-zone is
hosted in a thick sequence of clastic metasediments
assigned to the Jacobina Group of vertical attitude ovetlying
the basement consisting of older granite-gneiss. The
Jacobina Group is divided into three formations: The Serra
do Cdrrego at the base, consisting of conglomerate and
quartzite beds that host the gold-bearing zones; followed
by an intermediate unit knewn as the Rie do Ouro
Formation, consisting mainly of quartzite; and the Cruz das
Almas Formation at the top, formed mainly of pelite beds.
The Au-U-Py mineralization is associated with the
conglomerate beds of the Serra do Cérrege Formation. The
more important zones are known as the Basal Reef, Main
Reef, Jodo Belo and Canavieiras, in which the gold grade
varies between 2 and 100 g/t Au (Cox, 1967; Molinari, 1982,
Molinari and Scarpelli, 1988; Scarpelli, 1991). The gold is
associated with pyrite and may constitute up to 30% of the
matrix of the conglomerate and with brannerite/uraninite,
The most common accessory minerals are tourmaline,
zircon, thorite, magnetite and chromite. The gold
mineralization is considered to be a paleoplacer of the
Witswaterrand-type and has been strongly affected by
metamorphism and by percelating waters along shear
zones, following the classification of a paleoplacer-type,
modified as proposed by Ledru and Bouchot (1993).

The Central Compartment

In the Central Compartment are included the Gavido
and Paramirim Blocks with extension to the N into the
Sobradinho Domain; the Umburana, Thitira-Ubiragaba,
Brumado, Guajeru and Contendas-Mirante granite-
greenstone terranes; the Boquira and Licinio de Almeida-
Urandi sedimentary-exhalative sequences, as well as the
Mesoproterozoic cover of the Chapada Diamantina and of
the Northern Serra do Espinhago.

The Gold and Base Metals Occurrences
Associated with Archean Greenstone
Belt Sequences

[n the Gavido Block occur several supracrustal volcano-
sedimentary sequences of the greenstone belt-type:
Umburana (UGB), Ibitira-Ubiragaba, Brumade (BGB),
Guajeru. The Contendas-Mirante (CMGB), which is
situated in the ambit of the Jacobina-Contendas-Mirante
Lineament is here incorporated in the Central Block in the
interests of clarity. Numercus gold and base metals
showings (Cu, Pb, Zn) are known in the UGB and CMGB,
which are being prospected {Silva and Cunha, 1999},

The Jacaré Sill Fe-Ti-V-Pt Deposit

The stratified Jacaré §ill, dated at 2.9-2.8 Ga (Brito et
al,, 1999) or 2.4 Ga (Marinho, 1991) is intruded into the
Contendas-Mirante greenstone belt along the Jacobina
Lineament (Galvio etal, 1986; Brito, 1984}, and represents
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a pobentlal terget for Fe-Ti-V mineralization. The Fe-Ti-V
d:pl:ul:l af Fatenda Gl.ll;.nn 5 axsocbed walh e |acaré Sl
The deposit is divided into wo zones: d Lower Zose and an
Upper Zone. The Lower Zane (40D m ) consists of gabbem,
gabbronarite and anorthosite of generally coarse-graimed
and massive aspect without magnetite. The Upper
Stratified Zone (600 m) consists of medium b0 coarse-
grained gabbro with rhythimic layering in the Lower
Memnbeer mamifiest by aliernations of magretive und pyrmaene
&t the base, grading gradually to melanagabbro with
pyrocenitic bands im the Central Member; and by Layered
ll,llilil':r intercalated with zonei of pyroxenite and
magnetitite in the Upper Member.

The Fazenda Gulgari Fe-Ti-¥ deposit is hosted in the
Lorwer Member of the bayered part of the sill, It has an oval
pipe-like shape (400 m = 150 m). displaying broadly
conceniric popation, with an external sureole of hornblende
grading fo pyrozenite, magnetite-pyrocenite and
magnretitite at the centre. Pegmatold structures are often
obiserved in the several aureales. There ocour twa types of
ore: massive and disseminated. The mineralization
cordists maindy of tlanomagnetite, imenite and ulwospine.
The ilmenite forms discrete grains or ribbon-like
exsolution  structures compossd of magnetite,
Disseminated sulphide (>1%) is present. The gangue
mineral consisis of diopsidic sugite. The reserves at
Fazenida Gubgari ane given & 6.0 Miof ore a1 an sverage grade
of 1.27%V 0 Important PGE anomalies have been defined
in associstbon with magnetitite and are nvestigated,

More or less of the same age is the Campo Abegre de
Lourdes 5ill Fe-Ti-V deposit, situated in the Sobradinbo
Damazn, K of the Central Compartment in the State of Bahia
{Sampaio ef al, 1994),

FIGURE |8 - Gold mpnevalization of [acebing, & - dmplifind grelogroal maj;: b - main croes-seciions; and ¢ - ithastratipraphic colwsn,

The Serra das Eguas Magnesite Deposit
The Serra das Eguas magmesite deposit (Bodenlos,
1960 is associated with the Archean volcano-sedimentary
sequence of the Brumado greemstone bedt that overfies the
baserment rocks of the Gavido Block. The sequence consists
of three units: the Lower Ultramafic Unit { 200 m ) consisting
of ultramalic fows intercalated with siliceows-carbonate
and carbonate rocks: an Intermediate Unit (500 m)
consisting essenfially of chemical sediments such as
magnesitite and dolomite with ttercalatsons of tufl and
ultramafic lows; and an Upper Unit (¢ 700 m) consisting of
quarizite, ferruginous quartzite and itabirite with
intercalated il and vokanic fows. The Serra das Eguas
{Fig. 19) is situated near the iowmn of Brumadn, Bakia, and
hosts the langest magnesite deposits in Brazil with reserves
of ahoat 150 Mt, and production of about 1.7 M tpa. The
talc reserves are ghowt | Mg, and the prodection is 30 (00
ipa { Oliweira ef al, 1997 The main characierisiic of the
magnesite deposits is the sedimentary nature of the
miagnesitite, and the continuty and thickness of the beds,
i well as the intimate atsoctation of teese with dolomeite.
These Fectors Bavour an origin related 1o the chemical
precipitation of magnesite, permitting a comparison of the
Serra das Eguas Deposit to deposits of the Veistsch-type.
Herwever, the presence of submarine volcamism associsted
with sedimentation suggests the possibility thai this
volcanism may have contributed significantly 1o the supply
of magnesium involved in the precipitation of magnesite

The Boquira Pb-Zn Deposit

The Boquira Depasit (Fig. 20] is situated in the valley
of the Peramirim Rnver. The deposst was discovered in 1952,
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FIGURE 20 - Grological cross-section through the Bogwira Mine
trmadlified ufter Fleischer, 1976; Exposrteiic and Fiisches, | 988,

and between 1959 and 1992, mine production wias abs 650
0 | of Ph4Zn. The deposit s bosted in the Boquira
Farmation {Fleischer and Espounteille, 1999, Espowrteille
and Fletscher, 1988 consisting of quartzite, amphibel)
mlﬂl.l]Flﬂiﬂlnd:hhﬁkW-bﬂﬂrniﬁtlﬁl[ﬂq
trapsitionally to gneiss and migmatite of the Paramirim
Block. The Boquira Formatson, which is intruded by granite
and pegmatite, disappears to the NW wonder the
Mesoproeromoic cover of the northern Espinbugo ramge. The
mincrabired ones have been intensely folded and shiared.
amd dasplay & chasacterieic bamnding that appears as quans-
magnetite, silicate-magnetite and carbonate-silicate
amphibolite faces |Rocha, 1985). The mineralizatbon has
beer dated at 1.7 Ga by Ph/Ph, and coniists essextmlly of
plrnl_ rich an aibver llP B 26 ,l.l'l '*'-IJ- and :rh.l.lrrilz
associsted with pyrite and subordinate chalcopyrite, Near
the yurface the mineralization is affected by weathering o s
depth of 20 m with the formation of oxides such as cenussite,
smitheonite, limonite and anglesite, abong with
pyromonphite, hemimarphile, hydrasncie, cheysocolla,
buorrite, covellite, malachite and simaller amounts af asusie.

The stratiform character of the mineralization,
iI'IItl'I1l'|l'r pszociated with primary h:ndinﬂ and the
presence of banded iron formation units, favours a
sedumentary-exhalative arigin for the meneralization | Misi
ot al, |96, 1959 Capvalbo of ol 1997)

The Chapada Diamantina
Diamond Deposits

The region around the towns of Lengdis. Andaral,
Muoupd. Kique-Xique, in the Chapada Diamanting | diamond

Ebolefana] b, i the Stmie of Pahia, hasheen Bumaous forits duamaond
production since the last century, Mesoproterazaic
diarmondiferoes conglomerate ocours (a) in the Tombador and
Moero-doChapeu formations of the Chapada [Ramarina Grougp
{12 1.0 Ga} wnd {b) m weathered allenviom and colluvium a
the prosuct of the erosion of the congloenerate beds by river
action. The former has been worked mainky by parirmpees.

The diamiond fields have a large distribution throughout
the Chspails [Mamantina resching shout 300km from ane
extreme 10 ansther. Five different diamoad fields are
distinguished: Lenpdis-Andaral-Mucagd, Samto |niceo,
Piati-Serra do Bastido, Chapada Velba and Morro do Chapéu.
With the excepiion of Morro do Chapéu, all the other felds
ure related 1o the Formacio Tombador. the most mportam
diamand-bearirg unit of the Chapada Diamantina.

A charmctenstic feature of the Chapada [kamantina is the
abundance of carbseado sssociated with gem diarsond. Thas
region bus been mainly a producer af carbonada, which on
average has Lirper dimersions thas of the gem diamond. The
iolor of the carbonado varies from dark grey 8o hlack. One
curbonude weighng 3,067 o, and believed to be the largest in
ihse workl, was found in 1895 near the town of Lengies. Gem
diamond is small, wsually weighing less than one carsl. The
largest concentrations of diamonds ocour in albuvial placers
along the Paragisacu, Sanio Antomio and 5o José rivers with
eatimated reserves exceeding 1.5 M carats. The diamond
reserves of the whole Chapads Damanting are estimated at
5.8 M carats. The souror of the dismonds remains usknown.
Paleocarnents of the Tombador Formation, messured in the
Lendis-Anlarai-Muougt eld indicate an extra- hasinal origin
far the damonds coming from E-NE (54 o al, [962; Sampaio
ef i, B9 Mlisi wndl Silva, 199 Schobbenhaus, 19%50),



The Lagoa Real Uranium Deposit

The Lagoa Real uranium deposit (Oliveira et af., 1985;
Forman and Waring, 1981) is situated near the town of
Caetité (BA), 1o the E of the Serra do Espinhago. The
underlying rocks are Archean granite-gneiss and migmatite
(Lagoa Real Complex) is intruded by several porphyritic
granite bodies known as the Sio Timdteo Granite, dated at
1.74 Ga (Torpin et al, 1988; Cordani et al, 1992; Pimentel
et al, 1994). The gneiss of the Lagoa Real Complex and the
Sao Timdtec Granite are cut by regional shear zones, along
which oceur a number of lenticular albitite bodies that host
the uranium mineralization (Geisel Sobrinho ef af, 1980;
Brito et al, 1984; Lobato et al.,, 1983; Raposo ef al., 1984).
These bodies are distributed along twe main lineaments
that show that the shearing, sedium metasomatism and
mineralization are contemporanecus (Lobato and Fyfe,
1990; Lobato et ai., 1998).

The metasomatic albitite forms lenticular bodies, the
length of which varies from metres to kilometres, with
thickness varying from a few centimetres up to a hundred
metres. The bodies plunge along the lineation of cataclastic
origin and form elongate ore shoots that may be 850 m!ong
at depth, such as occur at the Rabicha Deposit. The
mineralization consists mainly of uraninite in the form of
microcrystalline and microgranular crystals (F » 0.023
mm). The age of the mineralization that has been dated at
about 1.5 Ga (Turpin et al., 1988; Cordani ef al, 1992} is
related to a hypothetical Espinhago event. The same
mineralization was dated at 960 Ma by U/Pb in titanite
(Pimentel ef al.; 1994), undergoing recrystaflization and
remobilization at about 500 Ma, occurring during the
Brasiliano tectono-thermal cycle.

The Lagoa Real District is the most important uranium
district in Brazil with reserves given as 93 190 t U308,

The Western Compartment

In the Western Compartment are situated the Almas-
Diandpolis, Guanambi-Correntina and Quadrildtero
Ferrifero blocks, the granite greenstone terranes and
volcano-sedimentary sequences of the Riacho de Santana,
Sio Domingas and Ric das Velhas, the sedimentary-
exhalative sequences of the Minas Supergroup and the
Espintha¢o sedimentary sequences.

The Occurrences of Gold and Base
Metals of the Volcano-Sedimentary
Sequence of Riacho de Santana

In the Guanambi-Correntina Bleck, the Riacho de
Santana volcano-sedimentary sequence, considered to be
a greenstone belt {Silva and Cunha, 1999; Lobato et ai.,
1999), are found the most promising anomalies for gold
and base metals in association with gossan (1.3% Cuand 2
to 5 g/t Au) overlying metatuff, chert and carbonate beds.

TECTONIC EVOLUTION OF SOUTH AMERICA

The Gold Deposits of the Almas-
Dianépolis Volcano-Sedimentary
Sequences

These sequences that accur on the Sio Francisco
Craton to the N of the Brasilia Fold Belt are considered to
be Paleoproterozoic greenstone belts (2.2 Ga). They
contain numerous geld occurrences associated with
volcanic rocks and intercalated banded iron formation
units. The largest gold deposit {Cérrego Paiol Mine} is
situated near the town of Almas in the State of Tocantins
where the gold is associated with a shear zone and intense
hydrothermal alteration that affected the mafic rocks of the
sequence {Cruz, 1998; 1993; Lobato ef al., 1999).

The Quadrilatero Ferrifero Au, Fe, Mn
Province

The Quadrildtero Ferrifero Mineral Province (Fig. 21)
is situated in the southern part of the S0 Francisce Craton,
is well known for its deposits of gold, manganese and Ca-
Ni-Co-Pt in the rocks of the Rio das Velhas Supergroup
(Archean), as well as for its depasits of iron and gold in the
Minas Supergroup (Paleoproterozoic).

The Mineral Deposits of the Rio das Velhas
Supergroup

The Ric das Velhas Event (2.78-2.70 Ga) was coeval
with the development of the Rio das Velhas greenstone belt
at2.772 Ga, and with the intrusion of tonalite, granodiorite
and granite between 2.78 and 2.77 Ga (Noce, 1995; Noce ef
al., 1998). The final phase of Archean cratonization is
marked by granite intrusions at 2.612 Ga, and
metamorphism at 2.61-2.59 Ga (Romano, 1989; Remano
et al, 1991; Machado and Carneiro, 1992). The Rio das
Velhas Supergroup (Dorr, 1969) is divided into the Nova
Lima and Maquiné groups. At its base, the Nova Lima Group
consists of mafic and ultramafic volcanic rocks, including
komatiite and tonalite associated with banded iron
formation units of the Algoma-type, phyllite with chlerite
and graphite, greywacke, felsic volcanic rocks and
pyroclasts, all metamorphosed in the greenschist facies. At
the top of the sequence the Maquiné Group consists mainly
of metasediments consisting of conglomerate, quartzite,
phyllite and greywacke, being subdivided into the Palmital
and Casa Forte formations.

The Nova Lima Group gold deposits

The most famous of all the gold deposits in Brazil are
associated with the rocks of the Nova Lima Group: Morro
Velho (> 470 t Au), Raposos (> 40 t Au), Sio Benta (> 80t
Au}, Faria, Bicalho, Bela Fama, Brumal (> 30 t Au}, Cuiabd
{> 180t Au),Lamengo (> 10t Au) (Ladeira, 1980, 1988,1991;
Ribeiro-Rodrigues, 1998; Ribeiro-Rodrigues et al., 1996;
Sales, 1998; Lobato ef al., 1998; Vieira and Oliveira, 1988;
Abreu ef al., 1988).

