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Abstract

The Mantiqueira Province (MPV) is a large, complex structural province deformed by the Neoproterozoic/Early Paleozoic
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Brasiliano Orogenic event in South America. Its evolution is herein detailed on the basis of the geological and ge
characterisation, structural and thermal overlapping of the distinct phases of the orogenic collage. In addition to the
structural analysis, some 50 new zircon U–Pb SHRIMP data from a large number of selected units provided a powerfu
understanding the granitic chronostratigraphy and the orogenic evolution. We also integrated existing U–Pb analyses
some 240 determinations, which also furnished important constraints to delineate the precise tectono-magmatic s
(orogenic episodes).

The study delineated a highly complex evolution, comprising three successive systems of orogens: Brasiliano I, II and
crustal growth including juvenile intraoceanic volcano-plutonic arcs characterises the earlier Brasiliano I orogenic system
presents collisional climaxes at ca. 790 Ma (Embu Domain) and 730–700 Ma (São Gabriel Orogen). On the other hand, recycli
of pre-existing crustal sources are the dominant processes operating within the systems Brasiliano II and III. The co
climaxes within the Brasiliano II are recorded at 640–620 Ma (Dom Feliciano Orogen) and 600 Ma (Paranapiacaba andên
orogens), whereas the Brasiliano III climaxes are bracketed between 590–560 Ma (Arac¸uáı Orogen) and 520–500 Ma (Búzios
Orogen).

The available geochronological data from the Pan-African literature suggests temporally similar orogenic success
protracted, dominantly accretionary, Pan-African I system lasts from 850 to 700 Ma, whereas the Pan-African II (co
peak at 650–600 Ma) and the Pan-African III (collisional peak at 590–540 Ma) are characterised dominantly by crustal r
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processes. The study reinforced previous attempts to correlate the northernmost Arac¸uáı Orogen and the West Congo Orogen
(AWCO), both belonging to the system Brasiliano/Pan-African III. Additionally, our study does not confirm models for a direct
linkage between the south-eastern orogens from Ribeira and Dom Feliciano belts (Brasiliano II) and the south-western African
orogens, i.e. Kaoko, Damara, Gariep, and Saldania (Pan-African III).

Finally, taking advantage of the large U–Pb SHRIMP database, we also reassessed the extent of the Brasiliano reworking on
the Archean/Paleoproterozoic basement, namely on the controversial and poorly constrained eastern margin of the São Francisco
Craton.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The Mantiqueira Province (MPV) ofAlmeida et al.
(1981)is a major (ca. 700,000 km2) and highly complex
structural province deformed by the Brasiliano “Oro-
genic Cycle” in South America, during the Neoprotero-
zoic/Early Paleozoic (900–480 Ma). It extends from
33◦ S in Uruguay to the southern border of Bahia State,
Brazil (15◦ S). It is nearly 3000 km long, averaging
200 km wide, and it is parallel to the South American
Atlantic coast along the eastern margins of the Rio de
La Plata and S̃ao Francisco Cratons (Fig. 1). Owing to
its geographical location, flanking south-eastern South
American and facing Africa, the province is a key el-
ement for unravelling connections between Brasiliano
and Pan-African orogens during the amalgamation of
the W Gondwana Supercontinent (Fig. 1).

Structural studies since the early 1980s suggested
the MPV evolved as a Himalayan-type diachronic
oblique continent-continent collision between South
American and African cratons. Early E-W, WNW-
ESE or NW-SE syn-collisional tectonics, followed by
development of NE-SW, NNE-SSW transpressional
(dextral) shear zones, accommodated the orogenic
stresses (e.g.Figueiredo and Campos Neto, 1993;
Fernandes et al., 1992; Heilborn et al., 1995; Machado,
1997; Ebert and Hasui, 1998; Pedrosa-Soares and
Wiedmann-Leonardos, 2000; Campos Neto, 2000;
Trouw et al., 2000). Hence, the evolution of the dis-
tinct orogens is a response to continental collision pro-
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distinct terranes, during the Neoproterozoic collage,
giving rise to the present intricate NE-trending mosaic,
characterises the main tectonic pattern of the province
(Figs. 1 and 2a, b). Additionally, the transpressive sys-
tems control the opening of the volcanic-sedimentary
basins, the generation of syn-transcurrent crustal plu-
tons, and the terminal intrusion of the post-orogenic
batholiths.

The present study is based on two decades of sys-
tematic field and laboratory research on the MPV ge-
ology by the senior author, at the Geological Survey
of Brazil (CPRM). It was supported also by systematic
exchange of information with researchers from several
Brazilian universities, from the South African Coun-
cil for Geoscience and from the University of Stellen-
bosch. These studies included field and laboratory work
on both continents, with results published elsewhere
(Chemale et al., 1995; Babinski et al., 1996, 1997;
Gresse et al., 1996; Silva et al., 1999, 2000a, 2000b;
Hartmann et al., 2000a). The synthesis of these studies
was integrated into a Ph.D. Thesis (Silva, 1999) and
a (GIS)-based geological and geochronological com-
pilation of the entire MPV, at 1:2,500,000.000 scale
(Silva et al., 2003b).

The integration of some 50 new zircon U–Pb
SHRIMP analyses, partly complemented by Sm–Nd
data from the southern, central-north and north
domains of the province, provide the main geochrono-
logical support for this study. New U–Pb SHRIMP
analyses (Table 2) were obtained in cooperative
p nd
t

ing
U nted
b t
s nic
esses, by means of transpressional late-orogenic
arallel tectonics, responsible for the developmen
xtended deep shear systems. In most cases, th
ems are the limits of distinct terranes and separate
inct records of orogenic magmatism, deformation
etamorphism. Accordingly, the re-articulation of
-

rojects with the Australian National University a
he University of Western Australia.

The critical analysis and integration of the exist
–Pb ages from the province literature, compleme
y the analyses shown inTable 2furnished consisten
upport for the overall interpretation of the oroge
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Fig. 1. Simplified tectonic map of the Mantiqueira Province’s orogens and terranes, modified from Siva et al. (2002e, 2002f) andDelgado et al.
(2004). The inset displays the probable Mantiqueira Province position, during the assembly of the SW Gondwanaland, at ca. 560 Ma (system of
Orogens Brasiliano/Pan-African III) (Digital topography of South American from the USGS).
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Fig. 2. Geological map simplified (and modified) from the (GIS)-based (a) “Geological Map of the Mantiqueira Province”, Scale 1:2,500,000
(Silva et al., 2002d) (Arcview edition by Joseneusa Brilhante Rodrigues) and (b) “Geological Map of the Mantiqueira Province”, Scale 1:2,500,000
(Silva et al., 2002d) and the “Geological Map of Minas Gerais State, Scale 1:1,000,000 (Silva et al., 2002e) (Arcview edition by Joseneusa
Brilhante Rodrigues).
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Fig. 2. (Continued).
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evolution. Readers interested in this complete synthe-
sis, totalling some 220 analyses, should access the “Ta-
ble A (Supplementary data)”, archived in the electronic
data depository from the Precambrian Research Web-
site.

2. Geological setting: the polycyclic MPV

The MPV is a mosaic of distinct Neoprotero-
zoic terranes that, collectively, comprise several sys-
tems of orogens, preserving important infracrustal
and supracrustal paleotectonic remnants ascribed
to Archean, Paleoproterozoic and Mesoproterozoic
megacycles. The Brasiliano systems includes (Figs. 1
and 2a, b):

(i) Neoproterozoic rifted continental margin succes-
sions, locally (in the northern segment) contain-
ing representatives of two Neoproterozoic, pre-
Sturtian glaciogenic events. These successions
were metamorphosed under greenschist to gran-
ulite facies conditions during the Neoproterozoic
collage and represent overthrusted, metasedimen-
tary thrust-fold basins;

(ii) widespread Neoproterozoic-Cambrian granitoids
including pre-syn- to post-tectonic I-type, S-
types, A-types, and alkaline associations. In the
northern domain, the post-tectonic granitoids
are dominantly polydiapiric, zoned, I-Caledonian
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cesses within an orogenic zone, spanning from 880
to 500 Ma.

2.1. Review of MPV geotectonic and geographical
appellations

Orogen-parallel tectonic events represented by three
major orogenic belts were responsible by the present
extended NE-SW-trending (south domain) and the
NNE-SSW-trending inflexion at the north domain.
The major orogenic belts, Dom Feliciano, Ribeira and
Araçuáı, comprise seven orogens, discontinuously ex-
posed and with some poorly constrained limits. As a
consequence, some segments of the province have re-
ceived a large number of tectonic and regional des-
ignations, often with conflicting significance. One of
the most controversial issues on the tectonic evolution
is the definition of the boundary between the Arac¸uáı
Orogen and the Ribeira Belt. The internal organisa-
tion of the Ribeira Belt, especially its northernmost
termination is another matter of dispute in the litera-
ture. Some authors (Brito-Neves et al., 1999; Campos
Neto, 2000; Vlach, 2001; Cordani et al., 2002) suggest
that Embu Complex constitutes a displaced terrane, at-
tached to the north-east domain of the Ribeira Belt
(Paranapiacaba Orogen), during the late Brasiliano col-
lage. Other authors (Wernick et al., 1993; T̈opner, 1996,
1997; Dantas et al., 2000), based on the similar ages
of syn- and post-tectonic magmatism (630–590 Ma)
and similar (Paleoproterozoic) Nd model-ages from the
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plutons; minor pre-collisional, juvenile e
panded calc-alkaline associations are also re
sented;

iii) syn-orogenic arc-related sedimentary bas
and volcanic-sedimentary back arc ass
blages;

iv) dismembered ophiolite and ocean floor remn
associated with juvenile, pre-collisional, intra
ceanic arcs;

(v) late- to post-collisional volcanic-sedimenta
basins;

vi) Archean, Paleoproterozoic and Mesoprotero
remnants of partially reactivated terranes that
derwent Neoproterozoic overprint under gre
schist to granulite-facies conditions.

The study characterised distinct collision
agmatic/metamorphic peaks, followingSeng̈or’s

1990) observations of multiple collisional pr
asement of all tectonic domains, concluded that
hared (at least a final) common tectonic-magm
volution, and hence could not represent amalgam
xotic terranes. Presently, we are unable to res
hese crucial controversies, and we believe they
ikely to remain controversial, until new detailed c
ographic, geophysical, structural, and isotopic stu
ecome available. These uncertainties are not a m
oncern for a descriptive review study like the pres
o for the purpose of this paper we adopted, with
or modifications, the tectonic organisation propo
y Brito-Neves et al. (1999), Campos Neto (2000,
ordani et al. (2002). Accordingly, in the present tex

he north domain of the MPV comprises the Arac¸uáı
nd B́uzos orogens (Arac¸uáı Belt, and the northern
ost segment of the Ribeira Belt). The central
ain of the province is composed of the Parana

aba and Rio Piên orogens, the Embu Terrane and
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Table 1
Main geotectonic and geographical appellations for the major orogenic units and events within Mantiqueira Province
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Costeiro Granitic Belt (a minor domain of uncertain
tectonic significance), all ascribed to the main seg-
ment of the Ribeira Belt. Finally, the Dom Feliciano
Orogen (Dom Feliciano Belt) and São Gabriel Oro-
gen (Vila Nova Belt) constitute the southernmost tip of
the province.Table 1summarises the main evolution-
ary models for the orogenic/tectonic evolution and the
consequent intricate and, at some extent, conflicting
nomenclature.

2.2. Reactivated Archean, Atlantican and
Rodinian remnants in MPV

Archean and Paleoproterozoic “basement”
gneisses, are almost continuously exposed at the north
domain of the province, the Arac¸uáı Orogen. The
north-west and north limits of the orogen are the
west continental margin of the São Francisco Craton/
Plate (Fig. 2b; Table 2), whereas the opposite (eastern)
continental margin, probably corresponding to a
segment of the Congo Craton (e.g.Pedrosa-Soares et
al., 2001), is not so well defined.

In central and southern domains of the province, ow-
ing to the extended exposure of the Phanerozoic cover
of the Parańa basin, which conceals most of the west-
ern margin of the Paranapiacaba, São Gabriel and Dom
Feliciano Orogens, there are only minor segments of
exposed basement units, mostly as small basement in-
liers (Fig. 2a and b;Table 2). Accordingly, the role that
these severed basement segments played from break-
u tern
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3. Mantiqueira multi-episodic orogenic collage
and the systems of orogens Brasiliano I, II, and
III

The present correlation study based on the tectonic-
magmatic and isotopic signatures of the orogenic mag-
matism within the entire province is based on some
180 U–Pb crystallisation ages obtained in some 160
key pre-, syn- and post-orogenic units. This updated
database was crucial for this first attempt to the dis-
crimination the precise time intervals for all pre-, syn-
and post-orogenic metamorphic and magmatic stages
from the entire province. Complementary to the radio-
metric ages, the chemical and tectonic-magmatic clas-
sification of each pluton were also tabulated, respect-
ing wherever possible, the original authors’ classifica-
tions. The complete crystallisation and metamorphic
age record is tabulated inTable 2and A. The latter (A),
includes the complete references of the sources of the
ages and is organised accordingly to the seven orogens
which constitute the province; within each orogen it
is internally organised, accordingly to the successive
pre-, syn- and post-orogenic phase. Table A (Supple-
mentary data) can be accessed in the electronic data
depository with Precambrian Research Website.

