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ABSTRACT

The tectonic evolution of southeastern South America from the Middle Ediacaran to the Early Cambrian is marked
by a series of small fault-bounded siliciclastic and volcaniclastic basins and voluminous coeval granites traditionally
associated with the compressional or transpressional tectonics of the late stages of the Pan-African-Brasiliano orogeny.
Most existing models consider these basins separately, with distinct tectonic evolutionary histories according to local
geological settings. However, new and recently published age constraints, lithological similarities, and structural
aspects point to the correlation of all Ediacaran to Cambrian basins in southeastern South America within a common
basin system more than 1500 km long. The interpretation of a common origin for all Ediacaran to Cambrian basins
of southeastern South America implies that all the different terranes of the Brasiliano orogenic collage in the region
were already united in a single plate at approximately 600 Ma. An extensional origin for this basin system is interpreted
from the recognition of basin-forming normal faults (later reactivated as strike-slip or inverse) feeding alluvial fans
and from expressive basic to acidic volcanic successions in several basins. The occurrence of basic, intermediate, and
acidic volcanic rocks and voluminous coeval granites indicates that mantle and crustal fusion were simultaneous
with the extensional event. Raised temperatures may have caused the thermal weakening of the lithosphere, enabling
both extensional deformation and recurring strike-slip deformation that formed major shear zones in the region. This
strike-slip deformation has been mistaken for basin-forming tectonics, but it occurred in the Early Cambrian, after
the formation of the basins, and most probably was the result of the far-field propagation of compressional stresses
originating in younger collisional orogens at the plate margins.

Online enhancements: color versions of figures 4 and 5.

Introduction

The tectonic evolution of the Neoproterozoic fold  and Archean high-grade terrancs and low- to
belts related to the amalgamation of Gondwana is  medium-grade metasedimentary units of Mesopro-
continuously being debated, mainly with respect  terozoic to Early Neoproterozoic age. Another im-
to the style and timing of the plate interactions  portant element of this evolution is a system of
responsible for their final configurations. In south-  small, fault-bounded basins formed from Middle
eastern South America, the main tectonic elements ~ Ediacaran to Early Cambrian that are filled up with
of these fold belts are extensive granitic plutonsand ~ unmetamorphosed siliciclastic successions (mainly
high dip shear zones that affect Paleoproterozoic  conglomerates, arkoses, and mudstones). Some of

these basins comprise voluminous acid and inter-

Manuscript received May 13, 2009; accepted October 20, ~ Mediate volcanic and volcaniclastic rocks, enabling
2009. the geochronological dating of their successions.

" Instituto de Astronomia, Geofisica e Ciéncias Atmosféri- Ediacaran basins occur from southern Uruguay
cas( Uni.v,er.sidaile de Sao Paulo, Rua do Matao, .1226, Cidade to southern Minas Gerais State in Brazil, forming
Universitdria, Sdo Paulo, SP CEP 05508-090, Brazil. .

2 Instituto de Geociéncias, Universidade Federal de Pernam- a more thgn 1500-km-10ng N E'trendlng, system.
buco, Avenida Académico Hélio Ramos s/n, Sala 510, Cidade Most previous works consider these basins sepa-
Universitaria, Recife, PE CEP 50740-530, Brazil. rately, and their tectonic settings have been inter-
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preted in different ways in each segment of the sys-
tem, depending on age constraints and local
tectonic models. These interpretations can be
grouped under three main models: late to postcol-
lisional foreland basins in either peripheral (e.g.,
Fragoso-Cesar 1991; Rostirolla et al. 1999; Basei et
al. 2000) or retroarc settings (e.g., Gresse et al.
1996), postcollisional strike-slip basins (e.g., Brito
Neves et al. 1999), and intracontinental rift basins
(Fragoso-Cesar et al. 2000, 2001; Almeida 2001,
2005; Janikian 2001, 2004; Fambrini 2003). In sev-
eral cases, more than one model has been proposed
for the same basin.

Despite the divergent tectonic models, the avail-
able geochronological data reveal that the major
volcanic events preserved within the basins were
coeval and that ages of deposition overlap, with
successions ranging from 605 to 530 Ma. The Ca-
maqua Basin is the most complete and best pre-
served of these basins, recording several subsidence
events in this time span, and can be used as a ref-
erence for the correlation among the smaller basins.
In light of recent reappraisals of the tectonic setting
of the granites that are coeval to the basin system,
recently published geochronological data from vol-
canic rocks, and comparisons among the strati-
graphic evolutions of several basins of the system,
the existing models for the origin of those basins
are reviewed, and a new, integrating model is
proposed.

Geological Setting

The Mantiqueira Province (Almeida et al. 1981)
comprehends the mobile belts of Neoproterozoic
age that occur from southeastern Brazil to Uruguay.
The southern and central parts of the province in-
clude geological units formed or affected by oro-
genic processes of Neoproterozoic age, with peak
metamorphism at 630-620 Ma (Silva et al. 2005),
as well as Ediacaran to Cambrian postorogenic
units, including small fault-bounded basins and vo-
luminous granites.