The mineralized bodies have an elongate shape (Fig.
22), and they are controlled by the stretching lineation the
strike of which coincides with the fold axes, and which is
associated with ductile shear zones locally kilometres in
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length, The mineralization is concentrated in the hinges of
the folds the axes of which are displayed parallel te the
bedding. These shear zones are associated with intense
hydrothermal alteration, attention to which was drawn by
Vieira who also described these features in detail (Vieira,
1987, 1988, 1991; Labato ef al,, 1998). In the mafic and
altramafic voleanic rocks, the hydrothermal alteration is
manifest in an external chloritization zone, an intermediate
zone of carbonatization (ankerite), and an internal zone
with  sericitization, albitization, silicification,
tourmalization and sulphidization. The sulphide
mineralization cccurs preferentially in the Algoma-type
banded iron formation units that have as their principal
feature magnetite-rich banding and/or siderite as may be
seen at the Cuiabd, Lamengo, Raposos, Sie Bento deposits.
Elsewhere, such as at Morro Velho, Bicalho, Bela Fama, the
sulphide mineralization occurs in a generally massive
carbonate zone {Lapa Séca), locally banded and consists of
siderite and ankerite together with quartz, albite, sericite
and sulphide. However, some deposits and many
mineralized zones in diverse deposits are associated with
the development of shear zones in hydrothermally-altered
schist, as may be seen at the Juca Vieira Depesit in which
the sulphide mineralization occurs with sericitization and
carbonatization, intimately related with quartz veining
{Lobato et al, 1998}, but the main structural features are
related to the Transamazonian Event.

The main point of discussion over the gold deposits of
the Nova Lima Group is over the existence of syn-sedimentary
stratiform mineralization associated with banded iron
formation units prior to shearing; and the age of the shearing
that gave origin to the hydrothermal mineralization: Archean
(¢ 2.6 Ga) or Transamazonian (2.0 Ga). Some consensus
exists that the first and mineralizing tectonic event is of
Archean age (DeWitt et al., 1994; Thorpe et al,, 1984).

The Conselheiro Lafaiete Mn deposit.

In the region of Conselheiro Lafaiete-Ritdpolis-Nazareno
there are numerous occurrences associated with manganese
found in the volcano-sedimentary sequence of the Barbacena
Group, correlative with the Nova Lima Group of the Rio das
Velhas Supergroup. The manganiferous ores are of two types
(Pires, 1977, 1983}: gondite, rich in silicate, and manganese
with rodonite, spessartite, tefroite etc.; queluzite, rich in
manganese catbenate such as rhodochrosite. -

Taking for example the deposit of Morro da Mina, the
mining operation initially started working the products of
lateritic weathering, enriched in Mn (average grade 46%
Mn}, and consisting of cryptomelane and pyrolusite. After
the oxide ore had been wotked out, mining started in the
carbonate-rich prote-ore (queluzite) having manganese
grades between 30% and 37%. In 1997, the reserves at
Morro da Mina were about 3 Mt, and the production was
150 000 tpa. The origin of the primary mineralization is
attributed to the classical velcano-sedimentary model.

The Morre do Ferro greenstone belt Ni-Cu-Co-PGE +
Au deposit

The Rio das Velhas Supergroup is also related to the
greenstone belt sequences that occur to the W of the
Quadrildtero Ferrifero. These sequences have been dated

TECTONIC EVOLUTION OF SO0UTH AMERICA

at about 3.0 Ga {Noce, 1995) and they are assaciated with
the chromite deposit of the Pium-hi greenstone belt, the
nickel laterite deposit at Morro de Niquel, and the 0'Teole
Ni-Cu-Co-PGE + Au deposit in the Morro do Ferro
greenstone belt of the Fortaleza de Minas region.

The O’Toole Ni-Cu-Co-PGE + Au deposit of the Morro
do Ferro greenstone belt (Brenner et af., 1950; Cruz ef af,
1986; Teixeira et al, 1987) is hosted in a unit of 2 kematiitic
suite consisting of olivine peridotite, peridotite, pyroxenite
and basalt, ali metamorphosed in the greenschist facies. The
basalt has a massive or layered aspect with olivine cumulate
at the base and spinifex textures at the top, as well as pillow
structures and breccia intercalated with tuff and banded
iron formation units. Clinopyroxenite, amphibelite and BIF
averlie the serpentinite body. The main ore-types are
brecciated, disseminated, banded and stringer ore. The
mineralization consists of pyrrhotite, pentlandite,
chalcapyrite, cobaltite and PGM. The reserves are given as
6.6 Mt of ore at 2.2% Ni, 0.4% Cu, 0.05% Co, and 1.2 ppm
PGM + Au. The O"Toole Deposit is similar te Ni sulphide
deposits associated with Archean komatiite sequences.
However, the mineralization occupies an unusual position
in the ultramafic sequence, being situated in the upper part
of the sequence, whereas it is more usual to find this type of
deposit at the base,

The Deposits of the Minas Supergroup

The evolution of the Minas Supergroup (Dorr, 1969)
(Fig.21) probably began in Paleoproterozoic times with the
deposition of the Caraca Group and the Cau# and Gandarela
formations of the Itabira Group in basins that resulted from
the rifting of the Archean Platform (Renger et al., 1594). At
the base of the Caraga Group, the Moeda Formation contains
conglomerate beds with Au-U-Py Witwatersrand-type
mineralization (Renger et af., 1988; Minter et al., 199C). The
Gandarela Formation was dated at 2.42 Ga. The
sedimentation of the Piracicaba Group defines a period of
oceanic expansion and the subduction of the ocean crust
manifest in the intrusion of the Maranhao Batholith at
2.124 Ga. The basin closed with crustal collision between
2.065 and 2.035 Ga during the Transamazonian Event
{Marshak and Alkmin, 1989; Marshak et al., 1992}, and was
succeeded by the depesition of the Itacolomi molasse. The
Transamazonian Event brought about the individualization
of the extensive Cinturdo Mineiro ( Teixeira, 1985) that lies
alang the southern margin of the Sao Francisco Craton, with
prelongation to the NE, where its definition is complicated
by tectonic events occurring in the Mesoproterozic and
Neoproterozoic.

The iron ore deposits of the Minas Supergroup

Thehugeiron ore deposits of the Quadrildtero Ferrifero
{Melo ¢t al., 1986; Gomes, 1986; Barcelos and Biichi, 1986)
are associated with the Caué Formation of the [tabira Group,
and resulted from the lateritic weathering of the Caud
Itabirite, increasing the iron grade to 36% to 49%, and locally
to 65% by the total or partial leaching of silica and the
precipitation of iron oxides and hydroxides together with
the residual hematite and the transformation of the
compacted itabirite to a rich, friable iron ore.

Y

THE METALLOGENESIS OF THE SOUTH AMERICAN PLATFORM |

797




MARCEL A

DARDENNE AND CARLOS SCHOBEEKHALY

(FITIN |

-
s
A

Uis]-

|
1
1
]
i
-1

g

Bl

-H

3

Rocks assocaied with hydeoternal alamhon
1God] =ineeal FEkon
Sericihzed malic volcane rocks| K2,
with carbonate (K|
Zhigrrlzed mafic voloans mco! rar
QT wenng
Conlact

Gabiery
Tt famst

Cartanalench pelis

Bandad i forrarion snd cherl

e wlcars moks Dasatn

] PORCEME MOCkS |Bndessle)

FIGURE 22 Geological weap of the Cuiabd Mine, hevel mo. 3 [modified after Vial, 1985; Vieira, 199]),

YHUIWY HINOS 40 MOLLMIOAT 2INOIIEL



The itabirite of the proto-cre is generally preserved in a
synform, greatly affected by overthrusting and shear zones
associated with the Transamazonian tectenic event at about
2.0 Ga (Noce, 1995).The itabirite displays a banding typical of
banded iron formation units of the Superior Province-type,
with an alternation of siliceous lamina in the form of quartz,
and lamina rich in iron oxide, principally hematite and
subordinately secondary magnetite in large martitized crystals.
In many deposits, such as the Aguas Claras Deposit, the tabirite
shows banding consisting of dolomite and quartz/hematite at
the base. Lateritic weathering is especially deep over the
dalomitic itabirite in function of the higher solubility of the
carbonate. The reserves of the Quadrildtero Ferrifero have been
estimated at about 29 billien t of iron ore at grades between
50% and 65% Fe. In 1998, the production from all the mines of
the Quadnlétero Ferrifero was about 200 Mt of iron ore. The
genetic model advanced here proposes a sedimentary
exhalative SEDEX-type for this iron deposit.

The gold deposits of the Mariana District

Near the towns of Quro Preto and Mariana occur several
gold deposits: Santana, Antonic Pereira, Passagem de Mariana
etc., situated along the Mariana Anticline that constitute agold
district (Duarte and Pires, 1996; Chauvet and Menezes, 1992,
Chauveteral,1994; Ledruand Bouchot, 1993), These deposits
show distinct characteristics, which permit their distinction
from deposits asseciated with the Nova Lima Group. In the
Mariana District the gold mineralization occurs in the tectonic
contact between units assigned to the Nova Lima Group and
the Itabira Group. The geld is hosted in quartz veins with
ankerite, tourmaline and arsenopyrite (Vial, 1988), situated
between the Paleoproterozoic itabirite and the Archean schist.
The gold is found in association with bismuthinite and in the
interstices and microfraciures of arsenopytite, quartz,
carbonate and tourmaline. The mineralization was already
considered to be syngeneticby Fleischer and Routhier {1973),
and is related to an extensional phase following the
development of a low-angled shear zone (20°-25°) of
Transamazonian age (c. 2.0 Ga) (Ribeiro, 1998) or during the
Brasiliano Tectenic Event as proposed by Chauvet et al. (1994).

The gold deposits associated with itabirite

Atthe Caué and Conceigdo mines of the Itabira District,
situated to the NE of the Quadrildtero Ferrifero, the gold
deposits are hosted in the itabirite. The gold mineralization
{Jacutinga) is very rich, with grades varying from 10 g/t Auto
1000 g/t Au. The mineralization is contained in at special type
efitabirite distributed along the stretchinglineations during
the Transamazonian Event (2.0 Ga}. Howevet, according to
Galbiatti et al. {1999), Galbiatti {1999), and Pereira er al.
{1999), the formation of orebodies is associated with dextral
transcurrent shear zones having a transtensive component
generating a fracture system that cuts the main foliation of
the itabirite and hosts the mineralization. The transcurrent
fault is related to the Brasiliano Event.

The Emerald Deposits of Itabira

In the region of Itabira, important emerald deposits
are hosted in the hydrothermal alteration zone that occurs
around the intrusions of Borrachudo-type granite (1.75
Ga) into the ultramafic rocks of the Nova Lima Group
{Giuliani et al., 1993} and Brasiliano pegmatite {570 Ma).

TECTONIC EVOLUTION CF SQiTH

The Diamond Deposits of Diamantina

The Diamantina region is well known for its diamond
production since the middle of the XVIII century. The
diamonds secur in Mesoproterazoic conglomerate beds of the
Sopa-Brumadinho Formation of the Espinhago Supergroup
(1.77-1.71 Ga). These deposits have been mined mainly by
garimpeiros from weathered conglomerate as well as from
alluvial depasits derived from conglomerate beds by fluvial
erosion. The placers along the Jequitinhonha River are the
source of the largest part of the diamond production of Brazil.

The source of the diamands has been subject of
cantroversy: intra-basin source versus extra-basin source
{Chaves and Uhlein, 1991}, The main diamond fields in the
Diamantina District are: Campo Sampaio-S3o Jodo da
Chapada, Sopa-Guinda and Extragdo.

Abreu et al. (1997} recognized a quartzitic metabreccia of
the top of the Sapa-Brumadinhe Formation asa primary source
of the diamonds. This breccia is interpretaded by the cited
authors as vent-breccia deposited in craters af the maar-type.

The measured reserves of the Diamantina District are
of about 15 M carats. The grade varies between 0.01 and
.20 ct/m’ (DNPM-Brazilian Mineral Yearbook, 1978),

Tue Upper ProTEROZOIC FOLD
BeLts AND RELATED COVER
Derosits

At the end of the Mesopreterozoic the S3o Francisco
and Amazonian cratons were surrcunded by
Neoproterozoic elongated sedimentary basins, the closure
of which by orogenic collage at the end of the Brasiliano
Cycle resulted in the development of extensive mobile belts
known as the Brasilia, Araguai, Ribeira, Dom Feliciano and
Paraguay-Araguaia belts. In Northeastern Brazil, the
Borborema Province represents a complex network of old
basement nuclei and Neoproterozoic belts.

The Paraguay-Araguaia Belt

Barbosa et al. (1966} and Almeida {1967) first
described this fold belt that lies around the margin the
Amazonian Craton for over 2500 km. Although it
conslitutes a prominent tectonic feature of apparent
continuity, the Paraguay and Araguaia belts probably
represent two independent units with distinct sedimentary
and tectonic histories.

The Araguaia Belt (Hasui and Costa, 1990; Hasui et af,
1994; Abreu et al, 1994) that can be traced along a N-§
strike length for over 1000 km is about 150 km wide, and
may be divided into two main domains: a) the internal zone
occupied by the Estrondo Group, consisting of gneiss, mica
schist and quartzite, with basement exposure at the centre
of structural domes (e.g., the Colmeia, Xambiod and Lontra
domes); b) the external zone is represented by rocks of the
Tocantins Group consisting mainly of psammite and
phyllite. The limit between the external zone and the
Amazontan Craton is marked by the Tocantins-Araguaia
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Lineament, over 700 km long, and which is expressed by a
series of mafic-ultramafic bodies that represent ophiolite
fragments { Gorayeb, 1989; Souza ef al., 1995). The Araguaia
Belt was affected by two main tectonic events: the first
displays regional compression with vergence to the NW;
the second is characterized by ductil-ruptile shears striking
N-S. In this belt the most important prospects are related
to base metals associated with aphiolitic bodies { Teixeira,
1996; Kotschoubey et al, 1996).

The Paraguay Belt developed during the Vendian (650-550
Ma) and displays sedimentary and tectonic zonation described
by Almeida (1545, 1964), Alvarenga and Trompette {1993).
From W to E three zones may be distinguished: a cratonic zone
with subhorizontal beds; a pericratonic zone, the
characteristicof which is the presence of long, large-amplitude
holomorphic folds; and a deep basin zone containing
metamorphites with vergence to the W. Regionally, the
stratigraphy of the Paraguai Belt may be divided from base to
top into four units: a) the Puga Formation, of glacial origin and
latera] equivalents corresponding te the Jangada Group, a talus
deposit, with the deposition of proximal glacio-marine
turbidite beds; b} the Cuiabd Group represented by distal
turbidite beds and basin pelite; ¢) the Corumbd Group,
consisting essentially of carbonate rocks including limestone
and dolomite; and d) the Alto Paraguai Group consisting mainly
of sandstone and arkose.

The only known large deposits in the Paraguay-
Araguaia Belt are those of the Fe-Mn Urucum-Mutiin mines,
near Corumbd, Mato Grasso do Sul.

Historically, the phyllite of the Cuiabd group have been

‘noted for the presence of numerous small gold deposits

associated with hydrothermal veining {Alvarenga et al,
1990, and surficial concentrations of gold of lateritic origin
{Cuiabd-Poconé Province and the Nova Xavantina District).

In the Cuiab4-Poconé er Baixads Cuiabana Province
gold deposits occur as (a} quartz and quartz-pyrite veins
cutting low- grade metasediments of the Cujabd Group; {b)
supergene enrichment inlaterite; and {c) as placer deposits.
The gold grade varies between 0.3 and 2 g/t Au.In 1984/85,
the district produced 2.5 t/Au from garimpeire workings
{Souza, 1988). In the Nova Xavantina District, situated
some 650 km NE of Cuiabd, gold eccurs in like manner to
the Cuiabd-Poconé Province. Highly brittle phyllite and
felsic volcanic rocks represent the Cuiabd Group in this
district. The average gold grade in quartz veins is 15 to 20
g/Au m’. Monthly production from garimpeiro workings is
between 500-600 kg (Souza, 1988).

