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ABSTRACT

New and compiled data of zircon U-Pb ages and geochemical-isotopic constraints provide new insights into the
orogenic evolution of the Rio Apa Terrane (RAT) and its close affinity with the Amazonia throughout the
Proterozoic. Two terranes with distinct evolutionary histories built the RAT. The Porto Murtinho
(2070-1940 Ma) and Amoguija (1870-1820 Ma) magmatic arcs generated the Western Terrane which is mainly
composed of short-lived crustal components. Granitoid rocks (1870 Ma) in the distal Corumb4 Window indicate
that the RAT is much larger in extent. The Caracol accretionary arc (1800-1740 Ma) and the associated Alto
Tereré back-arc basin formed away from the Amoguija belt, being roughly coeval with the adjoining Baia das
Garcas suite (1776 Ma) and Paso Bravo granitoid rocks (1774-1752 Ma). These tectonic units constitute the
Eastern Terrane, whilst the Nd—Hf isotopic constraints indicate derivation from a predominantly juvenile
magma source with the minor input of crustal-derived contaminants. The youngest detrital zircon grains from
the Alto Tereré samples gave 1740-1790 Ma ages and unimodal age spectra were mainly present. The basin infill
was, therefore, most likely concomitant with the exhumation of the Caracol belt. Alto Tereré provenance study
also included detritus from passive to active margin settings. The RAT underwent regional cooling between 1.35
and 1.27 Ga, documented mainly by *°Ar—3°Ar and K—Ar ages. This age pattern matches a collisional episode
that formed the accretionary margin of Amazonia, suggesting that the RAT was a close neighbor at Ectasian
times. The geodynamic interplay between them lasted until 1.1 Ga ago, highlighted by some shared-components
of a LIP event.

1. Introduction

pelitic-carbonatic rocks. Fig. 1 also shows the associated Neoproter-
ozoic Tucavaca belt, which started as an aulacogen developed within

The Rio Apa Craton (Almeida, 1967; Cordani et al., 2010), also
named Rio Apa Province (Ruiz, 2005), Rio Apa Block (Lacerda Filho
et al., 2016), or Rio Apa Terrane — RAT (Faleiros et al., 2016) crops out
as a structural high, 220 km long and 60 km wide, largely overlain by
Neoproterozoic-Ediacaran and Quaternary sedimentary rocks (Fig. 1).
Basement rocks, occurring in another window in the Corumb4 region,
located ca. 100-150 km away from the southwestern portion of the
Amazonian Craton (present coordinates), are probably coeval with the
RAT due to the similarity of their ages. Considering the Neoproterozoic
framework, the RAT is a very large basement dome encompassed within
the Paraguay belt, a tectonic unit formed during the process of assembly
of Western Gondwana (e.g., Boggiani and Alvarenga, 2004). The
Paraguay belt has a vergence towards the SE edge of the Amazonian
Craton, highlighted by NW-trending nappes with metamorphosed
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the cratonic crust (Cordani et al., 2010; Lacerda Filho et al., 2016).
The geological knowledge of the RAT has increased significantly
over the last two decades, due to systematic mapping of the Brazilian
Geologic Survey (CPRM), in addition to geochemical and geophysical
data. Moreover, Cordani et al. (2010) conducted a systematic U—Pb,
Rb—Sr, Sm—Nd and K—Ar study in order to focus on the geodynamic
evolution of the unit, previously inferred by regional mapping and age
dating (Aratjo et al., 1982; Lacerda-Filho et al., 2006). According to
these authors, the RAT consists of distinct tectonic domains, formed by
accretionary events roughly between 2.0 and 1.7 Ga. Eventually, the
resulting arc complexes underwent crustal shortening and meta-
morphism, as part of a major collision along the active margin of the
continental segment called Amazonia, occurred in Mesoproterozoic
times (e.g., Cordani and Teixeira, 2007; Bettencourt et al., 2010;
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Fig. 1. A) tectonic sketch of the Amazonian Craton. Basement inliers (reworked in the late Mesoproterozoic) in the Andean chain are also shown in black (A = ca.
2.0 Ga-old Arequipa Terrane); B) Geologic outline of the SW Amazonian Craton, showing the distal Rio Apa Terrane (present coordinates) and the northern structural
high with correlative rocks (CW = Corumba Window). Keys: AGB (Aguapei fold and thrust belt; R (Mesoproterozoic reworking of the Jamari Terrane). Stars in the
SW Amazonian Craton represent 1.11 Ga LIP components: h (Huanchaca sills and dikes; rt. (Rinc6n del Tigre complex); rb (Rio Branco suite). Geologic framework

adapted from Cordani et al. (2010), Casquet et al. (2012) and Teixeira et al. (2019b). See text for details.



W. Teixeira, et al.

Table 1
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Geologic-tectonic aspects of the Ventuari-Tapajés (VT), Rio Negro-Juruena (RNJ), Rondonian-San Ignacio (RSI) and Sunsas-Aguapei (SA) provinces, highlighted by
the age and geochemical-isotopic constraints and major magmatic and tectonic episodes. See text and Fig. 1 for an explanation.

Province

Relevant events and major geologic-tectonic characteristics

Sunsas- Aguapet (SA) (1.20-0.98 Ga)

Rondonian-San Ignacio (RS (1.59-1.30 Ga)

Rio Negro-Juruena (RNJ)
(1.82-1.60 Ga)

1.11 Ga Rincoén del Tigre-Huanchaca LIP. 1.10-1.00 Ga Sunsas collisional orogeny. Aguapef fold-and-thrust belt (c. 0.96 Ga) Nova
Brasilandia Terrane (1.18-1.12 Ga). Regional shear zones (e.g., San Diablo, Santa Catalina). Syn- to late-tectonic plutons
(1.08-1.05 Ga). Nova Brasilandia Terrane (1.11 Ga) within the RSI (coeval with the Sunsas collision). 1.11 Ga Rincén del Tigre-
Huanchaca LIP. Anorogenic plutonism (1.00-0.95 Ga). Crystalline basement (1.92 Ga).

Cachoeirinha (1.59-1.52 Ga), Rio Alegre (1.51-1.48 Ga), Alto Central Brazil (1.44-1.43 and 1.35-1.33 Ga), Santa Helena
(1.44-1.42 Ga) belts. San Ignacio orogeny (1.37-1.34 Ga): Pensamiento suite (Paragud Terrane: 1.82-1.76 Ga). Crustal shortening
and collisional metamorphism (~1.35 Ga) inboard the RNJ and RAT. Cratonization: 1.30-1.25 Ga. Tectonic reactivation and
crustal reworking triggered by the Sunsas orogeny. Anorogenic plutonism (1.08-1.05 Ga), including the Rondénia Tin Granites
(0.99-0.95 Ga).

Basement window: gneisses (2.05-2.03 Ga) and granitoid suites (1.99-1.93 Ga and 1.89-1.87 Ga). Juruena orogen (1.82-1.74 Ga).
Teles Pires suite and coeval mafic suite (1.78-1.76 Ga). Colider and Roosevelt Groups (1.78-1.74 Ga). Alto Jauru granite-
greenstone terrane (1.80-1.70 Ga). Collisional high grade metamorphism and deformation (1.69-1.63 Ga). Serra da Providéncia
suite (1.60-1.51 Ga). Anorogenic plutons (1.45-1.35 Ga). Metamorphic overprints: 1.57-1.50 Ga and ~1.35 Ga. Cratonic area for

the RSI and SA orogenies.
Ventuari-Tapajos (VT) (2.05-1.80 Ga)

Multiple accretionary belts: calc-alkaline gneiss complexes (2.04-1.90 Ga) and granitoid suites (1.89-1.88 Ga). Uatuma SLIP

(1.89-1.87 Ga) and coeval granitoid rocks (1.88 Ga). Cachimbo Graben: basal metavolcanosedimentary sequence (ca. 1.74 Ga).
Cratonic area for the RNJ and RSI orogenies.

Rizzotto et al., 2013).

The detailed evolution of particular domains within the RAT, in-
cluding the provenance sources of the supracrustal sequences, is still
poorly known. In this study, new U—Pb LA-ICP-MS ages from detrital
zircon grains of key samples were obtained to better understand their
tectonic role. Some additional U—Pb zircon SHRIMP dating was also
carried out on the granitoid rocks that may have been their sources. The
novel approach integrated the geochronological and isotopic-geo-
chemical interpretation to address the geodynamic evolution of the
RAT and the possible correlations with the Paleo- to Mesoproterozoic
accretionary-collisional history of Amazonia. The potential implications
in the context of supercontinent Columbia are also discussed. Finally,
we reassess a peculiar intraplate mafic magmatism (1.11 Ga) occurring
in the RAT, which shows a similar age with a Large Igneous Province
(LIP) episode documented in the SW Amazonian Craton, which allows a
global barcode match in supercontinent Rodinia.

2. The Amazonian Craton

The Amazonian Craton (Fig. 1) essentially comprises two major
crustal segments, the Archean-Paleoproterozoic tectonic provinces in
the NE and the late Paleo- to Mesoproterozoic ones in the SW (e.g.,
Teixeira et al., 1989; Tassinari and Macambira, 2004; Cordani and
Teixeira, 2007). In the eastern and south-eastern parts, the craton is
bounded by the Araguaia and Paraguay belts whose rocks underwent
deformation and metamorphism during the development of the Trans-
brasiliano lineament (Fig. 1). This lineament is a major suture along
which a large Pharusian-Goias ocean disappeared during the process of
agglutination of West Gondwana (Cordani et al., 2016a). From a pa-
leotectonic point of view, the closure of this ocean that separated the
Amazonian - West African cratons from the Sao Francisco and Rio de la
Plata cratons eventually produced Brasiliano-Pan African belts at
Neoproterozoic - Eocambrian times (e.g., Cordani et al., 2009; Ganade
et al., 2016; D'Agrella-Filho and Cordani, 2017). We summarize below
relevant tectonic-geological aspects of the Proterozoic history of the
Amazonian Craton that can be used to establish correlations with the
RAT, the focus of the study.

The oldest segment consists of one ancient core - the Central
Amazonian tectonic province (> 2.6 Ga) - and the adjacent Maroni-
Itacaiunas tectonic province (2.45-1.93 Ga) to the north. The first
province, largely exposed within the Carajas and Rio Maria domains, is
essentially composed of Meso- to Neoarchean granite-greenstone asso-
ciations, medium- to high-grade terrains, and granitoid rocks (e.g.,
Bettencourt et al., 2016). The second province, mostly exposed in the
Guiana shield, consolidated during the Transamazonian orogeny by

means of accretionary and collisional arcs, hosts some Archean blocks
and/or inliers (e.g., Kroonenberg et al., 2016 and references therein;
Borghetti et al., 2018). Both provinces document LIP scale events,
namely the Avanavero and Uatumd, dated at 1.89-1.87 and
1.79-1.78 Ga, respectively. These two igneous events have barcode
matches in the context of the Columbia supercontinent (Teixeira et al.,
2019b and references therein).

The southern Ventuari-Tapajés (2.05-1.80 Ga), Rio Negro-Juruena
(1.82-1.60 Ga), Rondonian-San Ignacio (1.59-1.30 Ga) and Sunsas-
Aguapei (1.20-0.95 Ga) tectonic provinces (Fig. 1) are the result of
long-lived accretionary orogens coupled with plate convergence and B-
type subduction outboard of the Central Amazonian province (e.g.,
Cordani and Teixeira, 2007; Bettencourt et al., 2010; Teixeira et al.,
2010). We roughly followed the original model of Cordani and Teixeira
(2007) for the Proterozoic accretionary growth of the Amazonia, in
which the continued plate convergence in association with soft collision
and accretion dynamics would favor spontaneous and induced nuclea-
tion of oceanic slabs (Stern, 2004), producing lateral accretion and
stacking of successively younger arc complexes and intervening ter-
ranes through time and space. Such a “mobilistic” concept is used as a
case for the tectonic evolution of the RAT. In addition, we have con-
sidered recent geophysical and geologic information on the SW Ama-
zonian Craton, including U—Pb zircon dating and geochemical-isotopic
constraints, which also defined particular orogenic events and tectonic
settings of the lithostratigraphic units (e.g., Fernandes et al., 2011;
Rizzotto et al., 2013, 2014; Scandolara et al., 2013a, 2017).

Table 1 summarizes the geologic-geochronologic characteristics of
the Ventuari-Tapajés, Rio Negro-Juruena, Rondonian-San Ignacio and
Sunsas-Aguapei tectonic provinces with focus on the Central Brazil
shield (also termed Central Brazil shield). Special emphasis is given to
the Paleo- and Mesoproterozoic tectonic-magmatic events that allowed
potential implications for the RAT evolution.

The Ventuari-Tapajés province was formed in the Orosirian period
(e.g., Cordani and Teixeira, 2007) by means of accretionary-collisional
arcs. In the Central Brazil shield (Tapajés-Sao Felix do Xingu region; not
shown), the multiple magmatic arcs developed between 2.04 and
1.90 Ga, resulting in a complex geologic framework with calc-alkaline
tonalitic, monzogranitic and monzonitic gneisses, amphibolites and
associated metavolcanic-sedimentary sequences (back-arc). Volumi-
nous plutonic-volcanism (1.89-1.87 Ga) was also apparent in this
portion of the shield (e.g., Santos et al., 2000, 2001, 2004; Lamarao
et al., 2002; Fernandes et al., 2011), collectively ascribed to the Uatuma
silicic large igneous province - SLIP (e.g., Teixeira et al., 2019b and
references therein).

From a geodynamic point of view, the gneissic rocks may have
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generated, as a response of the northward subduction, successive slabs
beneath the Archean/Paleoproterozoic continental margin. The
Uatuma SLIP should be the rift-related activity over the adjoining stable
area, induced by a possible flattening in the angle of the subducting
plate (Fernandes et al., 2011). Nevertheless, the complexities of such a
dynamic setting, including timing and duration of crustal addition and
reworking are still under debate because of insufficient geochronologic-
isotopic information and scarce geophysical investigation (e.g., Rosa
et al., 2016). The available Sm—Nd one-stage depleted mantle model
Tpum ages (hereafter termed as Tpy; ages) for the Tapajés rocks are be-
tween 2.5 and 2.2 Ga (e.g., Lamarao et al., 2005; Tassinari and
Macambira, 2004; Cordani and Teixeira, 2007) with positive to slightly
negative Eyqy values (Sato and Tassinari, 1997; Santos et al., 2000).
This suggests a predominant juvenile nature for the accretionary arcs,
though including ancient crustal components in the magma genesis.

The Rio Negro-Juruena tectonic province formed in the late
Orosirian-Statherian, as a continuation of the soft collision and accre-
tion dynamics that originated the previous Ventuari-Tapajds province,
as described by Cordani et al. (2016b) for the northwesternmost part of
the Guiana shield. The southwestern part of the Rio Negro-Juruena
province, in the Central Brazil shield, is made up of distinct arc com-
plexes as old as 1.82 Ga, overlain in places by siliciclastic strata that fill
tectonic basins of Meso- to early Neoproterozoic ages (e.g., Leite and
Saes, 2003; Reis et al., 2013).