The pre- and synorogenic units of the province
comprise Archean to Paleoproterozoic blocks with
varying degrees of Neoproterozoic reworking,
metasedimentary successions deformed during the
collisional events, and a juvenile terrane of prob-
able island arc origin (fig. 1). The older blocks in-
clude the Rio de La Plata Craton at the southern
part of the province and the Joinvile Block, which
is disposed between two metasedimentary fold
belts: the Dom Feliciano Belt (Fragoso-Cesar 1980)
to the south and the southern part of the Ribeira
Belt (Almeida et al. 1973) to the north (Paranapia-

caba Orogen of Silva et al. [2005]). The interpreted
ages for the peak metamorphism of these mobile
belts are somewhat different: 640-620 Ma for the
southern one (Basei et al. 2000; Silva et al. 2005)
and 610-600 Ma for the northern one (Silva et al.
2005). In both belts, the collisional events affected
precollisional granites and sedimentary basins as
well as their basement. A Criogenian accreted in-
traoceanic terrane (Rio Vacacai Terrane of Fragoso-
Cesar [1991]; Sao Gabriel Block of Babinski et al.
[1996]) is recognized north of the Rio de La Plata
Craton, characterizing a suture west of the Dom
Feliciano Belt. Major strike-slip shear zones, mostly
with NNE to NE trends, juxtapose and deform
these units and the Ediacaran to Cambrian post-
orogenic granites and basins.

The tectonic setting of the Ediacaran to Cam-
brian basins is controversial, and a series of differ-
ent models has been proposed for each of the major
basins of the system and for the system as a whole.
The currently accepted models are mostly pub-
lished in Portuguese in publications of restricted
circulation and can be grouped into three main
types: (1) models that consider a synorogenic set-
ting, mainly of peripheral foreland basins (e.g.,
Fragoso-Cesar 1991; Gresse et al. 1996; Rostirolla
et al. 1999; Basei et al. 2000); (2) models that con-
sider a late orogenic setting of postcollisional
strike-slip basins (Oliveira and Fernandes 1991,
1992; Machado and Sayeg 1992; Sommer et al.
2006); and (3) models that consider an extensional
origin unrelated to the previous orogeny (Fragoso-
Cesar et al. 2000, 2001; Almeida 2001, 2005; Jan-
ikian 2001, 2004; Fambrini 2003; Fragoso-Cesar
2008). Some authors also propose an evolution from
syn- to postorogenic settings, recorded in the strat-
igraphic column of a single basin (e.g., Fragoso-
Cesar 1991; Gresse et al. 1996; Paim et al. 2002;
Teixeira et al. 2004). The coexistence of such con-
flicting models is the result of the scarcity of stud-
ies on the tectonic record preserved within the ba-
sing, since most of the hypotheses are based on
models derived from the surrounding metamorphic
and plutonic rocks.

Tectonic models for the voluminous granitic plu-
tons that are spatially and chronologically related
to the basin system are often the main argument
in the interpretation of the tectonic setting of the
basins. The interpretation of these Late Neopro-
terozoic granites of southern Brazil and Uruguay as
the core of a magmatic arc (Fragoso-Cesar et al.
1986; Fragoso-Cesar 1991; Basei et al. 2000, 2005,
2008b) has been questioned in several recent works,
which consider a postcollisional setting for all gran-
ites of Ediacaran age (e.g., Philipp and Machado
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Figure 1. Schematic map of the Ediacaran to Cambrian system of basins of southeastern South America and major
divisions of the southern Mantiqueira Province.
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2005; Silva et al. 2005; Oyhantcabal et al. 2007) or
at least for the post-570-Ma plutons (e.g., Janasi et
al. 2001). In fact, the granites that are coeval to the
Ediacaran System of basins are mostly A-type in
all occurrences from Uruguay to the Sio Paulo
State in Brazil (fig. 1). A-type granites of similar age
are reported from southern Uruguay (Oyhantgabal
et al. 2007), the Pelotas Batholith in southernmost
Brazil (Philipp and Machado 2005), the Graciosa
Province of Parand (Gualda and Vlach 2007a,
2007b), and the Agudos Grandes Batholith of Sao
Paulo (Janasi et al. 2001). Those granites commonly
occur in association with syenites (e.g., Gualda and
Vlach 20074, 2007b; Nardi et al. 2008) and are con-
sidered as the record of the transition from post-
orogenic into anorogenic settings by several au-
thors (e.g., Philipp and Machado 2005; Oyhantcabal
etal. 2007; Veevers 2007). Related volcanic and sub-
volcanic rocks, mainly of rhyolitic composition,
have also been interpreted as of postcollisional na-
ture (e.g., Philipp and Machado 2005; Sommer et
al. 2006). Syntectonic (strike-slip) granites, mostly
formed before 605 Ma, are systematically older
than the A-type granites (e.g., Frantz and Botelho
2000.

The basin system overlies indiscriminatingly
cratonic blocks, Neoproterozoic fold belts, and syn-
orogenic granitic batholiths, indicating that the
processes of basin formation were not restricted to
any particular tectonic setting of the orogenic col-
lage and suggesting that they had no direct causal
connection with the orogenic processes.