The Urucum-Mutiin Fe-Mn Deposit

The Corumbd Graben is situated in the junction of the
Paraguay Belt with the Chiquitos-Tucavaca Aulacogen that
separates the Amazonian Craton from the Apa Block
{Litherland ef al., 1986), along the border between Belivia
and Brazil. In this extensional environment (Haralyi and
Walde, 1986), the graben was filled with sediments of the
Jacadigo Group (Fig. 23), which may be divided into three
formations (Dorr, 1945, Walde et al., 1981): Urucum
Farmation, green in colour at the base, and consisting of
conglomerate and arkose; the Cirrego das Pedras Formation,
an intermediate unit, consisting of conglomerate and

reddish arkose, enriched in hematite; and the Band’Alta or
Santa Cruz Formation consisting of jaspilite with
intercalated manganiferous beds, To the N and §, the
Jacadigo Group is overlain by carbonate sediments of the
Corumbd Group. The conglomerate and arkose of the
Urucum Formation represent piedmont sediments along
the base of the fault-scarps that delimit the graben. The
beds of jaspilite and manganese are attributed to chemical
precipitation of alternating bands of iron oxide and silica.
However, the jaspilite sequence is intercalated with very
many beds of diamictite and arkose with gradational
structures that are intensely transformed and substituted,
partially or totally, by iron oxide and sifica. These
observations support the view that the siliciclastic
sedimentation persisted during the phase of chemical
sedimentation in the form of turbidite beds and subaqueous
gravity flows (Dardenne, 1998; Trompette et al,, 1998).
However, according to a divergent view, the control over the
siliciclastic deposits was tectonic rather than sedimentary,
The pure jaspilite that formed only by chemical
precipitation with alternation of hematite and silicalamina
occurs in the upper part of the thythmic sequence, showing
frombase to top: ferruginous diamictite and conglomerate,
ferruginous arkose with gradatienal structures, ferruginous
shale, and finally, pure finely-laminated jaspilite, with an
ocellar texture due to the presence of numerous small pink
siliceous nodules, coloured by a fine-grained hematite
powder. During supergene alteration, these nodules were
leached, preferentially, resulting in a vacuolar aspect, very
specific to these jaspilites. The manganese beds consist
mainly of cryptomelane, and locally, braunite, appear as
zones as at the Morro do Urucum, or as nodules in a
kaclinitic and sandy matrix as at Morro do Rabicho. These
observations permit the interpretation of the iron and
manganese mineralization as the result of chemical
precipitation of these elements, and the silica frem
exhalative (SEDEX-type) hydrothermal fluids circulating
in large convection cells. These cells were related to the
development of the rift, and the hydrothermal fluids
permitted the leaching of basalt associated with up-welling
of the upper mantle below the Corumbd Graben (Dardenne,
1998). The continuation of the ferro-magnesian sequence
to the W in Bolivia is found at the Serrania de Mutin.

The Brasilia Belt
and the Goias Massif

The Brasilia Fold Belt (Fig. 24) runs for over 1000 km N-
S along the western margin of the 5ac Francisco Craton
{Almeida, 1977). In general, the several lithostratigraphic
units of the Brasilia Fold Belt show maore intense progressive
deformation, accompanied by increasing metamorphism
from E to W, reflecting in the polarity of the belt and an
eastward vergence towards the 5o Francisco Craton. Three
distinct tectonic zones are recognized: a Cratonic Zone, an
External Zone and Internal Zone (Fuck ef al, 1993, 1994).
The Pirineus Mega-inflection (Marini et al,, 1984a, b; Aradjo
Fitha, 1999), with general strike E-W, permits the division of
the Brasflia Fold Belt into two distinct parts: northern
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and southern, each undergoing a somewhat different
tectonic evolution during the Brasiliano Cycle.

Theinternal zone of the Brasflia Fold Belt and the oldest
terranes were both very much affected by deformation and
metamorphism during the Brasiliano Event. For thisreason
both are taken together in the discussion of the tectonic
evolution of the Brasilia Fold Belt,

The Goids Massif

The Archean terranes showing ages between 3.0 and
2.5 Ga (Queiroz et al., 1999) occupy an oval-shaped area in
the northwestern part of Goids, in which there accur
greenstone belt sequences: Crixds, Pilar de Goids, Guarinos
e Goids, preserved in elongate synforms in the older granite-
gneiss complex: Anta, Caiamar, Hidrolina, Itaporanga and
Uvd (Jost et al, 2000). This older nucleus stabilized at
about 2.5 Ga, and was accreted to the Santa Terezinha
volcano-sedimentary sequence that was deformed and
metamorphosed at about 2.0 Ga by the Transamazonian
tectono-thermal event (Kuyumjian, 2000).

In the ambit of the Goids Massif, the principal mineral
TES0Urces ared

- Gold deposits associated with the Crixds, Guarinaos,
Pilar de Goids and Goids Velho greenstone belts {Carvaiho,
1999); Mina III and Mina Nova in the Crixds greenstone
belt (Fortes, 1996; Magalhies, 1991); Maria Lizarc and
Caiamar in the Guarines greenstone belt {Lacerda, 1991;
Pulz, 1990, Pulz et al., 1991); Cachaoeira do Gogé in the Pilar
de Goids greenstone belt (Pulz, 1995).

- The occurrence of Ni sulphide at Boa Vista in the
Crixds greenstone belt (Costa Jr. et al, 1997},

- An emerald deposit in the Santa Terezinha
Palecproterozoic volcano-sedimentary sequence that has
been affected by the Transamazonian Fvent at 2.0 Ga
{Giuliani et al., 1993).

The Crixds Gold Deposit

The Crixas Greenstone Beit (Fig. 25) is one of the most
important from the economic point of view. Here mining is
carried on alarge scale by Mineragaa Serra GrandeS.A. at Mina
HI and Mina Nova, in addition to which there are two
occurrences known as Mela Pataca/Pompex and Mina Inglesa,

The Mina III deposit (Yamaoka and Aratjo, 1988) is
situated 2.5 km from the town of Crix4s, and the mine has
been worked since 1990. The gold mineralization occurs
at the base of metasediments of the Ribeirie das Antas
Formation near the contact with the mafic volcanic units
of the Ric Vermelho Formation. There are three mineralized
zones: the lower and upper zones show a homogeneous
distribution of the gold, whereas the intermediate zone is
somewhat discontinuous. In 1994, the reserves are given
at about 4,792 Mt of ore at an average grade of 10.12 g/t Au
(Carvalho, 1999).

Thelawer zone consists of quartz veins, concordant with
the principal foliation and varying in thickness from 0.5mto
5 m; carbenaceous schist with disseminated sulphide
{arsenopyrite and/or pyrrhotite) near the veins (Fortes and
Coelho, 1997). The mineralized bodies are discontinuous
and about 500 m wide along the strike of the foliation, and

TECTONIC EVOLUTION OF SOUTH AMERICA
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length of about 1200 m along the dip of the stretching
lineation. In this zone the gold occurs preferentially
associated with quartzand in the carbenaceous schist. The
average grade of the oreis 12 g/t Au (Carvalho, 1999). The
upper zone consists of a zone of massive sulphide
{pyrrhotite and/or arsenopyrite), between 0.5 m and 2 m
thick, associated with Fe-dolomitic marble, quartz-
chlorite-carbonate schist, pyrrhotite-magnetite-biotite
schist and marble with biotite {Fortes and Ceelhe, 1997).
The ore bodies are lenticular and 50 m to 200 m wide along
the strike of the foliation, and 400 m long along the dip of
the stretching lineation. In this zone there occur twa ore-
types: one rich in arsenopyrite, and the second rich in
pyrthetite. The mineralizatien is accompanied by
hydrothermal alteration manifest by silicification,
carbonatization and chloritization (Fortes, 1996).

The Mina Nova Mine is situated near Mina III, and has
been worked by underground methods since 1996, The gold
mineralization is associated with a zone of carbonaceous
schist, locally at the cantact with marble, chlorite-garnet schist
and quartz veins. It is accompanied by a carbonate-rich
alieration halo some9to 12 m thick. According to Portocarrero
{1996) there are three ore-types: Type I consists of a zone 1.5
m to 2.8 m thick of carbonaceous schist with disseminated
pyrthotite, arsenopyrite and subordinate chalcopyrite; Type
occurs inazone overlying the Type T ore,0.3 m to 1.7 m thick
and consisting of carbonaceous sericite schist with
disseminated arsenopyrite; Type HI ore occurs rarely in thin
quartz veins with disseminated gold, arsenopyrite and
pyrrhotite. In 1996, the reserves were given as 3 Mt of ore at
6 g/t Au (Carvalho, 1999). In 1998, the production of the
Mineracio Serra Grande Ltda. was about 4,5t Au,

According to Thomson and Fyfe (1990), Fortes et al.
(1997), the mineralization is associated with a low-angled
shear zone, related to the Brasiliano Event.

The Paleo-Mesopraterozoic
Intracontinental Rift

The development of the intracontinental rift during the
Palec-Mesoproterczoic (Nilson et al., 1994} occurred
through several stages: 1) the intrusion of the mafic-
ultramafic complexes of Cana Brava, Niquelindia and Barro
Alto at about 2.0 Ga (Correia et al., 1996, 1997); 2) the
intrusion of anorogenic tin granite at 1.77 Ga in the Rio
Parana sub-Province, and at 1.59 Ga in the Rio Tocanting
sub-Province (Pimentel et al., 19%1; Marini and Betelho,
1986; Botelho and Moura, 1998); 3) the deposition of the
Arafand Serra da Mesa sediments in the pre, syn and post-
rift phases (Dardenne and Freitas Silva, 1999),

Several mineral depaosits are associated with the
evolution of the rift:

- Deposits of Ni laterite associated with mafic-
ultramafic complexes of Niquelindia and Barro Alto;

- Promising occurrences of PGE in the transition zone
between peridotite and pyroxenite in the mafic-ultramafic
complexes of Niquelindia and Cana Brava (Ferreira Filho et
al., 1992; Ferreira Filho et al., 1994; Medeiros and Ferreira
Filho, 1999; Oliveira, 1993; Lima, 1997; Suita, 1996, 1998);

- Large asbestos deposit that originated as the results
of Brasiliano tectonics in the mafic ultra-mafic Cana Brava
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complex (Pamplona and Nagao, 1981; lanhez er al., 1997).

Deposits of cassiterite and indium associated with
greisenization and albitization related to the anorogenic
granitic intrusions (Marini and Botelho, 1986; Botelho,
1992; Botelho and Moura, 1998).

The Cana Brava Asbestos Deposit

The mafic-ultramafic Cana Brava Complex is part of a
high-grade terrane {Goids Granulite Belt) that was placed aver
the metasediments of the Aral and Paranod groups of the
Brasflia Fold Belt by Brasiliano collisional tectonics. The
asbestos deposit, discovered in 1962, near the town of
Minagu, is associated with serpentinite at the base of the
complex in its southeastern extremity. The mineralized belt
(fanhez ef al, 1997) is about 6300 m long {Pamplona and
Nagao, 1981), and is essentially tabular in shape. It is about
4800 m N-$ and 1500 m E-W, and it contains the A, B, C and
F ore bodies, having an average thickness of between 100 m
and 110 m. Thedip varies between 10°and 7¢° tothe NW and
W. These bodies extent to a depth of 290 m, and they are
separated by dextral transcurrent shear zones the strike of
which is NE-SW. The principal foliation is mylonitic and is
roughly paralle] to the original banding. Metamorphism is in
the greenschist te amphibolite facies, resulting in the
development of type [ brown serpentinite. The zones of
transverse and transcurrent shearing were initially ductile
{greenschist facies) and subsequently ruptile, and resulted
in the development of type 11 green serpentinite. The most
important tineral species is chrysotile, The mineralization
occurs in stockworks, and is restricted to extension fractures
distributed in the serpentinite mass. The long axis of the
fibrous chrysotile permits the grouping of the fibers into two
types: the slip fibers ate oriented paralle] to the walls of the
fractures, whereas the cross fibers are transverse to the vein
wall. The length of the fibers varies between | mm and 20
mm, for an average length of about 6 mm. The accessory
minerals are magnetite and hematite, chlorite, carbonate and
tale. In 1997, the measured reserves for the A and B bodies
are given as 122.89 Mt of fibrous ore at 5.2%.

The Brasiliano Cycle

The reconstruction of the tectonic evolution permits
the differentiation of some fundamental phases in the
development of the Brasiliano Cycle.

The Development of the Mesoproterozoic/-
Neoproterozoic Passive Margin

The development of the passive margin is characterized by
the deposition of metapdite, limestone and dolomite onamarine
platform dominated by tides andfor storms. These sediments
are assigned to the Paranod and Canastra groups {Fuck et al,
1988, 1993). The Vazante Group that occurs in the soathern
part of the Brasflia Fold Belt may correspond to the upper
carbenate and pelitic part of the Paranod Group. Tothe W of the
mafic-ultramafic complex, in the northern part of the Brasflia
Fold Belt, occurred the opening of an ocean at 1.2 Ga (Correia e
al, 1999) in which were deposited the volcano-sedimentary
sequences of Palmeirdpolis, Indaiandpolis and Juscelindia. The
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principal mineral deposits related to the passive margin are:
- Small deposits of Pb-Zn-Ag (Cu) of the VMS-type,

associated with the Palmeirépolis and Juscelindia

sequences (Aratje and Nilson, 1988; Aradjo, 1999).

The Goids Magmatic Arc

The development of the Goids Magmatic Arc, situated
along the western margin of the Brasilia Fold Belt started
at about 900 Ma (Pimentel and Fuck, 1991, 1992), and
remained active until 60C Ma. The arc consists of gneiss,
granitoid rocks and velcano-sedimentary sequences of the
island arc-type. The Goids Magmatic Arc is related to the
formation of a back-arc basin in which were deposited the
Ibidand Araxd groups.

The mineral deposits are associated with the rocks of
the volcano-sedimentary sequence, and are classified as
being of the VMS-type: Cu-Pb-Zn-Au at Chapada
(Kuyumjian, 1991, 1995, 1999; Richardson ef al., 1986);
Au-Ag-Ba at Zacarias (Arantes et al, 1981} and Cu-An at
Bom Jardim de Goids.

The pre-Collisional Event at 790 Ma

This event was responsible for the granulitization
observed at the base of the mafic-ultramafic unit, and for the
generation of syn and late-tectonic granite, enriched intin in
the Ipameri region (Pimentel et ul.,,1999). Itis probable that
the beginning of the evolution of the shear zones responsible
for the gold mineralization date from this event.

The Foreland-type Bambuf Basin

With the uplift of the Brasilia Fold Belt developed a
depression in front of 2 mountainous chain in which
began the deposition of pelite and carbonate of the
Bambuf Group in a foreland-type basin. This
sedimentation extended much further than the original
depression, covering a large part of the Sio Francisco
Craton to the E in the states of Bahia and Minas Gerais
{Dardenne, 1978).

The saccharoidal pink delomite belonging to the
upper part of the first regressive carbonate cycle of the
Bambui Group is related to small deposits and
occurrences of Pb-Zn-Ag-CaF, found aleng the valley of
the Sio Francisco River in the vicinity of Janudria,
Itacarambi, Montalvania and Serra do Ramalho. These
deposits show clear indications of dissolution,
substitution and secondary dolomitization by circulating
connate hydrothermal fluids that permit the classification
of these deposits as being of the MVT-type (Dardenne,
1978, 1979; Dardenne and Freitas-Silva, 1998, 1999).

Large depasits of phosphate, lead and zinc are found in
the Vazante Group {Dardenne and Freitas Silva, 1998) that
probably constitutes the transition between the Paranod
(Mesoproterozoic) and Bambui (Neoproterozoic) groups.

The phosphate deposits of Rocinha-Lagamar

The phosphate deposits of Rocinha-Lagamar
(Dardenne et al, 1997; Chaves et al., 1976) situated in the
northwestern part of the State of Minas Gerais occur in the
basal part of the Vazante Grouyp in the external zone of the
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Brasilia Fold Belt. The phosphorite, associated with
carbonaceous and carbonate-rich slate, dark grey in colour
and intensely microfolded, oceurs as phosphoarenite,
phosphorudite and phospholutite. The phosphoarenite
consists of intraclasts and phosphatic pellets, set in a
cryptocrystalline phosphomicrite. Locally, the intraclasts
are surrounded by fibrous cement of microcrystaline,
limpid, prismatic apatite. The main mineral species is
fluorapatite that resulted frem the leaching of CO, of the
regional carbonate-fluorapatite by fluids related to both
metamorphism and weathering, culminating in the
development of apatite, rich in aluminum and strontium of
the wavelite-type.