Scandolara et al. (2017), based on systematic structural, geophysical
and isotopic studies, proposed a tectonic model for the southwestern
part of the province, with the Juruena orogeny originating the Juruena
(1.82-1.74 Ga) and the adjoining Jamari (1.79-1.74 Ga) terranes, re-
spectively (see Fig. 1), where most Tpy; ages varied from 2.1 to 1.9 Ga
(e.g., Sato and Tassinari, 1997; Santos et al., 2008). Recently, Rizzotto
et al. (2019b) postulated that some portions of both terranes could be
intracontinental, composed dominantly of rocks (1.82-1.76 Ga) with A-
type geochemical characteristics. We note that the Jamari Terrane
underwent widespread reworking and magmatism during the Meso-
proterozoic, as reported by Bettencourt et al. (2010), indicating that the
tectonic unit is part of the younger Rondonian-San Ignacio province to
be dealt with later (see Fig. 1B and Table 1).

According to Scandolara et al. (2017), much of the eastern portion
of the Juruena Terrane (Alta Floresta region; not shown) comprise calc-
alkaline and alkaline felsic plutonic rocks (e.g., 1.78-1.76 Ga Teles
Pires suite), and includes a mafic suite of tholeiitic affinity (Scandolara
et al., 2014). Such a widespread plutonic-volcanic episode was tecto-
nically related to their Juruena orogeny. The Teles Pires suite is roughly
coeval with nearby volcano-sedimentary units (1.78-1.74 Ga), known
as the Colider and Roosevelt groups (e.g., Santos et al., 2000).

A cratonic block has been recognized in the eastern portion of the
Juruena Terrane (e.g., Rizzotto et al., 2019a), where arc-type migma-
titic orthogneisses (2.05-2.03 Ga) predominate, intruded by two
granitoid suites (1.99-1.93 Ga and 1.89-1.87 Ga). Crustal remnants as
old as 2.80 Ga are locally present. The gneissic rocks and the oldest
granitoid suite show calc-alkaline affinities of medium-K and juvenile
isotopic signatures (Siderian-type Tpy ages), while the youngest
(1.89-1.87 Ga) intrusive suite has chemical characteristics compatible
with intraplate settings (e.g., Scandolara et al., 2013a; Rizzotto et al.,
2019a). This framework is considered relevant to the scope of our
study.

The eastern portion of the Rio Negro-Juruena province is north
bounded by the Cachimbo Graben (Scandolara et al., 2017). This
graben is filled by two distinct lithostratigraphic units: a lower, rift-type
volcano-sedimentary sequence (< 1.74 Ga), and an upper, significantly
younger sedimentary one (< 1.03 Ga). Detrital provenance study for a
quartz-sandstone from the rift sequence indicated major age peaks at
1.98, 1.84 and 1.81 Ga and a relatively significant younger zircon po-
pulation at ca. 1.74 Ga (Reis et al., 2013). Given the age match, this
basin is roughly penecontemporaneus with the Colider and Roosevelt
groups occurring to the south.
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The southwestern part of the Rio Negro-Juruena province under-
went a collisional process with high-grade metamorphism dated at
1.67-1.63 Ga (Tassinari et al., 1996; Santos et al., 2008) and/or
1.69-1.63 Ga (Scandolara et al., 2017), when most of the paragneisses
within the Juruena Terrane formed. According to these authors, the
crustal shortening involved movement from south to north and pro-
duced E-W overprint on the older rocks as well as in the Roosevelt
Group. The country rocks are crosscut by plutonic rocks with ages be-
tween 1.60-1.51 Ga (Serra da Providéncia suite) and 1.45-1.35 Ga
(Dall’ Agnol et al., 1999; Payolla et al., 2002; Bettencourt et al., 2010;
Scandolara et al., 2013b, 2014). In the entire province, Tpy ages vary
from 1.5 Ga (e.g., intrusive granites) to up to 2.2 Ga (see Table 1).
Therefore, some proportion of crustal and juvenile components con-
tributed to the different magmatic arcs.

At the southern end of the Rio Negro-Juruena province, the Alto
Jauru granite-greenstone terrane (see Fig. 1B) presents U—Pb zircon
ages between 1.82 and 1.79 Ga and Tpy; ages between 1.9 and 1.8 Ga
with juvenile-like Eyqy values. This terrane hosts granitoid plutons
with ages between 1.59 and 1.42 Ga, produced by the accretionary-
collisional magmatic arcs akin to the adjoining Rondonian-San Ignacio
province. This province is a product of a Mesoproterozoic orogeny that
lasted ca. 260 Myr, involving magmatic-arc convergence, ocean clo-
sure, and a continental collision of an intervening Paragua Terrane (see
Fig. 1B) against the active margin of the Rio Negro-Juruena province
(e.g., Bettencourt et al., 2010; Rizzotto et al., 2014). According to
Bettencourt et al. (2010), four orogenic pulses, corresponding to suc-
cessive stacking of magmatic arcs, can be distinguished, namely: Ca-
choeirinha (1.59-1.52 Ga), Rio Alegre (1.51-1.48 Ga), Santa Helena
(1.44-1.42 Ga), and Alto Central Brazil (1.35-1.33 Ga). The Rio Alegre
belt, also termed Rio Alegre Terrane (Ruiz, 2005), is bounded to the
west by the Paragué Terrane and the deformed sedimentary rocks of the
Aguapei Group (1.17-1.15 Ga) that belong to the Sunsas-Aguapei tec-
tonic province which is the youngest of the Amazonian Craton. The arc
complexes of the Rondonian-San Ignacio province yielded Tpy ages
between 2.10 and 1.50 Ga (see Table 1), indicating that different crustal
components contributed to the magma genesis over time (e.g., Geraldes
et al., 2001; Rizzotto et al., 2014).

The Paragua Terrane (Fig. 3) - or Paragua Craton (Litherland et al.,
1986) - comprises a polycyclic crust, including basement rocks as old as
1.82 Ga (Santos et al., 2008), encompassed by the Lomas Maneches
granitoid suite and the Chiquitania paraderived complex. Re-
connaissance scale U—Pb geochronology (zircon cores) indicated that
the latter unit originated from predominantly 1.76-1.73 Ga protoliths,
and was deposited after ca. 1.69-1.63 Ga, as suggested by the youngest
age peak in a detrital zircon population. The emplacement of the Lomas
Maneches suite occurred between 1.69 and 1.66 Ga according to the
U—Pb zircon ages. Both units and the basement rocks underwent a
metamorphic overprint at ca. 1.35-1.32 Ga, given by U—Pb ages in
zircon rims (Boger et al., 2005; Santos et al., 2008). Available Tpy; ages
varied between 2.1 and 1.6 Ga (e.g., Santos et al., 2008 and references
therein). Rb—Sr and K—Ar ages ranged between 1.40-1.25 and
1.16-0.90 Ga (Litherland et al., 1989; Teixeira et al., 1989).

Crustal-derived plutonic rocks are also present in the Paragud
Terrane, collectively known as the Pensamiento Granitoid Complex
(Litherland et al., 1986; Matos et al., 2009) or Pensamiento suite (Nedel
et al., 2017), yielding U—Pb zircon ages between 1.37 and 1.34 Ga and
variable Tpy ages between 1.9 and 1.5 Ga. These rocks have been
traditionally related to the San Ignacio orogeny in the Precambrian
shield of Bolivia (Bettencourt et al., 2010 and references therein).
Moreover, they are also included in the Alto Central Brazil orogeny of
Rizzotto et al. (2014), active from 1.44 to 1.33 Ga.

The Alto Central Brazil orogeny played a major role in the con-
solidation of the Rondonian-San Ignacio province and is considered
here as relevant for the Mesoproterozoic history of the RAT. It includes
well-preserved passive-margin strata, intra-oceanic remnants, and syn-
to late-kinematic plutonism, such as the Pensamiento intrusive suite
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and coeval plutons in the Brazilian counterpart (Santos et al., 2008;
Rizzotto et al., 2014; Nedel et al., 2017 and references therein).
Ophiolitic remnants and associated chemically-derived assemblages
with juvenile-like Nd isotopic signatures mark its early accretionary
phase (1.44-1.43 Ga) (Rizzotto et al., 2013, 2014). Its collisional stage
(1.35-1.33 Ga) eventually sutured the Paragua Terrane to the Rio
Negro-Juruena province, and was traditionally termed as the San Ig-
nacio orogeny in Bolivia (e.g., Litherland et al., 1986. Medium- to high-
grade metamorphism and deformation occurred in the tectonic pro-
vince, as well as partial melting of pre-existing material. During the
collisional stage gabbroic rocks and granites emplaced the Paragua
Terrane (Bettencourt et al., 2010 among others).

The Rondonian-San Ignacio province behaved as a tectonically
stable continental mass shortly after ca. 1.30 Ga (Ruiz, 2005; Rizzotto
et al., 2014 and references therein), exemplified by a platform-like
cover Huanchaca sequence (see Fig. 1B) occurring in the northern
portion of the Paragua Terrane (Litherland et al., 1986). The sedi-
mentary cover is intruded by the Huanchaca 1.11 Ga sills and the E-W
trending dikes akin to the Rincén del Tigre-Huanchaca LIP of wide-
spread occurrence in the SW portion of the Amazonian Craton (Teixeira
et al.,, 2015, 2019a, 2019b). This province hosts a large number of
significantly younger plutons in Bolivia (1.08-1.05 Ga), anorogenic-
type, and the Rondénia Tin Granites in Brazil with U—Pb zircon ages
between 0.99 and 0.95 Ga (Teixeira et al., 2010 and references therein).
(Table 1).

The tectonic history of the Sunsas-Aguapei province (Teixeira et al.,
2010 and references therein) lasted ca. 250 Myr, and included the
~1.1 Ga Sunsas collisional-type orogeny (Litherland et al., 1989; Boger
et al., 2005; Teixeira et al., 2010). From a global perspective, the Sunsas
orogeny matches the Rigolet orogenic pulse of the Grenville orogeny
(Laurentia), which eventually led to the formation of the Rodinia su-
percontinent (e.g., Tohver et al., 2006).

The passive-margin stage resumed at ~1.2 Ga ago, during which the
Sunsas/Vibosi groups formed by the erosion of Paleo- to
Mesoproterozoic sources, as documented by U—Pb provenance studies
(Leite and Saes, 2003). For example, granitoid rocks as old as 1.92 Ga
with Tpy ages of ca. 2.9 Ga occur in the SE edge of the Sunsas belt,
bounded to the north by the San Diablo Front (Vargas-Matos et al.,
2011, see Fig. 1B). The Sunsas contractional/transpressional stage
produced syn- to late-orogenic granites (1105-1047 Ma), which pre-
dominate to the south of the Rio Negro Front-Santa Catalina straight
zone (Litherland et al., 1986, 1989; Boger et al., 2005). The San Diablo
Front, where the K—Ar ages on cataclastic rocks fall between 1000 and
870 Ma, is a major transcurrent/transpressive ductile shear zone related
to the Sunsas belt rather than a suture zone between two distinct ter-
ranes (Nedel et al., 2017).

The Sunsas collision and the consequent crustal shortening gener-
ated bimodal magmatism inland under transpressive conditions in the
Nova Brasilandia belt (Tohver et al., 2004), also termed Nova Brasi-
landia Terrane (e.g., Bettencourt et al., 2010; Teixeira et al., 2010;
Tohver et al., 2006, see Fig. 1B). According to Teixeira et al. (2015), the
age of this bimodal magmatism, namely the Rio Branco suite, is prac-
tically identical to the age of 1.11 Ga determined for the Rincén del
Tigre-Huanchaca LIP (Fig. 1B). The Sunsas collision formed regional
tectonic offshoots in the Rondonian-San Ignacio province, such as the
Aguapei fold and thrust belt and associated shear zones in the Alto
Jauru Terrane (e.g., Ruiz, 2005; Bettencourt et al., 2010; Rizzotto et al.,
2014 and references therein).

3. The Rio Apa Terrane

The RAT, focus of the study, locates in the state of Mato Grosso do
Sul, Brazil, and northeastern Paraguay, as a structural high composed of
Rhyacian/Statherian rocks (Fig. 1A, B). One small basement window
with coeval rocks — the Corumbd Window -, occurs in the vicinity of the
town of Corumba, located at about 150-200 km towards north. Both
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domains are largely covered by recent sediments of platform-like cover
sequences.

The RAT primarily comprises arc-type orthoderived rocks and me-
tavolcanic-sedimentary = sequences, overlain by Vendian/early
Cambrian pelitic-carbonatic assemblages of the Paraguay belt (e.g.,
Boggiani and Alvarenga, 2004; Faleiros et al., 2016). These latter as-
semblages exhibit tectonic and metamorphic polarity that increases
towards the RAT, which stands up therefore as the foreland domain for
the Paraguay belt. Cordani et al. (2010) in the light of U~PDb zircon and
“OAr—3°Ar dates and Sm—Nd Tpy ages demonstrated that the RAT
formed between 1990 and 1700 Ma and comprises two terranes
(Western and Eastern) with different age frames. Further studies (Redes
et al., 2015; Faleiros et al., 2016; Santos et al., 2019) showed that the
intrusive granitoid rocks of the Western Terrane are correlative with the
Taquaral and Coimbra batholiths of the Corumba Window, indicating
that the RAT is much larger, although hidden by sediments.

Lacerda Filho (2015) carried out an important study on the RAT
using systematic field mapping with geochemical and geochronological
data, and later he proposed a tectonic model for the unit (Lacerda Filho
et al., 2016). Faleiros et al. (2016) also conducted a relevant work on
the evolution of the RAT based on systematic field mapping carried out
by the Brazilian Geological Survey, CPRM, and U—Pb zircon geochro-
nology. Recently Plens (2018) produced a detailed geochemical-iso-
topic study on the Eastern Terrane and documented the first zircon
Lu—Hf measurements in the RAT.

Fig. 2 shows the geologic units of the RAT and its paleotectonic
scenario, when the Western and Eastern terranes came together along a
hypothetical suture at ca. 1.67 Ga, when a regional reset of the Rb—Sr
systematics occurred on the country rocks (Cordani et al., 2010). This
prominent tectonic limit is referred hereafter as the Aldeia Toméazia
shear zone (Faleiros et al., 2016). It is defined as a major thrust system
between the Western and Eastern Terranes, which shows a coherent low
angle ductile deformation with top tectonic transport (vergence)
moving to NWW. In it, the rocks display foliated arrangement with
dominant mylonitic and protomylonitic textures oriented N10-20NE/
10-30 SW. Lacerda Filho et al. (2016) reported U—Pb ages on monazite
grains from a mylonite, with 1308 = 39 Ma. This age is broadly
equivalent to several K—Ar and OAr—3Ar datings (1370-1270 Ma)
documented in the RAT, indicating regional metamorphic overprint and
crustal exhumation. At first glance, the geochronological and field
evidences correlate with the timing of the collisional phase of the Alto
Central Brazil orogeny that consolidated the Rondonian-San Ignacio
province (e.g., Cordani et al., 2010; Lacerda Filho et al., 2016) - see
Table 1.