Camaqua Basin

The Camaqua Basin is the best preserved and ex-
posed basin of the Ediacaran to Cambrian system
of basins of southeastern South America, cropping
out in an area of more than 3200 km? in the south-
ern Mantiqueira Province. Models for the origin of
the basin include peripheral foreland settings (e.g.,
Fragoso-Cesar 1991), postcollisional strike-slip ba-
sins (Oliveira and Fernandes 1991, 1992; Machado
and Sayeg 1992; Sommer et al. 2006), and exten-
sional basins (Fragoso-Cesar et al. 2000, 2001; Al-
meida 2001, 2005; Janikian 2001, 2004; Fambrini
2003). Detailed published stratigraphic descriptions
(e.g., Janikian et al. 2003, 2005; Fambrini et al.
2005b, 2006, 2007) and recently acquired geochro-
nological data from several volcanogenic units (Jan-
ikian ct al. 2008) cnable better constraints on the
chronology of the depositional and deformational
events. Data from the other basins are here inter-
preted by means of correlation and comparison

with the established chronostratigraphic frame-
work of the Camaqua Basin.

The Camaqua Supergroup (Fragoso-Cesar et al.
2003; Janikian et al. 2003) is the lithostratigraphic
unit that includes all sedimentary and volcanic suc-
cessions of the Camaqua Basin, being composed,
from base to top, of the following units: Marica
Group (fluvial sandstones and pebbly sandstones;
marine fine-grained sandstones and siltstones),
Bom Jardim Group (deep to shallow lacustrine
sandstones, conglomerates, rhythmites, and mud-
stones; intermediate, basic and acid volcanic and
volcaniclastic rocks), Acampamento Velho For-
mation (acid volcanic and volcaniclastic rocks),
Santa Barbara Group (alluvial sandstones, conglom-
erates, and sand-mud rhythmites), and Guaritas
Group (alluvial sandstones and conglomerates; ae-
olian sandstones). Basic and intermediate hypabys-
sal rocks of the Rodeio Velho Intrusive Suite cut
across the Camaqua Supergroup, frequently occur-
ring as shallow sills that intrude the Guaritas
Group. Angular unconformities bound these major
units, and variations in the thickness of each unit
in different areas of exposition suggest changes in
depocenter, related to a complex history of subsi-
dence and uplift of inner highlands (Almeida 2001;
Borba et al. 2002).

The prevailing deformational style is the same
in all units of the Camaqua Supergroup: highly dip-
ping normal, oblique, and strike-slip faults, defined
by discrete planes, commonly presenting striations
and locally constituting fault bundles, sometimes
related to drag folds, upturning of bedding planes
and rare tectonic breccias. Despite that, the density
of faults is greater in the lower stratigraphic units
(Maricd and Bom Jardim groups and Acampamento
Velho Formation). This fact is interpreted as the
result of the recurrence of tectonic events along the
depositional history of the Camaqua Supergroup,
which are possibly related to the origin of angular
unconformities. Reverse faults are observed only
locally, without specific stratigraphic position.
They are interpreted as the result of the same com-
pressional events responsible for the main strike-
slip faults.

Fault orientations are related to anisotropy di-
rections of the basement of the Camaqua Basin.
Prevailing faults show NE-SW to NNE-SSW trends,
parallel to the metamorphic Neoproterozoic and
Paleoproterozoic schistosities found in the Dom
Feliciano Belt and in the northern and eastern por-
tions of the Rio Vacacai Terrane. Other faults show
WNW-ESE trends, being controlled by metamor-
phic schistosity and shear zones at the southern
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border of the Rio Vacacai Terrane, near its contact
with the Valentines Block (northern Rio de La Plata
Craton). Several different events of tectonic acti-
vation were recognized through paleostress analy-
sis of faults with striations (Almeida 2005), the
main ones being the basin-forming NW-SE and
ENE-WSW extensional events and the strike-slip
reactivation of the faults by NE-SW compression,
causing basin inversion. Additional evidence for an
extensional origin for the basin comes from prov-
enance analysis of various stratigraphic levels
(Fambrini et al. 1992; Fambrini 1998, 2003; Fragoso-
Cesar et al. 2000, 2001; Almeida 2001, 2005; Jan-
ikian et al. 2003, 2005; Janikian 2004; Almeida et
al. 2009), which reveals that alluvial fans and fan
deltas were fed from active normal faults, without
major lateral tectonic displacement between the
deposits and their sources. This evidence suggests
that strike-slip deformation was not related to the
basin-forming events but only to postdepositional
reactivation of faults with small individual dis-
placements. The presence of voluminous volcanic
successions also corroborates the hypothesis of ex-
tensional origin.