The origin of the phosphate is related to the evolution
of organic matter in physio-chemical conditions that were
transiticnal between reducing and oxidizing environments
in relatively deep water, probably representing a glacio-
marine depositional system.

The reserves of the Lagamar Depaosit are about 5 Mt at
30% to 35% P O, whereas the reserves of the Rocinha Deposit
are estimated about 400 Mt ore at 10% to 12% P 0.,

The Morre Agudo Pb-Zn deposit

The Morro Agudo Pb-Zn deposit (Fig. 26) is associated
with dolomite of the Vazante Group, situated in a back- reef
facies that developed on the western flank of a stromatelitic
bioherm of Morro do Calcdrio { Dardenne, 1978, 1979). The
mineralization is essentially disseminated and consists
mainly of sphalerite and galena with subordinate pyrite and
barite. Breccia, dolarenitic breccia and dolarenite are the
main host rocks of the main mineralized zones,
denominated I, |, K and L. Zone M has a stratabound
character,whereas zone N is stratiform with regular banding
of chert lamina, galena, sphaterite and pyrite. Pyrite is
exceptionally abundant in this zone (Romagna and Costa,
1988; Oliveira, 1998). The mineralized beds are limited by
a syn-sedimentary normal fault with strike N10°W that
acted as a preferential conduit for the mineralizing fluids.
The disseminated mineralization shows evidence for the
substitution of nen-conselidated dolomitic materia} by
sphalerite and galena that developed from the syn-
diagenetic stage to the late-diagenetic stages (Dardenne,
1979; Dardenne and Freitas-Silva, 1999; Freitas-Silva and
Dardenne, 1997). The data favour the comparison of the
Morro Agudo Deposit with the Navan Deposit, Ireland
{Hitzmann, 1995), that show the same characteristics as
described by Dardenne (In: Pedrosa-Soares ef al., 1994),
Freitas-Silva and Dardenne (1997), Dardenne and Freitas-
Silva (1998, 1999), Hitzmann et al. {1995), and classified
as the SEDEX-type by Misi et al. (1999). The reserves of
Morro Agudo Pb-Zn deposit is about 17.5Mt ore at 5.1%
Zn, 1.53% Pb and 300 ppm Cd.

The Vazante Zn deposit

The Vazante Zn deposit (Fig 27) is associated with a
major tectenic structure, represented by a normal fault the
attitude of which is N45°E/50° to 70°NW (Dardenne, 1979;
Dardenne and Freitas-Silva, 1998, 1999). The fault zone is
practically restricted to the pelitic interval occurring
between dark grey dolomite at the base of the section and
pink dolemite at the top, assigned to the Vazante Group

(Dardenne 1979; Rigobello et al., 1988; Oliveira, 1998). The
mineralization contained in the fault zone is intensely
sheared, and accurs in the ferm of lenticular and imbricate
pockets of ore and dolomite (Pinho, 1990; Rigebello et al.,
1988; Dardenne, 1979%; Dardenne and Freitas-Silva, 1998,
1999). The ore consists mainly of willemite along with
hematite and zincite with subordinate franklinite,
smithsonite, sphalerite and galena {Menteiro, 1997;
Monteiro et al, 1996). The willemite ore is extremely rich
in Zn, containing 40% to 45% Zn. The mineralization is
accompanied by intense silicification and sideritization of
the wall rack that also display a network of fractures and
veins filled with siderite/ankerite and red jasper. The data
suggest that the hydrothermal mineralization originated
by filling of a listric fault that had been reactivated during
the Brasiliano Event. The partial reserves of the Vazante
Depasit are about 8 5Mt ore at 23% Zn.

The Irecé phosphate deposit

The phosphate deposit discovered in 1985 by the CPRM
{Bonfim, 1986) 15 situated at Fazenda Trés Trmas. Itis associated
with columnar stromatolites of the Jurussania Krylov-type
intercalated with units of cross-bedded dolarenite assigned to
the Salitre Formation of the Una Group (Neoproternzoic),
equivalent to the Bambui Group in the Irecé Synclinorium, This
delomitic and phosphatic unit, approximately 18 m thick, is
overlain by 2 sequence of silicified delosiltstone, richin sulphide
(pyrite, sphalerite and galena with asseciated pyrite) and barite
nodules, investigated by RioFinex in 1976 and by the CBPM.
Reserves are estimated at 1.0 Mt at 8% Pb+Zn and 120 g/t Ag.
Three types of primary phosphorite are present: columnar
stromalitic phosphorite, laminar stromatolitic phosphorite,
and intraclastic phosphorite. The highest grades are found in
the columunar stromatolitic phosphorite where these may attain
20% P,0.. The phosphorite consists of micro and
cryptocrysialline fluorapatite, associated with calcite and
dolomite, in addition to detrital quartz and microcline, fluorite
veins, microcrystalline quartz, pyrite, sphalerite and galena
{Misi, 1992; Misi and Kyle, 1994; Kyle and Misi, 1997). The
intraclastic phosphorite resulted from the eresion of the
columnar and laminar stromatolitic phospherite, forming the
intercolumnar material and the beds intercalated with columnar
and laminar stromatalites. The phosphatization is early,
occurring in a syn-diagenetic phase prior to the dolomitization
and is intimately associated with the development of
cianobacteria colonies that formed the stromatolitic
lamination. The time of the fluorapatite precipitation has not
yet been defined. This may have occurred directly as the result
of bacterial activity or, alternatively, as the early substitution of
the carbonate lamina, rich in organic matter.

The secondary phosphorite resulted from the supergene
alteration of primary phosphorite by the preferential leaching
of carbonate, inducing a significant enrichment in phosphate.
This type of ore attains grades exceeding 30% P,0, (up to
38% P,0,). The estimated reserves of the Irecé Deposit are
about 40 Mt of ore at 14% P,0,.

The Late Collisional Event at 630 Ma

This event is manifest in the overthrusted sheets of
Araxd, Ibid and Canastra sediments as nappes along low-
angled faults over rocks of the Vazante and Bambui groups.
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Many gold deposits are associated with the
development of high-angled shear zones: Buracio, Santa
Rita, Ria de¢ Carme, Buraco do Ouro (D'El Rey Silva and
Senna Filho, 1998; Lacerda, 1986; Giuliani et al., 1993, Olivo,
1989; Olivo and Marini, 1988; Magalhdes et al., 1998;
Magalhies and Nilson, 1996); and low-angled shear zones:
Araxd, Luziania, and Morro do Ouro in the external zone of
the Brasilia Fold Belt (Hageman et al., 1992; Freitas-Silva
et al., 1991; Freitas-Silva, 1996). In the region occupied by
the Goids Magmatic Arc, geld deposits are also associated
with shear zones: a gold occurrence at Posse, for example
{Arantes et al, 1981; Oliveira et al., 1997).

At the end of this second collisional event there
occurred late and post-tectonic granitic and mafic-
ultramafic intrusions. The mafic-ultramafic complex of
Americane do Brasil and Mangabal T and Il contain Ca-Ni-
Co mineralization in the form of chalcopyrite, pentlandite
and bornite (Nilson, 1981).

The Morro do Quro deposit

The Morro do Ouro Deposit (Freitas-Silva et al., 1991;
Freitas-Silva, 1996) is hosted in carbonaceous phyllite
{Morre do Ouro Member) of the Paracatu Formation
{Canastra Group), which overthrusts the rocks of the
Vazante Group in the external zone of the Brasilia Fold Belt.
These rocks were deformed and metamorphosed in the
greenschist facies (chlorite) and display intrafolial,
isoclinal and recumbent folds related to a menocline,
associated with a thrust fault (Fig. 28) of large amplitude,
theattitude of which is N10"W/15°SW. This fault developed

in a ductile-ruptile shear zone accompanied by mineral

lineation and stretching (elongation) fabrics, mylonitic
foliation and boudinage of the quartz veins. The stretching
lineation is orientated S70°W/15° The gold is
disseminated in segregations of metamorphic quartz
(boudins), along with arsenopyrite, pyrite, sphalerite,
galena, siderite and sericite. The gold particles are more
concentrated at the margins of the boudins and in the
proximity of sulphide and carbonate species. The
hydrothermal alteration s restricted to the boudins, where
the principal processes are pyritization, sideritization and
sericitization. The gold is usually free in the quartz, although
a small amount may be associated with sulphide. The
average gold grade in the boudins is about 2.5 g/t Au. In the
ore, the geld grade is very low, about 0.45 g/t Au.
Nevertheless, the annual production is roughly 8.0t Au,and
the reserves exceed 250 t Au.

The Aracuai Belt

The AraquaiFold Belt (Almeida, 1967, 1977; Almeida er
al., 1981) that lies along the southern and southeastern
margin of the $3o Francisco Craton in the NE.of Minas Gerais
and along the divide with Bahia, is arc-shaped and concave
10 the SE. This belt resulted from the development of a rift
thatbegan about 860 Ma with the rupture of the continental
crust, and continued opening until ocean crust began to form
in the middle of the structure (Pedrosa-Soares ef af.,, 1992;
1998; Fuck et al, 1993). The rift basin filled with sediments

assigned to the Macadbas Formation that were distributed
in three domains: continental, transitional and internal,
resulting in a sedimentary zonation of the belt {Uhlein, 1991;
Pedrosa-Soares et al., 1992, 1998; Uhlein et ai., 1999), The
closure of the rift from 700 Ma that culminated in the
principal orogenic phase at between 659 and 550 Ma,
brought about deformation and metamorphism, resulting
in a polarity varying from E-W to N-S and the development
of 2 series of thrusts in the transitienal/centinental
domains, anatexis and granitic intrusions in the internal
domain (Pedrosa-Soares et al, 1999).

Older terranes, related to the Espinhago, Minas and Rio
das Velhas supergroups, as well as younger units such as the
Bambui Group at the edge of the Sdo Francisco Craton were
involved in the deformation and metamorphism of the Aracuai
Belt. The main minera resources of the Aracaui Belt are;

- The Riache dos Machados gold deposit (Fonseca et al.,
1997) is hested in a volcano-sedimentary sequence (Archean
or Paleoproterozoic in age) developed in a Brasiliano shear
zone that has affected the basement of the Araguaf Belt.

- Iron deposits of the sedimentary-exhalative-type
{SEDEX) present in the diamictite beds of the Macaiibas
Group in the Porteirinha region (Vilela, 1986);

- Graphite deposits of the Minas Gerais-Bahia area. These
deposits are very impertant. They occur near the towns of
Pedra Azul, Salic da Divisa and Maiquinique, and they are
associated with schist and gneiss cut by shear zones
{Pedrosa-Soares ef al,, 1994, 1999; Faria, 1997; Reis, 1999);

- The Western Pegmatite Province of Brazil, famous for
its collector-quality mineral specimens, is associated with
granitic magmatism of the internal zone of the Araguaf Belt
{Correia Neves, 1997; Pedrosa Soares ef al., 1994; Quémeneur
and Lagache, 1999; Correia Neves ef al., 1986, 1987).

The Ribeira Belt

The Ribeira Feld Belt is 2 continuation of the Araguai
and the Brasilia belts, along the southeastern-southern
coast of Brazil. The characteristic of the Ribeira Belt is the
presence of swarms of subvertical longitudinal faults
representing dextral shear zones, locally with displacement
oftens of kilometres. In the N of the belt, these subvertical
shear faults give way to subherizontal thrusts and
overthrust. In the Cenozoic, these sequences underwent
uplift of the central zone that resulted in the relief of the
Serra do Mar. The dextral longitudinal faults that cut the
basement as well as the metasedimentary sequences of the
Ribeira Fold Belt define, in the internal part of the uplifted
area, a corridor about 1000 ki long and 100 km wide known
as the Apiai-Sao Roque Fold Belt. This belt contains
metasediments of the Aqungui and Sdo Roque groups with
which are associated numerous Brasiliano granitic
intrusions that have affected the older basement terranes
and the metasediments of the Setuva Group.

In the Ribeira Belt, the principal mineral resources are
found in the Vale do Ribeira (valley of the Ribeira River)
(Fig. 29) that include:

- Deposits of Pb-Zn-Ag-Ba of the Perau-type in the
Perau/Agua Clara complexes of Mesoproterozoic age. These
are generally concordant and stratiform, and are considered
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te be of sedimentary-exhalative origin of the SEDEX-type
{Fleischer, 1976; Daitx, 1998);

- Deposits of Pb-Zn-Agof the Panelas-type in the Lageado
and Itaiacoca subgroups. These are generally stratabound in
the form of vertical veins in carbonate rocks of Meso- to
Neoproterozoic age (Fleischer, 1976; Daitx, 1998).

- Stratabound deposits of fluorite at Sete Barras, Volta
Grande and Mato Dentro (Dardenne and Touray, 1988;
Dardenne et al.,, 1997; Ronchi et af, 1993);

- Tungsten deposits assoctated with the Itadca granite
intrusion {Mello and Bettencourt, 1998);

- Talc deposits in the Itaiacoca Group at Abapa,
controlled by vertical shear zones at the contact between
quarizite and dolomite and their reworked products
deposited in karst depressions {Lima, 1993; Lima and
Dardenne, 1987).

The Dom Feliciano Belt and the
Rio De La Plata Craton

According to Jost (1981} and Fernandes ef al (1995)
the Dom Felicianoe Fold Belt, situated in the southern
extremity of Brazil developed between the Rio de La Plata
Craton and the Kalahari Craton asaresult of subduction to
the NW of the oceanic crust and from the accretion of older
magmatic arcs between 850 and 750 Ma at the margin of
the Rio de La Plata Craton giving rise to the Pelotas
Batholith. The opening of a back-arc basin follawed by
cellision around 650 Ma led to the accretion of a second
magmatic arc and the intrusion of calc-alkaline to alkaline
granite into the Encruzilhada do Sul metasedimentary
sequence with vergence to the NW. Marine and continental
molasse depasits accompanied by aikaline volcanism (Bom
Jardim Group} were deposited in intramontane basins
formed by grabens and half-grabens.

The main mineral deposits observed in the Dom
Feliciano Belt are:

- Occurrences of Pb-Zn of the VMS-type in the Vacacai
volcano-sedimentary sequence;

- Depasits of porphyry gold-type;

- Tin deposits associated with S-type granite (Franz,
1997; Franz et al., 19598},

- Deposits of Cu-Pb-Zn in the Camaqud region.

Deposits of the porphyry-gold-type

Mast of the gold mineralization of the porphyry-gold-
type is found in the Lavras do Sul Granitic Complex, as well
as in Neoproterozoic felsic volcanic rocks and fluvio-
lacustrine sediments assigned to the Cerro dos Martins
Formatien in the State of Rio Grande do Sul. The
mineralization occurs as the disseminated and vein types,
and is associated with faults and intense shearing,
brecciation and hydrethermalism. The mineralization is
genetically related to Jate magmatism of the Brasiliano Event
(610-580 Ma) having shoshonitic and alkaline affinities. The
parageneis is of the Au-Cu-Pb-Zn-Ag type. The most
important deposit is that of Volta Grande (7 t Au), and the
Bloco Butid (6.5 t Au) and Cerrito (3.5 t Au} prospects
{Santos et al., 1998; Andrade et al., 1988; Reischel, 1980).

TECTONIC EVOLUTION OF SQUTH AMERICA

The San Gregorie Gold Mine of northern Uruguay {Fig.
2) may also be an example of mineralization of the porphyry-
goid type. The gold mineralization followed the intrusion
of the Corrales Granite, and consists of suriferous pyrite,
chalcapyrite, pyrrhotite, galena, and Fe-rich sphalerite. This
granite is probably of Brasiliano age and is intruded into a
Paleoproterozoic granite-gneiss complex of the Rio de la
Plata Craton. E-W and NW-SE shear zones cut this complex,
The mineralized zones currently being mined at the San
Gregorio Mine are the same as that of the wall rock. The
mineralized zones are hydrothermally altered gneiss and
metabasalt, in addition to a quartz vein system. (Ellis et al,
1995). The gold reserves atthe San Gregorio Mineare about
6.5 Mt at 2.8 g/t Au and 2.8 g/t Ag (0.65 Moz Au and 0.65
Moz Ag) (. Spoturno, personal communication).