The Porto Murtinho banded gneiss (Cordani et al., 2010), also
known as Rio Apa Complex (Lacerda-Filho et al., 2006), and hereafter
termed as Porto Murtinho Complex (Faleiros et al., 2016), constitutes
the basal lithostratigraphic unit of the Western Terrane. It is intruded
by the Alumiador granitic batholith which is coeval with the felsic
volcanic rocks of the Serra da Bocaina Formation (Fig. 2). From a tec-
tonic point of view, such a plutonic-volcanic association is a product of
the magmatic processes of the Amoguija continental arc (e.g., Cordani
et al., 2010 and references therein). The Serra da Alegria and Triunfo
mafic complexes, as well as the Fazenda Matdo mafic-ultramafic
layered suite, are also intrusive into portions of the Porto Murtinho
Complex. Scattered supracrustal sequences (mainly quartzites and
schists) occupying small areas in the Western Terrane were termed as
separate units (Alto Tereré, Amolar, and San Luiz) from place to place
by different authors.

The Eastern Terrane comprises the widespread Caracol leucocratic
gneisses (i.e., Caracol Gneiss) and the Baia das Garcas granitic rocks
that are tectonically ascribed to the evolution of the Caracol magmatic
arc. The associated metavolcanic-sedimentary assemblage of the Alto
Tereré Group overlies discontinuously most of these meta-igneous units
as sinuous tectonic slices (Figs. 2 and 3). The Eastern Terrane also hosts
the Morraria basement and the Paso Bravo province (Cordani et al.,
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Fig. 2. Hypothetical crustal section of the Rio Apa Terrane highlighted by the major lithostratigraphic units of the Western and Eastern Terranes. The juxtaposition of
both terranes along a thrust-shear zone is also shown (adapted from Cordani et al., 2010, Lacerda Filho et al., 2016; Faleiros et al., 2016).

2010 and references therein), and are made up of gneisses and mig-
matites.

Most RAT rocks show a complex structural framework, given by
deformation with variable attitudes of the planar fabric and dip angles
always to the SW (Faleiros et al., 2016). According to these authors, the
supracrustal strata of the Western Terrane exhibit a dominant thin-skin
structural pattern, in contrast with much of the country rocks. Brittes
et al. (2013) demonstrated that the Serra da Bocaina volcanic rocks
show two compressive ductile to ductile-brittle deformational phases.
Whereas the younger phase was associated to local retrometamorphism
developed at a shallow crustal level, the older one was related to the
development of a penetrative foliation (S;) in association with the most
intense and dominant regional deformation (D;) under greenschist fa-
cies conditions. The nearby siliciclastic sequences (e.g., Amolar, San
Luiz Groups) underwent a similar deformation and metamorphism,
though the primary sedimentary structures were preserved. The Dy
deformation was contemporary with the onset of a shear zone whose
kinematic indicators pointed to a reverse movement with top trans-
portation to the WNW dominated by frontal slopes of low-to-medium
dipping. Plens et al. (2013) documented a similar feature along another
sinuous shear zone that occurs to the east, around Serra da Esperanca.
Ruiz et al. (2014) showed that *°Ar—3°Ar plateau ages on muscovite
from the mylonites yielded 1302 + 4 and 1295 + 6 Ma which agree
well with the previous published K—Ar and “°Ar—3°Ar ages of ca.
1300 Ma interpreted to be related to a regional tectonothermal over-
print.

In the Eastern Terrane, the country rocks exhibit an overall struc-
tural-metamorphic pattern that characterizes again a westward move-
ment, though with a peculiar thick-skin low-angle thrusting (Remédio
and Faleiros, 2014). Plens (2018) observed the important role of three
deformational phases in the tectonic evolution of the Eastern Terrane.
The earliest phase (D;) produced the gneissic banding observed in the
country rocks whereas the second (D) one overprinted both the base-
ment rocks and the Caracol Gneiss. This is a well-developed penetrative
foliation with subhorizontal dip angles. The youngest deformation (D3)

produced the regional low-dip penetrative foliation, which is associated
with the ductile shear zones with top tectonic vergence to NWW (see
Section 3).

Nearby the Aldeia Tomézia shear zone (Fig. 3) the lithologies with
quite different rheological properties disclose isoclinal folding. This
structure tectonically bounds lithologies formed at significantly distinct
crustal levels, exemplified by the slightly deformed lower greenschist-
facies metavolcanic-sedimentary rocks which are common in the Wes-
tern Terrane, overlain by highly deformed amphibolite facies rocks akin
to the Eastern Terrane (e.g., Cordani et al., 2010; Faleiros et al., 2016).
The latter rocks have always been termed “Alto Tereré Group”, and its
depositional age was estimated at 1769 + 9 Ma using a U—Pb zircon
age obtained in interlayered metabasic rocks (Lacerda Filho et al.,
2016). In contrast, different names were given to those supracrustal
sequences that occur across the Western Terrane (see above), which are
therefore a matter of dispute.

E-W trending mafic dikes of the Rio Perdido suite crosscut all the
above mentioned lithostratigraphic units of the RAT and crystallized at
1110.7 = 1.4 Ma according to a U—Pb baddeleyite age (Teixeira et al.,
2019a, 2019b). This age is identical, within error, to that of the Rincén
del Tigre-Huanchaca LIP (Fig. 1B), which occurs in the SW Amazonian
Craton (Teixeira et al., 2015), allowing a close tectonic relationship for
the Rio Perdido suite. Table 2 shows the geochronological background
of the RAT, which is considered relevant for our study.

We summarize below, in Sections 3.1-3.3, the tectonic-geologic
framework of the RAT, roughly following the paleotectonic model
shown in Fig. 2, but based on some new field information and U—Pb
geochronological data reported by Faleiros et al. (2016), as depicted in
Fig. 3.

3.1. The Western Terrane

Distinct Paleoproterozoic orogenic processes formed the Western
Terrane as indicated by the geologic-geochronologic constraints. The
oldest one is the Porto Murtinho Complex, which is dominantly
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composed of gneisses and migmatites, aged between 2.07 and 1.96 Ga.
The youngest (1.86 and 1.81 Ga) is the Amoguijé continental arc, which

is mainly formed by a plutonic-volcanic association (see Table 2).

3.1.1. Porto Murtinho complex
This

complex consists

mainly of greenschist-facies

(retro-

metamorphic) migmatites and banded orthogneisses of monzogranitic,
granodioritic and tonalitic composition, locally mylonitic. Amphibolites
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are subordinate (e.g., Lacerda-Filho et al., 2006; Lacerda Filho et al.,
2016; Cordani et al., 2010). These rocks are scattered across the Wes-
tern Terrane and are largely hidden by an extensive Phanerozoic cover,
as depicted in Fig. 3.

U—Pb zircon crystallization ages ranged from 2074 * 7 to
1941 = 13 Ma (Lacerda Filho, 2015; Cordani et al., 2010; Faleiros
et al., 2016). The last authors carried out a systematic U—Pb geochro-
nological survey of the RAT and documented isotopic evidence of
partial melting in the Cérrego Jibéia high-grade orthogneiss, high-
lighted by inherited zircon cores dated at 1989 = 11 Ma while the
magmatic crystallization occurred at 1947 + 9 Ma (zircon rims). In a
similar manner, the intrusive relationships between the Fazenda Matao
suite (1946 = 6 Ma; Costa, 2017) and a migmatitic gneiss provides
additional indirect information of high-grade metamorphism and par-
tial melting some time before the emplacement of this suite. In other
words, crustal shortening and thickening of the Porto Murtinho Com-
plex has occurred during the Orosirian. The available Tpy ages
(2.1-3.1 Ga) suggest that the Porto Murtinho rocks may have evolved in
an active continental margin, which is consistent with their subduction-
related calc-alkaline signature (e.g., Faleiros et al., 2016 and references
therein). Noteworthy, the same authors also reported a Concordia plot
for a gray orthogneiss (retrometamorphic) with a nearly continuous
spread of inherited zircon ages between 1.90 and 1.95 Ga and 3.20 Ga.
The youngest grains indicated the maximum depositional age of this
particular rock, whereas the morphology of most zircon grains sug-
gested the role of sedimentary protoliths in an anatectic magma genesis.
In a similar manner, Lacerda Filho (2015) documented inherited zircon
grains with 2°7Pb/2%° Pb ages between 2.05 and 3.42 Ga in a banded
gneiss, where most analytical points defined a lower intercept age of
1985 * 20 Ma. This rock probably underwent a later overprint, as
indicated by some zircon grains dated at 1880 * 37 Ma.

Finally, the Porto Murtinho Complex also hosts a gabbroic intrusion
(1969 = 5 Ma) and the Serra da Alegria gabbro-anorthosite suite
(1791 Ma), which yielded Tpy; ages between 2.6 and 2.4 Ga (Nogueira
et al., 2013; Lacerda Filho, 2015; Lacerda Filho et al., 2016), as well as
the Morro do Triunfo Gabbro (e.g., Cordani et al., 2010 and references
therein). Moreover, the crystalline basement is cut by various granitic
intrusions, of which the Alumiador batholith is the largest. Other plu-
tons include the Chatelodo granite (1902 =+ 12 Ma; Faleiros et al.,
2016) and the Sao Francisco Granite (1878 = 7 Ma), with dikes locally
intruding volcanic rocks, dated at 1899 + 9 Ma (Souza et al., 2016).
The significantly younger Aquidaba Granite (1811 = 7 Ma) yielded
Tpm ages between 2.6 and 2.3 Ga (Nogueira et al., 2013), indicating
crustal derivation (see Table 3).

3.1.2. Amoguijd continental belt

The Amoguija belt comprises the voluminous granitic rocks of the
Alumiador suite and the associated felsic volcanic rocks of the Serra da
Bocaina Formation. The Alumiador suite is predominantly composed of
hornblende-biotite gneisses with monzogranitic composition. They
usually show high-K calc-alkaline signature akin to orogenic settings
(Lacerda-Filho et al., 2006; Manzano et al., 2012). However, some of
the granitic rock types of the Alumiador suite have alkaline signatures
typical of post-orogenic or anorogenic settings (Manzano et al., 2012;
Godoy et al.,, 2014). As such, a complex magmatic history for the
Alumiador suite is probable. The U—Pb zircon crystallization ages
varied from 1841 =+ 15 Ma to 1839 =+ 33 Ma (see Table 2). The
variable Tpy; ages (2.6-2.2 Ga) and the negative eyqcry values (—5.91 to
—0.68) indicate that distinct crustal components participated in the
precursor magmas. From a geodynamic point of view, the Amoguija
magmatic arcs evolved in a continental margin setting, where the Santa
Otilia Granite (1830 *= 12 Ma) and the Cérrego do Cervo Granite
(1841 = 15 Ma) also developed, given the similarities in age (e.g.,
Faleiros et al., 2016 and references therein).

The associated Serra da Bocaina Formation crops out dis-
continuously in the central and southern portions of the Western
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Table 3
GPS location of the study samples with the respective age methods applied in
this study.

Sample Coordinates  Interpreted Terrane/ Age method
geologic unit Province

RA-65A 21°44'36” Porto Murtinho Western SHRIMP
57°26’54”

RA-54A 21°34'52” Alumiador Western SHRIMP
57°12'46”

RA - 62F 22°39'60” Alumiador Western SHRIMP
57°19'25”

RA-08D 19°1921” Granitoid Corumbé SHRIMP
58°38’56” Window

FMR-200 20°43'40” Serra da Bocaina Western SHRIMP
57°18'33”

EAR- 082 21°38'13” Alto Tereré Western LA-ICPMS
57°09'54”

RA - 44 21°35722” Caracol Eastern SHRIMP
56°50'07”

RA - 46 21°33'40” Caracol Eastern SHRIMP
56°49'40”

RA - 48 21°32'47” Caracol Eastern SHRIMP
56°54'32”

RA-101 22°2404” Caracol Eastern SHRIMP
57°27'52”

RA - 31 21°02740” Bafa das Gargas Eastern SHRIMP
57°03'15”

RA-88B 22°17°07” Caracol Paso Bravo SHRIMP
57°07'27”

RA-97A 22°13'46” Caracol Paso Bravo SHRIMP
57°12'35”

RA-93A 22°21'13” Caracol Paso Bravo SHRIMP
56°57'59”

RA-114 22°41'36” Caracol Paso Bravo SHRIMP
57°13'32”

EAR- 001 21°29'50” Alto Tereré Eastern LA-ICPMS
57°00"36”

EAR- 142 21°53’49” Alto Tereré Eastern LA-ICPMS
57°19'35”

MP-82 22°05'28” Alto Tereré Eastern LA-ICPMS
57°28'32”

EAR-161 21°29'49” Alto Tereré Eastern LA-ICPMS
57°07°08”

EAR-163 21°3004” Alto Tereré Eastern LA-ICPMS
57°08'18”

RA-75A/RA- 22°10'18” Alto Tereré Eastern LA-ICPMS

99 57°31'06”

Terrane. This lithostratigraphic unit includes pyroclastic and felsic
volcanic assemblages with medium- to high-K calc-alkaline and per-
aluminous geochemical signature, typical of volcanic arc settings
(Aratjo et al., 1982; Godoy et al., 2010; Brittes et al., 2013; Faleiros
et al., 2016). The rocks show low-grade metamorphism, but have a
well-developed penetrative foliation and mylonitic textures near the
regional Aldeia Tomdzia shear zone (Figs. 2 and 3). This zone also
formed reverse/thrust slices of the Alumiador plutonic rocks towards
NNW (Brittes et al., 2013). A rhyolite sample from the Serra da Bocaina
Formation yielded a U—Pb zircon SHRIMP age of 1831 * 12 Ma, in-
terpreted as genetically linked to the Amoguija magmatic arc (Brittes
et al., 2016). The volcanic rocks yielded Tpy ages mostly between 2.1
and 2.4 Ga, and variable negative Eyqy values (Lacerda-Filho et al.,
2006; Brittes et al., 2013). According to these authors, these data sug-
gest that the parental magmas of the Serra da Bocaina Formation de-
rived in a continental arc setting, in agreement with the documented
geochemical affinity. Finally, volcanic rocks very similar to the Serra da
Bocaina assemblage yielded two additional U—Pb zircon ages that are
significantly older (1878 *= 9 and 1899 * 9 Ma; see Table 2), sug-
gesting that not all volcanic rocks in the Western Terrane belong to the
Amoguija tectonic framework.

3.1.3. Supracrustal sequences
The supracrustal associations across the Western Terrane have been
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the focus of several studies, including unpublished Doctoral theses
showing that they have contrasting metamorphic, structural and stra-
tigraphic characteristics. For instance, Cabrera (2015) conducted de-
tailed stratigraphic studies on most of the occurrences, including pro-
venance studies in two samples: a metasandstone collected in the Serra
da Alegria region and a massive quartzite occurring nearby the Serra da
Esperanca (see Fig. 3). These samples though using a few tens of U—Pb
zircon analyses, yielded similar maximum depositional ages of ca.
1800 Ma. However, analogous provenance studies, conducted in the
nearby siliciclastic rocks attributed to the Amolar Group (Lacerda Filho,
2015), defined relatively younger maximum ages in the detrital popu-
lation at ca. 1710-1750 Ma. The coupled Sm—Nd Tpy, crustal residence
ages on these rocks gave negative to slightly positive Eyqc values (see
Table 2), implying that the original material derived from eroded
Rhyacian to early Orosirian crust. An additional “°Ar—2°Ar age in a
quartz-muscovite schist collected close to the Serra da Esperanca gave a
plateau age of 1287 + 5 Ma, as depicted in Table 2 (Cabrera, 2015).
This indicates that the region underwent a much younger regional
thermal overprint, as previously proposed by Cordani et al. (2010) on
the basis of K—Ar and *°Ar—>°Ar ages in the country rocks of the RAT.