The age of the Camaqua Basin is constrained by
several analyses of volcanic and intrusive rocks,
which indicate an evolution from 605 to 535 Ma.
The lowest sedimentary unit has a minimum age
of 600.5 + 2.4 Ma, given U-Pb zircon dating of a
granitic apophysis (Janikian et al. 2008). The
mainly intermediate volcanic rocks of the Hilario
Formation indicated Ar-Ar crystallization ages of
pagioclase of 590 + 6, 586 + 8, and 588 = 7 Ma
(Janikian et al. 2008). A correlatable lapilli tuff level
yielded a U-Pb zircon age of 590.5 = 5.7 Ma (Jan-
ikian et al. 2008), and a tuff level intercalated in
fine-grained sediments that overlay the main vol-
canic interval was dated at 580 + 3.6 Ma through
the U-Pb SHRIMP method in zircon crystals (Jan-
ikian et al. 2008). The mainly acid Acampamento
Velho Formation shows U-Pb crystallization ages
of 574 + 7 Ma (Janikian et al. 2008) and 573 + 18
Ma (Chemale 2002), and younger rhyolitic rocks
yielded ages of 544 + 5 Ma (L. Janikian, unpub-
lished data) and 549 + 5 Ma (Sommer et al. 2005).

Whole-rock samples of basic rocks of the Rodeio
Velho Intrusive Suite of the Camaqua Basin were
dated by *°Ar-*Ar systematics following Vascon-
celos et al. (2002). Samples were irradiated at the
Instituto de Pesquisas Energéticas e Nucleares/
Comissdo Nacional de Energia Nuclear IEA-R1 nu-
clear reactor. Neutron flux gradients were moni-
tored using Fish Canyon sanidine standards. The
samples were then stepwise degassed using an ar-
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gon laser system, and the argon isotopic ratios were
measured using a MAP-215-50 mass spectrometer
at the University of Sao Paulo. Blanks were run
between each heating step. These hypabyssal rocks
were placed as shallow sills in the Guaritas Group
and yielded an age of 535.2 + 1.1 Ma (fig. 2). Soft
sediment deformation features found in the contact
of these sills with sandstones of the Guaritas Group
indicate that the age of deposition of this last unit
of the basin was close to the age of the intrusions.

Other Basins in the Southern
Mantiqueira Province

Besides the Camaqui Basin, the southern Manti-
queira Province also includes smaller occurrences
of volcanic and immature sedimentary rocks that
represent the partial preservation of other basins of
the system. These occurrences are found mainly in
Uruguay, including the Barriga Negra, Cerros de
Aguirre, and Playa Verde basins (the last including
the Playa Hermosa, Las Ventanas, and San Carlos
formations).

The Barriga Negra Basin comprises arkoses, con-
glomerates, and breccias that overlay metasedi-
ments of the Dom Feliciano Belt. Some authors
include the Barriga Negra Formation in the evo-
lution of the precollisional passive margin succes-
sions of the Dom Feliciano Belt (e.g., Gaucher 2000;
Gaucher ct al. 2005; Pccoits et al. 2008). Never-
theless, the Barriga Negra Formation comprises al-
luvial fan deposits with clasts derived from fault
scarps that exposed those previous units, strongly
suggesting that a tectonic event uplifted the pre-
vious metasedimentary deposits while promoting
the subsidence of the Barriga Negra Basin (Fambrini
et al. 2005a). In addition to the alluvial fan deposits,
Fambrini et al. (2005a) identified fan delta, braided
river, and storm-dominated shallow marine depos-
its. An arid climate is inferred from the abundance
of marble clast in the alluvial fan deposits (Fam-
brini et al. 2005a). A maximum age of 566 + 8 Ma
is constrained by U-Pb dating of detritic zircon
(Blanco et al. 2009) and corroborated by the fossil
content of the underlying carbonate rocks (e.g.,
Gaucher 2000; Gaucher et al. 2003, 2005).

The Cerro de Aguirres Basin exposes acid vol-
canic rocks (mainly dacites) with a U-Pb SHRIMP
crystallization age of 571 = 8 Ma (Hartmann et al.
2002). The Playa Verde Basin is composed of three
isolated expositions, each one comprising a differ-
ent formation: the Playa Hermosa, San Carlos, and
Las Ventanas formations (Pazos et al. 2003),
grouped in the Maldonado Group (Pecoits et al.
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Figure 2. Graphic showing results of whole-rock step-heating Ar-Ar radiometric dating of sample of basic rock from
the Rodeio Velho Intrusive Suite. Note plateau at 535.2 Ma, interpreted as the crystallization age of the rock.

2008). The Playa Hermosa Formation comprises a
lower succession of conglomerates, sandstones, and
rhythmites of interpreted marine origin, possibly
with glacial influence (e.g., Fambrini et al. 2003;
Pazos et al. 2003, 2008; Pecoits et al. 2008), and an
upper succession of bimodal volcanic rocks (e.g.,
Pazos ct al. 2003; Sdnchez-Bettucci et al. 2009) re-
lated to the Sierra de Las Animas volcanic complex.
An age of approximately 580 Ma is attributed to
the unit (Sdnchez-Bettucci et al. 2009). The San
Carlos Formation comprehends alluvial fan con-
glomerates with granitic provenance and may be
correlated to the Santa Barbara Formation of the
Camaqua Basin (Pazos et al. 2003). According to
Gaucher et al. (2008), the Las Ventanas Formation
is an up to 5000-m-thick volcanosedimentary suc-
cession characterized by basic volcanic rocks over-
lain by a fining-upward succession of conglomer-
ates, sandstones, and siltstones. Alluvial fans and
shallow marine deposits are interpreted for the clas-
tic succession (e.g., Blanco and Gaucher 2005), and

a depositional age between 615 and 579 Ma is in-
terpreted for the unit on the basis of paleontological
content and available geochronological data
(Gaucher et al. 2008). An extensional rift setting
was proposed by Blanco and Gaucher (2005) for the
Las Ventanas Formation, and the same model was
applied for the whole Maldonado Group by Pecoits
et al. (2008).