The orogenic evolution of the MPV is herein anal-
ysed according toSeng̈or (1990)by which orogenic
belts are the result of the activity of a large number
of convergent (in space and in time) plate boundaries,
i.e. orogenies. The amalgamation of the convergent
p the
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ondwana remains uncertain.
The original configurations of the continents t

ifted and drifted away (S̃ao Francisco, Rio de L
lata, Parańa, Congo and Kalahari plates?) are
ell-defined and the ones that took their place are

ar, speculative. Recent research (Kröner and Cordan
003; Pisarevsky et al., 2003) suggests new possib
onfigurations for the Rodinian assembly and fragm
ation. Both studies delineate important conseque
or the intracontinental adjustment of South Ameri
nd South African Neoproterozoic belts. The pre
e-interpretation of a large number of U–Pb ages i
ttempt to minimise these uncertainties in Brazil,
ecially with respect to one of the most controver
ubjects from the Brazilian literature, the highly
orked south-eastern limits of the São Francisco Cra

on (Fig. 2b).
late boundaries products (orogens) gave rise to
eoproterozoic orogenic collage, by means of a
chronous, long lasted succession (systems) of
ens (Brito-Neves et al., 1999; Silva, 1999; Camp
eto, 2000). Within the Pan-African belts these mu
le orogenic collage systems have long been re
ised.Porada (1989)discriminates between an e

ier (900–750 Ma) Katangan, and a later (750–500
amarian orogenic ‘episodes’. This major division
een confirmed by other studies, includingTrompette
t al. (1993), who distinguished an older, lon

ived and more ubiquitous orogenic ‘episode’, la
ng from ca. 1000 to 600 Ma, and a younger, sh
ived ‘episode’, bracketed between ca. 600 and 540
t the same time,Black and Líegeois (1993)delin-
ated a polyphase evolution for the Pan-African C

n the Saharan African domain, represented by
ier (730–650 Ma) juvenile, Pan-African ‘accretiona
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Table 2
Zircon U–Pb SHRIMP, U–Pb conventional, Pb–Pb evaporation and Sm–Nd data on granitoids, orthogneisses and felsic volcanics related to the
systems of orogens from the Mantiqueira Province (southeastern Brazil) and from the Saldania Belt (south-western Africa)

Dated unit Crystallisation
age (Ma)

Metamorphic
overprinting age
(Ma)

Model
TDM age
(Ma)

εNd (t) Reference

System of orogens Pan-African III (Saldania Orogen)
Syn-collisional plutons (South Africa)

Rivieira Pluton (SA) n.a. 1234 −2.6 (t= 550) Silva et al. (1997a,
2000a)

Robertson Pluton (SA) 536± 5 1626 −3.1 (t= 550 Silva et al. (1997a,
2000a)

Darling Batholith (SA) 547± 6 1561 −3.5 (t= 550) Silva et al. (1997a,
2000a)

System of orogens Brasiliano III (Arac¸uáı Orogen)
Post-collisional plutons from the northern domain (ES and MG)

Younger facies of Nanuque Batholith 532± 10 n.a. L.C. da Silva (unpub-
lished data) (* )

Younger facies of Muniz Freire Batholith 500± 4 n.a. L.C. da Silva (unpub-
lished data) (* )

Syn-collisional plutons from the southern domain (RJ)
Rio de Janeiro Suite (P̃ao de Aḉucar

granite)
559± 4 n.a. Silva et al. (2003a)

Rio de Janeiro Suite (Corcovado granite)
(RJ)

560± 7 n.a. Silva et al. (2003a)

Syn-collisional plutons from the northern domain (MG)
Nanuque Suite 573± 5 508± 8 (1σ) n.a. Silva et al. (2002a)
Manhuac¸u Charnockite 584± 5 n.a. Silva et al. (2002a)
Governador Valadares I gneissic granite 565± 31 n.a. Silva et al. (2002a)
Governador Valadares II gneissic granite 561± 7 n.a. Silva et al. (2002a)

Pre- to syn-collisional pluton from the southern domain (RJ)
Serra doÓrgãos Batholith (RJ) 569± 6 n.a. Silva et al. (1999)
(Early) pre-collisional plutons from the

northern domain (MG)
Cuité Velho Tonalite 630± 3 n.a. L.C. da Silva (unpub-

lished data) (* )

Anorogenic plutons ascribed to the break up of the pre-Arac¸uáı continental crust: northern domain (BA)
Salto da Divisa anorogenic bimodal

granitic suite
875± 9 n.a. Silva et al. (2002a)

Western basement of the Arac¸uáı Orogen: reworked S̃ao Francisco Craton/plate margin (MG)
Guanh̃aes TTG gneissic complex

N of Coluna Town 2867± 10 n.a. Silva et al. (2002a)
São Jõao Evangelista quarry 2711± 11 519± 5 (1σ) Silva et al. (2002a)
São Pedro do Suac¸úı granite 2710± 6 497± 68 (li) Silva et al. (2002a)

Archean units of uncertain tectonic significance (MG)
Juiz de Fora Complex ? 2985± 17 2856± 44 M1 Silva et al. (2002a)

808± 360 M2 (li)
Barbacena TTG gneiss ∼2500 ? 2068± 19 M1 (li) Silva et al. (2002a)
Lima Duarte Gneiss 2777± 22 1137± 280 (li) Silva et al. (2002a)

Mineiro Belt/Piedade Complex (former Mantiqueira Complex) (MG)
Piedade TTG Gneiss 2169± 44 Silva et al. (2002a)
Ponte Nova TTG Gneiss 2079± 11 2044 M1? Silva et al. (2002a)
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Table 2 (Continued)

Dated unit Crystallisation
age (Ma)

Metamorphic
overprinting age
(Ma)

Model
TDM age
(Ma)

εNd (t) Reference

Rio Pomba TTG Gneiss 2169± 44 2028± 66 M1 Silva et al. (2002a)
540± 11 M2 (li)

Ewbank da Ĉamara TTG Gneiss 2052± 26 (ui) 443± 240 M1 (li) Silva et al. (2002a)
São Tiago Foliated granite 2050± 12 565± 23 (1σ) Silva et al. (2002a)
Rio Pomba quarry charnockite 2100 L.C. da Silva (unpub-

lished data) (* )

Caparáo Complex (MG)
Caparáo Charnockite Granulitic 2195± 15 587± 9 M1 Silva et al. (2002a)

Anorogenic intracratonic Borrrachudos Metagranitic Suite (MG)
Porto Açucena Metagranite 1740± 8 ? 223± 220 M1 (li) Silva et al. (2002a)

Amphibolitic paleodykes within Pocrane Complex (MG)
Bananal amphibolite 1506± 14 602± 14 (1σ) Silva et al. (2002a)

Northern basement of the Arac¸uáı Orogen: reworked S̃ao Francisco Craton/plate margin (BA)
Ilhéus charnockitic granulite 2719± 10 711± 9 (1σ) Silva et al. (2002b)

System of orogens Brasiliano II (Dom Feliciano Orogen) (SC and RS)
Post-collisional magmatism from the northern Domain (SC)

Tabuleiro Suite 597± 9 1691 −5.6 (t= 600) Silva and
McNaughton (2004)

Guabiruba Suite 610± 6 2525 −22 (t= 600) Silva and
McNaughton (2004)

Valsungana II granite 593± 9 2344 −4 (t= 600) Silva et al. (2003a)
Alto Varginha granite 579± 8 Silva et al. (2003a)
Forquilha Tonalite vicinities of Vargem

Grande town
611± 3 Silva et al. (2002c)

Forquilha Tonalite Rancho Queimado
Road

608± 7 Silva et al. (2002c)

Itajáı Basin tuff 606± 8 Silva et al. (2002c)

Syn-collisional magmatism from the northern Domain (SC)
Paulo Lopes Suite 626± 8 1682 −7.7 (t= 600) Silva et al. (2003a)

640± 59b Silva et al. (1997b)
Brusque Group felsic metavolcanics 637± 11 L.C. da Silva (unpub-

lished data)
639± 13

Águas Mornas banded anatectic granite 592± 5 (li)# 1753 −5.77 (t= 650) Silva and
McNaughton (2004)

Camboríu granitic migmatitic complex
Caseca quarry banded anatectic granite ∼10−630li # 2862 −25.3 Silva and

McNaughton (2004)
Ponta do Cabec¸o foliated anatectic
Granite 868± 330 (li)# Silva et al. (2002c)

Syn-collisional magmatism from the southern Domain (RS)
Pinheiro Machado Suite 609± 17 2239 −8.4 (t= 800) Silva et al. (1999)

Reworked (migmatitised) basement remnants from the northern domain of Pelotas Orogen (SC)
Inherited core population from théAguas

Mornas banded anatectic granite
2175± 13 Silva et al. (2003b)

Camboríu granitic migmatitic complex
Inherited core population from the

Caseca quarry banded anatectic granite
2006± 3 Silva and

McNaughton (2004)
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Table 2 (Continued)

Dated unit Crystallisation
age (Ma)

Metamorphic
overprinting age
(Ma)

Model
TDM age
(Ma)

εNd (t) Reference

Inherited core population from the Ponta
do Cabec¸o foliated anatectic granite

2174± 22 Silva et al. (2002c)

Amphibolite from the Caseca quarry 2167± 20 Silva et al. (2000b)

Northern basement of Dom Feliciano Orogen (SC)
Presidente Nereu Tonalite basement

window
2201± 7 3022 −7.76 (t= 2200) Silva et al. (2000b)

Reworked basement remnants from southern domain of Dom Feliciano Orogen (SC)
Arroio dos Ratos Gneiss Tonalite >2000 631± 13 2062 +2 (t= 2000) Silva et al. (1999)

System of orogens Brasiliano I
Cryogenian tonalitic gneisses within the ca. 610 Ma syn-collisional granitoids from the Pelotas Orogen

Tonalitic xenoliths 781± 5 Silva et al. (1999)

Acronyms BA, ES, MG, RJ, RS, SC stand for: Bahia, Espı́rito Santo, Minas Gerais, Rio de Janeiro, Rio Grande do Sul and Santa Catarina States.
#: low precise minimum ages obtained on thin, high-U rims; (li): lower intercept; M1: 1st metamorphic recrystallisation; M2: 2nd metamorphic
recrystallisation. Age based on a single concordant analysis, with precision of (1σ). With exception of four samples signalized with (* ) dated by
convention U–Pb systematics (at the CPGeo-IG.USP) and one (** ) dated by Pb–Pb evaporation, all the others crystallisation and overprinting
ages are zircon U–Pb SHRIMP results. (* ) Data obtained.

terranes’ and younger (ca. 600 Ma) ‘reactivated base-
ment terranes’. Finally,Caby (1998) presented a
threefold subdivision for the Pan-African tectono-
metamorphic events, in northern Africa: an Early Pan-
African tectonic-metamorphic ‘Event’ (750–700 Ma);
a Main Pan-African ‘Episode’ (630–580 Ma); and a
Late Pan-African ‘Episode’ (580–520 Ma).

The lack of an integrated analysis and the scarcity of
robust, zircon-based ages blurred the diachronic evolu-
tion, and hindered a fully exploration of their peculiar-
ities in the Brazilian literature. In the central domain
of the province,Figueiredo and Campos Neto (1993),
andCampos Neto and Figueiredo (1995)discriminated
for the first time in the “Costeiro Domain” of the Rio
de Janeiro State, an earlier “Brasiliano I Orogeny”
(670–600 Ma), i.e. the Ribeira “Belt”, and a later “Rio
Doce Orogeny” (590–490 Ma). The authors charac-
terised the “Brasiliano I Orogen” on the basis of its
major ca. 630 Ma thrust-related granitoid phase, inter-
preted as a pre-collisional component, succeeded by
widespread ca. 590 Ma, post-collisional granitic mag-
matism. The late development of a pre-collisional stage
at ca. 590 Ma, post-dating by approximately 40 m.y.
the main tectonic phase recorded in the “Brasiliano
I Orogeny” (Table 1), supported the recognition of
the younger, “Rio Doce Orogeny”. In southern Brazil,
there are also references to an E-W temporal orogenic
polarity (e.g.Fragoso-Ćesar, 1991; Basei et al., 2000).

More recently,Trouw et al. (2000)also proposed
a threefold subdivision for the central MPV in three
‘stages’ (Table 1). The oldest stage (670–600 Ma) was
related to the evolution of the Tocantins Province
(Braśılia Belt) ascribed to the E-W closure of the so-
called Brazilides Ocean, west of the São Francisco Cra-
ton. The second “stage” (630–520 Ma) developed in
response to the closure of the “Ribeira extension of
the Adamastor Ocean”, whereas the youngest ‘stage’
(520–480 Ma) represents the Búzios Orogeny from
Schmitt (2000).

The present integration of the new U–Pb SHRIMP
data (Table 2) and the compiled conventional U–Pb
data highlights the ‘episodicity’ in the orogenic evo-
lution and extinction of orogenic collages, as noted
in other Precambrian and Phanerozoic areas (Seng̈or,
1990). It reinforces the assumption of the superpo-
sition or diachronic evolution of orogens with sim-
ilar timing and significance, as previously charac-
terised in northern Africa (Caby, 1998). Accordingly, a
sub-division of the Brasiliano collage into three sys-
tems of orogens is delineated (Brasiliano I, II, and
III). Each one of these systems is characterised by
distinct orogenic paroxysms (collisional peak), pre-
cisely dated at ca. 790 Ma and 730–700 Ma (Brasil-
iano I); ca. 640–620 Ma and ca. 600 Ma (Brasiliano II)
and, ca. 595–560 Ma and 520–500 Ma (Brasiliano III)
(Table 3; Fig. 3). They have counterparts presenting
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Table 3
U–Pb zircon-based tectonic-magmatic repartition of the granitic magmatism from the Mantiqueira Province

similar paroxysmal timing in the adjacent western To-
cantins Province (southern Brası́lia Belt) and in the
Pan-African orogens (Table 4). The temporally equiva-
lent Pan-African orogenic stages (collage) are, respec-

tively, the Early Pan-African tectonic-metamorphic
‘Event’; the Main Pan-African ‘Episode’, and the Late
Pan-African ‘Episode’ fromCaby (1998)(discussed
below).
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Table 4
Tectonic-magmatic subdivision for the Pan-African systems of orogens

Belt/Orogen Dated event Age (Ma) References

Late Pan-African/Pan-African III (climaxes at ca. 590–540 Ma)
Saldania Belt D1/syn-collisional granitoids 550–540 Silva et al. (2000a)
West Congo Belt D1 565 Tack and

Fernandes-Alonso (1998)
Kaoko Belt D2/D3 syn-collisional granites 550 Seth et al. (1998)
Sri Lanka D1/syn-collisional granulites ∼550 Kröner et al. (1994, 2001)
Southern India D1 high-grade metamorphic peak ∼550 Bartelett et al. (1998),

Kröner et al. (2001)
East Atarctica D1 high-grade metamorphic peak

and syn-collisional granitoids
M2 530–515 Jacobs et al. (1998)

M1 570–550

Damara Belt
Central and North branches D2/D3 syn-collisional granitoids 580–560 Porada (1989), Hofmann

(1994)
South Branch D1 550 Porada (1989)
Mozambique Belt Tanzania D1 550 Meert et al. (1995)
Mozambique Belt, S Malawi D1 metamorphic peak 570–550 Kröner et al. (2001)

Calc-alkaline granitoids intrusion 700–500
Ross Orogeny (Antarctica) D1 540 Rozendaal et al. (1999)
Delamarian Orogeny/Ellsworth-Whitmore

Mountains Terrane (Australia)
D1 540 Rozendaal et al. (1999)