Camaqua District

The mineral deposits of the Camaqua District (Fig. 30},
situated in the central-southern region of the State of Rio
Grande do Sul, are associated with conglomerate and
sandstone of the red bed-type. These red beds belong 1o the
Vargas Member of the Arroio dos Nobres Formation of the
Bom Jardim Group deposited in a system of alluvial fans at
the end of the Dom Feliciano {(630-600 Ma) collisional
orogenesis in a molasse basin, delimited by faults striking
NE-SW. This basin has been interpreted as being of the
foreland-type or an intramontane basin of the strike-slip-
type with rhyolitic, dacitic and andesitic volcanism of the
Hilirio Member at the base. The Bom Jardim Group is covered
by an angular unconformity by sediments, also of the red bed-
type assigned to the Guaritas Formation with which are
associated the rocks of the Rodeio Velho Member, daied at
470 Ma by Hartman et al. (1998), implying that the basin
developed between 600 and 470 Ma. To the NW of the basin
occur a number of granite intrusives of calc-alkaline ta
shoshenitic compasition, referred to as Lavras de Sul,
Cagapava do Sul and S3o Sepé that have been dated at between
590 and 560 Ma (Remus er al,, 1999). In this district, three
types of mineralization are recognized:

1) Vein mineralization, discovered in 1865, and intensely
mined to 19%6 at the Camaqui mines known as S3o Luiz
(underground) and Uruguai {underground and open pit),
which have produced about 398 Mt of ore at 1.06% Cu, 0.2 g/
t Au and 8 g/t Ag (Teixeira and Gonzalez, 1988; Remus ef af.,
1999). These deposits have been described successively by
Bettencourt {1976), Ribeiro (1991), Remus ef al {1999) and
Ronchi et al. (1999). The ore occurs as aras, veins, ribbons
and stringers, locally forming stockworks with arientation
parallel to the faults striking NW-SE, and is surrounded by
hydrothermal alteration halos displaying chloritizatien,
sericitization and silicification {Remus et al,, 1999; Ronchi
et al., 1995; Bettencourt, 1976). The paragenesis is pyrite-
chalcopyrite and quartz, and bornite-chalcopyrite-hematite-
barite-calcite.

2) Disseminated mineralization in the sandstone and
conglomerate units of the Yargas Member:

- Copper mineralization areund the Camaqua mines
(S3o Luiz and Urnguai) with paragenesis of pyrite-
chalcopyrite {Veigel and Dardenne, 1990).

- Lead and zinc mineralization with subordinate copper at
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the Santa Maria Depesil with parageness of galena-sphaleriie-
chalcogryrite {Veigel and Dandenne, 1990). The reserves ase
given as about 33,4 Mt of ore a8 an average grade of 1.44% Ph,
1.08% Zn and 1240 14 gt Ag (Badi and Gonzaler, 19881

31 The secondary mineralization ocours as oxide, and
the cementation phases with the associated mineral species
hematite-borakte-chacocite-covellite at the Camaqud
mines, and hemati-bormite-chaloocile-stephanite at the
Samta Mari Deposit [ Veagel and Dardenne, 1990).

The arigin of the Cu-Au and Ph-Zn-[Cuj-Ag
mimeralization of the Camagui region has been the subject
ol discession amd several hrpnmeu: for thus have been
proposed: a) cpigenctic hydrathermal mineralization
resufting from the capalization of connate wabers, healed
by volcaniam alosg the BY-5E faulss (Yege! and Dardenne,
1940} b) epigenetsc hydrothermal mineralization without
specifving the source of the mineralizing fuids {Ronchi o
al., 1999 c] epithermal mineralization assocasted with the
imtrusion of the Lavras do Sul and Cagapava do Sul granites
(Betencourt. 1976; Femos ef ol 1999

The Borborema Province

Thie Burborema Province o Morthessenn fold regson (g,
3}, which resuked from the Brasliano callsge, 15 a complex
miceaic of Nenprogeroeoic fold belts and a basement mudkeus
attribated to the Transamazonian collage (Van Schmus of al,
|995). The main structures have a fan-shaped geometry
permirtingthe division of the Province intofive domains { Bribo
Meeves et al, T9H 1 Madian Coreail Domain; Northern Domain;
Traswversal Domaie; and ihe Southers Domain

The mam mineral deposits foand in the Borborema
Frovince are:

- Magnesite deposits af José de Alencar in the s Bely,

Ceard, associated with o Pabeo-Mesoproterozoic volcans.
sedimentary sequence (2.0-1.7 Gal, interpreted as
evaporite deposits [ Parente and Guillow, 1995; Parerte and
Arthand, 1995; Parente. [995);

Copper deposits of the Marmindpole volcano-
sedimentary sequence | Pedra Yerde) in the State of Ceard,
interpreted here to be of the sedimentary-exhalative or
SEDEX-1ype.

<(iobd deposits in shear aones. associated with quarts veens
and skarn with paragenesis W-Mi-Au m the Serckd Province
of the states of Rio Grande do Norse and Paraiha, described by
Mo and Legrand (193] Legrand of al (1993, 1996], Souza
Meto er al | 1996), Melo & ol [1%96]. Al the 580 Francsoo
Depasit, te the E of Carram Nevos, the gold mineralization is
associated with biotse-garnet schast and ccours as the result
of successive hydrothermal phases that accompany the
metamorphic evolution, This resahied in mineralization (s
aariferous veins, coeval with shearing. The depesits contain
about 1.75 0 Au {Silva and Legrand, 1996; Ferran, 1988)

- Thet Scheelite Province of the State of Ria Grande do
Raorte (Salim, 1991);

- The uranium deposit im the pegion of Wataia in the State
of Ceara:

- The Pegmatite Provinoe of Secidd, associated with
Brasiliane Cycle granite intrusions, dated at 535 Ma
(Legrand r! al., 1991; Legrand ef oL, 1993]. The pegmatite
badies are intruded abong the foliation striking NNE-S5W
in mica schist, and comtain Ta, K, Li, Be and 5n (Silva and
Dantas, 19975

The Seridd Scheelite Province
The Seridé Scheelite Province in the states af Rk
Grande do Norte and Paradha comains a number of deposits

imchading Beejul, Barra Verde, Boca de Lage, Bodd, Parclhas
and Bom Fim (Fig. 52). These depesits have been mined
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FHFURE 33 - Distribeetton of mimeral deposics in the Seridd Bele. PB-AN fmadified sfter Legrend o al, 1956),

intensely from the Secomd World War up 1o 1985,
Preduction is estimated at i} (04 | of cancentrate (T0%
W3] tromn oce contzinimg 0.7% 1o 1% WO, In the region
ocurs 4 basement gneiss known as the Caied Comples,
whiich is generally considered to e of Archean age, reworked
during the Transamazonian Cycle, and 8 metasedimentary
sequence knenwn as the Ceard Serfes andfor Serdd Series
(fardim de 5d and Salins, 1930 Archano and Salim, | 536].
This metasedimentary sequence is divided into three
fermations of groups according to different ambars: the
farmrwta Formation corsisting malnly of finely-bamded
hiotite goeiss, rich in epidate, miercataled with quartzite,
mica schiit, marble and amphibalite associated with
handed iron {ormation anits im which are found the
principal scheelite deposits; the Equader Formatiom
caonsisting of muscovite-rich quaneie with isercalaied
paragneiss, mica schist amd marble; the Seriadd Fermation
consasting of a thick sequence af alwminoas mica schist
with imiercalaved paragneiss, quarieite and macbde winth a
unit known as the Parelhas Conglomerate ot the base. The
agt of \he metamarphasm and the platonizm of the Serida
Series is duted at hetween 650 and 550 Ma. The imrasive
ruchs are related o an early, pre- o syR-teciomic dioritic
sl dated 1 between 800 and 500 Ma { lardim de 5d et al |
1966 Legrand er al, 1991; Leterrier ot al. 1990)

In the Seridd Prowince the principal scheelite
mineralization is associate with skarn deposits of the
Jacwarutu Formation, asd the most kimporiant mines ( Brejid,
Barra Yerde, Boca de Lages) are situsied around the Acari
Grranite Maasif {555 Ma) { Legrand of af,, |9%1 ] at the contacy

matrble/metasediment and marble/granite in the Jucunau
paragnciis. Two types of scheelie are deseéribed in the
various mines im the regiom: fine-grained scheelite
orientated along the folsation of the primary skarn deposits,
generally considered of early genesis; coarie-grained
scheelite, related 1o late hydrothermal alteration in
retrograde skarmite, forming high-grade concentrations in
the hinges of vertical febds, and in shear anes asaociabed
with these folds | Sadim, 19950, Lecally, the scheelite oo wers
im quarte veing and pegmatie that cui the minerakized
armite, The scheclite s of varuable coloar fram wikite o
yellow. There also occurs @ black variety related 1o the
presence of thin laths of molybdenile, pymte, chalcopymile
and hormile, The scocssory minerals are magnetite, native
baseuth ard hismuthinite. The sulphide manerals have
developed in nones of kate hydrothermal alteration with
minerals of wolite parsgenesks substitating the silicate
minerals of the primary skamite {plagiociase, smphibole,
diopside, garnet} and secondary skarnite (scapolite,
vesuwvignite, epsdose). Gold is often observed assocuied
with molyhdenmm and tungsten { As-Mo-W ) in the skarnite
af the Seridd Province | Legrand &l 1993, 1996; Melo and
Legrand, 1993 Melo ot al., 1996 Souza e sl 1994),

Thie Tataia Uranium Deposit
The ltatada Deposit (Forman and Waring, 1981} is
situated in the Mumicipality of Sania Quatéria same 150 km

frumm the city of Fortalera in the State of Ceard, M occuesiin
a melamorphic sequende consasting of migmatite af ik



base, overlain by quartzite and gneiss and covered by
crystafline carbonace kriown as the Irataia Group (Mendonga
et al., 1985}, to which a Paleoproterczoic age has been
assigned. Brasilianc pegmatite and granite intrude it The
uranium mineralization is associated with episyenite, the
intrusien of which resulted in the sodic metasomatism of
the gneiss; to massive collophanite; and to collophanite
stockworks filling fractures in marble and carbonaceous
breceia (Mendonga et al,1985).The collophanite occurs as
microcrystalline fluorapatite, limpid and in spherulites with
a fibro-radial structure, intimately associated with masses
of cryptocrystalline collophanite. The age of the
mineralization is considered 1o be Brasiliano to Cambro-
Ordovician. The measured reserves are 79.5 Mt of ore at 11%
P,0, and 1000 ppm U 0. It is very similar to the depasits of
Espinharas in the State of Paraiba. [t may be related to ringed
igneous granite intrusions of the Ttaperuaba-type, dated at
between 550 and 450 Ma, which show albitization
accompanied by uranium mineralization (Haddad, 1981).

PHanEROZOIC PLATFORM COVER
AND AssociaTED MIAGMATISM

During the Phanerozoic (Fig.33) the evolution of the
South American Platform was dominated in the Paleozoic by
the development of huge intracratonic syneclises represented
by the Amazonas-Solimdes, Parnaiba, Parand and Chaco-
Parand basins in which the sedimentation began in the
Silurio-Ordovician and ended at the close of the Permian
(Milani and Zalan, 1999). In the Mesozoic there occurred
the final in-filling of the Paleozoic basins. Rifting related to
the opening of the North Atlantic Ocean in Triassic-Jurassic
times, and the opening of the South Atlantic Ocean in the
Cretaceous, led to the farmation of basins on the Brazilian
continental margin as well as in isolated Cretaceous basins
in the northeastern region of Brazil. During the Cenozoic
lateritic weathering profiles developed over the South
American Platform from the beginning of the Tertiary. Finally,
there occurred marine sedimentation in marginal basins
along the Brazilian coast, and the deposition of fluvial
centinental sediments in the interior.

Paleozoic Deposits

The mineral resources of the Paleozoic basins (Fig.33) are
very limited and restricted to the following: occurrences of
Devonian oolitic ironstone formation units in the basal part of
the Pimenteiras Formation in the Parnaiba Basin (Ribeiro and
Dardenne, 1978; Ribeiro, 1984), in the Jatapu region of the
Amazonas Basin (Faganha da Costa, 1966; Hennies, 1969),
and in the Serra do Roncador region of the Parang Basin,
showing a Devonian metallogenetic phase for this type of
deposit; potassium deposits associated with Permo-
Carbeniferous evaporites in the Amazonas Basin; coal and
pyrobiturninous schist deposits in the Permian sediments of
the Parand Basin (see Lopes and Ferreira, this volume); and
the Figueira uranium deposit, likewise associated with the
Permian sediments of the Parand Basin.

The Potassium Deposits of
Fazendinha and Arari of the Middle
Amazonas Basin

From the Silurian to the end of the Devonian the Amazonas
Basinunderwent a marine transgression from E toW. Following
a period of generalized flooding, there occurred a slight tilt of
the basin to the W with concomitant uplift along part of the
eastern margin, causing an inversion of the direction of the
marineinvasion, that now came frem W to E with the deposition
of a transgressive sequence (Maonte Alegre and Itaituba
fermations), followed by a phase of very restricted circulation
resulting in the deposition of the evaporite sequence of the
Nova Olinda Formation, with which are associated the
patassium deposits at Fazendinha and Arari, transitional ta
the continental sediments of the Indird Formation (Upper
Permian). At this time the Amazonas Basin {sensu lato)
{including the Solimdes Basin) was divided frorn Eto W by the
physical barriers of the Iquitos, Purus and Gurap4 highs into
the Jurud (Upper Amazonas) and Middle Amazonas sub-basins
{Fig. 34). According to Sad ef al., 1982, 1997), the cyclic re-
occurrence of high and low salinity, separated by clastic
sedimentation or by less soluble chemical sediments such as
limestone and anhydrite, has permitted the separation of the
evaporitic sequence into 11 cycles. Cycle VIl marked the period
of greatest restriction of the evaporite basin with highly saline
brines and the deposition of finely crystalline banded halite
with high bromine content (>70 ppm Br), culminating with
the precipitation of potassium and magnesium salts in the
form of chloride and sulphate. Cyde V11 terminated with fresh
water incursion from continental sources bringing about the
development of continental lacustrine conditions.

In the Fazendinha region, the mineralized beds are sub-
horizontal and lie at a depth of 980 m to 1140 m below the
surface. Their average thickness is 2.7 m and the KCl
content varies between 14.31% and 38.69% (average 27%).
The potassium-rich zone is divided into three intervals:

- A lower interval with milky white sylvinite, finely
laminated that grades, transitionally, to an overlying
sequence of finely banded halite beds, implying a primary
origin for the chemical precipitation of the sylvinite. This
interval is 1 to 1.8 m thick and contains 29.7% KCl.

- An intermediate interval denominated the sulfate zone,
in functionof the presence of minerals such as kainite, kieserite,
leonite, langbeinite, polyhalite and anhydrite associated with
halite and silvinite, implying a marine transgressicn bringing
solutions rich in calcium and sulfate. This interval is between
0.5 m and 1.6 m thick and contains 20% KCl;

- An upper interval consisting of coarse-grained red
sylvinite with irregular beds of anhydrite and
discontinuous beds of halite. These features together with
the absence of laminaticn lead to the interpretation that
the original mineral was carnallite that underwent
sylvinitization as the result of preferential leaching of
magnesium, thus leading to the view that the silvinite is
secondary. This interval is 0.80 m thick and contains 32%
KCl, and is overlain by pink coarse-grained halite.