Itajai Basin

The Itajai Basin is the second largest basin of the
system, with approximately 1200 km?* of exposed
area and a preserved sedimentary record more than
10,000 m thick (Teixeira et al. 2004), including al-
luvial, daltaic, and turbiditic successions (e.g., Ros-
tirolla ct al. 19924; Fonscca ct al. 2003; Basilici
2006). This basin overlies the Joinvile Cratonic
Block and is considered by many authors as a fore-
land basin related to the collisional tectonics of the
Brasiliano Orogeny in the region (e.g., Fragoso-
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Cesar et al. 1982a, 1982b; Rostirolla and Soares
1992; Rostirolla et al. 19924, 1992b, 1999; Gresse
et al. 1996; Basei et al. 2000), but there is no clear
evidence to support a synorogenic origin. Indeed,
the preservation of more than 10,000 m of sedi-
mentary rocks after the exhumation of the orogenic
load would imply a very small elastic restoration
of the lithosphere, which is very unlikely.

The Itajai Basin is characterized by the recur-
rence of conglomerates, sandstones, sandstone-
mudstone rhythmites, and mudstones in cycles
that compose four depositional sequences (Teixeira
et al. 2004). There is no accepted formal division
for the sedimentary successions of the basin, but
several studies have been carried out on the de-
positional systems evolution, particularly on the
well-exposed turbidites (e.g., Rostirolla et al. 19924;
Fonseca et al. 2003; Basilici 2006). Rhyolitic tuffs
occur at some stratigraphic levels, and the basin is
intruded by a granite stock.

The Itajai Basin is elongated in the NE to ENE
direction, parallel to the main ductile structures of
its metamorphic basement, and is bounded by a
high dip fault in its southeastern border. Tectonic
structures include open folds with NE axis, NE-
trending reverse to oblique faults, and E-W-trending
right-slip faults, reactivated to left-slip in a latter
tectonic event (Rostirolla et al. 1992b). There is no
clear evidence of active synsedimentary tectonism,
since the modern basin border faults were formed
during latter deformational events and the original
proximal deposits are not preserved. Paleostress
fields analysis (e.g., Rostirolla et al. 1992b, 1999)
points to two main compressional events, the first
with NW-SE-oriented and the second with NE-SW-
oriented maximum horizontal stresses.

Basei et al. (2008a) obtained a U-Pb SHRIMP zir-
con age of 584 = 2.7 Ma for a tuff level in the lower
arkosic succession, which constraints the deposi-
tional age of the lower unit. The maximum age of
the basin was constrained by Guadagnin et al.
(2008), who found a detrital zircon population of
563 + 3 Ma in tuffaceous siltstones and volcano-
genic sandstones, and Silva et al. (2005), who ob-
tained a U-Pb SHRIMP age of 606 + 8 Ma for a
probably reworked zircon crystal also from a tuff
level. The age of the acid intrusive rocks con-
straints the minimum age of the succession at ap-
proximately 550 Ma; Basei et al. (1999) published
a U-Pb zircon age of 560 Ma for granites and intru-
sive rhyolites that cut through the whole basin fill,
and Basci ct al. {2008a) confirmed this result with
a U-Pb SHRIMP zircon age of 559 + 9.5 Ma for an
acid intrusion, while Guadagnin et al. (2008) found
an age of 549 + 4 Ma for similar rocks. The re-
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crystallization of zircon during deformation was
dated by Basei et al. (20084 at 535 + 11 Ma.

Other Basins in the Joinvile Block

Two other basins occur in the Joinvile Block: the
Guaratubinha and Campo Alegre-Corupd basins,
both of which contain thick volcanosedimentary
successions.

The Guaratubinha Basin contains mainly acid
volcanic and volcaniclastic rocks, with subordi-
nated intermediate volcanic rocks (e.g., Fuck et al.
1967; Reis Neto et al. 2000). Coarse-grained sili-
ciclastic rocks, mainly polimictic conglomerates,
are restricted to the southwestern basin border
(Reis Neto et al. 2000), indicating the presence of
a north-south scarp at the time of basin formation.
The preserved area of the basin is in excess of 200
km?, but the exposed thickness of the strata is diffi-
cult to estimate. Basei et al. (1998) obtained a U-
Pb zircon age of 605 = 9 Ma for the crystallization
of acid volcanic rocks in the Guaratubinha Basin.