Faleiros et al. (2016) coined the name “Rio Naitaca Formation” for
one particularly immature sedimentary assemblage with minor inter-
layered volcanic and pyroclastic rocks in the NW portion of the Western
Terrane (see Fig. 3). Previously, this package had been interpreted as
the low metamorphic equivalent of the Alto Tereré Formation (e.g.,
Cordani et al., 2010). The Rio Naitaca Formation consists of quartzite,
metasandstone, meta-arkose, metagraywacke, metaconglomerate and
phyllite that underwent metamorphism under chlorite-grade condi-
tions. In particular, the basal metasandstone includes centimetric-to-
metric layers of meta-andesite, meta-dacite and meta-rhyolite, as well
as pyroclastic rocks (Faleiros et al., 2016). These authors reported a
U—Pb zircon SHRIMP Concordia age of 1813 = 18 Ma for the basal
andesitic lapilli tuff, constraining the timing of sedimentation for their
Rio Naitaca Formation. This age roughly matches the maximum de-
positional ages of two siliciclastic samples (Cabrera, 2015), as well as to
the crystallization age of the Serra da Bocaina rhyolite (Brittes et al.,
2016). Four remaining zircon dates from the pyroclastic rock yielded
concordant U—Pb ages between 1918 + 11 and 2003 * 11 Ma, in-
terpreted as detrital inputs (Faleiros et al., 2016).

3.2. The Eastern Terrane

This terrane comprises distinct gneissic, migmatitic and granitoid
rocks, making up the Morraria and the widespread Caracol gneisses, as
well as the Bafa das Garcas granitic suite (Cordani et al., 2010), which is
intrusive into the Morraria gneisses, as well as the Paso Bravo Province
in Paraguay (Wiens, 1986). The entire terrane is partially overlain by
the highly deformed and metamorphosed metavolcanic-sedimentary
rocks of the Alto Tereré Group, as outlined in Fig. 3.

3.2.1. Morraria and Paso Bravo gneisses and migmatites

The Morraria Gneiss crops out as a basement window in the
northernmost part of the Eastern Terrane, overlain by the Quaternary
sediments of the Pantanal Formation (see Fig. 3). It comprises medium-
to high-grade banded gneisses with amphibolite intercalations and
migmatitic rocks with calc-alkaline signature (Faleiros et al., 2016).
One strongly foliated orthogneiss yielded a U—Pb zircon SHRIMP age of
1935 * 15 Ma (Cordani et al., 2010). The *°’Ar—>°Ar muscovite and
biotite plateau ages for the Morraria Gneiss range between 1283 and
1265 Ma, whereas a K—Ar hornblende age was 1374 Ma (see Table 2).

Similarly to the Morraria Gneiss, the Paso Bravo Province (see
Fig. 3) comprises medium-grade metamorphic tonalitic gneisses and
migmatites. Strongly foliated granite gneisses are exposed in the wes-
tern portion of this province (Wiens, 1986). No meaningful U—Pb ages
are available for these rocks due to the difficulties of the isotopic sys-
tematic, such as the high U contents producing metamict zircon grains
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(Cordani et al., 2010). Two Tpy ages of 2.4 and 2.2 Ga were obtained
from the rocks (see Table 2), indicating that they derived from short-
lived protoliths, as exemplified by the Eyq values of —0.50 and
—1.13, respectively. The available *°Ar—3°Ar plateau ages (amphibole
and biotite) from some gneissic and granitoid rocks varied from 1308 to
1292 Ma (Cordani et al., 2010), suggesting that this portion of the RAT
underwent a tectonothermal event in the Ectasian.

3.2.2. Caracol Gneiss and Baia das Gargas suite

The Caracol Gneiss, also named Caracol suite, consists mainly of
polydeformed, amphibolite-facies leucocratic orthogneisses of granitic
composition, showing K-high calc-alkaline and/or A-type, alkaline
signatures (Cordani et al., 2010; Faleiros et al., 2016; Plens, 2018). The
last author documented some subordinate effusive rocks in the Eastern
Domain. U—Pb zircon crystallization ages for the Caracol gneisses
ranged from 1783 + 18 to 1721 + 25 Ma, with most results forming
a cluster at 1770-1760 Ma (Table 2).

The available Tpy; ages for the Caracol Gneiss gave values from 1.8
to 2.2 Ga with mostly positive Eyqqy values between 3.2 and 0.7
(Cordani et al., 2010; Lacerda Filho, 2015; Plens, 2018). This latter
author also reported the first zircon Lu—Hf data carried out on distinct
lithological facies of the Caracol Gneiss which gave Hf-Tpy model ages
between 1.9 and 2.3 Ga and variable positive and negative €y, values.
The Eastern Terrane also contains slightly older orthogneisses (tonalitic
to monzogranitic in composition), as indicated by a U—Pb zircon
crystallization age of 1822 = 6 Ma, with a coupled slightly positive
Enacp value and Tpy age of 2.0 Ga (Plens, 2018). Several 4OAr—39Ar
biotite ages were also reported for the Eastern Terrane, mostly ranging
between 1342 and 1270 Ma, similar to those of the Paso Bravo rocks
(Cordani et al., 2010).

The Baia das Gargas suite, consisting mostly of high-K calc-alkaline
granites, is intrusive into the metavolcanic-sedimentary rocks of the
Alto Tereré Group and crops out in the northern portion of the Eastern
Terrane (see Figs. 2 and 3). The published U—Pb zircon ages ranged
from 1719 + 11 Mato 1754 =+ 42 Ma (Cordani et al., 2010; Faleiros
et al., 2016). The documented Tpy; ages ranged from 2.0 to 2.1 Ga, and
are similar to those of the Caracol Gneiss (see Table 2), but showing a
larger range in the Enqc values (—5.2 to +2.0). Finally, the A-type
Cerro Pora Granite, located in the SW portion of the Eastern Terrane,
yielded a U—Pb zircon age of 1749 + 45 Ma (Plens et al., 2013).
Therefore, this pluton is roughly coeval with both the Caracol Gneiss
and Bafa das Garcas suite. This granite yielded one *°Ar—3°Ar musco-
vite age of 1280 + 9 Ma (see Table 2).

3.2.3. The Alto Tereré Group

According to Lacerda Filho et al. (2016), the Alto Tereré Group is
mainly composed of garnet-muscovite-quartz, muscovite-quartz, and
biotite-quartz schists, and feldspathic quartzites. Kyanite-staurolite
schists with interlayered amphibolite, epidote-chlorite-actinolite
schists, and amphibole schists are subordinate. An amphibolitic layer
crops out as discontinuous slices tectonically interspersed within the
basal metasedimentary strata (see Figs. 2 and 3). The amphibolitic body
crystallized at 1768 = 6 Ma (U—Pb zircon age), constraining the age of
the Alto Tereré Group (Table 2). Xenocrysts from that amphibolite
yielded three age groups (1973 = 36,1983 = 7 and 2032 * 19 Ma),
suggesting derivation from Orosirian sources (Lacerda Filho et al.,
2016). In a similar manner, the coupled €yq4¢y values ranging mainly
from +3.7 to —3.4 are consistent with short-lived mafic protoliths for
the amphibolite rocks, formed essentially by juvenile material. From a
petrogenetic point of view, rock shows transitional characteristics be-
tween MORB-type and island arc basalt chemical signatures, typical of
tholeiitic basalts of back-arc settings, possibly associated to a con-
tinental arc setting (e.g., Lacerda Filho et al., 2016; Faleiros et al.,
2016). Additional U—Pb provenance studies on two samples of garnet-
muscovite schists with interlayered quartzite bands yielded maximum
sedimentation ages between 1700 and 1730 Ma (Lacerda Filho et al.,
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2016). In addition, Plens (2018) reported roughly similar ages for the
youngest detrital population in a sillimanite-quartz schist. The available
slightly positive enqqy values and the early Orosirian Tpy crustal re-
sidence ages suggested that the original sediments probably derived
from crustal sources such as the basement rocks of the Eastern and
Western terranes (see Table 2). One sample of a kyanite-garnet-biotite-
muscovite schist yielded a U—Pb monazite Concordia age of
1308 *= 39 Ma, which was interpreted as the age of a metamorphic
overprint (Lacerda Filho et al., 2016). This age agrees well with the
documented K—Ar and “°Ar—3°Ar mica ages of the basement rocks and
Alto Tereré amphibolite, with ca. 1300 Ma (Table 2).

Finally, the rocks of the Alto Tereré Group in the Eastern Terrane
(see Fig. 3) are dominated by Barrovian-type metamorphism, varying
from upper greenschist to middle amphibolite facies. The metamorphic
variation is consistent with the observed west verging of the stacked
nappes in the Eastern Terrane, carrying the Alto Tereré rocks, the
Caracol Gneiss and/or the Alumiador batholith, as observed along the
boundary between the Eastern and Western Terranes (e.g., Faleiros
et al., 2016; Lacerda Filho et al., 2016; Cabrera, 2015).

3.3. The Southeastern Terrane

Faleiros et al. (2016) suggested that the Southeastern Terrane could
be a third tectonic compartment of the RAT. It is essentially composed
of calc-alkaline mylonitic banded gneiss, augen gneisses and deformed
leucogranites, intruded by alkaline monzogranitic rocks. The metaig-
neous rocks of the Southeastern Terrane show broadly similar de-
formation and metamorphic characteristics to the adjoining Caracol
Gneiss, though limited by the Serra do Perdido dextral strike-slip shear
zone which is regionally an uncommon feature over the RAT (Remédio
and Faleiros, 2014; Faleiros et al., 2016). In a similar manner with the
Eastern Terrane, relics of the Alto Tereré Group overlie in places the
country rocks of the Southeastern Terrane, as depicted in Fig. 3. This
terrane was the focus of very limited U—Pb zircon geochronological
work and no Sm—Nd data are available about its rocks. One monzo-
granite intrusion gave a UPb zircon age of 1791 * 19 Ma whereas one
augen gneiss yieldled a UPb zircon age U—Pb zircon age of
1820 = 18 Ma (Faleiros et al., 2016). This latter age is very similar to
that reported for an orthogneiss occurring in the Eastern Terrane (see
Section 3.2.2 and Table 2).

4. Methodology

U—Pb measurements were made on zircon crystals extracted from
rock samples by conventional methods (crushing, sieving and heavy
liquid separation), cast in epoxy mounts, and polished. Zircon popula-
tions were photographed in reflected light and imaged using cath-
odoluminescence (CL) to reveal their internal structure. The spots
considered more adequate for the isotopic analysis were selected. The
dating was carried out using a Sensitive High-mass Resolution Ion
MicroProbe (SHRIMP-II) and the Thermo-Fisher Neptune laser-ablation
(LA) multi-collector inductively coupled plasma mass spectrometer
(ICP-MS) at the Geochronological Research Center of the University of
Sao Paulo (CPGeo-USP), Brazil. Table 3 shows the coordinates of the
selected samples and the selection strategy used in our geochronolo-
gical study. Table 4 and the Supplementary Material include the U—Pb
analytical data acquired by the SHRIMP and LA-ICP-MS instruments.

The SHRIMP-II analysis was carried out on metaigneous rocks. The
analytical procedures, acquisition, and data processing were reported
by Sato et al. (2014). Zircon populations were mounted on adhesive
tapes, cast in epoxy resin, and polished together with the TEMORA-2
zircon standard (3°°Pb/2%%U age = 416.78 *= 0.33 Ma; Black et al.,
2003). U abundance and U/Pb values were calibrated against the Sri
Lanka SL13 (238 ppm) and the Temora 2 zircon standards, respectively.
The individual SHRIMP ages were determined from five successive
scans of the mass spectrum, and the average ages reported in the text
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are weighted-mean 2°’Pb/?°°Pb ages with 95% confidence interval.
Correction for common Pb was made based on the measured 2°*Pb, and
the typical error component for the 2°°Pb/?%8U ratios is lesser than 2%.
Data were reduced using SQUID 1.06 software, and Concordia age
calculations were performed using the ISOPLOT 4 (Ludwig, 2009a,
Ludwig, 2009b). Data-point error ellipses in the Concordia diagrams are
at the 68.3% confidence level (1 sigma) and the analytical uncertainties
of the isotopic ratios are reported at the 1-sigma level.

From selected siliciclastic rocks a large split of detrital zircon grains
with all available shapes and sizes was recovered. U—Pb zircon geo-
chronology was carried out using the LA-ICP-MS with a 193 um ArF
Excimer laser ablation system operating at 6 Hz and 5 mJ to produce a
spot size of 39 um (Sato et al., 2010) in order to acquire the U, Th and
Pb isotopic data. Corrections for laser-induced elemental fractionation
of the 2°°Pb/?*®U ratio and instrumental discrimination were calibrated
against the GJ-1 zircon standard (U—Pb mean age of 601 + 3.5 Ma;
Elholou et al., 2006). The analytical data are divided into groups of 2-7
spreadsheets per site, and each spreadsheet was organized as follows:
two blanks, three GJ-1 standard, 13 unknown zircon spots, two GJ-1
standards, and two blanks. For each blank, standard, and unknown, a
series of 50 sequential readings (laser shots) was taken, covering all
isotopes of interest. Using a hybrid software that combines the Python
programming language and the R statistical/plotting package (Siqueira
et al., 2014), the 2°Pb values were then corrected for 2**Hg inter-
ference (assuming a 2°?Hg/2°*Hg = 4.355); the blank and common Pb
(Stacey and Kramers, 1975) corrections were applied, and finally the
206ppyx /238y, 207ph /235y, Th/U and 2°°Pb*/2*’Pb* ratios (and their
respective one-sigma errors) were calculated, preserving the full in-
ternal variability of each ratio in order to compute the correlation va-
lues. This software includes tools for removal of automatic outliers,
fractioning compensation, and immediate visualization of all correc-
tions, as well as an output fully compatible with ISOPLOT/Ex®3.00
software (Ludwig, 2003). Only isotopic data with total common Pb
contents below 6% and concordance of 100 *= 10 were used for age
calculations shown in the Concordia diagrams and combined prob-
ability density plots.

5. Results

New U—Pb zircon SHRIMP ages were determined for 13 granitoid
rocks from the main tectonic units of the Western and Eastern Terranes:
Porto Murtinho (RA-65A), Alumiador (RA-54A and RA-62F), Caracol
(RA-44, RA-46, RA-48), Baia das Garcas (RA-31) and Paso Bravo (RA-
88B, RA-93A, RA-97B, RA-101 and RA-114, including one metavolcanic
sample (RA-70B) from the Serra da Bocaina Formation. An additional
age was carried out on a granitoid sample of the Corumbd Window (RA-
08D).