Pan-African II (climaxes at ca. 650–590 Ma)
Mozambique Belt E and S Tanzania D1 metamorphic granulitic peak 640–625 Muhongo et al. (2001),

Möeller et al. (2000)
Pre-collisional gneissic granitoids 800–630

Central Madagascar D1 syn-collisional stratoids granites
and gabbroic intrusions

D2 530–515 Collins et al. (2003)

D1 630–615 Kröner et al. (2001)
Damara Belt Intracratonic Branch D1 syn-collisional granitoids 650 Frimmel and Frank (1998)
West African Ghana-Togo-Benin Province D1 syn-collisional anatexites and

anatexis and charnockite intrusion
600–800 Castaing et al. (1993)

Eclogites protoliths

(Early) Pan-African I (climaxes at ca. 800–650 Ma)
Arabian-Nubian Shield

Kenya D1/syn-collisional granitoids ∼830–730 Mosley (1993),Kröner and
Cordani (2003)

S and E Ethiopia–Sudan–Eritrea D1 granulite metamorphic peak 740–710 Unrug (1996)
Pre-collisional TGG 880–700 Teklay et al. (1998)

W Ethiopia Pre-collisional mainly TGG 850 Berhé (1993)
S Ethiopia Syn-collisional granitoids

Pre and syn-tectonic arc granitoids 580–900 Kröner and Cordani (2003)
Egypt Pre-collisional mainly TGG 880 Fattah and Rahman (1990)
Mozambique Belt Northern Mozambique Syntectonic high-grade orthogneiss 800 Kröner and Cordani (2003)
North Cameroon Belts D1 syn-collisional granitoids or-

thogneisses
670

800–650 Pinna et al. (1994)
Trans-Saharan Belt (Adrar des Iforas Mobile

Belt, Mali-Saudi Arabia)
D1/TTG pre-syn-collisional grani-
toids

680–640

Ophiolite 720–680 Johnson and Kattan (2001),
Black and Líegeois (1993)

850–820
Katanga Orogeny/Zambezi Belt/Lufilian Arc

(Zimbabwe-Zambia)
D1 syn-collisional granitoids 820 Hanson et al. (1994)
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Fig. 3. Brasiliano branched systems of o
rogens from the Mantiqueira Province.
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4. (Early) system of orogens Brasiliano I
(collisional climaxes at ca. 790 and 730–700 Ma)

The record of this system is restricted to the south-
western domain of the MPV in Rio Grande do Sul
State at the Vila Nova Belt (Chemale, 2000), the S̃ao
Gabriel Orogeny, sensuHartmann et al. (2000a)and
the Embu Terrane (sensuCampos Neto, 2000; Cordani
et al., 2002) (Figs. 1, 2a, b and 3).

4.1. São Gabriel Orogen (climax at 730–700Ma)

The unit constitutes the western domain of the Sul-
rio-grandense Shield, the Vila Nova Belt, in the south-
ern MPV. Owing to the Neoproterozoic/Eopaleozoic
and Phanerozoic deposits laid down on its eastern and
northern domains, respectively, the exposed area of
the orogen is restricted to some 5000 km2. The east-
ern Neoproterozoic/Eopaleozoic (Camaquã) basin was
characterised as a post-collisional foreland basin and
related alkaline granites from the adjacent Dom Feli-
ciano Orogen (Gresse et al., 1996). A NW-trending
transpressive shear zone (Ibaré) marks the southern
limit of the terrane, whereas the eastern limit would
correspond to a NE-SW fault (Cac¸apava) (Chemale,
2000) (Fig. 2a). South of the NW-trending shear zone
boundary (Ibaŕe), in addition to the foreland deposits
and associated granitoids, fragments of Archean TTG
high-grade gneisses, ascribed to the Rio de La Plata
Craton/Plate are also exposed.
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There are no U–Pb data on the plutonic peridotitic
association, but (Leite et al., 1998) obtained a crystalli-
sation age of ca. 733 Ma on a late metabasaltic unit. Mi-
nor remnants of an early Tonian mafic plutonic (diorite)
was also recognised and yielded a crystallisation age
of ca. 890 Ma and a metamorphic age of ca. 850 Ma
(Leite et al., 1998, Fig. 3), but its tectonic significance
is not well established. Nd isotopic data fromChemale
(2000) on the mafic-ultramafic assemblage, indicate
a juvenile nature (positiveεNd values) and short-live
crustal residence (TDM model age of ca. 1000 Ma) for
t= 750 Ma. The prediction of the existence of a pre-
Adamastor oceanic arm, between the western Rio de
La Plata Craton and the eastern Kalahari Craton, des-
ignated as the Charrua Ocean, was made on the basis
of these juvenile Cryogenian ophiolitic assemblages by
Fragoso-Ćesar (1991).

4.1.2. Syn-orogenic magmatism (760–730Ma)
The syn-orogenic magmatism comprises a suc-

cession of plutonic-volcanic arc associations meta-
morphosed in the amphibolite facies. The volcanic
arc (Vacacáı Supergroup) comprises a wide range of
volcanic-sedimentary units, namely: intermediate calc-
alkaline flows and pyroclastic assemblages, tholei-
itic mafic-ultramafic rocks, amphibolites, pillowed
metabasalts, magnesian schists, serpentinites, marble,
metapelites. Slices of the ophiolitic association tec-
tonically interleaved with the arc are also reported.
The calc-alkaline volcanics yielded crystallisation ages
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The exposed fraction of the orogen comprises r
ants of a volcanic-plutonic arc, possible ophio

ragments and a back arc basin (discussed below

.1.1. Pre-orogenic units (? 900–800Ma)
Pre-orogenic units include remnants of metama

ltramafic plutonic and volcanic assemblages, in
eaved with the plutonic and volcanic arc. The ma
ltramafic slivers are interpreted as scattered remn
f a supposed obducted ophiolite (e.g.Fragoso-Ćesar
991; Fernandes et al., 1992; Leite et al., 1998). The
nit comprises serpentinised harzburgites, magn
chists, and amphibolites with tholeiitic affinity
ruded by the plutonic arc granitoids (Cerro M
iqueira unit). Other occurrences of similar ass
lages, interleaved with the volcanic arc sequence
lso ascribed to the ophiolitic assemblage (Chemale
000).
f ca. 760 Ma and metamorphic ages of ca. 700
Machado et al., 1990; Leite et al., 1998; Remus e
999). At least two sub-basins show affinities with ba
rc and accretionary prism environments.

The plutonic arc (Cambaı́ Group), in turn, comprise
n amphibolite facies calc-alkaline TTG associat
ith minor interleaved supracrustals and ma
ltramafic plutonics xenoliths interpreted as ophio
emnants. The metatonalitic and metadioritic gnei
ielded crystallisation ages spanning from ca. 75
30 Ma, and metamorphic ages of ca. 700 Ma (Leite
t al., 1998). Babinski et al. (1996)dated a younge
ioritic gneissic phase obtaining a crystallisation
a. 700 Ma. Slivers of the mafic-ultramafic ophiol
ssemblages are tectonically intercalated and ar

ruded by the arc granitoids. The Nd isotopic sig
ures of the plutonic-volcanic arc from intermedi
onalitic and dacitic rocks is characterised by pos
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εNd values (fort= 750 Ma) and modelTDM ages close
to 1000 Ma (Babinski et al., 1996; Chemale, 2000),
indicating relatively short-lived crustal residence for
the magma sources. There is only one K-rich gran-
odioritic pluton associated with the TTG gneisses. It
furnished a Nd-model age of 820 Ma and positiveεNd
values (Babinski et al., 1996), and is interpreted as a
more evolved phase of the arc, but its crystallisation
age is not well constrained.

Accordingly, the S̃ao Gabriel Orogen currently rep-
resents best example of a subduction-related orogen
(sensuSeng̈or, 1990) within the MPV. The (main) oro-
genic magmatic phases within the accreted arc-terrane,
evolved in a subduction-related accretionary setting,
related to an intraocenic environment (Machado et al.,
1990; Fragoso-Ćesar, 1991; Babinski et al., 1996; Leite
et al., 1998; Remus et al., 1999; Chemale, 2000).

4.1.3. The reworked basement
Owing to the possible intraoceanic development,

there is only local record of reworked basement rocks
within the arc-accretionary complex. These occur-
rences are exposed within the easternmost ca. 870 Ma
back arc sub-basin (Passo Feio unit) (Remus et al.,
1998). One of the basement rocks is a tholeiitic
amphibolite, with an imprecise Paleoproterozoic age
(Hartmann et al., 2000a) and a (quasi) Archean or-
thogneissic sliver with crystallisation zircon U–Pb
SHRIMP age of ca. 2450 Ma and metamorphic over-
printing age of ca. 560 Ma (Remus et al., 1996, in:
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4.2. Embu Terrane (collisional climax at ca.
790Ma?)

The Embu Complex is a major tectonic unity in
the central segment of the MPV (Figs. 1–3). It is ex-
posed within the eastern São Paulo State (Fig. 2b)
and comprises mainly amphibolite facies interleaved
ortho and paragneisses, locally bearing metavolcanic
succession. The pelitic/psammitic paragneisses show
widespread in situ partial melting and granitic genera-
tion, giving rise to extended S-type granitic-migmatitic
domains. The basement consists of orthogneisses with
a crystallisation age of ca. 2000 Ma and Archean her-
itage (Babinski et al., 2001). The NE-trending ter-
rane is flanked to the south-east by the Costeiro
Granitic Belt, by means of an NE-trending shear
zone (Cubat̃ao). This shear zone is a segment of the
main component of the Paraı́ba do Sul shear sys-
tems, and is interpreted as the surface trace of a
major terrane boundary. On the north-eastern flank,
another transpressive NE-trending shear zone (Tax-
aquara) separates the Embu Terrane from the gran-
itoids ascribed to the Paranapiacaba Orogen and
from the Mesopeoterozoic Serra do Itaberaba basin
(Figs. 1 and 2b).

4.2.1. (Early) pre-collisional magmatism (ca.
810Ma)

In the southern segment of the domain, located some
50 km south-west of S̃ao Paulo city, an early Neo-
p tion
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emus et al., 2000b). The authors ascribed the ov
rinting age to a metamorphic event synchronous

he intrusion of the adjacent syn-tectonic Cac¸apava
ranite, a plutonic unit of uncertain tectonic sign
ance, temporally equivalent to the Arac¸uáı Orogeny
system Brasiliano III).

Only some 80 km E of the intraoceanic arc, re
ants of reworked basement tonalitic and granitic

hogneisses (Encantadas Complex) are recognised
omain is interpreted as a microcontinetal setting

he S̃ao Gabriel Orogeny evolution (Chemale, 2000)
Fig. 2a). Tonalitic and granitic orthogneisses rec
rystallisation ages from ca. 2360 to 2260 Ma and a
etamorphic overprinting age of ca. 2021 Ma (C
orcher, in:Chemale, 2000). The latter author dated a
ther orthogneiss, obtaining similar Paleoprotero
rystallisation ages and early Brasiliano metamor
ge of ca. 800 Ma.
roterozoic (Cryogenian) tonalitic gneissic associa
as recognised, by means of U–Pb SHRIMP da
he gneiss reveals a crystallisation age of 811± 13

Cordani et al., 2002), whereas an approximate age
(first) metamorphic overprinting was bracketed

ween 700 and 650 Ma (M1). Another estimate for th
rst metamorphic overprinting (ca. 790 Ma) was
ained by means of a chemical isochron determina
n primary monazites (Vlach, 2001). Finally (Cordan
t al., 2002) based on Rb–Sr data, also estimated an
f ca. 560 Ma for a second metamorphic overprin
M2).

.2.2. Syn- to post-collisional magmatism (ca.
50–580Ma)

In addition to the early pre-collisional magmatis
everal syn- to post-collisional plutons were rec
ised within the domain presenting crystallisation a
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from ca. 630 to 590 Ma (Tassinari and Campos Neto,
1988;Passarelli, 2001; Filipov and Janasi, 2001). These
span the syn- to post-collisional magmatism and sug-
gest that the Embu Terrane shared a common evolu-
tion, relative to the adjacent Paranapiacaba Orogen (see
below).

4.3. Juxtaposition and collage of the Brasiliano I
orogenic components

The reduced dimensions of the exposed São Gabriel
orogenic units make it difficult to reconstruct the re-
gional orogenic evolution. The volcanic arc shows a re-
gional NNE-trending foliation and records kinematics
structures pointing to a WSW-directed thrusting over
a supposed (concealed) eastern margin of the Rio de
La Plata Craton. The west-directed overthrusting of
the accreted arc, would have occurred in response to
an E-directed subduction of the Tonian Charrua Ocean
lithosphere (Chemale, 2000) at ca. 700 Ma, as deduced
from the metamorphic ages obtained on the volcanic
assemblages (Remus et al., 1999). This early collage
stage, pre-dated by some 70 m.y. the collage (colli-
sional peak) of the adjacent Dom Feliciano Orogen,
which occurred at ca. 630 Ma (Silva et al., 1999, Table
2).

As far as the Embu Terrane is related, the re-
constitution of the orogenic history is a more diffi-
cult task because of the scarcity of robust ages on
the metamorphic overprinting, and complex field re-
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4.4. Cryogenian tonalitic gneissic remnants with
uncertain tectonic significance

Outside the S̃ao Gabriel Orogen and Embu Ter-
rane the Brasiliano I magmatism record is, so
far, meagre. It is restricted to minor, ca. 790 Ma
tonalitic orthogneisses occurring as remnants within
the (650–630 Ma) Dom Feliciano Orogen (Silva et al.,
1999, Table 2) and in the ca. 630 Ma Rio Negro Arc,
within the south-eastern domain of the Arac¸uáı Oro-
gen (Heilbron and Machado, 2003). Despite the scant
available geological and isotopic data for both occur-
rences, they are of paramount importance as markers of
the onset of the accretion of the early Brasiliano Cryo-
genian continental crust, outside the São Gabriel and
Embu domains.