The Campo Alegre Basin has a preserved area of
approximately 500 km? and exposes up to 1000 m
of conglomerates, sandstones, pyroclastic, and vol-
canic rocks, including basalts, andesites, dacites,
riodacites, trachytes, and rhyolites (e.g., Waichel et
al. 2000; Citroni et al. 2001). The lower unit of
conglomerates and sandstones is interpreted as the
deposits of alluvial fans and braided rivers, and the
overlaying fine-grained facies as subaqueous de-
posits (Citroni et al. 2001). The volcanogenic suc-
cession shows an alkaline affinity (Waichel et al.
2000) and has been correlated to the Castro and
Guaratubinha basins (Ebert and Brochini 1971) and
to the Camaqua Basin (Waichel et al. 2000). U-Pb
zircon data for the volcanic rocks of the Campo
Alegre Basin indicate crystallization ages of
595 + 16 Ma (Cordani et al. 1999) and 598 + 29 Ma
(Basei et al. 1998; Siga et al. 2000).

Castro Basin

The Castro Basin is the third largest basin of the
system, with more than 800 km? of exposed area
overlying the southern part of the Ribeira Fold belt.
It is composed of feldspathic sandstones, siltstones,
and conglomerates, as well as acid volcanic rocks,
disposed in a more than 3000-m-thick succession.
Its tectonic setting is also controversial, being in-
terpreted as cither a postorogenic molasse basin
(Trein and Fuck 1967) or a transtentional strike-
slip basin (Soares 1987, 1988).

The stratigraphic column of the basin is not yet
well established because of the intense faulting and

This content downloaded from 143.107.076.005 on April 03, 2019 09:54:38 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



152 R. P. ALMEIDA ET AL.

Mean = 549.6+4.4 [0.81%] 95% conf.

data-point error symbols are 2¢

—

Wtd by data-pt errs only, 0 0f 20 rej.
600 MSWD = 3.1, probability = 0.000
(error bars are 20)
580
560
540
520
500

Figure 3. Results of zircon U-Pb laser ablation inductively coupled plasma mass spectrometry radiometric dating

of sample from acid rock of the Castro Basin.

compartmentalization of the exposed successions.
Published works diverge about the relative position
of the lithostratigraphic units (e.g.,, Moro 1993;
Moro et al. 1993, 1994). Our field observations sug-
gest the following stratigraphic column for the ba-
sin (from base to top): extrusive and pyroclastic ba-
sic to intermediate rocks, turbiditic sedimentary
rocks and associated subaqueous volcaniclastic
rocks, alluvial fan conglomerates with volcanic
provenance, micaceous sandstones of distal alluvial
plains, and finely subaerial acid volcanic and py-
roclastic rocks, including rhyolitic tuffs and lapilli
tuffs.

The Castro Basin is bounded by a high dip NNE-
trending fault that is parallel to the metamorphic
foliation of the basement. The deformational struc-
tures that affect the Castro Basin are very similar
to those that affect the Camaqua Basin, with high
dip faults with NE to NNE strikes juxtaposing dif-
ferent stratigraphic units and a set of NW-trending
structures that show small displacements. In the
Castro Basin, these NW structures are intruded by
numerous basic dikes that fed the Early Cretaceous
volcanism in the region. The occurrence of alluvial
fan deposits in the sedimentary succession suggests
the presence of active synsedimentary fault scarps,
but the correlation between the tectonic events and
the basin evolution is not yet well established. Pre-
liminary paleostress data reveal that the two main

deformational events were a NW-SE extension and
a NE-SW compression that caused strike-slip move-
ment on high dip faults.

Cordani et al. (1999) obtained a U-Pb zircon age
of 543 + 12 Ma for the upper rhyolites. A new U-
Pb laser ablation inductively coupled plasma mass
spectrometry age of 549.6 = 4.4 Ma for the same
unit was obtained at the Universidade de Brasilia,
following the procedure described by Biihn et al.
(2009), and confirms an Early Cambrian age for the
uppermost succession (fig. 3).

Other Basins in the Ribeira Belt

Besides the Castro Basin, several other small oc-
currences of Ediacaran deposits are found in the
Ribeira Belt, resulting from partial preservation of
very similar basins. These basins are bounded by
reactivated strike-slip faults, preserving several
hundreds of meters of siliciclastic deposits. They
are characterized by basin border conglomerates
that grade into arkoses, rhythmites, and mudstones
toward the depocenter. The depositional environ-
ments interpreted for these successions are the
same in all basins: alluvial fans and fan deltas re-
worked by tides and storm waves. Among these
occurrences are the Pouso Alegre, Eleutério, Pico
do Ttapeva, and Camarinha basins (Teixeira et al.
2004).
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The preserved area of the Pouso Alegre Basin is
only 5 km? exposing more than 1000 m of con-
glomerates, arkoses, and siltstones of alluvial fan,
wave-dominated fan delta, and marine environ-
ments (Teixeira and Petri 2001). The basin is lim-
ited by postdepositional strike-slip faults of ENE-
WSW direction, which reactivated basement
structures. The presence of alluvial fan deposits fed
from the northern basin border (Teixeira et al. 2004)
indicates that the basin was originally bounded by
active faults.