Moreover, new U—Pb LA-ICP-MS detrital zircon analyses were
performed on eight siliciclastic samples. For the sake of simplicity and
because of the lack of systematic U—Pb provenance studies on these
rocks at the regional scale, we use, in this study, the name “Alto Tereré
Group” for all them, as supracrustal relicts of the RAT (see Section
3.1.3), no matter if they belong to different units in the Western or
Eastern terranes. Fig. 3 shows the geographic distribution of the studied
samples. One of them (FMR-200) was collected in the northern part of
the area, four of them in the southern part (EAR-142, MP-82, RA-75A,
RAT-99) and the others in the central part of the RAT (EAR-001, EAR-
163, EAR- 161).

5.1. Western Terrane and Corumbd Window

For this region, six U—Pb zircon SHRIMP and five 5 LA-ICP-MS
analyses were performed. One of the SHRIMP measurements was car-
ried out on one metabasalt (FMR-200), which is supposed to be from
the Rio Naitaca Formation, given the geographic distribution (see
Table 3). On the LA-ICP-MS detrital zircon analyses for the provenance
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Table 4
U—Pb SHRIMP analytical data for the studied metaigneous samples.
Sample Spot Ratios err corr % Com Age (Ma) Disc % ppm Th/U
number 206pp,
207ph/25U  err % 2°°Pb/?®U err % 2°"Pb/*°°Pb  err % 206ph/238y 10 297Pb/?%Pb 10 u Th

Western Terrane and Corumbd window

Porto Murtinho Complex

RA-65A - Biotite Migmatitic Gneiss
RA-65A-1.1 5.6223 1.3 0.3196 0.7 0.1276 1.1 0.527  0.73 1788 11 2065 20 15 242 194 0.83
RA-65A-2.1 7.4237 1.0 0.3927 0.7 0.1371 0.6 0.744 0.38 2135 13 2191 11 3 185 103 0.57
RA-65A-3.1 6.5338 1.3 0.3744 0.9 0.1266 1.0 0.643  0.44 2050 15 2051 18 0 92 60 0.67
RA-65A-4.1 6.0741 1.5 0.3423 0.7 0.1287 1.3 0.447 1.11 1897 11 2081 23 10 367 128 0.36
RA-65A-5.1 6.6582 1.0 0.3777 0.8 0.1278 0.6 0.794 0.05 2066 14 2069 11 0 109 68 0.64
RA-65A-6.1 6.6436 0.9 0.3764 0.7 0.1280 0.6 0.776  0.18 2059 13 2071 10 1 154 116 0.78
RA-65A-7.1 7.0644 1.0 0.3816 0.7 0.1343 0.6 0.749  0.31 2084 13 2154 1 3 175 98 0.58
RA-65A-8.1 7.0085 1.1 0.3861 0.8 0.1316 0.7 0.750  0.17 2105 14 2120 12 1 101 41 0.42
RA-65A-9.1 7.2971 0.8 0.4002 0.7 0.1322 0.4 0.872  0.00 2170 13 2128 7 -2 184 74 0.41
RA-65A-10.1 6.1916 1.3 0.3506 0.9 0.1281 1.0 0.648  0.53 1937 14 2072 18 7 168 114 0.70
RA-65A-11.1 6.7753 1.0 0.3840 0.8 0.1280 0.6 0.806 —0.06 2095 14 2070 10 -1 100 68 0.70
RA-65A-12.1 6.7001 0.8 0.3794 0.7 0.1281 0.4 0.860 0.13 2074 12 2072 7 0 303 159 0.54

Alumiador Suite

RAPA-54A - Granitic Orthogneiss
RAPA-54-1.1 5.6051 2.0 0.3486 1.6 0.1166 1.1 0.852 —-0.16 1928 27 1905 20 -1 87 98 1.17
RAPA-54-2.1 4.7917 1.7 0.3255 1.6 0.1068 0.4 0.779  0.07 1816 26 1745 7 -4 1465 1612 1.14
RAPA-54-3.1 4.9971 2.1 0.3268 1.5 0.1109 1.4 0.778  0.52 1823 24 1814 26 0 350 285 0.84
RAPA-54-3.2 4.3369 7.2 0.2964 1.7 0.1061 7.0 0.273 4.38 1674 25 1734 128 4 170 92 0.56
RAPA-54-4.1 5.0250 2.0 0.3280 1.8 0.1111 0.8 0.903  0.00 1829 29 1818 15 -1 132 118 0.93
RAPA-54-5.1 4.9614 2.8 0.3204 1.6 0.1123 2.3 0.754 1.07 1792 25 1837 42 3 100 94 0.97
RAPA-54-6.1 7.0142 5.7 0.3908 1.8 0.1302 5.4 0.175 4.00 2126 32 2100 95 -1 86 59 0.71
RAPA-54-7.1 5.1167 4.4 0.3293 1.7 0.1127 4.1 0.523  2.43 1835 27 1843 74 0 85 62 0.75
RAPA-54-8.1 4.9830 2.4 0.3230 1.6 0.1119 1.7 0.838  0.39 1805 26 1830 32 1 92 57 0.65
RAPA-54-9.1 4.9269 1.9 0.3225 1.7 0.1108 0.9 0.928 0.15 1802 26 1813 15 1 199 180 0.94
RAPA-54-10.1 5.2895 145 0.2917 2.5 0.1315 143 0.141 11.53 1650 37 2118 251 28 109 97 0.92
RAPA-54-11.1 5.0693 17.8  0.3135 2.3 0.1173 17.6  0.126 11.69 1758 35 1915 316 9 144 113 0.81
RAPA-54-12.1 1.5499 109 0.0982 1.8 0.1145 10.7  0.091 8.31 604 10 1871 193 210 323 239 0.76

RA-62F — Monzogranite
RA-62F.1.1 5.1990 2.0 0.3308 1.7 0.1140 1.1 0.840 0.19 1842 27 1864 20 1 201 296 1.52
RA-62F.2.1 3.4737 6.1 0.2192 1.8 0.1149 5.9 0.292  4.75 1278 21 1879 106 47 242 154 0.66
RA-62F.3.1 5.1656 2.5 0.3362 1.7 0.1114 1.9 0.680 0.27 1868 28 1823 34 -2 145 108 0.77
RA-62F.4.1 5.1016 2.5 0.3255 1.7 0.1137 1.8 0.691 0.61 1817 28 1859 33 2 125 134 1.10
RA-62F-5.1 5.2065 2.3 0.3354 1.7 0.1126 1.5 0.745  0.80 1865 28 1841 28 -1 138 110 0.83
RA-62F-6.1 4.9207 2.4 0.3127 1.8 0.1141 1.7 0.730  0.62 1754 27 1866 30 6 98 151 1.59
RA-62F-7.1 5.1947 1.9 0.3269 1.7 0.1152 0.8 0.901 0.15 1823 27 1884 15 3 186 221 1.22
RA-62F-8.1 4.2374 3.0 0.2706 1.7 0.1136 2.5 0.559 1.66 1544 23 1857 45 20 279 257  0.95
RA-62F-9.1 5.2151 2.0 0.3300 1.7 0.1146 1.0 0.875  0.16 1838 27 1874 17 2 128 95 0.77
RA-62F-10.1 4.5219 1.9 0.2884 1.6 0.1137 0.9 0.879 0.57 1634 24 1859 16 14 436 590 1.40
RA-62F-11.1 5.1729 1.9 0.3326 1.7 0.1128 0.7 0916  0.09 1851 27 1845 14 0 139 182 1.36
RA-62F-12.1 2.0084 4.7 0.1686 1.8 0.0864 4.4 0.379  2.89 1005 17 1347 84 34 1238 1316 1.10
RA-62F-13.1 5.2359 2.8 0.3439 1.7 0.1104 2.2 0.613 1.35 1905 28 1806 40 -5 202 233 1.19

RA-70B - Volcaniclastic rock
RA-70B-1.1 5.3083 1.0 0.3349 0.8 0.1150 0.6 0.769  0.11 1862 13 1879 12 1 98 99 1.04
RA-70B-2.1 5.4362 1.4 0.3408 0.9 0.1157 1.0 0.642  0.24 1891 14 1890 19 0 68 96 1.47
RA-70B-3.1 5.3162 1.0 0.3355 0.8 0.1149 0.7 0.735  0.11 1865 12 1879 13 1 104 176 1.75
RA-70B-4.1 5.2554 1.0 0.3362 0.7 0.1134 0.7 0.734  0.18 1868 12 1854 12 -1 124 136 1.14
RA-70B-5.1 5.3114 1.0 0.3355 0.7 0.1148 0.7 0.722  0.13 1865 12 1877 13 1 118 135 1.19
RA-70B-6.1 5.3055 1.3 0.3372 0.8 0.1141 1.0 0.651 0.17 1873 14 1866 18 0 71 109 1.59
RA-70B-7.1 5.3387 1.0 0.3363 0.7 0.1151 0.7 0.726  0.01 1869 12 1882 13 1 119 286 2.48
RA-70B-8.1 5.2167 1.1 0.3354 0.7 0.1128 0.8 0.661 0.24 1865 12 1845 15 -1 122 94 0.80
RA-70B-9.1 5.3056 1.0 0.3364 0.7 0.1144 0.6 0.749 0.09 1869 12 1870 12 0 123 207 1.74
RA-70B-10.1 5.2555 1.4 0.3303 0.9 0.1154 1.1 0.614  0.28 1840 14 1886 20 3 61 66 1.12
RA-70B-11.1 5.2458 1.0 0.3327 0.8 0.1144 0.7 0.738  0.09 1852 12 1870 12 1 109 113 1.07
RA-70B-12.1 5.3324 1.8 0.3382 1.3 0.1144 1.2 0.739 0.17 1878 21 1870 21 0 57 57 1.03

Corumbd Window

RA-08D - Granitic Gneiss
RAPA-08D-1.1 5.0368 2.4 0.3056 1.6 0.1195 1.7 0.366 0.48 1719 24 1949 31 13 110 141 1.33
RAPA-08D-2.1 5.1662 1.8 0.3330 1.6 0.1125 0.9 0.874 -0.11 1853 25 1841 17 -1 164 92 0.58
RAPA-08D-3.1  5.2401 1.9 0.3338 1.6 0.1139 1.0 0.866 —-0.09 1857 26 1862 18 0 129 107 0.85
RAPA-08D-4.1  5.3175 2.0 0.3335 1.6 0.1156 1.2 0.839  0.07 1855 26 1890 22 2 99 171 1.79
RAPA-08D-5.1 4.8687 2.1 0.3166 1.8 0.1115 1.1 0.892 0.02 1773 28 1825 20 3 208 237 1.18
RAPA-08D-6.1  5.3466 1.8 0.3397 1.6 0.1141 0.8 0.890 —-0.07 1885 26 1866 14 -1 183 357 2.02
RAPA-08D-7.1  5.3946 1.9 0.3416 1.6 0.1145 1.0 0.886 -0.20 1894 26 1873 18 -1 153 128 0.87
RAPA-08D-8.1 4.2950 2.8 0.2627 1.5 0.1186 2.3 0.429 0.45 1503 21 1935 41 29 543 591 1.13
RAPA-08D-9.1  5.4090 2.0 0.3302 1.6 0.1188 1.2 0.700  0.19 1839 25 1938 22 5 187 164 091
RAPA-08D-10.1 3.8325 3.1 0.2279 1.6 0.1220 2.6 0.778  0.82 1324 19 1985 47 50 196 178 0.94
RAPA-08D-11.1 5.9627 1.8 0.3324 1.6 0.1301 0.9 0.868 -0.09 1850 25 2099 16 13 131 150 1.19
RAPA-08D-12.1 5.2630 1.7 0.3368 1.5 0.1133 0.8 0.903  0.01 1871 25 1854 14 -1 168 170 1.04
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Table 4 (continued)

Sample Spot Ratios err corr % Com Age (Ma) Disc % ppm Th/U
number 206pp,
207pb/?3U  err % 2%°Pb/>*®U  err % *Pb/*°°Pb err % 206pb/2¥y 10 2°7Pb/*°Pb 1o U Th
RAPA-08D-13.1 5.4418 1.9 0.3445 1.6 0.1146 0.9 0.873 0.03 1908 27 1873 17 -2 105 91 0.90
RAPA-08D-14.1 5.3879 1.7 0.3423 1.5 0.1142 0.7 0.793 0.00 1898 25 1867 13 -2 165 114 0.71

Serra da Bocaina Formation
FMR-200 — Metavolcanic rock

VOL-01-1.1 5.1167 0.8 0.3313 0.5 0.5380 0.1 0.709 0.22 1845 7 1832 13 -1 182 175 0.99
VOL-01-1.2 4.7838 1.3 0.3138 0.4 0.3211 0.1 1.197 0.77 1760 6 1809 22 3 237 118 0.52
VOL-01-2.1 4.4423 2.4 0.2933 0.4 0.1548 0.1 2.382 1.86 1658 5 1797 43 8 351 314 0.92
VOL-01-3.1 5.8023 8.3 0.3515 1.7 0.2049 0.1 8.110 3.05 1942 28 1952 145 1 177 98 0.57
VOL-01-4.1 6.9931 0.8 0.4201 0.7 0.8112 0.1 0.469 0.02 2261 12 1967 8 -13 231 128 0.57
VOL-01-5.1 5.5842 0.6 0.3351 0.3 0.4873 0.1 0.526 0.15 1863 5 1969 9 6 565 42 0.08
VOL-01-6.1 6.3971 0.7 0.3549 0.3 0.4856 0.1 0.577 0.37 1958 5 2108 10 8 437 72 0.17
VOL-01-7.1 3.6656 4.2 0.2426 0.4 0.1058 0.1 4.182 3.39 1400 6 1792 76 28 464 740 1.65
VOL-01-8.1 4.9577 0.9 0.3232 0.6 0.6042 0.1 0.742 0.26 1805 9 1820 13 1 246 240 1.01
VOL-01-9.1 4.8404 1.0 0.3168 0.5 0.5352 0.1 0.805 0.16 1774 8 1813 15 2 151 161 1.10
VOL-01-10.1 4.8286 0.8 0.3201 0.5 0.5942 0.1 0.616 0.14 1790 7 1789 11 0 190 227 1.24
VOL-01-11.1 5.7856 0.4 0.3458 0.2 0.6518 0.1 0.271 0.09 1915 4 1976 5 3 1010 375 0.38
VOL-01.12.1 6.8840 1.9 0.4347 1.3 0.1149 1.3 0.714 0.70 2327 26 1878 24 -19 271 243  0.93
VOL-01.10.2 4.9007 1.2 0.3219 1.0 0.1104 0.6 0.862 0.15 1799 16 1806 11 0 178 230 1.33
VOL-01.1.3 5.3783 1.1 0.3473 1.0 0.1123 0.5 0.894 0.12 1921 17 1837 9 -4 242 75 0.32
VOL-01.13.1 6.1739 1.1 0.3700 1.0 0.1210 0.4 0.919 0.13 2030 17 1971 8 -3 318 201 0.65