The measured in sifu reserves of the Fazendinha
Deposit exceed 520 Mt of ore at 28.8% KCl, permitting the
recovery of 36 Mt of KCl, whereas, the reserves of the Arari
Deposit are about 659 Mt with 17.7% KCL

THE METALLOGENESIS OF THE SOUTH AMERICAN PLATFORM
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The Figueira Uranium Deposit (PR)

The wranium :lrpnn'l: is associated with the Triando
Memnbier ai the base of the Hao Bonito Formation of the Parand
Basun. The depasit is comfired between a coal bed a2 the base
anid & medsuim o coarse-grained sandstone &1 the fop. The
deposit is tabular in shape and i peneconcordamt (Morrore
anid Daemon, 19851, |6 the andstone wnil the mineralimbon
appears in the imerstices of the quantz graies in the Sorm ol
Leraninite, ntimately associibed with pyribe and otber sulphide
epocies stich i chaloopyrite and sphalerite. The molybdenum
Cavermge graide 0.2% ) and the vasadium {200 10 50 ppml,
together with seleniam, nidkel and germaniam ancmaliss
accompany the uwsamium mineralization. The reserves are
estimated at abosst A tof LD, From the paleopeegraphical
point of view the sediments that host the Figueira Deposit snid
other sopmTenoes known in the regim ( Tlémeaco Borba and
Sapopemal are assocated with @ system of sland barmier
lagoans with the development of pest deposits (Dells Favera
ef i, 1993, The evobution of the crganic masier daring barial
leed 1w i develapmient of a reducing enviromment fvourable
to the fomtion of uraniam m itk ode form. The araninite is
asscciated with pyrite, and flls the sscondary porosity and
sabhstifutes 1B wall rock sandsione. The anomalies for Mo, ¥
&.ﬂ&.mﬁﬂhhmhﬁmﬂlﬁdiﬂnwl
an imitial conceniration of these elements 1ogether with
crpafilc alies

Mesozoic Deposits

The mineral resowrces found in the Mesogos: basins
and asseciated structures (Fig 33) are related directly or
indirectly 1o a global tectoric event that came about by
rifting, that lead 1o the break-up of Gendwana and the
separation af the African and South American contineris
The tectono-sedimentary evolwisan of the rifting process
was divided into four stages (Ojeda, 1981, Cainelli and

Mohriak, 1999); pre-rife siage; taphrogenic rift stage:
trafisation s1age of the prolo-occande isansgressive giall
during which time sccurred the depositon al evaparite
deposits; and the fransgressive open ooEan atage
comesponding to o phase of thermal subsilence. These
stages, which refier bo ihe progressive opening of the Somb
Atlantic Geean. hal imporiani refleses ko ihe intersor of the
Spuath American PMatform as the resule of swccessive
reactivation along ancient ineaments, as well as by the
appearance of mew dectonic strociures asd the
individualization of regiomal uplif

The miineral deposits relaged to this tecione-sedimentary
evolution have been classified in five categories {Dardenne,
1999; depasits related to vokanism; deposits associated with
ubtramafic-alkaline carbanatite complexes; deposits
associated with kimberlite and lamproite intrusions;

hydroihermal vein deposits; sedimentary deposiss.

Deposits Associated with Volcanism

M the beginming of (he Cretaceous. hetween 140.and 120
Ma. the pre-rift stage in the Parand Basin is characierized by
vasi flows of tholbeiitic basall, basaltic andesite and minor
dacite and rhyyolite related 1o continental fissural volcanism
of the Serra Geral Group. In Rio Grande do Sal, the Al
Urgaaafhral and Salte do Jacud amethyst and agabe deposits
are related bo this volcanism (Fig 335 These depasits are of
freateconami impariarce, and have been imensely worked
{ Schamatt er ml, 1991; Sebert o al, 1978; Cassedanne, 191
Castrisetal, |974). The erigin of the silica pequired for geude
{orenatson e redated 1o the dissabution dﬂulﬂhiniﬂmnp
safdstone by supercritcal water liberated by the
crystallization of the haualh.

In the State of Plaud, the opal deposits a Pedro 11 are
associated directly or indirectly o the circulation of
hydrothermal waters oeginated by the mtrusion of diabase
sdls {Orogimbe Farmation] i the Palsorow sediments al
the Cabegas Formalsan [ Devonian), These diabase sofls are
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considered to be of Triassic-Jurassic age, corresponding to
valcanic manifestations that accompanied the rifting that
preceded the opening of the North Atlantic Qcean,

The mineralization occurs in fractures and siliceous
breccia related to the shale and sandstone beds, and even
the diabase at the base of the sill {Rosa, 1983; Samama et
al, 1983; Roberto and Souza, 1991; Cassedanne, 1991).

Deposits Associated with the
Ultramafic-Alkaline-Carbonatite
Complexes

According to Amaral ef ol (1967), Hasui and Cordanj
{1968), Ulbrich and Gomes (1981), Cordani and Hasui (1968},
these ultramafic-alkaline-carbonatite intrusive complexes
show two groups of ages (Fig. 35) the first group occured
between 130 and 120 Ma, and includes the complexes of
Jacupiranga, Juquid, Ipanema, Barra do Itapirapui and
Anitdpolis, which are concentrated in the southeastern
region of Brazil, and are contemporaneous with the basaltic
volcanism of the Parand Basin; and a second group, occurring
between 90 and 65 Ma, including the complexes of Ipord, Santa
Fé, Cataldo, Serra Negra, Salitre, Tapira, Araxd, Pogos de Caldas
and Mato Preto, related to the re-activation along an Upper
Cretaceous rift (Barbosa et ai., 1970). These complexes,
which are distributed on the margin of the Parand Basin along
lineaments and regional uplift, occurred between the Lower
and Upper Cretaceous, and are of great importance in the
Brazilian mineral economy in function of the deposits
associated with these. The mineral deposits are intimately

* related to the magmatic evolution of the complexes {Figs. 36,

37), and consist mainly of phosphate in the form of apatite,
as well as magnetite, niobium, titanium, vermiculite, barite,
fluarite, uranium and rare earths elements {CBMM, 1584).

In all the deposits associated with these complexes,
the laterite weathering has played a fundamental role in the
econornics of the deposits, tending to increase the grades
in the weathering profile by two mechanisms: a} relative
concentration of the resistate minerals in the laterite cap,
principally pyrachlore and apatite; b) neoformation of
nickel minerals (silicate and oxide, enriched in Ni), alumina
{gibbsite in the bauxite) and titanjum (anatase).

The Diamond Deposits Associated
with Kimberlite Intrusions

The principal occerrences of kimberlite in Brazil are
distributed along the Transbrasiliane Lineament and a
lineament with azimuth 125° (Gonzaga and Tompkins,
1991; Tompkins and Gonzaga, 1989}. The Transbrasiliano
Lineament is associated with the Gilbués/Picos kimberlite
in the State of Piaui and the Poxoréu kimberlite in the State
of Mato Grosso. To the 125° lineament is related the
Cretaceous kimberlite provinces of the Paranatinga region
{Batovi Kimberlite, dated at 121 Ma); of the Aripuana region
(Juina Kimberlite} in the State of Mato Grosso; of Pimenta
Bueno in the State of Ronddnia and of Alte Paranaiba (dated
at 70 Ma) in the State of Minas Gerais (Bizzi, 1993}. Only
the Juina Kimberlite (Teixeira, 1998) has shown significant
diamond mineralization (Fig. 38).

Hydrothermal Vein Fluorite Deposits

In southern Brazil the veined fluorite mineralization
{Dardenne and Touray, 1988; Dardenne et al., 1997) occurs
in the State of Santa Catarina in a belt about 30 km wide
mainly containing the Brasiliano granite intrusives of
Pedras Grandes 2nd Tabuleiro in addition to dykes and sub-
voleanic acid rocks {Eopaleozoic) and mafic rocks (diabase
of the Serra Geral Formation) and Paleozoic sediments of
the Parand Basin. The fluorite veins that cut all the rock-
types mentioned above are related to ancient Brasiliano
lineaments striking NNE-SSW that were reactivated during
the Cretaceous as transcurrent and normal faults: the
Canela Grande, Grao Pard and Armazém lineaments (Bastos
Neto, 1990, Bastos Neto et af., 1992). Four main phases of
mineralization may be cbserved, The first three phases
occurred between 14§ and 100 Ma, whereas the last phase
corresponds to a late phase and dates at about 70 Ma
{Bastos Neto et al., 1992). These four phases are well
defined in function of the tectonic evolution of the veining
and the rare earth content in the several generations of
fluorite. Fluorite, associated with chalcedony, occurs in the
form of caarse to fine-grained banded structures; as
hydraulic breccia and as cockade ore, all very characteristic
{Dardenne and 5avi, 1984; Bastos Neto, 1990),

The genetic model that is generally accepted for the
generation of these veins (Saviand Dardenre, 1980) involves
the leaching of the fluor of the regional granitoid rocks by
circulating hydrothermal waters related to the thermal
anomaly associated with the rifting along the margins of
the South Atlantic Ocean.

In the southeastern region some of the larger fluorite
veins are associated with alkaline rocks of the Tagua Massif,
dated at 65 Ma. The fluorite deposits have characteristics
that are similar to those of the Santa Catarina District
(Becker et al., 1997).

In Uruguay, vein depesits of fluorite show the same
controls as those observed in Santa Catarina,

Sedimentary Deposits

The Cretacesus sedimentary deposits may be divided
inte four categories (Dardenme, 1999). <lastic
diameondiferous deposits; evaporite deposits; phosphatic
deposits; and deposits associated with the circulation of
connate waters.

Clastic Diamond Deposits

During the rift stage of the Lower Cretaceous, thick
sequences of fluvial clastic deposits were layed down in the
marginal coastal basins and interior basins of Brazil. [n the
Alto Sao Francisco Basin, the basal conglomerate beds of the
Abzeté Formation (Areado Group) contain numerous
occurrences of detrital diamond (Campos ef al 1993), the
origin of which is related to the successive reworking of older
deposits, principally those of the Sopa-Brumadinho
Formation of the Espinhago Supergroup, and those alluvial
deposits probably associated with diamictite of the
Macaubas and Santa Fé de Minas groups (Campos, 1996).
The diamond occurrences of the Abaeté Formation, which
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have been amongst those most investigated and evaluated,
are situated in the Cana Brava region of the State of Minas
Gerais (Dardenne et al,, 1991; Campos, 1996) and the Serra
do Cabral where the highest grades obtained reach a few
points per m’.

In the Brazilian Northeastern region, similar deposits
are found in the Gilbués area of the State of Piaui where the
diamonds are associated with the conglomeratic facies of
the Pé do Morro Formation at the base of the Areado Group
(Gonzaga and Tompkins, 1951).

Duringthe re-activation of the Upper Cretaceous rift, there
cceurred an uplift of the Paranaiba High between the Parand
and 530 Francisco basins with which are related the alkaline
intrusions, valcanic flows and kimberlite pipes of the Patos
Formation. The erosion of these volcanic edifices resulted in
the deposition of conglomerate and epiclastic sandstone units
ofthe Uberaba Formation in the Bauru Basin, and the Capacete
Fermation in the Alto 540 Francisco Basin. To these rock-types
are associated the diamonds of the Romaria Deposit (Gallo,
1991; Suguio et al, 1979) and the provenance of inumerous
occurrences found in Recent alluvium.

In the State of Mato Grosso the diamondiferous placers
are related to the erosion of conglomerate beds of the Upper
Cretaceous Parecis Formation (Arendpolis/Nortelindia
diamond district; 400 000 carats at 0.02-0.04 ctym?*) and
the Bauru Group (Poxoréu diamond district; 0.04 ¢t/m’)
deposited, respectively, in the Parecis and Bauru basins;
both separated by the Rondonépelis High (Schobbenhaus
1984; Souza, 1991; Fleischer, 1976; Weska et al. 1997;
DNPM-Brazilian Mineral Yearbook, 1998).

Evaporite Deposits

In the northeastern region of Brazil, evaporite deposits
occur in the marginal coastal basins as well as in the
Cretaceous basins of the continental interior.

In the marginal coastal basins, the evaporite
sedimentatien of Aptian age developed during a
transitional phase that also represented a proto-oceanic
gulf phase, related to the evelution of a rift at the start of the
opening phase of the South Atlantic Ocean. The marine
transgression occurred from $ to N when the oceanic waters
flowed over the Walvis barrier at the latitude of Rio Grande
do Sul. In this basin were deposited two evaporite
sequences contained in the Muribeca Formation: the
Paripueira Evaporites of Eo-aptian age, that are warked for
halite by underground disselution methods at Bebedouro
near the city of Maceid in the State of Alagoas (Amaral and
Melo, 1997); the ibura Evaporites of Neoaptian age, which
are associated with deposits of carnallite and sylvinite in
the Santa Rosa de Lima and Taquari-Vassouras sub-basins
of the Sergipe Basin (Fig. 39). Cycle VII consists of beds of
halite and sylvinite with thin zones of carnallite, which are
mined at the Taquari-Vassouras underground mine
(Szatmari et al., 1979; Cerqueira ef al., 1986, 1997). The
lower sylvinite unit is yellow in colour and crystalline. It is
3.82 m thick, and contains 25.03% KCL. The upper sylvinite
unit is reddish and whitish in colour and finely crystalline.
The average thickness of this unitis 4.27 m and it contains
24.95% KCl. A halite zone having a maximum thickness of
14.62 m in the central part of the deposit separates these

two sylvinite units, and locally the twe units may merge to
form a single sylvinite unit. The sylvinite reserves are given
as about 42 Mt with 24.95% KCl. The annual production in
1991 was 275 000 t of KCl and 850 000 t of NaCl.

Atthe Sirfrizinho Anticline, which separates the twe basins,
there occurs the native sulphur deposit of Castanhal {Frota
and Bandeira, 1997; Morelli et al, 1982), situated in the lower
part of the Ibura Member where it is intimately associated with
the biogenic reduction of anhydrite beds in the presence of il,
water and sulphurous gas. In the interiorbasins of the Brazilian
Northeast, the evaporite deposits consist mainly of gypsum
and subordinate anhydrite, precipitated during an Aptian
marine transgression. The main gypsum deposits, mined for
the manufacture of Portland cement and plaster, occur in the
Santana Formation on the Chapada do Araripe (Krauss and
Amaral, 1997; Silva, 1988), and in the Cod$ Formation in the
Mararthio Basin (Baquil, 1997},

The Phosphate Deposits of the
Pernambuco-Paraiba Basin

In the Brazilian Northeastern Region, phosphate is
associated with sedimentary sequences (Paraiba Group) of
the Pernambuco-Paraiba Basin (Upper Cretaceous),
extending as a narrow coastal belt some 15 to 20km wide, N-
S, for a distance of about 100 km between the cities of Recife
and Jodo Pessoa, and dipping gently towards the Atlantic
Qcean. Along this coastal belt the phosphate beds indicate a
marine transgression at the base of the Gramame Formation.
These beds are essentially continuous and overlie the
Beberibe Sandstone. The thickness of the phosphorite beds
varies from a few centimetres to a maximum of 4 m, with
grades between 20% and 35% PO, (Kegel, 1955; Moreira
Nete and Amaral, 1997). The estimated reserves for the
region are about 65 Mt of ore at 22% P 0,

In the high-grade phosphorite the phosphatic material
including moulds of mollusks, planktenic foraminifera,
intraclasts, pellets, ooliths, cropolites, algal and coral
fragments is abundant (Tinoco, 1971). The phospherite
consists essentially of fluorapatite with low CO, content
(1.14% to 1.38%), high F/P.0, ratios (0.195 1o 0.146)
(Boujo et al.,, 1998; Menor et al., 1977). The phosphorite
has a certain amount of radioactivity, representing,
according te White (1957) equivalent uranium grades of
0.018% to 0.25%.