The Eleutério Basin has a small preserved area
(approximately 15 km?) and an exposed thickness
of more than 700 m (Teixeira et al. 2004). The basin
is limited by strike-slip faults of NE-SW direction,
which reactivated basement structures. Teixeira et
al. (2004) identified basin border alluvial fan de-
posits, dominated by conglomeratic facies, grading
to braided-plain deposits, coarse-grained deltas, and
fine-grained marine deposits. Teixeira (1995) con-
sidered the modern basin boundary faults as the
original basin-forming structures, proposing a pull-
apart model for the basin. A rhyolite clast was dated
by Teixeira et al. (1999) through the U-Pb SHRIMP
method, giving a maximum age of 606 + 13 Ma for
the basin. K-Ar age of similar clasts revealed a ther-
mal event at 530.5 = 14.5 Ma (Teixeira 1995), con-
straining the minimum age of the succession.

The Pico do Itapeva Basin has a preserved area
of approximately 20 km? bounded by reactivated
strike-slip faults, and is composed of more than
1300 m of conglomerates, arkoses, sandstones, and
mudstones deposited in alluvial fans and coastal
environments (Coimbra and Riccomini 1996).

The Camarinha Basin has a preserved area of
more than 100 km? and is composed of two sepa-
rated occurrences, bounded by NE-SW strike-slip
faults. The basin exposes approximately 4000 m of
conglomerates, arkoses, sandstones, and rhyth-
mites (Moro 2000). Alluvial fan, fan delta, and
wave-dominated coastal environments have been
recognized (e.g., Teixeira et al. 2004).

Regional Correlation

Age constraints, lithological similarities, and struc-
tural aspects point to the correlation of all Edi-
acaran to Cambrian basins of southeastern South
America in a common basin system (fig. 5), with
recurrent events of subsidence, magmatic activity,
and brittle deformation from 605 to 530 Ma. Lith-
ological similarities among basins are striking,
with all being dominated by immature siliciclastic
rocks, acid volcanic rocks (with varied contribution
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of intermediate and basic rocks), or both. Coarse-
grained facies, especially alluvial fan and fan delta
deposits, indicate the presence of basin border
scarps in all basins of the system.

Despite the prevalence of inverse faults in some
basins, such as the Itajai Basin, and of strike-sip
faults in others, such as the Camaqua and Castro
basins, the same paleostress fields were responsible
for the deformation of the system (fig. 4). The main
deformational event recognized in all basins is a
NW-SE compression, which reactivated the struc-
tures that are oblique to the main stress vector as
strike-slip faults and reactivated the structures that
are perpendicular to this vector as inverse faults,
as seen in the Itajai Basin (fig. 4). Age constraints
for this compressional deformation point to an
Early Cambrian age (e.g., Teixeira 1995; Basei et al.
2008a). NW-SE extension is recognized in all three
major basins, and there is evidence for a basin-form-
ing NW-SE extension at least in the Camaqua Basin
(e.g., Almeida 2005). NE-SW compression reacti-
vating strike-slip faults with movement opposite
to the main compressional event has been recog-
nized in the Camaqua and Itajai basins.

Age constraints reveal that all basins were
formed between 605 and 530 Ma, recording four
periods of volcanic activity: the first from 605 to
580 Ma, the second at approximately 575 Ma, the
third from 550 to 545 Ma, and the last at 535 Ma.
At least two main phases of regional basin for-
mation and volcanism can be identified (fig. 5): a
first one characterized by thick volcanosedimen-
tary successions related to basic and intermediate
volcanic rocks, with minor acid volcanics, and a
second one characterized by thick siliciclastic suc-
cessions and discrete events of acid volcanism. The
first phase is recorded in the Playa Verde, Camaqua,
Campo Alegre-Corup4, and Guaratubinha basins,
all of which contain basic to intermediate volcanic
rocks in the 605-580 Ma range. The second phase
is recorded in the Barriga Negra, Cerros de Aguirre,
Camaqua, Itajai, Camarinha, Castro, Pico do Ita-
peva, Eleutério, and Pouso Alegre basins. Acid vol-
canic rocks of approximately 570 Ma occur in the
Cerros de Aguirre and Camaqua basins, and acid
volcanism of approximately 550 Ma is recorded in
the Camaqua, Itajai, and Castro basins.

Discussion

The interpretation of a common origin for all basins
of Ediacaran to Cambrian age of southeastern South
America implies that all different terranes involved
in the collisional stage of the Brasiliano Orogeny
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Figure 4. Schematic cross sections of the three main basins of the Ediacaran to Cambrian system of basins of
southeastern South America, showing the original normal faults reactivated by NW-SE compression in the Early
Cambrian, either as strike-slip or inverse faults, depending on the preexisting fault direction. A color version of this
figure is available in the online edition of the Journal of Geology.

in the region werce already united in a single platc  fail to explain the common evolution of the whole
at approximately 600 Ma (fig. 6). Alternative mod-  region from the Middle Ediacaran on, with the syn-
els that consider superposed orogenic events after  chronous formation of A-type granites and similar
600 Ma are based on the interpretation of strike-  basins. Strike-slip deformation occurred in distinct
slip shear zones as syncollisional features, but they  phases, both before and after the development of
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Geology.

the basin system. Therefore, the Ediacaran shear
zones are most likely related to the far-field prop-
agation of compressional stresses during younger
collisional events at the plate margins (such as the
East Gondwana-West Gondwana collision).