The Eastern Terrane

The Caracol Gneiss and Baia dos Gargas suite

RA-44 - Biotite Gneiss
RA-44.1.1 4.9186 2.0 0.3266 1.8 0.1092 0.9 0.891 —-0.01 1822 29 1786 17 -2 86 77 0.92
RA-44.2.1 3.9800 2.3 0.2643 21 0.1092 0.9 0.919 —0.01 1512 29 1786 17 18 86 77 0.92
RA-44.3.1 4.5184 3.4 0.3178 1.9 0.1031 2.9 0.543 0.99 1779 29 1681 53 -6 85 66 0.80
RA-44.4.1 4.6369 4.0 0.3199 1.9 0.1051 3.6 0.462 1.26 1789 29 1717 66 -4 81 64 0.82
RA-44.5.1 4.6871 5.3 0.3068 1.9 0.1108 5.0 0.360 2.70 1725 29 1813 5 77 76 1.01
RA-44.6.1 1.1113 4.8 0.1002 1.9 0.0805 4.4 0.392 1.09 615 11 1208 87 96 127 49 0.40
RA-44.6.2 5.1895 4.1 0.3262 2.0 0.1154 3.6 0.485 0.94 1820 32 1886 65 4 61 73 1.23
RA-44.6.3 5.4208 3.1 0.3324 2.7 0.1183 1.7 0.848 —0.09 1850 43 1930 30 4 27 42 1.63
RA-44-10.1 2.7004 2.5 0.2216 2.3 0.0884 0.9 0.922 0.27 1290 27 1391 18 8 256 28 0.11
RA-44-11.1 4.3337 2.8 0.2896 2.4 0.1085 1.5 0.853 0.17 1639 35 1775 27 8 43 37 0.89
RA-44-12.1 4.7962 2.5 0.3202 2.3 0.1086 1.0 0.921 0.21 1791 36 1776 18 -1 81 75 0.96

RA-46 - Leucocratic Gneiss
RAPA-46-1.1 4.7644 21 0.3166 1.6 0.1091 1.3 0.805 0.11 1773 25 1785 24 1 94 67 0.73
RAPA-46-2.1 4.7529 2.0 0.3205 1.6 0.1076 1.2 0.893 0.21 1792 24 1758 22 -2 134 70 0.54
RAPA-46-3.1 4.5040 1.8 0.3080 1.5 0.1061 0.9 0.839 0.21 1731 23 1733 16 0 225 241 1.11
RAPA-46-4.1 3.8605 2.5 0.2601 1.7 0.1077 1.8 0.943 1.06 1490 22 1760 33 18 259 217 0.87
RAPA-46-5.1 4.8140 1.7 0.3200 1.6 0.1091 0.6 0.920 0.03 1790 24 1785 11 0 288 210 0.75
RAPA-46-6.1 4.0289 2.0 0.2710 1.5 0.1078 1.3 0.480 0.35 1546 21 1763 24 14 172 173  1.04
RAPA-46-7.1 4.6274 21 0.3120 1.5 0.1076 1.4 0.831 0.45 1750 23 1759 26 0 233 140 0.62
RAPA-46-8.1 4.7246 2.0 0.3174 1.6 0.1080 1.2 0.874 0.21 1777 24 1765 22 -1 133 120 0.93
RAPA-46-9.1 4.7210 1.8 0.3159 1.6 0.1084 0.9 0.772 0.08 1770 24 1772 17 0 150 113 0.78
RAPA-46-10.1 4.6916 1.9 0.3159 1.6 0.1077 1.2 0.894 0.34 1770 24 1761 21 -1 145 116 0.83
RAPA-46-11.1 3.6812 3.8 0.2495 1.6 0.1070 3.4 0.803 1.97 1436 20 1749 63 22 305 299 1.01
RAPA-46-12.1 4.3218 1.7 0.2964 1.6 0.1057 0.6 0.958 0.17 1673 23 1727 11 3 419 250 0.62

RA-48 - Leucocratic Orthogneiss
RAPA-48-1.1 2.4371 2.0 0.2109 1.5 0.0838 1.3 0.836 0.75 1234 17 1288 26 4 1292 59 0.05
RAPA-48-1.2 2.3919 2.1 0.2089 1.5 0.0831 1.5 0.918 0.80 1223 16 1271 30 4 1122 83 0.08
RAPA-48-2.1 0.4672 30.0 0.0329 2.6 0.1030 29.9 0.034 20.81 209 5 1678 552 704 7282 791 0.11
RAPA-48-3.1 3.5760 3.0 0.2600 1.5 0.0998 2.6 0.408 1.81 1490 20 1619 48 9 1822 1270 0.72
RAPA-48-4.1 2.2429 8.2 0.1847 1.6 0.0881 8.0 0.118 5.23 1093 16 1384 154 27 907 281 0.32
RAPA-48-5.1 4.4983 2.1 0.3086 1.6 0.1057 1.3 0.691 0.25 1734 24 1727 24 0 151 166 1.14
RAPA-48-5.2 4.6639 1.9 0.3141 1.6 0.1077 1.1 0.841 0.16 1761 24 1761 20 0 136 110 0.83
RAPA-48-6.1 0.7401 36.4 0.0603 2.4 0.0890 36.3  0.029 21.78 378 9 1403 696 272 3422 586 0.18
RAPA-48-7.1 1.4108 9.9 0.1190 1.5 0.0860 9.8 0.140 4.80 725 11 1337 190 84 1651 150 0.09
RAPA-48-8.1 3.9085 2.2 0.2701 1.5 0.1049 1.6 0.797 1.13 1541 20 1713 29 11 772 278 0.37
RAPA-48-8.2 2.8720 33.0 0.1645 3.8 0.1266 32.7  0.069 13.74 982 35 2052 578 109 1747 1139 0.67
RAPA-48-9.1 1.2876 37.2  0.0999 2.4 0.0935 37.2 0.018 22.80 614 14 1497 703 144 6001 534 0.09
RAPA-48-10.1 2.4433 2.3 0.1974 1.5 0.0898 1.7 0.710 0.75 1161 16 1421 33 22 2475 1894 0.79
RAPA-48-10.2  2.5266 1.7 0.1999 1.5 0.0917 0.8 0.957 0.40 1175 16 1460 15 24 2225 2066 0.96

RA-101 — Augen Gneiss
RA-101-2.1 4.2836 1.4 0.2861 0.8 0.1086 1.1 0.563 0.53 1622 11 1776 21 9 124 74 0.62
RA-101-3.1 3.9302 3.3 0.2693 0.7 0.1058 3.3 0.214 2.43 1537 10 1729 60 12 237 159 0.69
RA-101-4.1 1.6521 1.4 0.1135 0.7 0.1056 1.2 0.506 0.55 693 5 1724 22 149 312 468 1.55
RA-101-5.1 4.4352 0.9 0.2992 0.7 0.1075 0.6 0.764 0.17 1687 10 1758 10 4 252 134 0.55
RA-101-6.1 4.8211 1.1 0.3221 0.8 0.1086 0.8 0.687 0.22 1800 12 1775 15 -1 152 93 0.63
RA-101-7.1 3.1110 1.3 0.2132 0.9 0.1059 1.0 0.656 0.48 1246 10 1729 18 39 222 320 1.49
RA-101-8.1 3.8611 1.0 0.2611 0.6 0.1073 0.8 0.617 0.48 1495 9 1753 15 17 355 272 0.79
RA-101-9.1 4.6492 0.9 0.3116 0.7 0.1082 0.6 0.750 0.11 1748 11 1770 1 1 191 142 0.76

(continued on next page)
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Table 4 (continued)

Sample Spot Ratios err corr % Com Age (Ma) Disc % ppm Th/U
number 206pp,
207pb/?3U  err % 2%°Pb/>*®U  err % *Pb/*°°Pb err % 206pb/2¥y 10 2°7Pb/*°Pb 1o U Th
RA-101-10.1 4.0852 0.9 0.2763 0.7 0.1072 0.5 0.776 0.11 1573 9 1753 10 11 241 181 0.78
RA-101-11.1 4.5661 0.9 0.3077 0.7 0.1076 0.6 0.759 0.18 1729 10 1760 1 2 285 301 1.09
RA-101-12.1 3.4423 1.8 0.2321 1.2 0.1076 1.3 0.657 0.63 1346 14 1758 25 31 113 126 1.15
RA-101-13.1 4.1946 0.9 0.2822 0.7 0.1078 0.4 0.875 0.10 1602 11 1763 8 10 421 329 081
RA-88B - Quartz Gneiss
RA-88B-1.1 4.3973 1.0 0.3015 0.7 0.1058 0.8 0.689 0.20 1699 11 1728 14 2 200 179 0.93
RA-88B-2.1 4.4739 1.8 0.3038 1.3 0.1068 1.2 0.726 0.21 1710 20 1746 23 2 69 50 0.75
RA-88B-3.1 4.5890 1.6 0.3096 0.9 0.1075 1.3 0.574 0.36 1739 14 1758 24 1 70 60 0.89
RA-88B-4.1 4.5729 0.9 0.3083 0.7 0.1076 0.6 0.758 0.12 1732 11 1759 11 2 202 186 0.95
RA-88B-5.1 3.6746 1.1 0.2524 0.8 0.1056 0.8 0.703 0.12 1451 10 1724 14 19 144 88 0.63
RA-88B-6.1 4.6211 1.2 0.3127 0.8 0.1072 0.9 0.656 0.22 1754 12 1752 16 0 119 126 1.10
RA-88B-7.1 4.5669 1.2 0.3083 1.0 0.1074 0.7 0.817 0.07 1732 15 1757 12 1 137 117 0.88
RA-88B-8.1 4.6886 0.9 0.3133 0.8 0.1085 0.5 0.815 0.09 1757 12 1775 10 1 147 142 1.00
RA-88B-9.1 4.7674 1.0 0.3152 0.8 0.1097 0.7 0.740 —0.09 1766 12 1795 13 2 121 107 091
RA-88B-10.1 4.6247 1.2 0.3141 0.8 0.1068 0.9 0.683 0.14 1761 12 1746 16 -1 104 114 1.14
RA-88B-11.1 4.3660 1.4 0.3039 0.8 0.1042 1.1 0.583 0.41 1710 12 1700 20 -1 108 131 1.25
RA-88B-12.1 4.6095 1.4 0.3117 0.8 0.1073 1.2 0.591 0.17 1749 13 1753 21 0 91 85 0.96
RA-31 - Biotite Gneiss
RA-31.1.1 4.8804 2.3 0.3206 1.8 0.1104 1.3 0.798 —-0.31 1793 28 1806 25 1 79 71 0.92
RA-31.2.1 4.6785 1.9 0.3200 1.7 0.1060 0.9 0.889 0.13 1790 26 1732 16 -3 218 241 1.14
RA-31.3.1 4.3058 1.8 0.2929 1.7 0.1066 0.7 0.923 0.11 1656 24 1742 13 5 268 207 0.80
RA-31.3.2 4.2120 2.4 0.2846 1.7 0.1073 1.7 0.700 0.78 1614 24 1755 32 9 181 139 0.79
RA-31-4.1 3.9490 3.0 0.2613 1.7 0.1096 2.4 0.551 1.77 1497 22 1793 46 20 266 306 1.19
RA-31-5.1 3.9799 1.8 0.2702 1.7 0.1068 0.8 0.908 0.21 1542 23 1746 14 13 306 322 1.09
RA-31-6.1 3.3921 2.3 0.2315 1.7 0.1062 1.5 0.715 1.02 1342 20 1736 30 29 321 321 1.03
RA-31-7.1 3.6731 2.2 0.2520 1.8 0.1057 1.3 0.815 0.50 1449 23 1726 24 19 205 153 0.77
RA-31-8.1 2.3377 2.4 0.1781 1.6 0.0952 1.7 0.678 1.16 1057 16 1532 33 45 1375 1996 1.50
RA-31-9.1 3.9868 1.7 0.2747 1.6 0.1052 0.6 0.934 0.24 1565 23 1719 11 10 566 702 1.28
RA-31-10.1 4.4164 1.8 0.3033 1.7 0.1056 0.7 0.925 0.15 1708 25 1725 12 1 290 471 1.68
RA-31-11.1 3.8060 2.3 0.2571 1.7 0.1074 1.5 0.740 0.90 1475 23 1755 29 19 267 295 1.14
RA-31-12.1 3.1341 1.9 0.2281 1.6 0.0996 0.9 0.858 0.62 1325 19 1617 18 22 975 894 0.95
RA-31-13.1 3.4996 2.8 0.2380 1.7 0.1066 2.2 0.592 1.49 1376 21 1743 42 27 232 194 0.86
Paso Bravo Province
RA-93A - Orthogneiss
RAPA-93A-1.1  4.1658 1.5 0.2802 1.4 0.1078 0.4 0.970 0.02 1592 20 1763 7 11 436 273  0.65
RAPA-93A-2.1 29673 3.1 0.2130 1.7 0.1010 2.5 0.553 1.44 1245 19 1643 48 32 147 522 3.68
RAPA-93A-3.1  4.1167 1.5 0.2842 1.4 0.1050 0.6 0.914 0.19 1613 20 1715 11 6 274 390 1.47
RAPA-93A-4.1 4.3962 1.6 0.3012 1.4 0.1059 0.6 0.916 0.08 1697 22 1729 12 2 205 167 0.84
RAPA-93A-5.1  3.8779 1.7 0.2619 1.4 0.1074 0.8 0.854 0.42 1499 19 1756 16 17 262 245 0.96
RAPA-93A-6.1  4.6279 1.5 0.3135 1.4 0.1070 0.5 0.935 0.07 1758 22 1750 10 0 232 220 0.98
RAPA-93A-7.1  4.5883 1.5 0.3106 1.4 0.1071 0.5 0.939 0.10 1744 21 1751 9 0 257 216 0.87
RAPA-93A-8.1 4.4399 1.5 0.3028 1.4 0.1063 0.5 0.939 0.11 1705 22 1737 10 2 230 182 0.82
RAPA-93A-9.1  4.1707 1.7 0.2917 1.6 0.1037 0.7 0.906 0.20 1650 23 1691 13 2 241 186 0.80
RAPA-93A-10.1 4.6288 1.5 0.3132 1.4 0.1072 0.4 0.959 0.00 1757 22 1752 8 0 293 265 0.93
RAPA-93A-11.1 4.5478 1.5 0.3063 1.4 0.1077 0.5 0.937 0.13 1722 21 1761 10 2 312 211 0.70
RAPA-93A-12.1 4.6555 1.5 0.3137 1.4 0.1076 0.5 0.944 0.04 1759 22 1760 9 0 203 204 1.03
RAPA-93A-13.1 4.4161 1.5 0.2964 1.4 0.1081 0.5 0.936 0.15 1673 21 1767 10 6 324 305 0.97
RAPA-93A-14.1 4.5746 1.6 0.3085 1.4 0.1075 0.6 0.910 0.12 1733 22 1758 12 1 217 222 1.06
RAPA-93A-15.1 4.7254 1.6 0.3193 1.4 0.1073 0.6 0.914 0.09 1786 23 1755 12 -2 157 83 0.55
RA-114 - Granite
RAPA-114-1.1 4.5228 1.5 0.3035 1.4 0.1081 0.5 0.937 —0.03 1709 21 1767 10 3 186 89 0.50
RAPA-114-2.1 4.8038 1.8 0.3173 1.6 0.1098 0.9 0.882 -0.10 1776 25 1796 16 1 114 91 0.83
RAPA-114-2.2  4.8408 1.6 0.3153 1.5 0.1113 0.5 0.956 0.03 1767 23 1821 8 3 241 170 0.73
RAPA-114-3.1 4.7562 1.4 0.3199 1.4 0.1078 0.4 0.968 0.02 1789 22 1763 7 -1 436 273  0.65
RAPA-114-4.1 4.6439 1.6 0.3115 1.5 0.1081 0.6 0.919 —0.04 1748 22 1768 11 1 135 106  0.81
RAPA-114-5.1 4.7193 1.6 0.3195 1.4 0.1071 0.7 0.902 0.11 1787 23 1751 13 -2 150 126 0.87
RAPA-114-6.1 4.7011 1.5 0.3175 1.4 0.1074 0.5 0.945 0.01 1778 22 1755 9 -1 234 208 0.92
RAPA-114-7.1 4.6349 1.5 0.3117 1.4 0.1078 0.4 0.957 0.01 1749 22 1763 8 1 434 329 0.78
RAPA-114-8.1 4.6309 1.6 0.3115 1.5 0.1078 0.6 0.915 0.12 1748 22 1763 12 1 186 171 0.95
RAPA-114-9.1 4.7502 1.5 0.3213 1.4 0.1072 0.6 0.923 0.05 1796 22 1753 1 -2 174 136 0.81
RAPA-114-10.1 4.6118 1.5 0.3117 1.4 0.1073 0.6 0.931 0.07 1749 22 1754 10 0 236 182 0.80
RAPA-114-11.1 4.7830 1.5 0.3224 1.4 0.1076 0.6 0.924 0.13 1801 22 1759 11 -2 228 177  0.80
RA-97B - Aplite
RA-97B-1.1 4.5576 1.4 0.3077 0.9 0.1074 1.1 0.632 0.27 1729 13 1756 19 2 113 163 1.49
RA-97B-2.1 4.7381 1.1 0.3105 0.8 0.1107 0.7 0.744 0.03 1743 13 1811 14 4 98 115 1.21
RA-97B-3.1 4.7527 1.4 0.3146 1.1 0.1096 1.0 0.731 0.09 1763 16 1792 18 2 55 40 0.75
RA-97B-4.1 4.3810 2.2 0.2923 0.9 0.1087 2.0 0.434 0.56 1653 14 1778 36 8 71 59 0.85
RA-97B-5.1 4.4203 0.8 0.3003 0.6 0.1067 0.6 0.737 0.08 1693 9 1745 10 3 352 288 0.85
RA-97B-6.1 4.6853 0.8 0.3132 0.7 0.1085 0.5 0.812 0.03 1756 10 1775 9 1 200 76 0.39
RA-97B-7.1 4.4976 1.0 0.3034 0.7 0.1075 0.6 0.762 0.09 1708 11 1758 1 3 154 116 0.78
RA-97B-8.1 4.3512 0.8 0.2936 0.6 0.1075 0.4 0.822 0.10 1659 9 1757 8 6 334 291 0.90
RA-97B-9.1 4.6902 0.9 0.3135 0.7 0.1085 0.6 0.769 0.09 1758 11 1774 11 1 149 103 0.72
RA-97B-10.1 3.4859 1.3 0.2381 0.7 0.1062 1.0 0.583 0.37 1377 9 1735 19 26 133 125 0.97