The former occurrence is exposed about 80 km
south-east of the plutonic arc from the São Gabriel Oro-
gen and is characterised as tonalitic gneiss, yielding a
crystallisation age of 781± 5 Ma. The gneisses occur
as disrupted xenoliths, intruded by a syn-collisional
granitic phase of the Dom Feliciano Orogen, at ca.
610 Ma (Silva et al., 1999, Table 2), resulting in
widespread partial melting and anatexis of the tonalilic
xenoliths. The tectonic significance of these remnants
relative to the regional evolution of the Dom Feliciano
Orogen is still poorly constrained. On one hand, they
could represent an eastern, extra-orogen, intracontinen-
tal arc phase, temporally associated with the onset of
the western S̃ao Gabriel Orogeny, lately reworked by
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ationships. Some authors (Brito-Neves et al., 1999
ampos Neto, 2000; Vlach, 2001; Cordani et
002) suggest that the Embu Complex constitu
displaced terrane, attached to the north-eas
ain of the Ribeira Belt (Paranapiacaba Orogen)

ng the late Brasiliano collage. Despite its suppo
xotic nature, a widespread anatectic granitic
uction phase with ages spanning from ca. 63
90 Ma, suggest that it shared at least a com
nal tectonic-magmatic evolution with the adjac
aranapiacaba Orogen, and with the Costeiro Gra
elt. This common evolution has already been em
ised byWernick et al. (1993), Töpner (1996, 1997,
antas et al. (2000), among others. The last mention
ork (Dantas et al., 2000), by means of a Sm–N
tudy on the basement of both terranes, sugg
hat both were derived from similar Paleoproteroz
ources.
he Dom Feliciano Orogeny. On the other hand,
lso could be remnants of an eastern, distinct oro
ubsequently severed by the accretion of the Dom
iciano Orogeny magmatic arc. Independently of
rigin, Nd isotopic studies furnished moderately n
tive εNd values and model Nd age of 2240 Ma
= 800 Ma (Silva et al., 1999, Table 2), implying the
erivation of the tonalite from continental Paleop

erozoic sources, coeval with the Encantadas gne
xposed some 60 km W.

Conventional zircon U–Pb studies byHeilbron
nd Machado (2003)recognised other Cryogeni

onalitic remnant exposed at a western suburb of
e Janeiro city. It is associated with the ca. 630
io Negro Arc, and furnished a crystallisation age
92± 12 Ma, whereas the metamorphic overprin
ge was 493± 6 Ma. The authors do not furnished a
itional comments on the tectonic meaning and
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geographical distribution of these remnants. The age
is approximately coeval with the ca. 810 Ma mag-
matic arc from the adjacent Embu Terrane. Despite
their approximately coeval nature, no evidence of pos-
sible links between the evolution of both Cryogenian
tonalites were discussed and, in a like manner as the
southern occurrence, its regional tectonic significance
is still uncertain.

4.5. Tocantins Province connections

The early history of the Brasiliano I is followed in
the adjacent Tocantins Province/South Brası́lia Belt by
a similar, but not coeval, evolution (Fig. 2b). The ac-
cretion of the Passinho diorites in MPV at ca. 880 Ma,
took place simultaneously in the Tocantins Province
with the accretionary phase of the Goiás Magmatic Arc
(950–750 Ma) (Pimentel and Fuck, 1992; Pimentel et
al., 1997, 2000). Nevertheless, the temporal equiva-
lence and the restricted occurrence of the ca. 880 Ma
metadiorite in the S̃ao Gabriel Orogen does not en-
courage any further comparison between both domains,
otherwise separated by some 2000 km distance. On the
other hand, there is a good temporal equivalence be-
tween the S̃ao Gabriel Orogen arc (760–730 Ma) and
the ca. 750 Ma Ańapolis-Ituac¸u Arc, a late component
of the Goías Magmatic Arc (Pimentel et al., 2000).

When it comes to the Embu Terrane, there is
synchroneity between the major accretionary events,
despite the distinct scales of the volume of newly ac-
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the intraoceanic arc complex) was under way in south-
western Africa, the break up and rifting of the Kibaran
continental crust, followed by the extrusion of the local
branch of the Adamastor Ocean, was just beginning (ca.
750 Ma) (Frimmel and Frank, 1998; Chemale, 2000).

In other areas of the African continent, the Pan-
African I accretionary phase developed coevally with
the Brasiliano I, with large scale production of Tonian
and Cryogenian magmatic arcs (Table 4, and refer-
ences therein). In the north-eastern and eastern parts
of Africa (North Cameroon, Trans-Saharan, Mozam-
bique belt, Katangan Orogeny and the Arabian-Nubian
Shield, West African Ghana-Togo-Benin Province), the
Pan-African events in response to ocean-floor spread-
ing and consumption were dominated by widespread
new crustal TTG growth. The Arabian-Nubian Shield
records an earlier (ca. 880–700 Ma) TTG accretionary
phase, followed by a later ca. 700–650 Ma collisional
peak. The North Cameroon belts record an early ac-
cretionary phase with ages spanning from ca. 800 to
700 Ma. The Katangan Orogen/Lufilia Arc, in turn,
yielded accretion ages from ca. 950 to 820 Ma and
a second accretionary stage at ca. 700 Ma. Finally,
within the Mozambique Belt, the high-grade metamor-
phic peak was dyachronous spanning from ca. 800 Ma
(Northern Mozambique) to 640 Ma (E and S. Tanzania)
and ca. 550 Ma Tanzania and S Malawi (Table 4).

5. System of orogens Brasiliano II (collisional
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retion crust in both domains. The ca. 810 Ma arc f
he Embu Terrane is discretely younger (some 20 m
han a late manifestation of the Goiás Magmatic Arc
rom the Braśılia Belt (Tocantins Province), dated at
30 Ma (Pimentel et al., 2000). The ca. 790 Ma for th
1, metamorphic peak on the Embu Terrane (Vlach,

001) is coeval with the age of the M1 event from the
oiás Magmatic Arc (Pimentel et al., 2000).

.6. Brasiliano/Pan-African connections

The Brasiliano/Pan-African I system of orogens c
espond (in part) to the “Early Pan-African tecton
etamorphic Event” ofCaby (1998). This early stag
f juvenile crustal addition is not recorded in the sou
estern African belts (i.e. Saldania, Gariep, Dam
aoko and West Congo). By the time the subduc
f southern Brazilian Charrua Ocean (giving rise
limaxes at ca. 640–620 Ma and ca. 600 Ma)

The system Brasiliano II is ascribed to three o
ens, extending from 35◦ S, close to Montevideo cit

o 22◦ S, northeast of S̃ao Paulo city. The oroge
re designated from south to north as Pelotas/
eliciano, Rio Pîen and Paranapiacaba (Ribeira B

Figs. 1, 2a, b and 3). Besides the three orogens, the s
em Brasiliano II also comprises the Costeiro Gran
elt (Basei et al., 2000).
The orogenic climaxes (ca. 640–620 Ma, and

00 Ma) post-date by ca. 130 and 70 m.y. the clima
ecorded by the orogens from the system Brasil
, and pre-dates by ca. 40 m.y. the climax from
raçuáı Orogen (ca. 560 Ma, Brasiliano III) (Fig. 3).
The evolution of the system took a very disti

ourse as compared to the orogens evolved d
he Brasiliano I. The three distinct orogenic doma
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are typically collisional-related orogens, characterised
by pre- to syn-collisional magmatism with strong in-
fluence of Paleo and Mesoproterozoic enriched litho-
spheric mantle and crust. Additionally, they show
widespread post-orogenic magmatism and foreland
basin development, associated with the tectonic col-
lapse of the orogen (Fig. 3; Table 3).

5.1. Dom Feliciano Orogen (climax at ca.
640–620Ma)

The Dom Feliciano Orogen (Dom Feliciano Belt)
extends some 1100 km from Montevideo (Uruguay) to
the northeast of Santa Catarina State (Figs. 1 and 2a).
The main orogenic component is an eastern mag-
matic arc (Floriańopolis, Pelotas and Aygua), and a
western metamorphosed continental margin sequence
(Brusque, Porongos and Lavalleja units) (Fig. 2a). Most
of the orogen limits are concealed by the Phanerozoic
Parańa Basin to the west and by the Atlantic Ocean
to the east. Hence, the tectonic relationships and its
limits with the western Rio de La Plata and Paraná
plates are unknown. Only its northern tip, characterised
by the NNW-thrusting of the passive margin deposits
onto the Lúıs Alves Microplate, is well established
(Basei, 1985, 2000). An extended, transpressive shear
belt (Major Gercino-Dorsal de Canguc¸u-Sierra Bal-
lena) separates a magmatic arc from the continental
margin deposits in Santa Catarina, Rio Grande do Sul
and Uruguay (Basei et al., 2000) (Figs. 1 and 2a). These
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tinental margin (Jost and Bittencourt, 1980). The unit
is exposed between the eastern border of the Rio de
La Plata Plate and the western border of the magmatic
arc (Fig. 2a). The sequence was metamorphosed un-
der greenschist to lower amphibolite facies and de-
formed during the main collisional phase and docked
onto the eastern margin of the Rio de La Plata and
Parańa plates (Basei, 1985; Basei et al., 2000). Lo-
cally the metasedimentary succession includes inter-
leaved metamafic-ultramafic slices (Jost and Bitten-
court, 1980), of uncertain tectonic significance. In ad-
dition to the ultramafic bodies, felsic volcanic horizons
with a crystallisation age of ca. 780 Ma (C.C. Porcher,
in: Chemale, 2000a) are intercalated with the metased-
imentary package. The tectonic significance of the fel-
sic volcanism is still open to speculations, but the ca.
780 Ma crystallisation age may be a first estimate for
the age of the opening stage for the continental margin
basin. Reworked interleaved basement orthogneisses
furnished zircon U–Pb SHRIMP metamorphic ages of
ca. 630 Ma constraining the inversion and metamor-
phic peak overprinting age within the Pelotas Batholith.
In Santa Catarina State the passive margin basin has
records of undated minor ocean floor realms (Silva,
1991). Interleaved anatectic felsic volcanics yield a
crystallisation age of ca. 640 Ma (Table 2), which rep-
resents a preliminary estimate for the age of the waning
stages of the sedimentation: the basin opening age is
still undetermined. If future studies confirm this ca.
640 Ma age for the depositional sequence, the data will
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uthors consider the shear belt as a major terran
ure, separating two supposedly unrelated terrane
astern granitic arc and the western thrust and fold

n the present work we adopted an alternative inter
ation by which the shear zone would represent a
racontinental shear belt, separating two domains
rc and the thrust fold belt), that evolved during a sin
rogenic episode (Dom Feliciano Orogen).

In Rio Grande do Sul State, post-collisional (fo
and) volcanic-sedimentary deposits and coeval a
ine granites overlapped the thrust and fold belt in
estern border. At the north-western tip of the arc,

eoproterozoic basement inliers are exposed bet
he arc and the post-tectonic western deposits.

.1.1. Pre-orogenic units
In Uruguay and Rio Grande do Sul State, the m

re-orogenic unit consists of an extended passive
e in disagreement with almost all previous estim
or the age of sedimentation and volcanism. These
ent estimate for the basin infilling varies from Pa
proterozoic (Silva, 1991), Mesoproterozoic (Basei
000), or even Archean (Hartmann et al., 2000a). A
inor segment of the sequence, exposed in the n
astern tip of the Brusque basin, may be consider
probable Mesoproterozoic remnant, but there ar
ood geochronological constraints for this interpr

ions.

.1.2. Pre- to syn-collisional magmatism
Pre- to syn-collisional granitoids are the main co

onent of the Pelotas Batholith in Rio Grande do
tate and Uruguay, whereas in Santa Catarina, the
ollisional granitic magmatism is the main compon
f the Floriańopolis Batholith (Fig. 2a). From the chem

cal and isotopic points of view, the magmatism
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characterised by the predominance of granites s.s, with
a narrow compositional range. They have dominantly
high-K calc-alkaline (HKCA) signatures, suggestive of
their evolution as a mature continental arc. The crys-
tallisation is bracketed between ca. 640 and 620 Ma
(Basei, 1985, 2000; Chemale et al., 1995; Babinski et
al., 1997; Silva et al., 1999, 2002c; Silva, 1999). The
isotopic signatures point to important Mesoproterozoic
crustal inheritance for the magmatism from the north
segment of the arc (Mantovani et al., 1987; Basei et al.,
2000; Silva, 1999; Table 2). Some plutons, occurring
outside the main batholith area, are intrusive into the
thrust and fold belt, and show older (Paleoproterozoic
and Archean) inheritance (Basei, 2000; Silva, 1999;
Table 2).

5.1.3. Post-collisional units
The post-collisional, extensional magmatism is also

characterised by abundant high-K calc-alkaline, A-
type sub alkaline, alkaline with rare peralkaline and
shoshonitic plutons (Bittencourt and Nardi, 1993;
Basei, 2000; Basei et al., 2000; Chemale et al., 2003;
Silva et al., 2002c, 2003b, 2004; Figs. 2a, b and 3;
Table 2). The plutonic events are related to the infilling
of the late-tectonic Camaquã and Itajáı basins. The for-
mer (Camaqũa), is located at the south-western margin
of the orogen, covering part of the adjacent São Gabriel
Orogen. The latter (Itajaı́), is exposed over the adjacent
Archean basement (Luı́s Alves Microplate) (Fig. 2a).
Both units were interpreted as foreland basins (Gresse
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occurrences of reworked basement are situated at the
north-western tip of the Pelotas Arc, and are comprised
of orthogneisses (Arroio dos Ratos unit) and associated
high-grade supracrustals and meta-anorthositic rocks
(Fig. 2a). A metatonalitic gneiss yielded a metamorphic
(SHRIMP) age of ca. 631 Ma and Sm–Nd model-age
of ca. 2000 Ma, indicating Paleoproterozoic crystallisa-
tion and Brasiliano reworking (Silva et al., 1999, Table
2). A crystallisation age of ca. 2070 was obtained by
means of the U–Pb SHRIMP systematics on associ-
ated granodioritic gneiss (J. Leite, in:Chemale, 2000).
The Paleoproterozoic ages indicate a temporally equiv-
alence between this complex and the Encantadas gneiss
from the basement of the adjacent São Gabriel Orogen
(Fig. 2a).

Minor expositions of Paleoproterozoic rocks in
Santa Catarina State are restricted to partially melted
(migmatised) tonalitic and amphibolitic remnants
within the syn-collisional Neoproterozoic anatectic
granites and migmatites from the batholith (Fig. 2a).
Additionally to this restitic material, two major Pa-
leoproterozoic protolithic sources, with crystallisation
ages of 2175± 13 Ma and 2006± 3 Ma where dated on
inherited zircon cores from anatectic syn-collisional
granitoids (Silva et al., 2002c, 2004, Table 2).Basei
(2000) obtained on one of these anatectic granites,
through U–Pb conventional systematics, an age of ca.
600 Ma, interpreted as the crystallisation age. The re-
assessment of the sample by means of zircon U–Pb
SHRIMP systematics, the ca. 600 Ma age was as-
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t al., 1996) but their true nature is in debate. The v
anism associated to the basin infilling lasted from
10 Ma (Silva et al., 2002c, Table 2) to ca. 560 M
Basei, 2000). In Rio Grande do Sul State, the basin
lling phase lasted until ca. 470 Ma, as deduced f
he zircon U–Pb SHRIMP age obtained on a bas
ava flow (Hartmann et al., 2000a). This later phase ma
epresent a taphrogenic event precursor to the on
he Phanerozoic Paraná basin infilling.