Several contrasting models have been proposed
for the origin of individual basins, with most of
them based on the interpretation of the postdepos-
itional strike-slip and locally inverse faults as re-
lated to basin-forming tectonics. Nevertheless, the
identification of extensional faults formed before
the strike-slip deformation (e.g.,, Almeida 2005),
with some of them considered as synsedimentary
(Fragoso-Cesar et al. 2001); the identification of nor-
mal fault scarps feeding alluvial fans; and the oc-
currence of expressive volcanic units in several ba-
sins point to an extensional origin for the basin
system.

This extensional deformation may be related to
the decrease in lithospheric strength caused by rais-
ing temperatures and magmatic activity. Some of
this effect may be due to low lateral heat loss in
the wide collisional orogens of the Mantiqueira
Province. This sort of thermal weakening may
reach its maximum several million years after the
end of collision (Gaudemer et al. 1988), potentially
explaining the time gap between collision and ex-
tension in the Mantiqueira Belt. On the other hand,
the voluminous regional magmatic activity coeval
to the formation of the basin system may indicate
an additional heat source, possibly from mantle
anomalies or magma underplating.

Gravitational collapse of the orogenic edifice

may have contributed as a driving force for exten-
sion, but the inferred extension of the whole lith-
osphere necessarily depends on forces acting at the
plate margins (e.g., Rey et al. 2001; Tirel et al. 2006).
Moreover, the great preserved thickness of the suc-
cessions contrasts with the style of basins formed
mainly by gravitational collapse, such as the ex-
tensional basins of the Himalayas, which are rarely
more than 1000 m deep (e.g., Armijo et al. 1986;
Cogan et al. 1998; Garzione et al. 2003) and thus
have low preservation potential, since the base-
ment of the basins is thousands of meters above
sea level. The characterization of an extensional
basin system coeval to voluminous anorogenic
granites brings similarities with the mesozoic ex-
tensional basin province of southeastern China
(e.g., Gilder et al. 1991; Goodell et al. 1991; Qiu et
al. 1991; Li et al. 2007; Shu et al. 2009), which
developed after compressional deformation due to
low angle subduction (Li and Li 2007).

The northern part of the Mantiqueira Province
has no preserved basin of Ediacaran age, possibly
because of a deeper level of erosion, indicated by
the abundance of high-grade metamorphic rocks.
In this same region, Late Ediacaran granites are in-
terpreted as synorogenic (e.g., Pedrosa-Soares et al.
2001; Silva et al. 2005), but they intrude a deformed
basin surrounded by the Sao Francisco-Congo cra-
ton to the east, north, and west in a clear intraplate
position. Trying to solve this paradox, Pedrosa-
Soares et al. (1998, 2001) proposed a model of open-
ing and closure of a small oceanic embayment that
never completely separated the Congo and Sio
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Figure 6. Reconstruction of the Middle to Late Ediacaran extensional event of southeastern South America, affecting
indiscriminately all the elements of the Criogenian to Early Ediacaran orogenic collage in the region.

Francisco cratons. The connections between the
southern and northern Mantiqueira Province dur-
ing the Late Ediacaran remain uncertain.

Other Ediacaran units of western Gondwana in-
clude successions of the Nama Group of Namibia
and the Corumba Group of the Paraguay Belt at the
border of the Amazon Craton in Brazil. Both these
units are marine in origin and present Late Edi-
acaran fossils in carbonate successions, being de-
posited in a completely different paleogeography
than the basin system of southeastern South Amer-
ica, which comprised isolated volcanicastic basins
with elevated flanks.

Conclusions

The major geologic features formed between 600
and 530 Ma in southeastern South America are a
system of fault-bounded basis and several coeval
granites that have been traditionally related to the
compressional or transpressional tectonics of the
late stages of the Pan-African-Brasiliano Orogeny.
Despite previous models that consider different tec-
tonic settings for each of these basins, recent geo-
chronological data strongly support the correlation
of the volcaniclastic and siliciclastic basins of Edi-
acaran to Cambrian age in a continuous system
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more than 1500 km long. Individual basins overlie
indiscriminatingly cratonic blocks, Neoproterozoic
thrust and fold belts, a juvenile island arc terrane,
and synorogenic granites, revealing that the whole
southern Mantiqueira Province has been part of the
same plate since approximately 600 Ma.

The characterization of an extensional origin for
the basin system reveals that regional extension
took place approximately 20 million years after the
last Brasiliano collisional event in the region, mak-
ing it difficult to argue for a direct causal relation-
ship. The occurrence of basic, intermediate, and
acid volcanic rocks and voluminous coeval granites
indicates that mantle and crustal fusion were si-
multaneous with the basin-forming extension.
Raised temperatures may have caused the thermal
weakening of the lithosphere, enabling both the ex-
tensional deformation and the recurring strike-slip
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deformation that reactivated the orogenic struc-
tures. This strike-slip deformation has been mis-
taken for the basin-forming tectonics, but it oc-
curred after basin formation, in the Early
Cambrian, and most probably is the result of the
far-field propagation of compressional stresses orig-
inated in younger collisional orogens at the plate
margins.
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