(continued on next page)
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Sample Spot Ratios err corr % Com Age (Ma) Disc % ppm Th/U
number 206pp,
207pb/?3U  err % 2%°Pb/>*®U  err % *Pb/*°°Pb err % 206pb/2¥y 10 2°7Pb/*°Pb 1o U Th
RA-97B-11.1 4.6569 0.8 0.3109 0.7 0.1086 0.5 0.823 0.08 1745 10 1777 9 2 317 316 1.03
RA-97B-12.1 3.2494 0.8 0.2237 0.6 0.1054 0.5 0.756 0.14 1301 7 1721 10 32 277 210 0.78

studies, they were performed on low-grade metamorphic equivalents of
the Alto Tereré Group.

5.1.1. Porto Murtinho complex

We collected sample RA-65A along the BR-267 highway (see Fig. 3).
The outcrop is made up of migmatitic gneiss, from which the neosome
band was selected for SHRIMP dating. The studied sample shows a
granolepidoblastic texture, and consists of quartz, plagioclase, musco-
vite, biotite, chlorite, plus opaque minerals, apatite, zircon and titanite.
The zircon grains vary in size from 90 to 370 um (most up to 210 pum)
and exhibit heterogeneous morphology (e.g., 1:2 to 1:4 elongation ra-
tios, and prismatic to pyramidal habits with well-defined faces). In the
CL images (Fig. 4), zircon crystals show bright luminescence, a pris-
matic habit with well-defined faces, and oscillatory zoning. Few grains
show recrystallized sites.

Seventeen analyses were made, but four of them do not meet the
analytical criteria (Table 4). Five points cluster on the Concordia, de-
fining an age of 2069.5 = 3.9 (MSWD = 0.001) - Fig. 5A. Different
contents of U (varying from 92 to 150 ppm, except for spot #12.1, with
303 ppm) were obtained for a group of analyses (# 3.1, 5.1, 6.1, 11.1
and 12.1). These spots regress to yield an upper intercept age of
2154 *= 52 Ma, which may be related to a distinct old component in
the progenitor magma.

5.1.2. Alumiador suite and Serra da Bocaina Formation

Sample RA-54A is a slightly foliated granitic orthogneiss, collected
in the southern portion of the Alumiador suite (see Fig. 3). This sample
consists of plagioclase, microcline, quartz, hornblende and minor bio-
tite, and has a granoblastic texture. Titanite, zircon, epidote, apatite
and opaque minerals are the accessories. Most zircon grains show
growth zoning in CL images (Fig. 4). Six out of thirteen SHRIMP spot
analyses yielded unacceptably high 2°*Pb or U/Th values, including one
single analysis that yielded a 2°’Pb/2°°Pb concordant age as old as
2100 Ma (see Table 4). They were not used in the age calculation. The
reminder points cluster on the Concordia at 1816 =+ 6.9 Ma
(MSWD = 0.061), which is inferred as the crystallization age (Fig. 5B).

Sample RA-62F is a monzogranite collected from a large outcrop in
the intersection of the BR-267 highway and the MS-384 state road (see
Fig. 3). The outcrop is composed of medium- to coarse-grained pink
granite with fresh biotite. In thin section, the sample consists of quartz,
plagioclase, microcline, opaque minerals, biotite and muscovite, epi-
dote + allanite, garnet, apatite and titanite. The texture is hypidio-
morphic. The zircon grains have a length that varies from 120 to
320 pm (average 200 um) with elongation ratios ranging from 1:2 to
1:4. Most crystals are euhedral with pronounced prismatic shapes; some
are fractured and with homogeneous texture. CL images did not show
inherited cores. Most crystals exhibit oscillatory zoning although sector
zoning is also common (Fig. 4). Four isotopic analyses showed high U
contents and were not used in the age calculation (see Table 4). Con-
cordia age of 1857 * 5.9 Ma (MSWD = 0.39) defined the crystal-
lization age (Fig. 5C). In addition, eight spots with U contents between
125 and 202 ppm regressed to yield a very similar upper intercept age
of 1860 *= 12 Ma.

Sample RA-70B was collected along the MS-467 road, ca. 25 km
west of sample RA-62F (see Fig. 3). This outcrop is associated with a
local NE-trending quartzite body with volcanic clasts. The studied
sample is a non-foliated, dark-green volcaniclastic rock, mainly
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composed of volcanic material with subordinate feldspathic material.
Most zircon grains are euhedral to subhedral, but fragmented grains are
also common. Their length varies from 90 to 290 pm; the largest ones
have pyramidal edges (elongations 1:2). Growth zoned and/or unzoned
zircon is present in CL images and few grains have inclusions (Fig. 4).
We performed twelve SHRIMP analyses, in which U contents range
from 57 to 124 ppm (see Table 4). Concordia age of 1867.8 + 3.0 Ma
(MSWD = 0.93) - Fig. 5D - is identical within the analytical error with
that of the monzogranite RA-62F.

Sample FMR-200 was described as a low-grade metabasalt, tenta-
tively attributed to the Serra da Bocaina Formation. It was collected
close to the Serra da Alegria (Fig. 3). The outcrop is not far from a
pyroclastic rock (1813 * 18 Ma), ascribed to Rio Naitaca Formation
by Faleiros et al. (2016), and is close to a metasandstone which yielded
a maximum depositional age of 1802 + 49 Ma (Cabrera, 2015). The
studied sample is a plagioclase-carbonate-chlorite schist, which shows
compositional banding and has granoblastic and lepidoblastic textures
in carbonate-rich and chlorite-rich layers, respectively. Accessory mi-
nerals are albite, titanite, quartz, epidote and opaque minerals. In
particular, the chlorite-rich bands show relict microporphyritic igneous
texture, highlighted by euhedral to subhedral plagioclase phenocrysts
in a fine-grained matrix.

The zircon grains are subhedral with pyramidal and prismatic ha-
bits, ranging from 60 to 120 um in length. In CL images (see Fig. 4), the
grains showed internal oscillatory zoning and dark, thin edges. Twelve
SHRIMP analyses were carried out, and seven of them (with U contents
between 190 and 464 ppm; Table 4), including three concordant ana-
lyses, yielded an upper intercept age of 1818.9 =+ 9.9 Ma
(MSWD = 1.9), which was interpreted as the crystallization age
(Fig. 5E). This age is identical within error with that reported for a
rhyolite of the Serra da Bocaina Formation occurring in the southern
portion of the Western Terrane (Brittes et al., 2016). A few slightly
discordant spots (e.g., #6.1), possible xenocrysts, indicated apparent
ages up to 2100 Ma. These oldest dates point to a protracted history for
the Porto Murtinho crust.

5.1.3. Corumbd Window

The RA-08D granitic gneiss was collected from a railway cut ca.
30 km to the west of the city of Corumbaé (see Fig. 3 inset). The outcrop
exhibits extensive weathering and fracturing. In the thin section, the
sample comprises quartz, plagioclase, microcline, opaque minerals,
garnet and muscovite in a granoblastic matrix. The zircon population
comprises large crystals with lengths from 100 to 400 um. Subhedral
habits (elongation ratios up to 1:4) with pronounced oscillatory zoning
predominate in CL images (Fig. 4).

Nine out of 14 analyses yielded a Concordia age of 1869 + 5 Ma
(MSWD = 0.14), interpreted as the crystallization age (Fig. 5F). In
these analyses, U contents range from 99 to 187 ppm. Additional dis-
cordant spots yielded a roughly similar upper intercept age. The only
exception (spot #11.1; Table 4) yielded °”Pb/2°°Pb age of ca. 2100 Ma
(13% disc.), which may indicate a distinct component in the original
magma.

5.1.4. Alto Tereré samples in the Western Terrane

Sample EAR-082 was collected from a major N-S trending tectonic
slice (see Fig. 3), which is interlayered with metasedimentary rocks and
amphibolites, as well as the Alumiador batholith. The whole package
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Fig. 4. Cathodoluminescence images of zircon grains from selected meta igneous rocks of the RAT, dated by the SHRIMP.

shows tectonic vergence to the west, with reverse faults towards the
batholith. This sample was classified as a mylonitic muscovite quartzite
with garnet porphyroblasts. The zircon population is composed of
fractured, prismatic zircons (some metamict) and subangular fragments
with lengths from 70 to 270 pm. In CL images, detrital crystals show
bright oscillatory zoned cores with dark and thin luminescent rims (see

16

Fig. 6). Dark engulfments are also present in few bright cores.

Most analytical points were concordant, and 59 out of 74 analyses
(LA-ICP-MS) yielded an age spread between 1.98 and 1.63 Ga on the
Concordia (Fig. 7A). All grains have high Th/U values (see Supple-
mentary Material). In the histogram, a unimodal spectrum that peaked
at 1.78 Ga, with most ages between 1.73 and 1.85 Ga, was present
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Fig. 5. SHRIMP diagrams for selected rocks of the Porto Murtinho complex and Alumiador batholith (Western Terrane).

(Fig. 7B). This age matches those of the Alumiador and basement rocks
as well as the age of Caracol Gneiss to be dealt with later (see Table 2
and Sections 3.1.2 and 3.2.2). We estimated the maximum deposition
age of quartzite EAR-082 based on several isotopic analyses of bright
cores, which yielded roughly identical ages within the error, such as
1777 + 50 Ma (#1.1, 98% conc.), 1747 =+ 59 Ma (#62.1; 103%
conc.) and 1734 + 57 Ma (# 8.1; 103% conc.). Grain #71.1 yielded a
significantly younger 2°”Pb/°°Pb age of 987 + 11 Ma (103% conc.;
see Supplementary Material and Fig. 7B). This dark (i.e., metamict) and
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ghost oscillatory zoned, prismatic zircon gave the highest U content
(721 ppm) among the analyses. We interpret that the isotopic sys-
tematics of this particular zircon was probably disturbed, including the
effects of ancient Pb loss between the internal and rim zones (e.g.,
Vervoot and Kemp, 2016). No similar ages were found in the popula-
tion. Therefore this anomalous result which is not statistically sig-
nificant will not be considered in this study. Finally, spot analysis #35.1
yielded an age of 1626 * 37 Ma (109% conc.). It is an oscillatory
zoned prismatic zircon with thin dark metamorphic rims, and with
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Fig. 6. Cathodoluminescence images of zircon grains from selected metasedimentary rocks, dated by the LA-ICPMS.

fractures. We consider that the result may not represent a true popu-
lation, given the absence of similar ages in the population - see Sup-
plementary Material.

5.2. Eastern Terrane

We conducted nine new SHRIMP U—Pb age determinations on se-
lected samples from the Caracol Gneiss, which is the most widespread
unit in the Eastern Terrane. Three samples were located along a transect
in the vicinity of the Perdido River, not > 10-15 km apart from each
other (see Fig. 3), and five other in Paraguay, in the southern portion of
the RAT, referred to the Paso Bravo Province. We also collected a
sample from the Baia das Garcas suite in the northern portion of the
Eastern Terrane. In addition, we present the LA-ICPMS results of three
samples from the Alto Tereré Group. Fig. 3 presents the location of the
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sample.

5.2.1. The Caracol Gneiss along the Perdido River, in Brazil

Biotite gneiss RA-44 is composed of quartz, plagioclase, and biotite,
and has a granolepidoblastic texture. Apatite, allanite, opaque minerals
and garnet are accessory phases. Most zircon crystals have subhedral
and homogeneous shapes and range from 90 to 190 um in length. In CL
images, they are bright luminescent, and some of them show oscillatory
zoning and thin dark rims. Fractures are also common (Fig. 4).