.1.4. The reworked basement
In the Rio Grande do Sul State, the Phanero

arańa Basin and the foreland deposits from the D
eliciano Orogen cover minor Archean cratonic fr
ents. They comprise mainly granulite-facies T
rthogneisses (ca. 2550 Ma) and Paleoprotero
verprinting age (ca. 2020 Ma) (Hartmann et al., 1999)
nd are ascribed to the Rio de la Plata Craton. O
ribed to melt-precipitated zircon overgrowths, and
erpreted as the (anatectic) crystallisation age o
ock (Silva and McNaughton, 2004, Table 2). Despit
hese isotopic advances, the geographical distrib
f the partially melted migmatitic and their count
ocks remnants are still poorly constrained, dem
ng additional field and isotopic studies. Another mi
aleoproterozoic gneiss (Presidente Nereu), situ
orth of the orogen is exposed as a basement win

n an area of a few km2 and yielded a crystallisatio
ge of 2201± 17 Ma (Silva et al., 2000b, Table 2).

In Uruguay, another recently recognized basem
omain is exposed in Uruguay on the south-eas
ank of the Dom Feliciano Orogen (Fig. 2a). It com-
rises migmatitic orthogneiss, dated at ca. 1000
Preciozzi et al., 1999; Basei, 2000). The authors inte
reted the domain as a possible fragment of Kiba
asement from the Pan-African orogens of sout
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Africa. The discovery of this paleotectonic unit is sig-
nificant with respect to correlation between the south-
ern MPV orogens and Gariep/Damara counterparts in
southern Africa. The possibility exists that this terrane
could be a major continental block, concealed by the
Atlantic platform sediments.

5.2. Paranapiacaba Orogen (climax at ca.
610–600Ma)

The NE-trending Paranapiacaba Orogen (Figs. 1
and 2a, b) extends ca. 500 km from south-eastern
Parańa State to northeast of São Paulo city. Its maxi-
mum wide is reached at the south-western domain (ca.
100 km). The northern tip is bounded to the north-west
by the Socorro-Guaxupé nappe terrane (Tocantins
Province) and on north-east by the Embu Terrane. On
the south-eastern flank the orogen is flanked by Meso-
proterozoic Perau-Votuverava volcanic-sedimentary
(back arc) assemblages (Basei et al., 2003). On the
central-eastern segment, the Curitiba Microplate
flanks the orogen by means of an inferred suture
zone (Lancinha Shear Zone) (Basei et al., 2000;
Campos Neto, 2000). Finally, the Phanerozoic Paraná
Basin covers the western and south-western orogen
flanks.

5.2.1. Pre-orogenic units
In the south domain of the orogen, pre-orogenic

units from the Paranapiacaba Orogen are well exposed.
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mainly in the north domain in S̃ao Paulo State.
They are a volcanic-sedimentary association with lim-
ited oceanic floor extrusion, and are interpreted as
back arc basins (S̃ao Roque Group) (Hackspacker et
al., 2000; Juliani et al., 2000; Campos Neto, 2000)
(Figs. 2a, b and 3). The oceanic floor spreading oc-
curred at 630–620 Ma, the age of the E-MORB lavas
and gabbroic intrusions (Hackspacker et al., 2000). The
dating of a felsic sequence, coeval with the gabbroic
plutonism, yielded a crystallisation age of ca. 620 Ma
(Juliani et al., 2000). The basin magmatism preceded
the accretion of the syn-collisional granitic arc by ca.
20 m.y. (discussed below).

The continental margin deposits host the orogenic
granitic units, which are distributed alongside the ca.
500 km NE-trending extension of the domain (Fig. 2a
and b). It consists mainly of high-K calc-alkaline plu-
tons with chemical and isotopic signatures akin to
the mature continental arcs and showing a strong Pa-
leoproterozoic influence (e.g.Gimenez Filho et al.,
2000; Janasi et al., 2001). The crystallisation ages are
bracketed between ca. 630 and 600 Ma (Töpner, 1996;
Gimenez Filho et al., 2000; Prazeres Filho, 2000; Janasi
et al., 2001).

The syn-collisional metamorphism of the grani-
toids and volcanic-sedimentary assemblages achieved
low-grade conditions (greenschist facies), but presently
there is no geochronological data on this event.

5.2.3. Post-collisional units
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hey are characterised by passive continental m
eposits, occurring as irregular remnants separate

arge orogenic granitic batholiths (Fig. 2a). The depos
ion was dominated by carbonate platform success
Itaiaćoca, Lajeado and́Agua Clara units), deep wat
urbidites (Votuverava unit) and carbonate-psamm
equences (Capiru and Setuva units) (Campos Neto
000). The last mentioned units are thrusted

he south-east over the Curitiba Microplate. Th
re no gechronological data on this depositio
pisode.

.2.2. Pre- to syn-collisional units (ca.
30–605Ma)

Pre-collisional units include metavolcanic-se
entary sequences and pre- to syn-collisional g

toids (Fig. 2a and b). The former are extensio
olcanic-sedimentary rift-like successions, expo
n
y

s

-

Extensional magmatic from ca. 610 to 540 Ma
lowed the cessation of the main contractional epis
(Figs. 2a, b and 3and Table 7). This event is ascrib
to the waning stages of the orogenic episode that
acterises the tectonic collapse of the orogens. Th
trusions are mainly high-K calc-alkaline, with A-ty
and silica-oversaturated alkaline signatures, relat
distinct juvenile and reworked Paleo and Mesoprot
zoic crustal sources and enriched lithospheric ma
(Janasi and Ulbrich, 1991; Prazeres Filho, 2000; Ja
et al., 2001). Minor juvenile shoshonitic phases are
cally recognised in association with post-collisiona
590 Ma rapakivi plutons (Wernick, 2000).

In addition to the granitic plutonism, the la
tectonic post-tectonic phase also comprises dev
ment of volcanic-sedimentary basins, located at
south-western flank of the orogen and classified as
land basins byCampos Neto (2000).
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5.2.4. Reworked basement
The high-grade, migmatised TTG NE-trending

Atuba Complex and associated low-grade passive mar-
gin successions, designated as the Curitiba Terrane
(Siga, 1995; Harara et al., 1997; Basei et al., 2000;
Campos Neto, 2000) is the main basement of the oro-
gen. The terrane is considered by these authors as a
Microplate setting for the Neoproterozoic evolution.
It is a polycyclic domain showing U–Pb conventional
ages of ca. 2160 Ma (Siga, 1995; Harara et al., 1997),
interpreted as crystallisation ages. In addition to the
early Paleoproterozoic ages,Kaulfuss (2001)obtained
ca. 1750 Ma for the crystallisation of units previously
attributed to the Atuba Complex.

Only recently, by means of U–Pb SHRIMP system-
atics, Paleoproterozoic ages as ascribed to a first meta-
morphic/migmatic event (M1), and a crystallisation age
of ca. 3040 Ma was obtained (Sato et al., 2003). The
same study also revealed the Neoproterozoic migmati-
sation age of ca. 560–590 Ma (M2).

The terrane is in tectonic contact through trans-
pressive transcurrent shear zones with Mesoprotero-
zoic metavolcanic-sedimentary successions (SW), the
Paranapiacaba Orogen (NW), and the Rio Piên Orogen
(SSE). The northern tip of the domain is in tectonic
contact with the Neoproterozoic granitic/supracrustal
belt (Costeiro Granitic Belt) and the Embu Terrane.
The Lancinha Shear Zone separates he last men-
tioned (Embu Terrane) from the Curitiba Microplate
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Seng̈or, 1990) which, in Neproterozoic times, gave rise
to the S̃ao Roque back arc basins, in response to the
Paranapiacaba orogenic evolution (Fig. 2b).

5.3. Rio Piên Orogen (climax at ca. 605–595Ma)

The third component of the system Brasiliano II
is represented by a narrow (ca. 250 km long× 25 km
wide), wedge shaped, NE-trending syn- to post-
orogenic granitic belt. The belt, interpreted as a
subduction-related arc (Basei et al., 2000; Harara,
2001), is overthrusted to the south-east onto the Luı́s
Alves Craton/Plate, through the Piên-Tijucas transpres-
sive shear zone, and to the north-west it is flanked by
the Curitiba Microplate (Figs. 1 and 2a). Relative to
the other major orogens from system Brasilano II, the
Rio Pîen collisional peak had a later evolution with a
collisional climax dated at ca. 605–595 Ma (Harara et
al., 1997; Harara, 2001; Figs. 1, 2a, b and 3; Table 3).

5.3.1. Pre-orogenic units (ca. 630Ma)
Rio Pîen Orogen records the best evidence for the

presence of ophiolitic remnants in the central MPV
(Fig. 3), consisting of meta-mafic-ultramafic plutonic
assemblages (Harara et al., 1997; Harara, 2001). A
tholeiitic gabbro from this association was dated by
means of zircon U–Pb SHRIMP systematics, yielding
a crystallisation age of ca. 630 Ma (Harara, 2001), iden-
tical, within error, to the age of the ocean floor remnants
from the Paranapiacaba Orogen back arc assemblage.
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.3.2. Pre- to syn-collisional magmatism (ca.
20–600Ma)

Syn-collisional magmatism from the other two m
ors orogens from the system Brasiliano II, and
yn-collisional plutonism from the Rio Piên Orogen
epresent chemical (high-K calc-alkaline) and isoto
ignature characteristics of the mature continental
ith Paleoproterozoic crustal influence (Harara, 2001).
he pre-collisional phase of the Piên-Mandirituba
uite, yielded crystallisation ages of 620–610
hereas the syn-collisional phase, furnished age
05–595 Ma (Harara et al., 1997; Harara, 2001).

.3.3. Post-collisional units (ca. 600–560Ma)
The post-collisional plutonism occurs along

ain NE-trending Pîen-Tijucas Suture Zone (Harara
001) (Fig. 2a). It shows chemical alkaline and p
(Figs. 1 and 2a, b).
The southern and south-central pre-oroge

volcano-sedimentary sequences from the Parana
caba Orogen in Paraná and S̃ao Paulo States (Fig. 2b)
experienced a polycyclic evolution. The initial sta
of basin development began in the Calymnian as
dicated by a U–Pb age of ca. 1480 Ma, obtained
paleo sills with amphibolitic composition intercalate
into a metavolcanic-sedimentary basin in Paraná State
(Basei et al., 2003). In São Paulo State, meta-andesit
yielded crystallisation ages of ca. 1400 Ma (Juliani et
al., 2000). The basin assemblages record incipient
floor extrusion as indicated by tholeiitic basaltic lav
and intermediate derivatives characteristic of a b
arc environment (Juliani et al., 2000). The evolution of
these Mesoproterozoic basins lasted until the end o
Brasiliano collage when they became sites of renew
crustal stretching and infilling. The unit evolved
a polycyclic Mesoproterozoic ‘resurrect’ basin (sen
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alkaline signatures (Kaul and Cordani, 2000; Harara,
2001) and yielded crystallisation ages from ca. 600 to
560 Ma (Siga, 1995; Basei et al., 2000; Harara, 2001).
The coeval volcanic-sedimentary basins are located
on the southern Archean basement (Luı́s Alves Mi-
croplate), in Parańa and Santa Catarina States (Fig. 2a).

5.3.4. Reworked basement
The orogen is overthrusted onto its south-eastern

basement, the Santa Catarina Granulitic Complex
(Fig. 2a), which is interpreted a microcontinental plate
setting for the orogenic evolution (Basei et al., 2000).
The domain comprises chiefly high-grade TTG or-
thogneisses and plutonic mafic-ultramafic rocks, and
is intruded by ca. 2000 Ma granitoids and Neopro-
teozoic/Cambrian alkaline granites and volcanics, and
volcanic-sedimentary foreland basins related to the
post-orogenic phase of the Rio Piên Orogen (Basei
et al., 2000; Harara, 2001). The gneiss complex ex-
hibits chemical signatures suggesting its evolution as
an intraoceanic arc (Figueiredo et al., 1996; Hart-
mann et al., 2000b). The crystallisation age of the
TTG association was a matter of dispute in the lit-
erature. Only recently, a trondhjemitic orthogneiss
yielded, through zircon U–Pb SHIRIMP systematics,
the Neoarchean crystallisation age (ca. 2710 Ma) and a
Paleoproterozoic (ca. 2170 Ma) overprint was demon-
strated (Hartmann et al., 2000b). The unit is a cra-
tonic fragment (Lúıs Alves Microcontinent) relative
to the southern Dom Feliciano and to the northern
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The belt is bounded to the south-east by the Archean
Luı́s Alves cratonic fragment, separated by the Costeiro
Transcurrent Shear Zone, interpreted a major suture
(Basei, 2000). The north-eastern domain of the belt, lo-
cated between the Atlantic Ocean coast and the Embu
Terrane, is in tectonic contact with the latter through
the transpressive Cubatão Shear Zone, another sup-
posedly major terrane boundary. In both domains, the
granitic belt is overthrusted to the north-west onto
the Lúıs Alves Craton and onto the Embu Terrane
(Figs. 1 and 2a, b). There are few radiometric ages
from the unit, the pre- to syn-collisional calc-alkaline
batholiths (Paranaguá) yielded a crystallisation age of
ca. 615 Ma (Basei, 2000).

5.5. Juxtaposition and collage of the Brasiliano II
orogenic components

As far as the orogenic polarities are referred, there is
not a consensus on the evolution of the system Brasil-
iano II. Within the Dom Feliciano Orogen, the ex-
trusion vector of the collisional structures (flat-lying
W-NW-vergent foliation) and the apparent eastward
zonation of the post-collisional granitoids, ledCampos
Neto (2000)and Basei et al. (2000)to postulate an
E-dipping subduction of the Adamastor Ocean litho-
sphere underneath the Kalahari Craton. This polarity
pattern is in disagreement with models adopted in most
previous works, which inferred a westward subduc-
tion of the Kalahari plate under the Rio de La Plata
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io Pîen orogens (Basei et al., 2000; Brito-Neves
l., 1999; Campos Neto, 2000). In addition to the

ntense metamorphic Paleoproterozoic overprin
he unit also shows minor Neoproterozoic rework
his later episode is restricted mainly to transtensi
eformation, associated to post-tectonic, taphrog
xtra-orogen rifting, basin filling, and alkaline ma
atism at ca. 600–560 Ma (Siga, 1995; Basei et a
000).