Deposits of Barite associated with the
Circulation of Connate Fluids

In the Cretaceous basins of Sergipe/Alagoas, Camamu,
Reconeavo and Tucano, thete are umerous occurrences of
barite, galena and sphalerite related to circulation of connate
fluids in rift environments (Dardenne, 1997, 1999). At the
barite depositof Fazenda Barra {Bandeira et al, 1986) thebarite
originated by the replacement of an anhydrite cement ina sandy
zone by barite carried in percolating waters rich in barjum,

At the Camamu Deposit (Dardenne and Campos, 1984),
genesis resulted from the replacement by leaching of an
anhydrite zone of Eo-aptian age by barite derived from
barium-rich solutions, in turn derived from the feldspar of
acid granulite.
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Cenozoic

Durimg the Cenapoic the prncipel miseral deposats
hawe resalted from the weathering of lserise than developed
o the Soath American Platform from ike beginning of the
Tertiary, and the accumulation of heavy mineral
concentrates is placer depasits in alluviam. paleo-alluum
and in pakeo- marine sediments along heaches af the
enmtinental margin,

Mineral Deposits of Lateritic Origin

A large part of the South American Mlatform i siuated
im the inferiropacal zome in which there predominate
condditions favoarabde for the development of mechanissns
of supergene shicraion, keading 1o the develapment of thick
laterific cover, Howrver, the main phise of lsenitiestion, with
whiich are assaciated the mineral deposits i relaied io the
lonwer Tertimry [Eocene), and the second phase is generally
attributed ko the wpper Tertiary (Mincene-Plicene), which
suggests a comples evolution and a fossil character for meost
of the meneral concemtrations of lalenitic ongin.  These
minerals may be classified in e cabegories in function of
the natuse ol their erigin: a) laterific deposits priginating by
relative cancentration of their insobuble or sightiy soluble
chemical elements in the form of nealormed minerals. The
miost significant of these are aluminam, manganese, nicked,
and very locally, titansarm; b) lateritic depasits ariginating
fram resicdual accamulations of stable minerals, resistant o
supergene alteration. These inchude hematite in itahirie,
cassiterile in albitite; pyrochlore, apatite and barite in
alkaline-carbonatie complexes and locally gold,

Ini thas review, anly those |steritic deposits belonging

tw the tirst category will be discussed, whereas the
impartance of the deposits included in the second category
will be stressed before the genesis of the primary
mineralization is discussed,

Bauxite Deposits

Thee bauzite deposits are wilely dispersed in different
regions of the South American Platfiorm, andd may be divided
inta three main provinces: a) Esstern Amazon Basim;
Berbece Basin in Guyana and Suriname; ¢) Los Pigiguaos in

Vemexuela; d) Central-eastern region of Brazil; e
Southeastern region of Braxil.

The bauxite dqmu nj the Easterm Amozonas Rarin

In the izates af Amacomas and Pard, (ke main banxite
depaiia: Trombelas, Nhamundd, Juret, Almeirim, and
Paragoeniss, display similar weathering profiles {Fig. 400
developed from argillaceniss sedimenis and argillaceous-
sandy sediments of the Iplawia, Rapeciary anditor Aler do
Chikn foreations, of Lower i Upper Cretaceous age. The
distritustion al the zomes i the weathering profide may have
i bearimg oa the erigin of the bauzite of Amazania, which is
still somewhat comtroversial:

- the hauxite i owerlain by o thick kackniise cag {up o 20
i knoswm as the Argila de Belverra. This deposit is comidened
to he allachthosous. having being deposited is a lacasirne
eervaronment | Ginabh, 197% Truckenbrodt and Kotschosby,
1981; Kotschowhey et ol 1961, 1997); of aitoci bonous,
having developed i sitw in the weatherieg profile | Lucas, 197,
Beoilangd and Carvallsa, 1997, Aleva, 19911

- the presence of a nedular ferruginows Tone
intercalated between fwo hausitic roncs, suggesting
palyphasic evolutian, involving dimatic diversity with



alternating humid and dry periods (Kotschoubey et al, 1997),
or alternatively, the migration of iron through the weathering
profile to form an intermediate ferruginous crust (Lucas, 1997;
Boulangé and Carvalho, 1997; Aleva, 1981). These
observations have led to two distinct models: the
allochthonous model implying an evolution invelving climatic
diversity, and the autochthonous model implying polyphasic
alteration in situ. proposed a similar mode! for the evolution of
bauxite deposits on the Guiana Shield. The depasits of Fastern
Amazonia contain huge reserves of bauxite.

The total reserves of the Eastern Amazonas region
exceed 1.5 billion t of ore.

The bauxite deposits of the Berbice Basin

The coastal basin of Berbice in Guyana and Suriname
contains the world's largest reserves of high-grade gibbsitic
bauxite suitable for refractory liner requiring a very low iron
content, as well as for usage in the chemical and
metallurgical industries. It seems that these bauxite
deposits developed in the Paleogene and seme were covered
by Oligacene sediments (Gibbs and Barron, 1993).

In Guyana, the deposits are situated in the Berbice and
Demerara river regions, and in Suriname, at Moengo,
Onvervacht and Paranam (Fig. 5).

The Los Pijiguaos bauxite deposits

The Los Pijiguacs bauxite deposits are the most
impaortant in Venezuela. These deposits are developed over
the Parguaza rapakivi granite of Mesoproterozoic age. The
high-grade are occurs at an erasion level between 620 m
and 650 m, and formed during an intense weathering cycle
during the Upper Cretaceous and lower Tertiary. Measured
and indicated bauxite reserves are 201.8 Mt of ore at 48.7
% AlLQ,, and 10.9% 80,

The Parguarza Granite is abatholith that covers an area of
atleast 10 000 km? in the State of Amazonas extending into
Venezuela. The granite is intruded into the volcanic rocks of
the Cuchivero Group (Uatuma Supergroup) (Sidder and
Mendoza, 1995). The granite protolith contains 65% to 73%
§i0,, and 13.5% ta 15% ALQ . The average thickness of the
Los Pijiguans ore is about 7.5 m, and the overburden, when
present, is <1 m. The main mineral is gibbsite with smaller
amounts of kaolinite. Structural and physical features such
as joints, fractures and the slope angle control the ALO,
enrichment and the depletion of $i0, in the granitic rocks.
Theore zones enriched in alumina and depleted in silica may
be correlated with zones having the highest density of
fractures. A slope with inclination between 2° and 10° is
considered favourable for the formation of ore (Sidder, 1995),

The bauxite deposits in the Central-eastern region of
Brazil (Zona da Mata}

The bauxite deposits in the Central-eastern region of
Brazil, alsc known as the Zona da Mata, are found in the
southern part of the State of Minas Gerais and on the
elevated terrains of the Serra da Mantiqueira. The bauxite
deposits have develeped over different Precambrian rock-
types. Of note, are the deposits associated with granulitic
rocks in the region of Cataguazes in Minas Gerais, which
constitute an extensive aluminous belt orientated NE-SW,
between the towns of S3o Joda do Nepomuceno and

TECTONIC EVOLUTION OF SOUTH AMERICA

Cataguazes. The total reserves exceeding 100 Mt are of great
economic importance in function of their strategic
situation near to the large markets of Rio de Janeiro, Sio
Paulo and Belo Horizonte {Roeser et af., 1984; Valeton and
Melfi, 1988; Valeton ef al, 1591; Beissner et al., 1997).

The bauxite deposits of the Alkaline Province of
Southeastern Brazil

Bauxite deposits originated from the chemical
weathering of alkaline rocks occur in the Pogos de Caldas
Province, the Coastal Prevince of Rio de Janeire and Sao
Paulo and the Province of Lages-Anitdpolis in the State of
SantaCatarina. The moreimportant reserves are associated
with the Pogos de Caldas Alkaline Complex, and are
estimated at about 50 Mt {Schulmann et af., 1997}.

The Kaolin Deposits of the Amazon Region

There are three main districts in the Amazon region
known for their kaolin deposits: Rio Capim, Morro de Felipe
and Manaus-Itaccatiara {Cesta and Moraes, 1998). The
more important deposits developed as the result of the in
situ alteration of Cretaceous sediments of the Ipixuna-
Ttapecuru and Alter do Chdo formations {Murtay and
Partridge, 1982). The thickness of the kaolinitic zone varies
from 10 to 20 m (Fig. 41). The kaolin deposits are
characterized by their whiteness in function of their low
iron oxide and hydroxide content, and are used mainly in
the paper industry. Production from several mines at Morro
do Felipe and from the Rie Capim District is about 2 M tpa.
According to Costa and Moraes (1998) and Kotschoubey ef
al. {1996}, the kaolin deposits are related to the lower zones
of the laterite profile that developed initially in the lower
Tertiary and evolved progressively by desferrification and
resilicification in reducing and acid environments,
principally in the Oligocene-Miocene transition.

Nickel Laterite Deposits

The principal nickel laterite depesits are found in the
Amazon region, and specifically in the Carajds Mineral
Province. Here the deposits are associated with
differentiated intrusive bodies, dated at 2.645 Ga, including
Vermelho, Puma-Onga and Jacaré-Jacarezinho. In the
southwestern region of Brazil there occur deposits related
10 the mafic-ultramafic complexes of the Niquelandia and
Barro Ao, dated 21 between 2.0 and 1.7 Ga, and to the
ultramafic-alkaline complexes of Upper Cretaceous age
such as Santa Fé de Goids, Morro do Engenho, Morro dos
Macacos, Rio dos Bois and Montes Claros.

In the nickellaterite deposits of the Vermelho-type (Fig.
42) (Alves et al., 1986) the weathering profiles are developed
over peridotite and serpentinized dunite with pyroxenite
intercalations where the nickel is concentrated in
ferruginous zones with limonitic ore (1.2% Ni} as well as in
coarse-grained saprolite (1.5% to 2.0% Ni) as silicate ore
in the form of garnierite and smectite (1.5% to 2.0% Ni).
The relative amounts of the two ore-types are
approximately the same (Costa, 1997; Bernadelli ef al,
1983; Castro Fitho and Matos, 1986). The reserves at the
Yermetho deposit are estimated at 44 Mt of ore at 1.5% Ni.

At the nickel laterite deposits found at the Niguelindia
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FHLRE 42 - Mimeralogpioaland chimical variaflons through the aickel [aterith depmil of Vermolba!' Carjda,

and Barro Alto complexes (Bagta ef al.. 1986} the
weathering profiles are developed over partially
serpentinized peridotite and dunite and prrovenite, with
iscke] eomcentration o the aide are, Ach in goethite, and
I thee silicate ore, rachiin smectiie. The polyphasic cvoltian
of thsese profiles (Fig. 43) may be observed in all the deposizs
of the Central-Western region of Brazil (Oliveira amd
Trescases, 1962; Melfi er al. 1960, 1988). The reserves ot
ihe Niquelindia Complen are eviimated ai showt 60 Mi of
ore & 1.45% Wi, amd Bave been mbensely mined by Niquel
Tocanting and CODEMIN, whereas the reserves at the Barro
Aho Comples have been evalasied 5 showi 72,39 Mi of are
at L.E7% Ni,

Fisally, there is the Rincdn Del Tigee sgnecsas complex in
Bolivia, near the frantier with Bragl. This is a differentiated
mafic-altramafic layered intrasion some 300 o 4000 m
thick, dated at 5331139 Ma. Tertinry weathering cyces
produced a secondary mickel concentrate aver the
serpeptinized dunite of the camples. Extensive resources of
secanadary nickel silicate ore have been proved (Ligherland vt
al, 1986],

Lateritic Gold Deposits

[herimg baderitic westhering the gold was pariadly or
tatally remobilized in profiles developed over primary
maneralizstion, resulting im very high gold concentrabions,
&5 cam be seen af the bgarapd Bahla Deposit in the Carajhs
Mineral Provvince, and at the Casspord Deposit in Amapd
[Fig. 44) {Costa, 1997, Costa ef al, 1993, 1996).

Placer Deposits
Placer deposita developed during the Cenozodic in
dirainage in the interior of the South Americen Flatform as

well as along the littoral regions bked to the mechanical
concentration of heavy minerals.

Gold and Cassiterite Placers

in the Amazon Region

The econamic importance of gold and cassiserite placer
deposits is very greal. Gold concentration along drainsge
occurs i alluvial and paleo-alluvial deposits in the
proakmary of primary deposits in the mineral provinoes of
Amapd, Tapajbs, Rio Madeira and Aba Floresta. The
casgiverite provinoes ane Fuinga and Honddnia. Whereas
thee hesvy mineral concemiraies in Recent alluvium ane of
limited economic importance, this is mof the case with the
terrace and buried paleo-alluvial deposits [Figs 45 and 46}
that may bt of economic value, locally (Baseos, |788;
Bettencourt ot al, 1997; Veiga of al. 1900; Veiga, 1548)

Beach Placers along the Brazilian Coasi

Alang the Brazilan coasthine from the KE to § occur
phacer deposats in beach sands with moname | REE oxsde),
lmenite/ratile and zirconite. [menite deposits are also
foursd along the lisoral of Argentina

The meore smiportant Brazilan depoaits of thas type are
faund along the littoral of the states of Paraiba, Bahia,
Espirito Santo and Rio de Janeiro. The largest deposit of
moratitic sands occwes at S50 pobo da Barra in the Stave of

THE METALLOGENESIS OF THE SOUTH AMERICAN PLATFORM



TECTONIC EVILUTICN OF SOUTH AMERICA

= -
b T -

MARCEL A DARDEWHE AND CARLOE SLHOBSEMHALY

FIGURE &) - Schematic sequence of the different morphotectomic phases dwring the eeolution af
the Ni lateritic depesits in Cestral Brazil | modified after Meli et il | 9881



TECTONIC EVOLUTION OF SOUTH A

i ]
porm [Aup

W

i -
o Al

FIGURE 44 - Vertical distriburion af principal chemiced rompanents and peld in lateritc deposits of Igarape Bakda (Carsjds )
and pold meines of Cassipord (madified after Zang and Fyfe 1993 Cortn efal, 1993)

Rio de Janeirn, B containg about 40 000 1 of momasite.
Mataraca, im the Siate of Paraiba, has the larpest deposits
and] is the largest Brazilian producer of imenite concentrate
fc 100 30 tpa) and wircomite (Source: DNEM). However,
the largest recently evaluated total reserves of ilmenite
cocur st Bujur in the State of Rie Grande do Sal with 10.8
M1 of ilmenite (Santos ef al, 1998),

Al Mataraca, the average grade of the beavy minerads
varies between 3% and 5%, The measwred reserves at
Mataraca are 2.7 Mol ilmenite (B1.54%), rutile {2.4%) and
rircomite § 16, 06%:).

THe DistriBuTion oF MINERAL
Derosms TurouGHouT GEOLOGICAL
TiME ON THE SOUTH AMERICAN

Prateorm — MEeTalioGENc Epocns

During the development of the South American
Fiutform from the Archiean to the Proterozoic, as well as
during its tectonic evilution during the Phanerazoic, &
namber of mineral deposits were formed.  The synthesis
shown in Figare 47 gives a geoeral wiew of the
chronostratigraphic positton of the principal mineral
deposits in relation 1o the major tectanic events, 25 well as
an indication of the principal metallogenic epochs
ocourming on the platform,

Thee definition of the metallogenic epochs. this & o say,
the geological time interval during which the fosmation of
the mimeral concentrations of @ certain metal or substance

-@ Vegetation (cermads)

="="="={  Plastic grey clay

m-"-"-]  Plastic brown clay

05a1m| Fermuginous sandsions
Zadm ﬁég Abundant organic matier
dabm :: = 1 Coarse gravel (Au)
Ry
Tyt

+v ¥ = Migmatiic gneiss

FIGURE 45 - Burried paleavalley of Ris Madeiva: Periguie gold mine.
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was especially favourable or pronounced, remains relatively
difficult for certain regions of the South American Platform,
seeing that this implies the application of a time-bounded
concept. The irherent difficulties lie in a more precise level of
definition, not only of the mineralization, but also of the
geochronological positioning of the host unit andfor generater
of the mineralization. This view is especially valid for the oldest
units that underwent a complex geological history.

In spite of these difficulties it is now possible to position
the most important mineralizations in their
geochronelogical context, and relate this to specific tectanic
and/or magmatic events that were especially favourable for
the generation of certain minerzl depesits or groups of
deposits. This may be attributed to the advances in recent
years in metallogenic and geechronelogical studies in the
more important mineral provinces/districts of the South
American Platform,

In this setting, it can be noted that throughout time
there occurred regional specialization of certain groups of
mineral depesits reflecting crustal evelutien and
highlighting the limits between the chronostratigraphic
units and emphasizing the heterogeneity of the primitive
crust and mantle (Dardenne, 1982, Schobbenhaus, 1984;
Schobbenhaus and Campos, 1984; Delgado ef ai., 1994;
Tassinari and Melito, 1994).

In the ARCHEAN, three major divisions may be
defined: Paleo- Archean, Meso- Archean and Neo-Archean.
In the Meso-Archean and Neo- Archean, the development
of volcano-sedimentary sequences and associated
plutonism was omnipresent, defining distinct metallogenic
epochs in function of their age and metals content.