.4. Costeiro Granitic Belt (climax at ca. 615Ma)

The Costeiro Granitic Belt (sensuBasei et al., 2000)
s a narrow (up to 30 km wide) and extended
00 km long) NE-trending belt, comprising a great
ersity of calc-alkaline metagranitic and orthogn
ic plutons, as well as remnants of amphibolite fa
upracrustal sequences.
raton/Plate (e.g.Porada, 1979, 1989; Fragoso-Ćesar
991; Fernandes et al., 1992; Chemale, 2000, among
thers).

The Paranapiacaba Orogen (sensuCampos Neto
000) also represents a complicated and poorly
trained jig-saw comprising: (i) two evolved co
inental arc granitoids accreted onto the wes
argin of the Curitiba Microplate; (ii) two pr
eoproterozoic terranes (Curitiba and Luı́s Alves
icroplates); (iii) Mesoproterozoic and Neoprote

oic resurrected basins (Ac¸ungui Supergroup an
erra do Itaberaba Group); and (iv) late- and p
ollisional volcano-sedimentary basins. Scenarios
odelling this intricate orogenic evolution may

ound elsewhere (Hackspacker et al., 2000; Ca
os Neto, 2000), but a generalised model of or
enic juxtaposition for this complicated jig-saw
o far, incomplete and mostly speculative, deser



226 L.C. da Silva et al. / Precambrian Research 136 (2005) 203–240

more additional systematic isotopic and structural
studies.

The Rio Pîen Orogen/arc (Figs. 1 and 2a), in turn,
represents a narrow wedge shaped unit, comprising
a syn-orogenic calc-alkaline suite (Piên-Mandirituba
Arc) ascribed to a NW-directed subduction of a lo-
cal arm of the Adamastor Ocean (Machiavelli et al.,
1993; Basei et al., 2000; Harara, 2001). The south-
eastern flank of the arc is overthrusted to the SE onto
its basement (Lúıs Alves Microplate), by means of
a transpressive shear zone. This tectonic limit would
correspond to a major Neoproterozoic suture, the so-
called Pîen Suture Zone (Basei et al., 2000; Harara,
2001).

5.6. Tocantins Province connections

The system Brasiliano II followed a similar evo-
lution in the adjacent Southern Brası́lia Belt from
the Tocantins Province, with a coeval collisional cli-
max M1 at ca. 630 Ma within the Soccorro-Guaxupé
Nappe/Orogen. This event, resulting from the west-
ward subduction of the S̃ao Fransico Plate under the
Parańa Plate, corresponds to the “first orogenic stage”
(Trouw et al., 2000; Campos Neto, 2000). Subse-
quently, this Nappe system was overprinted by the
westward collage of the Arac¸uáı Orogen, against the
southern margin of the S̃ao Francisco Plate, at ca.
560 Ma (Trouw et al., 2000; Fig. 2a). This “second
orogenic stage” (M2), resulting from the subduction
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A broad correlation between the south-western Pan-
African orogens, i.e. Damara, Saldania, Gariep and
Kaoko belts, and the southern Brazilian Dom Feli-
ciano, Paranapiacaba and Rio Piên orogens (Brasil-
iano II), has long been accepted (e.g.Porada, 1979,
1989; Fragoso-Ćesar 1991; Trompette, 1994; Gresse et
al., 1996, among others). Despite this consensus, new
U–Pb ages obtained on the Saldanian syn-collisional
granitoids of ca. 550 Ma (Silva et al., 2000a, Table 2)
and of ca. 565 Ma on the Kaoko Belt granitoids fur-
nished new insight to the debate. Ages from the Pan-
African collisional magmatism, some 70 m.y. younger
than their Brazilian counterparts led (Silva et al., 1997a,
2000a; Frimmel and Frank, 1998) to argue against the
current correlation models.

6. Brasiliano III system of orogens (climaxes at
595–560 Ma and 530–500 Ma)

This later orogenic system embraces the Arac¸uáı
Orogen (collisional climax at 595–560 Ma) and the
youngest collisional event within the province, ascribed
to the 530–500 Ma B́uzios Orogeny (Figs. 1 and 2b;
Table 2, and references therein).

The Araçuáı Orogen embraces the entire northern
domain of the province from southern Bahia State to the
vicinities of the Rio de Janeiro city, some 950 km south
(Figs. 1 and 2b). A large pre- to syn-collisional granitic
belt, hosted into huge metamorphosed metasedimen-
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outhern margin of the S̃ao Francisco plate under t
raçuáı Orogen arc, caused a complex interference

ern on the nappe system with a late NW-direct tect
ransport (Trouw et al., 2000; Fig. 2b).

.7. Pan-African connections

The Brasiliano/Pan-African II system of or
ens broadly corresponds to the “Main Pan-Afri
pisode” from Caby (1998). The temporal equiva

ence between the Brasiliano II system of orogens
he Pan-African II includes mainly the West Afric
hana-Togo-Benin Province; the Mozambique B
losure at the S and W Tanzania; the intracrat
ranch of the Damara Belt; the D1 metamorphic peak

he Central Madagascar orogens, and to the secon
isional stage within the North Cameroon belts (Table 4,
nd references therein).
ary and volcanic-sedimentary successions (thrus
old belt), are the main orogenic units. On its wes
nd northern tectonic domains, the orogen is bou
y the reworked Archean/Paleoproterozoic crat
argin of the S̃ao Francisco Craton, whereas to
ast, it is concealed by the Atlantic Ocean platfo
he manner in which the Arac¸uáı Orogen terminate

o the south remains unresolved as its southern
ections with the Ribeira Belt units are poorly defin
ome authors are very cautious about the presen

he orogen south of the 21◦ S parallel and are incline
o use this parallel reference as the Arac¸uáı-Ribeira
oundary (e.g.Wiedmann-Leonardos et al., 2000). The

nflection to NNE of the regional NE-trending dire
ion of the southernmost segment (in the vicinity of
1◦ S parallel) may have some influence on the es

ishment of this limit. Despite these opinions, we c
ider the southern tip of the ca. 590–560 Ma gra
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belt, the south-eastern termination of the orogen, to
be located in the vicinity of the Rio de Janeiro city,
more than 200 km southern of the reference parallel
(Figs. 1 and 2a). Accordingly, this configuration for the
Araçuáı Orogen embraces at its southern boundary, the
Rio Doce and Rio Negro orogens fromFigueiredo and
Campos Neto (1993)andCampos Neto (2000).

Outside the Arac¸uáı Belt, in Rio Grande do Sul
State, an isolated minor (40 km× 10 km) syn-tectonic
granitic intrusion (Cac¸apava do Sul Batholith), geo-
graphically associated to the Dom Feliciano Orogen,
was dated at ca. 560 Ma (Remus et al., 2000a). The
same age (ca. 560 Ma) was obtained on the reworked
ca. 2450 Ma basement of the syn-orogen pluton (Re-
mus et al., 1996, in:Remus et al., 1999). Both ages
suggest a local event developed temporally with the
Araçuáı Orogen collisional peak. Owing to the small
exposed area, it is not possible to evaluate the re-
gional significance and the orogenic context from these
units.

6.1. Pre-orogenic units from the Ara¸cuaı́ Orogen
(?1000–840Ma)

The orogen is characterised by a large continen-
tal margin depositional assemblage represented by the
Macáubas Group and correlatives, laid down in the
north-western (external) domain (Fig. 2b). There are
few isotopic data to place constraints on the sedi-
mentation age of the continental margin associations
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Marine metasedimentary and metavolcanic-
sedimentary successions are also the dominant units at
the eastern (internal) domain of the orogen (Rio Doce,
Paráıba do Sul groups and correlatives) (Fig. 2a). They
are poorly constrained from the depositional point of
view, owing to metamorphic overprinting under higher
conditions (amphibolite and granulite). Accordingly,
their internal organisation, depositional environments,
and the timing relatively to the basins and orogenic
evolution, are not well established. Consequently,
some of these successions may correspond to pre- and
syn-orogenic sub-basins, whereas others, to passive
margins. Oceanic successions, like those described
by Pedrosa-Soares et al. (1998)at the NW segment,
seem to be absent from the eastern (internal domain).
At the southeasternmost extension of the internal
domain, MORB-type amphibolites interleaved with
the marine succession were recognised, and yielded
a (conventional U–Pb) crystallisation age of ca.
850 Ma (Heilbron and Machado, 2003). The dated
amphibolites were interpreted by the authors as
syn-depositional dykes constraining the maximum age
limit for the basin infilling.

The onset of the break-up of the continental crust,
precursor to the rifting and drifting phase, was only
recently recognised through the dating of a felsic-
alkaline bimodal pluton, intrusive into the basement
of the northern tip of the orogen (Salto da Divisa foli-
ated granite). The pluton, affected by the Arac¸uáı main
deformation phase, yielded a magmatic zircon U–Pb
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ut at the northwesternmost extremity, the associa
ncludes extensive record of pre-Sturtian (?) gla

arine metadiamictites. The maximum age for
epositional phase obtained on detrital zircon is
50 Ma (Pedrosa-Soares and Wiedmann-Leonar
000).

Some 50 km south-east of the glacio-marine (pr
al) deposit, the continental margin succession sh
record of an ocean formation stage comprising d
eep sea deposits (Ribeirão da Folha unit), contai

ng mafic-ultramafic plutonics, tholeiitic amphibolite
elitic and chemical-exhalative rocks, interpreted
ispersed and metamorphosed oceanic floor and
litic remnants (Pedrosa-Soares et al., 1998). One of

he amphibolitic occurrences was dated (whole-r
m–Nd isochron systematics) and furnished an ap
nt age of ca. 820 Ma, interpreted by the authors, a
xtrusion age of the oceanic floor realms.
HRIMP crystallisation age of 875± 9 Ma (Silva et al.
002a, Table 2). In the western basement of the oro
ome mafic tholeiitic dykes, with crystallisation age
a. 900 Ma is another indirect estimate for the age o
xtensional pre-orogenic stage (Machado et al., 1989).
inally, an alkaline intrusion into the northern crato
asement, dated at ca. 675 Ma (Teixeira et al., 1997),

s the youngest record of the extensional pre-orog
agmatism.

.2. (Early) pre-collisional magmatism (ca.
30Ma)

The pre-collisional (ca. 630 Ma) magmatic ph
f the orogen is represented by two tonalitic gn
ic complexes. The main unit is exposed at the so
rnmost segment of the orogen (Serra do Mar
roplate ofCampos Neto, 2000), in Rio de Janeir
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State (Rio Negro Complex). Some 600 km north-east
of this major complex, in Minas Gerais State, another
coeval tonalitic association (Chapada Bueno Tonalitic
Gneiss), still poorly constrained from the cartographi-
cal point of view, crops out.

The former (main) association, is exposed as a long
(ca. 200 km long) and very narrow (ca. 3 km wide)
terrane comprising an expanded (sensuPitcher, 1983)
dioritic to granodioritic, mainly tonalitic gneissic as-
sociation (Tupinamb́a, 1999; Tupinamb́a et al., 2000).
The unit is intruded and locally severed by a late pre-
collisional phase (Serra dośOrgãos unit) intruded at
ca. 570 Ma (Silva et al., 2003a, Table 2). A tonalitic
gneiss from the complex yielded a U–Pb conventional
zircon age of ca. 634 Ma, interpreted as the crystallisa-
tion age of the pluton (Tupinamb́a et al., 2000). Based
on isotopic (Nd and Sr) data, the unit was ascribed
to a juvenile intraoceanic pre-collisional magmatic arc
(Tupinamb́a, 1999; Tupinamb́a et al., 2000; Heilbron
and Machado, 2003). In addition to the juvenile, dom-
inant tonalitic association, the arc also includes S-
type leucogranites and gneisses, dated at ca. 600 Ma
(Tupinamb́a et al., 2000).

Besides this major exposition, other remnants of co-
eval tonalitic gneiss (Chapada Bueno Tonalitic Gneiss)
are known further north, in Minas Gerais State (Paes,
1999). A tonalitic gneiss from this unit, was dated
through Pb–Pb evaporation and U–Pb conventional
methods and yielded respectively ca. 625 Ma (Paes,
1999) and 630 Ma (L.C. Silva, unpublished data, Ta-
b Rio
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quantity of isolated plutons and major batholiths, which
do not define a continuum, but are internally organised
according to major E-W compositional zoning (Fig. 3;
Tables 2 and 3). The western plutons comprise mainly
pre- to syn-collisional, high-K calc-alkaline continen-
tal arc-association, whereas the easternmost plutons are
composed mainly of S-type anatectic granites typical
of a syn-collisional continental arc-associations.

The former (western arc) includes three ma-
jor batholiths (Serra dośOrgãos, Moniz Freire and
Galiléia) characterised by discrete post-magmatic
solid-state metamorphic overprinting. The crystalli-
sation ages record a North-South age-span from ca.
595 to 585 Ma (Galiĺeia Batholith); ca. 580 Ma (Mo-
niz Freire Batholith), and ca. 570 Ma (Serra dos
Órgãos Batholith) (Söllner et al., 1989; Nalini, 1997;
Tupinamb́a, 1999; Noce et al., 2000; Silva et al.,
2003a). They represent chemical and isotopic affinities
with the Cordilleran I-type, K-rich calk-alkaline series
(sensuPitcher, 1983). Their Nd isotopic signature is
akin to the mature continental arcs, with contribution
from enriched Paleoproterozoic mantle lithosphere and
crustal sources (Nalini, 1997; Tupinamb́a, 1999). Ac-
cordingly, the extended association corresponds to a
(late) pre-collisional phase from the Arac¸uáı Orogen
(Serra dośOrgãos-Galiĺeia Arc).

The latter (eastern arc) is composed of numerous
(discontinuously exposed) syn-collisional peralumi-
nous leucograntic/charnockitic S-type plutons, exhibit-
ing moderate to strong solid-state overprinting, and
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le 2). In a like manner as that observed in the
egro Arc, the tonalitic gneiss is also intrude by a l
re-collisional association (Galiléia Tonalite), dated
a. 590 Ma (Nalini, 1997). Presently, we are unable
udge whether the northern early tonalitic occurre
as a direct geotectonic relation to the Rio Negro
r whether it represents a distinct tectonic unit. Ne

heless, these uncertainties and the recognition o
oeval tonalitic association further north highlights
mportance of the earlier pre-collisional magmat
ithin the Araçuáı Orogen evolution.

.3. Pre-to syn-collisional units (580–560Ma)

A discontinuous 900 km long NNE-trending gra
tic belt, hosted into the pre- and syn-orogenic meta
mentary belt, represents the pre- to syn-collisional
onic stage (Fig. 2b). The belt is composed of a gre
onstitute the eastern anatectic association. Pera
ous granitic augengneisses, with chemical and
ographic crustal signatures (S-type gneissic gran
ncluding C-type foliated granites (charnockites), p
ominate in the south-eastern extension. It is the la
ranitic association within the orogen, extending
ontinuously from Rio de Janeiro city (Pão de Aḉucar
nd Corcovado hills) for some 900 km north, rea

ng the limit between Minas Gerais and Bahia Sta
he syn-collisional crystallisation ages also varies f
orth to south from ca. 580 Ma (Nanuque Bathol

o ca. 560 Ma (Rio de Janeiro Batholith) (Silva et al.
003a, Table 2) and characterises a continentally r
led magmatic arc (Rio de Janeiro-Nanuque).

One of the most striking features, which make
rasiliano III granitic magmatism unique within t
rovince, is the ubiquitous exposure of orthopyroxe
earing granitoids (charnockites). Owing to the l
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of detailed studies, and to the ubiquitous presence of
orthopyroxene, these charnockites have been mistak-
enly mapped and associated with the Paleoproterozoic
Juiz de Fora orthogranulitic basement, which precluded
their correct presentation on the available maps. Only
in recent works has their magmatic nature and Neopro-
terozoic age been recognised (Jord-Evangelista, 1996;
Duarte, 1998; Silva et al., 2000c). At least the garnet-
free members of these associations show affinities with
the magmatic (anatectic) charnockites, and the C-type
granitoids fromKillpatrick and Ellis (1992)andYoung
et al. (1997). One pluton, from the garnet-charnockitic
association yielded a zircon U–Pb SHRIMP crystalli-
sation age of ca. 580 Ma (Silva et al., 2002a, Table 2).

In addition to the orogenic magmatism, the pre-
collisional stage of the orogen also records flysh-
like, deep sea, metaturbiditic deposits, associated with
the continental margin deposits. The internal organ-
isation of these assemblages is not well defined, ac-
cordingly their relations with the orogenic zonation
are not defined. At the western external tectonic do-
main one of the sub-basins (Salinas unit) represents
a maximum depositional age of ca. 570 Ma, obtained
on detrital zircons, and was ascribed to a late colli-
sional deposition stage and the adjacent arc degradation
(Lima et al., 2002). Another sub-basin from the north-
western domain (Capelinha Formation) also presents
syn-collisional affinities, although there is no avail-
able radiometric age (Pedrosa-Soares and Wiedmann-
Leonardos, 2000).
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sedimentary marine successions, is characterised by a
northern amphibolite-facies sub-domain and a south-
ern granulite-facies sub-domain.

These higher metamorphic conditions gave rise to
the abundant ca. 580–560 Ma syn-peak S- and C-type
magmatism (Table 2). Accordingly, the eastern se-
quence represents the roots (core) of the thrust and
fold belt system, overthrusted onto the eastern mar-
gin of the S̃ao Francisco Plate. At the north-western tip
of the orogen, the metasedimentary belt shows a NNE-
SSW-trend inflexion (Fig. 2b) as well as an inverted E-
vergent tectonic transport. Accordingly, it represents a
possible segment from the opposite continental margin
of the Congo Craton (Pedrosa-Soares, personal com-
munication).

6.4. Late- to post-collisional magmatism (ca.
540–480Ma)

The remaining exposed granitic phases within the
orogen (some 10% of the exposed arc) presents com-
positional variations from gabbros to syenites, with
frequent charnockitic phases, and minor scattered,
dominantly I-type and alkaline plutons (Wiedemann,
1993; Figueiredo and Campos Neto, 1993; Cam-
pos Neto and Figueiredo, 1995; Pedrosa-Soares and
Wiedmann-Leonardos, 2000) (Fig. 2b). They repre-
sent the final collapse of the orogen and crop out as
occasionally zoned small batholiths, with mafic cores
(Wiedemann, 1993; Pedrosa-Soares and Wiedmann-
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The syn-collisional stage culminated with
nversion and metamorphism of rifted basins
s characterised by strong east-west variation
he metamorphic conditions. Low-grade metamor
ontinental margin sequences predominate within
estern (external) domain. The eastern (internal)
ain, in turn, was affected dominantly by amphi

ite and granulite facies metamorphism, under and
–high T (cordierite in/kyanite out).
Pedrosa-Soares et al. (2001)delineated a major in

ernal organisation of the orogen, and highlighte
ransversal metamorphic polarity. Within the wes
exernal) tectonic domain, comprising mainly co
ental margin deposits, metamorphic grade incre

rom low greenschist to low amphibolite facies fro
est to east. The eastern (internal) domain, in t
omprising the magmatic granitic belt and the (a
ectic roots) of the metasedimentary and volca
eonardos, 2000). The tholeiitic phases present co
aminated mantle signatures, when compared to
odern arc-tholeiitic series. The high-K felsic magm

ism has been explained in terms of a chemical and
opically “atypical” intracontinental arc (Wiedemann
993). The arc was ascribed to the waning stages o
rogen, succeeding an east-directed subduction
ceanic lithosphere, and continent-continent colli
Wiedemann, 1993). The crystallisation ages of th
ost-collisional phase range from ca. 540 to 480
Fig. 3; Tables 2 and 3).

.5. The reworked basement

The largest segment of Archean rocks reworke
he Brasiliano event within MPV is the north-west
egment of the Arac¸uáı Orogen, the Guanhães Comple
Fig. 2a). It comprises chiefly TTG orthogneiss, and
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been interpreted as an alloctonous terrane, incorporated
into the craton during the Brasiliano/Arac¸uáı collage.
The SHRIMP results yielded crystallisation ages from
ca. 2900 to 2700 Ma, and Neoproterozoic overprinting
metamorphic ages (Silva et al., 2002a, Table 2). As the
data are compatible with previous ages obtained in the
cratonic basement from the south-east domain of the
craton (Carneiro et al., 1998; Noce et al., 1998; Teixeira
et al., 2000), it is presently reinterpreted as part of the
Archean reworked basement of the craton, and not as
a displaced terrane, juxtaposed during the Neoprotero-
zoic collage. Together with the adjacent Paleoprotero-
zoic orthogneiss complexes (see below), it corresponds
to the western continental margin of the Arac¸uáı Oro-
gen in Minas Gerais State (Fig. 2b; Table 2).

In Bahia State, the northern tip of the orogen is
thrusted against a Archean/Paleoproterozoic gneissic
basement (Fig. 2b), but there is no reliable geochrono-
logical data on this continental margin domain. Only
about 150 km north of this limit, a ca. 2710 Ma
high-grade charnockitic gneiss shows Neoproterozoic
overprinting, characterised by discrete zircon rims
(overgrowths), imprecisely dated at ca. 710 Ma (1σ),
by SHRIMP systematics (Silva et al., 2002c, Table 2).

In addition to the Archean cratonic margin, Pale-
oproterozoic orthogneisses constitute most of the re-
worked south-western basement of the orogen, at the
south-easternmost margin of the São Francisco Cra-
ton/Plate in Minas Gerais State (Fig. 2b;Table 2). They
are severed TTG gneissic associations, interpreted as
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Mineiro Belt (Teixeira and Figueiredo, 1991). Together
with the adjacent western Archean TTG orthogneisses,
they correspond to the easternmost continental margin
of the S̃ao Francisco Craton/Plate. A second and bet-
ter constrained metamorphic overprinting (M2) corre-
sponding to the Neoproterozoic collage of the Arac¸uáı
Orogen onto the eastern São Francisco cratonic margin,
yielded an age of ca. 580–570 Ma (Silva et al., 2002a,
Table 2).

South-east of this unit, another high-grade or-
thogneissic domain (Juiz de Fora Complex) corre-
sponding to the easternmost component of the São
Francisco Plate, the margin furnished crystallisation
ages on a charno-enderbitic gneisses from ca. 2200 to
2140 Ma. The metamorphic granulite-grade overprint-
ing, in turn, yielded ca. 580 Ma (Söllner et al., 1991;
Machado et al., 1996).

Another Paleoproterozoic orthogneiss (Caparaó
Complex,Fig. 2b) showing Brasiliano granulite-facies
overprinting, crops out as a reworked basement inlier
at the core of the orogen. A charnockitic leucogneiss
furnished ca. 2195 and 590 Ma ages for the crys-
tallisation and metamorphic overprinting events, re-
spectively (Silva et al., 2002a, Table 2). The same
unit furnished similar ages through conventional U–Pb
analysis, but the crystallisation age was interpreted as
the age of the precursor of the rock (Söllner et al.,
1991).

North of the Caparáo Complex, in apparent conti-
nuity is exposed in an amphibolite facies, reworked
b plex,
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he roots of an arc accreted onto the eastern m
f the S̃ao Francisco Craton/Plate (Silva et al., 2002a).
he pre-collisional phase of the TTG arc, prese
xposed as amphibolite facies highly transposed

onitic orthogneisses (Piedade, formerly Mantiqu
omplex), furnished crystallisation ages from ca. 2

o 2100 Ma. The syn-collisional phase, in turn, was
reted between 2100 and 2050 Ma, the approximat
lso of the first metamorphic event (M1) recorded on th
neiss (Silva et al., 2002a). The metamorphic tempe
tures operating during the collisional peak were h
nd the thermal flux remained elevated after the c
ional peak, giving rise to late-collisional crustal m
ith charnockitic composition, dated at ca. 2100

Table 2). The authors interpret these domains as
evered roots of a reworked continental margin
oeval with the Paleoproterozoic batholiths intru
nto the southern tip of the craton and ascribed to
asement orthogneissic domain (Pocrane Com
ig. 2b). The unity is poorly constrained from the g
logic and isotopic points of view, and until now
evoid of radiometric age. Only one amphibolitic

eodyke, intrusive into the regional orthogneiss
ated by means of zircon U–Pb SHRIMP system

cs, and furnished a crystallisation age of ca. 1500
nd metamorphic overprinting of ca. 600 Ma (Table 2).
ccordingly, the 1500 Ma crystallisation age obtai
n the paleodyke, represents a minimum age exp

or the orthogneissic country-rock.
West of Rio de Janeiro State, another orthogn

rom the basement of the orogen (Quirino Orthogne
Fig. 2b) yielded crystallisation ages of ca. 2185
Valladares et al., 1996). The role of this minor doma
uring the orogenic evolution is not clear but the

hors also dated a metamorphic overprint yielding
00 Ma.
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Besides the orthogneissic units, other remnants of
the Paleoproterozic megacycle are also present, espe-
cially the rift-sag Espinhac¸o basin (Espinhac¸o Super-
group) (Fig. 2b). The basin evolution started at ca.
1700 Ma, as indicated by U–Pb ages obtained on a
metarhyolite (Brito-Neves et al., 1979) and on bad-
deleyite from mafic dykes, interpreted as related to
the extension of the basin (Silva et al., 1995). The
Borrachudos alkaline metagranite is another Paleo-
proterozoic remnant of the taphrogenic phase, intru-
sive into the Archean basement west of the orogen
(Fig. 2b). The pluton was deformed and metamor-
phosed in response to the Brasiliano overprinting on
the eastern S̃ao Francisco Cratonic margin. The rock
presents U–Pb crystallisation ages from ca. 1670 Ma
(Chemale et al., 1998) to ca. 1740 Ma (Silva et al.,
2002a, Table 2). It also shows evidence of Neopro-
terozoic (undated) metamorphic overprinting on the
rims of the analysed zircon populations (Silva et al.,
2002a).

6.6. Juxtaposition and collage of the orogenic
components: the Ara¸cuaı́ Orogen redefined

The precise characterization of these Late Pre-
cambrian (ca. 595–560 Ma) pre- and syn-orogenic
arcs (Table 2) reinforces the characterisation of a
younger orogenic stage predicted on the basis of re-
gional studies on the north-eastern tip of the Ribeira
Belt (Serra do Mar Microplate), i.e. the ‘Rio Doce’
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The orogenic evolution of the early intraoceanic Rio
Negro and the Arac¸uáı Orogen is considered elsewhere
(Campos Neto, 2000). The author discriminates an
early, ca. 630 Ma Rio Negro Arc/Orogen, from the ca.
590 to 560 Ma Rio Doce Orogen (herein interpreted as
a south-eastern extension of the Arac¸uáı Orogen). The
recent characterisation of ca. 630 Ma tonalitic gneisses,
within the pre-collisional phase of the Arac¸uáı Oro-
gen (Table 2), and coeval with the Rio Negro Arc,
favours a continuous evolution for both associations,
as part of a single orogen. Nevertheless, even with the
new isotopic constraints there is no robust evidence to
place firm constraints on these concurring evolutional
models, and much additional field and isotopic work is
needed to clarify the issue.

The assumed age of the ocean floor extrusion of
ca. 820 Ma (Pedrosa-Soares et al., 1998) suggests it
probably represents a north-east extension of the To-
nian Goianides and Charrua oceans, precursors to the
Adamastor ocean proper. The former (Goianides), was
subducted beneath the south-western margin of the São
Francisco Plate (Pimentel et al., 1997; Campos Neto,
2000) and the latter (Charrua), subducted under the
eastern margin Rio de La Plata Plate further south
(Chemale, 2000).