In the Paleo-Archean there occurred the
individualization of the oldest cantinental block recognized
on the South American Platform between 3.4 and 3.7 Ga that
is represented by the Imataca Block in Venezuela. In the
Imataca Block, rocks of this age include banded iron formation
units of the Superior Province-type or more probably
associated with volcanism (Algoma or Carajds type), and
secondarily, of the Algoma-type, deformed and
metamorphosed in the granulite and amphibolite facies
between 2.8 and 2.7 Ga (Aroense Event), and between 2.15
and 2.0 Ga (Transamazonian Fvent). Supergene alteration of
these rocks resulted in important concentrations of iton ore
(e.g. Cerro Bolivar, San Isidro, E! Pao). Manganese
mineralization (gondite) is also found associated with the
Imataca Complex.

In other areas of the South American Platform there
areindications of primitive crustal continental nuclei older
than 3.0 Ga. However, the related metallogenic epoch has
net yet been defined.

In the Meso-Archean, between 3.0 and 2.8 Ga there
occurred the development of the oldest granite-greenstone
terranes, and the formation of continental blocks in the
areas of Rio Maria (Central Brazil Shield), Crixds (Goids
Massif), and Pium-hi, Fortaleza de Minas and the Gavido
Block (Atlantic Shield).

In the Rio Maria area there can be observed the
importance of rifting mechanisms and the evolution of the
volcanism, the composition of which varies from komatiitic
to tholelitic and calc-alkaline which presupposes the
involvement of plate tectonics from the earliest Meso-
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Archean times. This led to the definition of a continental
microplate at ¢. 3.0 to 2.9 Ga, which was affected by the
deformation and metamorphism of the Aroense Event (2.8-
2.7 Ga) that gave rise to large high-angled shear zones with
which are associated the gold deposits of Babagu, Lagoa Seca
and DHadema.

Although gold is found in the Meso-Archean granite
greenstone terranes, large deposits formed at this time are
not known. With respect to the Crixds gold deposit, there
exists a difference of opinion regarding the age of the
mineralization. This age is defined by the Brasiliano
tectonic overriding that is younger and therefore not related
1o the greenstone belt rocks, However, there occur mineral
deposits having a more diversified content. For example,
the magnesite deposits of the Serra das Eguas in the
Brumado greenstone belt, the barite depaosit at Itabura in
the Mundo Novo greenstone belt, the Fe-Ti-V+PGE of the
Jacaré and Campo Alegre de Lourdes sills, the chromite of
the Pium-hi greenstone belt, and the O'Tocle Deposit (Ni-
Cu-Co+PGM) of the Morro de Ferro greenstone belt. In
the Gaviao Block the base metals anomalies are numerous.

In the Neo-Archean, between 2.80 and 2.50 Ga, there
developed on the South American Platform two distinct
nuclei showing distinct metalogenic features that are
specific to each:

- The Carajds Mineral Province. This is a polymetallic
mineral province with deposits of iron, copper, copper-gold,
manganese, chrome and nickel, displaying a complex
geotectonic evolution that is still not well understood. This
geotectonic evolution involved specific metal deposits
generated during distinct metallogenic epochs: a} About 2.76
Ga, an epoch during which iron was precipitated as jaspilite of
the Carajds-type associated with the Grio-Pard volcano-
sedimentary sequence can be distinguished. It alse includes
the Luanga mafic-uliramafic complex that hosts deposits of
chrome + PGE associated. At the same time there occurs Fe
oxide Cu-Au (-U-REE) mineralization related to the Igarapé
Bahia-Alemdc, Pojuca, and Salobo volcane-sedimentary
sequences, and to the granitic intrusions of Sossego, Cristaline,
and §-118 amongst others. Following a first phase of
deformation, originating from the reactivation alonglarge shear
zanes, there are recognized: b) An epoch of manganese
deposition in the Aguas Claras sedimentary sequences
represented by the Azul Mn deposit; ¢) An epoch marked by
the Serra Pelada-Serra Leste gold deposit, associated with
fractures related to further reactivation of the shear zones, and
mafic intrusions at 2.645 Ga. This epoch terminates with Ni
and pethaps PGE mineralization related to the differentiated
mafic-ultramafic complexes: Vermelho, Onga, Puma, Jacaré and
Jacarezinho, indicating the stabilization of the Amazonian
Craton at the end of the Archean.

- The Quadrildtero Ferrifero Mineral Province: The gold
{Cuiabd, Morra Velho, Raposos, Lamengo, Sio Bento, Juca
Vieira, etc.) and manganese (Lafaiete) deposits are directly
related to the evolution of the Rio das Velhas greenstone
belt (2.77 Ga) and to its association with BIF units of the
Algoma-type. Whereas the volcano-sedimentary origin of
the manganese in the form of queluzite is widely accepted,
there exists a considerable doubt regarding the early
volcanogenic sulphide-associated gold mineralization
present in the banded iron formation units. The large gold
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deposits are related to low-angled shear zones that
developed during Archean tectonic cycles at about 2.6 Ga,
with important remobilization during the Transamazonian
Event betweén 2.0 and 1.8 Ga. These observations lead to
the definition of a gold province and an epoch of gold
mineralization of fundamental importance to the evalution
of the South American Platform,

In the PALEOPROTEROQZOIC (2.5-1.3 Ga) the
metallogenesis was well diversified with well-developed
metallogenic epochsin the Amazonian and S4o Francisco cratons.

On the Guiana Shield, a gold epoch (2.2 to 2.0 Ga} is
related to volcano-sedimentary sequences of the
greenstone belt-type known as Pastora, Barama-Mazaruni,
Paramaka and Vila Nova in which the gold mineralization is
intimately associated with Transamazonian shearing (2.0
Ga). In the region of Dachine, new occurrences of diamend
have been recently discovered in asseciation with
pyrociastic rocks showing a komatiitic nature. At the end
of the Paleoproterozeic occured the anorogenic granite
intrusions of Pitinga (1.8 Ga) with Sn-Ta-Nb-REE
mineralization.

On the Central Brazil Shield a new epoch of gold
mineralization between 1.9 and 1.8 Ga is developed with the
definition of the Tapajés and Alta Floresta gold provinces,
where the gold mineralization is associated with granitic calc-
alkaline type I intrusions, and js classified as being of the
porphyry-Auand epithermal Au types. At this time there can
be correlated the first manifestations of anoregenic granite
intrusion (1.88 Ga) with Sn-W mineralization {(Musa)
Granite and the Cu-Au deposits of Aguas Claras {Carajds
Granite) and Gameleira (Pojuca Granite).

On the Atlantic Shield the epoch of gold mineralization
(2.1-2.0 Ga} is equivalent to that observed on the Guiana
Shield. It is related to the volcano-sedimentary sequence
of the Rio Itapicuru greenstone belt (2.2-2.1 Ga) with the
gold deposits at Fazenda Brasileiro and Maria Preta,
associated with shear zones formed during the
Transamazonian Event. In this epoch are also included the
Passagem de Mariana, Anibnio Pereira gold deposits,
amengst others, of the Quadrildtero Ferrifero. This period
is also marked by the presence of paleoplacers of the
Witwatersrand-type, assigned 1o the Moeda Formation of
the Quadrildtero Ferrifero dated at 2.5 Ga, and the Jacobina
Group in the State of Bahia dated at about 2.0 Ga; and above
all the huge iron ore deposits of the Superior Province-type
in the form of Habirite, eccurring in the Quadrildtero
Ferrifero in the State of Minas Gerais. At this time there also
occurred the emplacement of the differentiated mafic-
ultramafic sills with copper mineralization {Caraiba)and
chrome (Rio Jacurici and Campo Formose). Alsoincluded
are the mafic-ultramafic complexes of Goids, which mark a
proto-tift system, striking approximately N-S and with
which are associated the depasits of nickel (Niquelindia
and Barro Alto), asbestos (Cana Brava) as well as the
considerable possibility of PGE deposits (Niquelandia and
Cana Brava).

In the MESOPROTEROZOIC (1.8-1.0 Ga} the
development of intracontinental rifis has affected the stable
cratonic nuclei. These rifts mark large areas of crustal
weakness deminated by taphrogenesis that have as their main
characteristic an association with extensive continental
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volcanism, anorogenic granite intrusion, and clastic
sedimentary cover. The anorogenic granite intrusives are
associated with tin mineralization and define a metallogenic
epoch common to the Amazonian and Sdo Francisco cratons
dated at about 1.8-1.75 Ga. On the Amazonian Craten the
intrusion of the anorogenic granite and associated tin
mineralization migrated in time from NE to SW, together with
the continental volcanism and the sedimentary cover. The
principal phases of tin granite intrusion are:

- 1.88 Ga Carajds-Musa-type Granite

- 1.8 Ga Pitinga-type Granite

- 1.5 Ga Surucucus-type Granite

- 1.3 Ga 530 Lourengo-Caripunas Granite

-950 Ma Ronddnia-type Granite (YRG) such as the
deposits at Bom Futuro and Santa Bérbara.

In the State of Goids the tin anorogenic granites occur
in the Parana {1.75 Ga) and Tocantins {1.59) sub-provinces.

To the Mesoproterozeic are also related the
diamondiferous conglomerate assigned to the Reraima Group
and the Espinhago Supergroup, between 1.7 and 1.8 Ga.

Rarely, these rifts evolve to the point where oceanic
crast started to develop. Exceplions are the Alto Jauru
volcano-sedimentary sequence (1.75 Ga) with the Cu-Au
deposit at Cabagal (Alto Jauru District), in Mato Grosso,
and the Palmeirépolis-Juscelandia volcano-sedimentary
sequence (1.3 Ga) in Goids with its associated Pb-Zn
deposits.

In the Ribeira Belt a metallogenic event at ¢, 1.7 Ga, is
related to stratiform deposits of Cu-Pb-Zn-Ba-Ag of the
Perau-type, of sedimentary-exhalative origin. Alsoate 1.7
Ga it is possible to define an epoch of magnesite
precipitation, of probable evaporitic origin, in the Orés Belt
of the Borborema Province (Northeastern Brazil}.

At the end of the Mesoproterozoic the reactivation of
the Aguapef Rift is the result of the Sunsas orogenic event
at 1.0 Ga that led to the formation of anumber of small gold
deposits related to high-angled shear zones. These
deposits define the Alio Guaporé Geld Province. To the end
of the Mesoproterozoic are also related the diamondiferous
conglomerate beds of the Tombader Formation and Morre
de Chapéu of the Chapada Diamantina, probably deposited
between 1.2 and 1.1 Ga.

In the NEOPROTERQZOIC there occurred the
evolution between 900 and 550 Ma of fold belts and
sedimentary cover that lie around the margin of the 330
Francisco Craten, leading to the development of mineral
deposits of very variable type, reflecting the characteristics
of each of the different belts,

In the Brasflia Belt the most important deposits
include a) Au and Cu-Au deposits associated with the Goids
Magmatic Arc that developed between 950 and 600 Ma; b)
the Morro do Quro gold deposit, the origin of which is
attributed to tectonic overriding resulting from the
Brasiliano Event (600 Ma); c) deposits of Pb-Zn-CaF, of
the MVT-type, and the phosphate deposits at Irecé,
associated with the Bambui cover. In the external zone of
the Brasilia Belt, the Morro Agudo and Vazante deposits
define a Neoproterozoic Pb-Zn metallogenic epoch; d} the
post-tectonic intrusions (610 Ma) of the differentiated
mafic-ultramafic complexes of Americano do Brasil and
Mangabal with Cu-Ni-Co mineralization.
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Inthe Araguai Belt there oceur: a) iron ore deposits of
the Rapitan-type in the external zozne in the region of
Porieirinka, representing an epoch of iron precipitation at
about 800 Ma. These deposits are prabably of the
sedimentary-exhalative (SEDEX) type; b) graphite deposits
at Pedra Azul and Salto da Divisa in the internal belt, These
deposits are associated with the amphibalite and granulite
facies of the metasedimentary sequences; ¢) the Eastern
Pegmatite Prevince (Li, Be and gemstones), related to
granite intrusions dated at ¢. 550 Ma.

In the Ribeira Belt the principal epochs of
Neoproterozoic metallogenesis are related to a) strata-
bound depesits of the Pb-Zn-Ag Panelas-type associated
with limestone and dolomite beds of the Aguas Claras
Formation; b) granite intrusions with deposits of
wolframite and gold.

Inthe Dom Feliciano Belt, the mineral deposits occur
associated with a) gold-bearing porphyritic granite of the
Lavras do Sul-type dated at about 570 Ma; b) the molasse
sequence at Camaqui hosting deposits of Cu-Pb-Zn.

In the external zone of the Paraguai Belt, the graben in
the Corumbd region, was filled by about 650 Ma by jaspilite
intercalated with beds of manganese of sedimentary-
exhalative origin. Thus the Urncum-Mutiin deposits of the
Rapitan-type define the last Fe-Mn epoch at the end of the
Mesoproterozoic. In the internal zone of the Paraguai Belt,
the gold depesits associated with phyllite of the Cuiabd
Group permit the definition ofa new gold province (Cuiaba-
Pocené}, which developed at the end of the Brasiliano Cycle.

In the Borborema Province the Serid6 Belt contains:
a) Tungsten in the form of scheelite in skarnite; b) gold
associated with shear zones and; ¢) Pegmatite ( Ta, Nb, Be,
Sn} related to the Brasiliano magmatism.

On the Amazonas Craton a diamandiferous epech at
about 710 Ma can be defined with the discovery of the
Quebrada Grande kimberlite, in Venezuela.

In the PHANEROZOIC, the South American Platform
was completely stable, which permitted the development
of the broad intracratonic Paleazoic syneclises of the
Parand, Parnaiba, Amazenas and other basins, at the
beginning of Siluro-Ordovincian. There was an epoch of
oolitic ironstone depasition in the Devonian that occurred
in the three basins; and an epoch of evaporite precipitation
in the Amazonas Basin (sensu late) during the Permo-
Carboniferous, with the formation of extensive potassium
deposits. Of the diamond occurrences associated with
Paleozoic sediments, the most significant are those
associated with the Devonian Furnas Formation near the
town of Tibagi in the State of Parand, and the Permo-
Carbonifereus Aquidauana Formation near the town of
Coxim on the divide between the states of Mato Grosso do
Sul and Mato Grosso, Both these occurrences are within
the ambit of the Parand Basin.

The break-up of the Gondwana Supercontinent by
rifting leading to the opening of the South Atlantic Ocean
during the Mesozoic resulted in successive reactivation of
the South American Platform. This in turn, led to the
formation of important mineral deposits that define the
South Atlantic Metallagenic Epoch. In the Lower
Cretaceous a phase of extensive basaltic volcanism in the
Parand Basin is associated with important agate and

amethyst deposits in southern Brazil and in Uruguay. To
this epoch is related the vein fluorite deposits of Santa
Catarira and 1he first alkaline-carbonatite complexes of
Anitdpolis and Jacupiranga, with apatite deposits in the
southern and southeastern region of Brazil, as well as the
diamondiferous kimberlite pipes of Paranatinga and Juina.
On the Brazilian coast, the opening of the South Atlantic
QOcean, led to the development of a gulf that provided the
depositional conditions for the precipitation of Aptian
evaporite beds and potassium deposits, defining thus, an
evaporite epoch. Between 80 and 90 Ma, the reactivation
of therift gave rise to a second epoch of alkaline-carbonatite
complex intrusion along with deposits of apatite, niobium,
titanium, nickel, barite, uranium, fluorite and REE, in
addition to the diamondiferous kimberlites of Alto
Paranaiba. Barite was formed in coastal basins at Camamu
and Fazenda Barra, and phosphorite was deposited in the
Paraiba-Pernambuco Basin between the cities of Recife and
Jodo Pessoa.

Finally, the mineral deposits that originated during the
Cenozoic are related to lateritic weathering on the South
American Platform that resulted in the formation of
important deposits of bauxite, kaolin, nickel, in addition to
iron, gold, titanium, manganese and niobium frotm the lawer
Tertiary to Recent times. Concomitantly, placer deposits of
cassiterite, gold and diamonds resulted from the
mechanical concentration of heavy minerals in drainage. In
like manner, placer depasits of ilmenite, rutile, zitconite and
monazite have formed in beach deposits along the Brazilian
coast.
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