Recent Sm–Nd isotopic studies on the Arac¸uáı
Orogen granitoids highlighted the role of a Meso to
Paleoproterozoic remobilised continental crust, dur-
ing the Late Brasiliano collision (e.g.Nalini, 1997;
Tupinamb́a, 1999). We interpret these 1600 to 2000 Ma
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rogeny (Figueiredo and Campos Neto, 1993; Ca
os Neto, 2000). Owing to the compatible tecton
tructural, chemical signatures, and orogenic gra
tages in the Arac¸uáı Orogen and in the Serra do M
icroplate, we considered the ‘Rio Doce’ Orogen a

outh-eastern extension of the Arac¸uáı Orogen. Actu
lly, both segments share a common convergent pr

nitiated with the accretion of juvenile intraoceanic a
t ca. 630 Ma. This initial stage was followed by acc

ion of the cordilleran continental arc (ca. 595–570 M
ulminating with widespread syn-collisional anate
nd the dockage of arc-terranes onto the eastern

onic margin (at ca. 580–560 Ma) (Table 2; Fig. 3).
he E-directed subduction of the previously ama
ated S̃ao Francisco/Paraná plates (beneath the Se
o Mar Microplate) was the mechanism responsibl

his evolutionary process (Pedrosa-Soares et al., 20
eilbron and Machado, 2003).
DM ages in the same context of the evolution of
outhern MPV granitoids, synthesised onTable 2, i.e.
s mixed-source magmas, resulting from the me
f a Paleoproterozoic continental crust and lithosph
antle and mixing with newly accreted, juvenile m

e.g.Silva, 1999; Cordani et al., 2000).

.7. Búzios Orogen (collisional climax at
30–500Ma)

Outside the Arac¸uáı Orogen, the latest stage of t
ystem Brasiliano III is ascribed to the Búzios Orogen
Schmitt, 2000). This orogenic event was recognis
n the basis of precise dating of “in situ” thru
elated migmatitic veins, associated with the w
ergent thrusting of the Cabo Frio Terrane onto
outh-eastern extension of the Arac¸uáı Orogen, at ca
30–500 Ma (Schmitt, 2000) (Figs. 2b and 3). A major
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component of the B́uzios Orogen is an amphibolite
facies volcanic-sedimentary rift-like succession, in-
cluding N-MORB amphibolites and metaturbidites.
The amphibolites yielded Sm–Nd model ages of ca.
1000 Ma, whereas detrital zircons from the latter,
yielded minimum ages spanning from ca. 1000 to
700 Ma (Schmitt, 2000). Distinct from what is observed
in the adjacent Neoproterozoic orogens, the Búzios
Orogen collisional climax occurred under medium
to high P/T conditions, as deduced from the pres-
ence of garnet-amphibolites and kyanite-sillimanite
and kyanite-K-feldspar assemblages, in high-grade
metapelites (Schmitt, 2000).

The effect of this Cambrian convergent stage was
also recognised by means of conventional zircon U–Pb
geochronology (Heilbron and Machado, 2003) on
gneisses herein interpreted as a major component of
the south-eastern tip of the Arac¸uáı Orogen. This lat-
est Brasiliano collage episode is interpreted as a re-
sult of the subduction of a possible promontory of
the Congo Plate underneath the already welded south-
eastern extension of the Arac¸uáı Orogen, implying
a north-west-directed subduction of the Adamastor
Ocean at 530–500 Ma (Schmitt, 2000; Campos Neto,
2000; Heilbron and Machado, 2003).

Other Cambrian compressional magmatic episode
related to a generation of syn-tectonic, amphibolite-
facies anatectic mobilisates occur within the Mesopro-
terozoic Punta del Este Terrane (Fig. 2a). It is dated
at ca. 540–520 Ma (Preciozzi et al., 1999; Basei et al.,
2 hern
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a
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ca. 2000 Ma, with metamorphic overprinting ages of
ca. 520 Ma (Schmitt, 2000). It represents a supposed
western continental margin of the Cambrian Búzios
Orogen (Schmitt, 2000; Heilbron and Machado, 2003).
This easternmost and youngest segment is also inter-
preted as an exotic fragment from the Congo Craton,
amalgamated to the eastern MPV, during the waning
stages of the Brasiliano collage (Fonseca et al., 1994,
in: Schmitt, 2000).

6.8. Tocantins Province connections

The record of the Brasiliano III system of oro-
gens within the Tocantins Province, is represented by
the Paraguay Belt, probably related to the ca. 520 Ma
Pampean Orogen in Argentina (Trompette, 1994) and
coeval with the B́uzios Orogen in MPV. In the south-
eastern tip of the Tocantins Province, the interference
of the Araçuáı Orogen (Brasiliano III) on the Socorro-
Guaxuṕe Orogen (Brasiliano II) is well documented
(Trouw et al., 2000; Campos Neto, 2000), particu-
larly on the Andrel̂andia passive margin assemblage.
This late collisional event is recognised by means of
the north-west-directed ca. 560 Ma tectonic transport,
overprinting an earlier east-directed ca. 630 Ma tec-
tonic transport, giving rise to a highly complicated in-
terference tectonic pattern (Trouw et al., 2000; Campos
Neto, 2000).

The east-directed tectonic transport during the
Brasiliano II orogen (Fig. 2) is attributed to the subduc-
t ran
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000). The authors interpret this event as a sout
xtension of the Rio Doce Orogeny (herein treate
he Araçuáı Orogeny). Owing to the younger 520 M
ge, relative to the 560 Ma age of the Arac¸uáı colli-
ional peak, we prefer to temporally correlate this e
ith the ca. 530–500 Ma B́uzios Orogen. In addition

he Búzios Orogen, the ca. 540–520 Ma Pampean
en (Rapela, 2000), situated about 1000 km south-e

n Argentina and Paraguay (Rapela, 2000) took place
ithin the same interval. But in this case, the ocean
olved in the built up of the orogen was the Camb
apetus Ocean and not the Adamastor proper.

.7.1. Reworked basement
East of the small exposed segment of the Búzios

rogen, at the coastal region of the Rio de Janeiro S
he reworked Paleoproterozoic orthogneissic base
f the orogen crops out. The granitic orthogneiss
ion of the S̃ao Francisco Plate underneath the Páa
late. The north-west-directed tectonic transpor

urn, was ascribed to the eastward subduction of t
reviously amalgamated São Francisco-Paraná plates
nder the Serra do Mar Microplate/Arac¸uáı Orogen
rc (Trouw et al., 2000; Campos Neto, 2000). While

he first orogenic episode is related to the consump
f the Goianides Ocean (the Brazilides Ocean f
nrug, 1997), the second is ascribed to the consu

ion of local branch of the Adamastor Ocean (Trouw et
l., 2000; Campos Neto, 2000).

.9. Pan-African connections

The Araçuáı and West Congo Neoproterozoic be
re counterparts of the Arac¸uáı-West-Congo Orogen
confined orogen developed in an embayment

ined by the S̃ao Francisco and Congo cratons (
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Brito-Neves and Cordani, 1991; Trompette, 1994;
Pedrosa-Soares et al., 1998). The collisional stage in
the West Congo Belt was dated at ca. 565 Ma (Tack
and Fernandez-Alonso, 1998). The present integration
provides a finer tuning for these correlations. The ca.
565 Ma D1 syn-collisional peak age recorded from the
south-western African side (Table 4) coincides, within
error, with the ca. 580–560 Ma age range obtained for
the collisional peak from the Arac¸uáı Orogeny (Silva
et al., 2002a, 2003a).

The observation of east-vergent thrusting structures
in the eastern metasedimentary (internal) domain sug-
gests the possibility of the correlation of these deposits
with the Congo Craton continental margin, during the
AWCO-Araçuáı-West Congo pre-orogenic extensional
phase (Pedrosa-Soares, personal communication).

Another important tool to this correlation attempt is
furnished by the crystallisation ages of ca. 924–912 Ma
(U–Pb SHRIMP), obtained on the pre-orogenic rift-
related, bimodal volcano-plutonic association of the
West Congo Belt (Tack et al., 2001). Additionally,
the uppermost Mayumbiam rhyolitic lavas sequence
yielded a zircon U–Pb SHRIMP age of 912± 7 Ma.
The difference between the ages of the anorogenic Salto
da Divisa granite (ca. 875 Ma) and the Mayumbiam
lavas (ca. 912 Ma) suggest a migration of the ther-
mal axis of the rift to the Brazilian side of the basin
some 40 m.y. after the onset of the rifting process. Be-
sides the age difference, the great thickness of the bi-
modal pile in the West Congo Orogen, compared to
s in
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Finally, the ca. 540–520 Pampean Orogen in Ar-
gentina and Paraguay (Rapela, 2000), was also de-
veloped synchronously with the waning stages of the
Brasiliano III collage (B́uzios Orogen). Nevertheless,
this synchronism of the former (Pampean Orogeny),
is related to the opening and consummation of the
Cambrian Iapetus Ocean, instead of the Neoprotero-
zoic Adamastor Ocean.

7. Conclusions

The picture which emerged from this integrated
geochronological and field approach confirms and am-
plifies the conclusions of recent review works on the
South America Neoproterozoic (Brito-Neves et al.,
1999; Campos Neto, 2000; Trouw et al., 2000). The
study also confirms the evolutionary path, through suc-
cessive systems of orogens, marked by sequential and
diachronous ocean opening and closure, subduction,
crustal melting and metamorphic overprinting. It cor-
responds to successive and geographically diverse evo-
lution of the Wilson’s Cycle, from ca. 880 to 500 Ma,
which gave rise to the final Western Gondwanaland
Supercontinent amalgamation.

The Brasiliano Supercycle was characterised as a
composite orogen (nomenclature afterWilson, 1968;
Seng̈or, 1990), with distinct convergent plate bound-
aries, corresponding to the diachronic ‘branched sys-
tem of orogens’ of (Brito-Neves et al., 1999; Campos
N oro-
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ag-
m cre-
t anic
i asil-
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c ro-
g nce
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s yed a
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g sug-
g aries
b The
carce occurrences of the rift-related magmatism
he Araçuáı Orogen suggests that the rift was asy
etric with a thermal axis located in the Afric

ide.
Outside the AWC, the system Brasiliano III h

emporally equivalents in other short-lived, south
an-African orogens. These include: Kaoko, Coa
ranch of Damara, Gariep, Saldania, West Afri
elts; the Pan-African terranes from Sri Lanka, So
rn India, Madagascar, part of the Mozambique B

he Ross Orogeny (Antarctica) and the Delama
rogeny/Ellsworth-Whitmore Mountains Terrane
ustralia (Table 4, and references therein). Within t
ariep and Damara orogen the breakup of the
inia Supercontinent took place from ca. 780 to 740
Frimmel and Frank, 1998), some 150 m.y. later than
he West Congo, characterising a sequentially ope
rom north to southwards.
eto, 2000). Its protracted, successive convergent (
enic) evolution from ca. 880 to 500 Ma compri

hree major successive systems of orogens (Fig. 3a).
The onset of the Neoproterozoic orogenic m

atism is attributable to an early Cryogenian ac
ionary episode, which gave rise to an intraoce
sland arc, ascribed to the system of orogens Br
ano I (subduction-controlled orogen). Later on,
ectonic evolution took place mainly as ‘collisio
ontrolled’ orogen giving rise to the systems of o
ens: Brasiliano II and III. The continuous converge
f the Parańa, S̃ao Francisco-Rio de La Plata and
frican Kalahari-Congo plates, triggering continen
cale compressional transpressive tectonics, pla
ajor role in this evolution. The integration of the U–
eochronological updated database on the MPV
ests modifications to the accepted internal bound
etween the distinct orogens forming the province.
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Araçuáı Orogen had its geographic limits expanded on
the basis of the new U–Pb SHRIMP date obtained from
its pre- to syn-collisional arcs (ca. 590–560 Ma), in or-
der to encompass the former Rio Doce Orogen.

In addition to the new design of the provincial
internal boundaries, the integrated analyses and re-
interpretation of 180 zircon ages from 160 Neopro-
terozoic plutons provided a new consistent provincial
granitic cronostratigraphy (Fig. 3; Table 3and A). The
integrated analyses of the chemical, structural, and
geochronological data from the successive pre-, syn-
and post-collisional magmatic pulses and metamor-
phic peaks, furnished a first general and precise pic-
ture of the orogenic evolution of the entire province.
Accordingly, the study contributed to the general un-
derstanding of the timing and nature of this highly com-
plex and extended Brasiliano/Pan-African Supercycle
(Table 4).

The study reinforces from the geochronological
point of view previous reconstruction models delin-
eating an Arac¸uáı-Western Congo integrated evolution
(AWCO) (Pedrosa-Soares et al., 1998) from breakup
(ca. 900 Ma) to reamalgamation stages (ca. 560 Ma).
It also reinforces the criticism fromSilva et al. (1997,
2000a)andFrimmel and Frank (1998), on previous cor-
relations between the ca. 560–550 Ma southern Pan-
African and the ca. 640–600 Ma southern Brazilian
orogens. Accordingly, an alternative temporal corre-
lation of the ca. 550 Ma Saldania Orogeny with Ross

he
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ica, the known early juvenile crustal growth was very
restricted, totalling perhaps less than 10% of the total
exposed Brasiliano crust. On the other hand, the Pan-
African orogens, especially from the north-west and
east African continent, were much more efficient in
terms of generation of new crust. The >650 Ma (post-
Brasiliano I) evolution, shared with other Pan-African
continental-collision orogens, show small-scale new
crustal growth and widespread crustal recycling. It de-
lineates a major role for continental lithospheric man-
tle delamination as has been demonstrated for the
Pan-African Trans-Saharan Belt (Black and Líegeois,
1993). This is suggested in particular by: (i) extensive
high-K calc alkaline and S-type magmatism; (ii) high-
T/low-P metamorphism; (iii) major shear zones parallel
to the cratonic limits; (iv) (scattered) thrust remnants of
obducted ophiolites; (v) post-collisional alkaline mag-
matism; and (vi) marginal cratonic reactivation. These
peculiarities favour the current interpretations in the
Brazilian literature as evidence of a Himalayan-type
evolution following a Cordilleran accretionary arc sys-
tem.
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The analysis of a large amount of U–Pb SHRIM
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Kröner, A., Cordani, U., 2003. African Southern India and South
America cratons were not part of Rodinia supercontinent: ev-
idences from field relationships and geochronology. Tectono-
physics 375, 325–372.

Leite, J.A.D., Hartmann, L.A., McNaughton, N., Chemale Jr., F.,
1998. SHRIMP geochronology of Neoproterozoic juvenile and
crustal-reworked terranes in southernmost Brazil. Int. Geol. Rev.
40, 688–705.

Lima, S.A.A., Martins-Neto, M.A., Pedrosa Soares, A.C.P., Cordani,
U.G., Nutman, A., 2002. A Formac¸ão Salinas náarea-tipo, NE de
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tion for the Araçuáı-West Congo Orogen. Geology 26, 519–
522.

Pedrosa-Soares, A.C., Wiedmann-Leonardos, C.M., 2000. Evolution
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Prov́ıncia Mantiqueira: sistema de informac¸ões geogŕaficas-SIG
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Brasil: Sistema de Informac¸ões Geogŕaficas—SIG e Mapas na
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