Eleven SHRIMP analyses regress to yield an upper intercept U—Pb
age of 1803 * 90 Ma with a very high MSWD (not shown). Five of
these analyses (U contents from 61 to 86 ppm) cluster on the Concordia
at 1803 * 33 Ma (MSWD = 0.25), defining the best-fit crystallization
age (Fig. 8A). Two slightly discordant (4%) spots (# 6.2, 6.3) yielded
207ph/296ph apparent ages of 1930 + 30 and 1886 + 65 Ma,
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Fig. 7. Concordia and coupled Relative Probability Plots for selected supracrustal rocks (Alto Tereré correlatives) in the Western and Eastern terranes.

respectively, and may be inherited grains. In addition, one single zircon Sample RA-46 is a foliated leucocratic gneiss, composed of quartz,
(# 10.1: see Table 4) yielded a distinct age of 1391 = 18 Ma (8% microcline, plagioclase, chlorite (biotite alteration), garnet, opaque
disc.), suggesting this sample underwent a significantly younger partial minerals, and zircon. The texture is granoblastic to granolepidoblastic.
isotopic reset after the crystallization. Zircon population is homogeneous, and some crystals show oscillatory
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Fig. 8. SHRIMP diagrams for studied rocks in the Eastern Terrane.

zoning with thin dark rims in CL image (Fig. 4). Their length varies
from 100 um to 290 pm. Most crystals are subrounded to euhedral with
more pronounced pyramidal shapes, and inherited cores are also pre-
sent (see Fig. 3). Twelve zircon SHRIMP analyses were performed, some
of those were discordant. Eight analyses (U contents from 94 to
288 ppm but mostly lower than 200 ppm) cluster on the Concordia
(Fig. 8B) at 1767 = 5.4 Ma (MSWD = 0.027), which is interpreted as
the crystallization age.
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Sample RA-48 is a coarse-grained leucocratic orthogneiss, with a
mineral assemblage very similar to that of sample RA-46. Most zircons
from this sample are prismatic with lengths varying from 100 to
260 pm. Many grains are metamict, but few grains are oscillatory zoned
in CL images (Fig. 4). Table 4 shows the U contents of the analyses,
which can be up to 2500 ppm in some grains. Fourteen SHRIMP ana-
lyses were carried out and most data were highly discordant in the
Concordia diagram. Eight out of 13 analytical points could be regressed,
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yielding an upper intercept age of 1743 + 40 Ma with MSWD = 1.8
(Fig. 8C). Two coupled spot analyses from a single zircon (# 5.1 and
5.2) plotted right on the Concordia at 1727 = 24 and 1761 * 20 Ma
(see Table 4). Two analyses of metamict grain #10.2 (see Fig. 4) yielded
significantly younger 2°’Pb/2°’Pb ages (4% of disc.) of 1271 + 30 and
1288 + 26 Ma. These ages, despite the poor quality of the zircon,
suggest that the orthogneiss underwent a regional metamorphic over-
print long after the crystallization.

5.2.2. The Caracol Gneiss in the Paso Bravo province of Paraguay

Sample RA-101 (see Fig. 3) is an augen gneiss, which has a mon-
zogranitic composition. In thin section, the sample is composed of
quartz, microcline and plagioclase (phenocrysts), and has a (blas-
toporphyritic) granular texture, where the strong deformation is de-
fined by recrystallized quartz. The length and U content of the zircon
population range from 100 to 210 pm and from 113 to 421 ppm, re-
spectively. Well-formed prismatic grains with oscillatory zoning pre-
dominate in CL images. Fractures and inclusions are also common (see
Fig. 4), as expected in the local tectonic setting. Twelve zircon SHRIMP
analyses were performed, and most grains plotted along a Discordia
array (Fig. 8D). One of the points was right on the Concordia at the
upper intercept, and the regression yielded an age (with the lower in-
tercept forced to zero) of 1758.8 = 7.3 Ma (MSWD = 0.83), inter-
preted as the best estimate for the crystallization age.

Sample RA-88B is a gneiss with feldspathic and quartz-rich bands,
collected about 15 km west of Felix Lopes in Paraguay (Fig. 3). It is
composed of plagioclase, quartz, microcline, hornblende, diopside, ti-
tanite, epidote, allanite, apatite, opaque minerals and zircon in a
granoblastic matrix. In CL images, zircon grains are euhedral, prismatic,
and oscillatory zoned. Dark engulfments are also common and were not
used for analyses (Fig. 4). Zircon length varies between 100 and
300 pm, and most grains have U contents between 70 and 202 ppm.
Twelve SHRIMP analyses were carried out. The data regressed to yield
an upper intercept of 1754 = 15 Ma. Alternatively, a Concordia age of
1752.2 = 3.7 Ma (MSWD = 2.9) was calculated (Fig. 8E) disregarding
two analyses with high U and/or high 2°*Pb contents (# 1.1, 2.1). This
age is considered to be the crystallization age of the rock.

Sample RA-97B is a (1 m-thick) aplite intrusive into gneiss located
close to the Apa River, ca. 14 km east of San Carlos in Paraguay (Fig. 3).
This aplite consists of alkali feldspar, muscovite and quartz. In CL
images, zircon crystals are prismatic, with a pyramidal shape and os-
cillatory zoning (Fig. 4). Their length varies between 100 and 270 pum,
and their U content varies from 55 to 352 ppm. Twelve SHRIMP ana-
lyses were performed (Fig. 8F). Part of the data was discordant along a
Discordia line yielding an upper intercept age of 1774.2 =+ 8.5
(MSWD = 1.6). Four of them yielded a similar age of 1765.3 = 4.1 Ma
within the errors, but with MSWD = 7.1. Therefore we consider that
the 1774 Ma value as the best statistically estimation for the crystal-
lization age.

Sample RA-93A is an amphibolite facies mafic orthogneiss collected
a few kilometers west of Felix Lopes (Fig. 3). It has a nematoblastic
texture and is essentially composed of hornblende, microcline, and
plagioclase, and apatite and titanite are the main accessory minerals.
The rock is interlayered with leucocratic bands and crosscut by peg-
matitic bodies. The zircon population consists of sub-prismatic grains
with cores and bright luminescent overgrowths in CL images (Fig. 4).
The U contents ranged from 154 to 312 ppm. Fifteen SHRIMP analyses
were conducted, and few grains were discordant (Fig. 9A) but reason-
ably aligned. Four of them plotted on the Concordia at the upper in-
tercept, defining an age of 1753.9 + 4.0 Ma (MSWD = 0.18), which is
interpreted as the time of crystallization.

Finally, the porphyritic granite RA-114 was collected in the south-
ernmost portion of the study area (Fig. 3). This sample is composed of
quartz, plagioclase and microcline, and biotite, chlorite, opaque mi-
nerals and hornblende as secondary minerals. The zircons have well-
preserved prismatic habits. In CL images, they are oscillatory zoned
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with dark cores (Fig. 4). Twelve SHRIMP analyses on the oscillatory
domains are concordant to slightly discordant (Fig. 9B), and yielded
altogether an age of 1768 = 13 Ma (not shown). We selected ten of
these analyses with U contents between 114 and 436 ppm (see Table 4)
to calculate a Concordia age of 1763.9 = 3.6 Ma (MSWD = 1.6),
which is interpreted as the time of crystallization.

5.2.3. The Baia das Gargas suite

Sample RA-31 is a foliated granitic rock, collected along the MS-382
state road, ca. 80 km away from Bonito (see Fig. 3). The outcrop is a
biotite gneiss (granitoid composition) crosscut by quartz veins and
formed by microcline, quartz, plagioclase and minor biotite. Zircon,
apatite, allanite, epidote and opaque minerals are common accessories.
In CL images, zircon crystals show oscillatory zoning, and most of them
are prismatic, such as grain #1.1 (Fig. 4). They have variable lengths,
between 140 and 350 pum, and U contents between 79 and 1275 ppm,
with most grains below 350 ppm. In the Concordia diagram of Fig. 9C,
most points were well-aligned along a Discordia line, yielding an age of
1776 + 39 Ma (MSWD = 2.9), and one grain yielded a concordant age
at 1725 = 12 Ma (#3.1; Table 4).

5.2.4. The Alto Tereré Group in the Eastern Terrane

Sample collection was conducted along tectonic slices of the Alto
Tereré rocks within the Caracol Gneiss. U—Pb dating (LA-ICP-MS) was
carried out on detrital zircon for sediment provenance studies. Sample
EAR-142A represents a NE-SW trending metasedimentary strata with
interlayered amphibolite, occurring ca. 10 km northward from Serra da
Esperanca. The outcrop is tectonically aligned by the thrust fault. The
sample is a muscovite quartzite with granoblastic texture and lepido-
blastic layers.

The detrital zircon population exhibits euhedral, subhedral and
rounded shapes, as well as fragments ranging from 80 to 250 pym in
length. In CL images (Fig. 6), the zircon grains show bright, oscillatory
zoned cores, and dark overgrowths, as well as weakly zones. Few me-
tamict grains are also present. Coupled analyses were carried out on few
grains. Seventy out of 74 analyses show a nearly continuous spread
along the Concordia curve, mostly between 1.81 and 2.0 Ga (Fig. 7C).
All spots showed high Th/U ratios, and a few analyses yielded reverse-
concordant ages. In any case, the time interval along the Concordia
reflects the distinct magmatic sources from which detrital zircon po-
pulation derived. In the age probability histogram, a unimodal spec-
trum is observed with a peak at ca. 1.85 Ga (Fig. 7D). The major zircon
population yielded ages between 1.90 and 1.80 Ga, roughly matching
the ages of the rocks of the Alumiador suite (see Section 4.1.2).

The coupled spot analyses of grain #2 estimated the maximum
depositional age of this quartzite to be 1821 + 50 Ma (oscillatory
zoned core, Th/U = 0.94; 101% conc.), and the weakly zoned rim
yielded an age of 1790 * 51 Ma (Th/U = 0.97; 99% conc.). These
values are identical, within error, to ages of several other spots: #63.1
(1816 = 53 Ma; 97% conc.), #35.1 (1813 = 60 Ma; 98% conc.) and
#68.1 (1793 + 49 Ma; 103% conc.) — see Supplementary Material.
Finally, three grains yielded older, reverse-concordant 2°’Pb/2°°pb
ages, indicating a distinct sedimentary provenance: 2034 = 43 Ma
(#51.1), 2483 = 48 Ma (#30.2), and 2854 + 39 Ma (# 1.1) - see
Supplementary Material.

Sample MP-82, which is a quartz-muscovite schist, was collected
from the southern flank of the Serra da Esperanca (Fig. 3). The outcrop
is in tectonic contact with the Cerro Pora Granite (1.78-1.72 Ga) and is
severely affected by shear zones. This low-metamorphic package ex-
tends towards Paraguay, where the metasedimentary rocks were ori-
ginally called “San Luiz Group” (Wiens, 1986). In thin section, sample
MP-82 is essentially composed of quartz, muscovite and sericite, and
the sericite content increases near the shear zones. The zircon popula-
tion usually exhibits fractures and inclusions. High-U, metamict zircon
is very subordinate. In CL images, most grains are sub-rounded, sub-
pyramidal or prismatic fragments. They have bright cores (oscillatory
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Fig. 9. SHRIMP diagrams for studied rocks in the Eastern Terrane.

or weakly zoned) and thin (dark) rims; some of them show complex
internal zoning (see Fig. 6).

Most analytical points were concordant, and 45 out of 64 isotopic
analyses on cores yielded 2°”Pb/?°°Pb ages (concordance 100 + 10%)
that plot on the Concordia from 1.77 to 1.95 Ga (Fig. 7E). Their Th/U
values range between 0.17 and 1.90. One grain #48.1 (See Supple-
mentary Material) yielded an age of 1955 = 29 Ma (97% conc.
207ph/296ph age), which was identical, within error, to two reverse-
concordant spots (# 51.1; #23.1) with 2°”Pb/2%6Pb ages of 1965 + 31
and 1966 = 34 Ma (104% and 103% of conc., respectively; (see
Supplementary Material). In the age probability histogram, a unimodal
spectrum that peaked at 1.81 Ga was observed (Fig. 7F), with main
provenance sources with ages of 1.78 and 1.83 Ga, such as the Alu-
miador batholith and the Caracol Gneiss (see Sections 3.1.2 and 3.2.2).
The youngest grains in the population (e.g., #1.1; #19.1, #22.1)
yielded °7Pb/?°°Pb ages of 1769 =+ 38 Ma (99% conc.),
1775 * 34 Ma (98% conc.) and 1771 * 87 Ma (99% conc.), which
were used to estimate the maximum sedimentary age of schist MP-82
(See Supplementary Material). The associated quartzite of Serra da
Esperanca yielded an identical maximum depositional age of
1777 + 34 Ma (Cabrera, 2015) with roughly similar provenance
sources.

Two quartzite samples (RA-75A and RA-99) were collected at the
Cachoeira do Apa (Fig. 3), ca. 20 km to the south of Serra da Esperanca.
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They were collected a few hundred meters apart from both sides of the
river. The outcrops are crosscut by abundant quartz veins, and the rocks
are folded and thrust over the country rocks. In thin section, the
quartzite is composed of quartz, plagioclase, as well as interstitial ser-
icite and epidote, and has a granoblastic texture. The zircon population
has varied shapes and sizes, which is consistent with their detrital
nature. They usually have bright luminescent cores with internal os-
cillatory zoning in CL images (not available).

Analytical data from both samples plot similarly on Concordia
diagrams of Figs. 7G and 10A, showing a nearly continuous spread of
ages, mainly between 1.90 and 1.80 Ga. This suggests a derivation from
igneous sources, such as the Alumiador and Caracol rocks. All analyses
(total of 144; see Supplementary Material) yielded Th/U ratios between
0.16 and 1.13. Spot # 7.1 of sample RA-75 yielded a significantly older,
reverse-concordant age of 2562 + 69 Ma (108% conc.; Th/U = 0.21).
A similar unimodal spectrum was observed for both samples (Figs. 7H
and 10B), with dominated provenance sources with ages between 1.93
and 1.73 Ga and age peak at 1.81 Ga. Some spot analyses of samples
RA-75A and RA-99A yielded broadly comparable 2°’Pb/2%°Pb ages
around 1750-1730 Ma (e.g., #71.1, #76.1, #26.1 and #53.1, #33.1
and #38,1, see Supplementary Material) that could be the maximum
depositional age of the quartzites.

Sample EAR-001 (Fig. 3) is a mylonitic muscovite quartzite with
biotite and garnet. In the thin section, it shows granoblastic texture
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with lepidoblastic layers, where muscovite and quartz are sigmoidal.
Biotite-muscovite intergrowth is subordinate. The zircon population
consists of prismatic, subprismatic, and/or subrounded grains and
fragments, with lengths between 60 and 150 um, indicating a detrital
origin. CL images show both dark and bright luminescent zircons, some
of the latter exhibiting sector zoning. A few crystals show metamorphic
rims and/or are metamict (see Fig. 6).

Seventy-five out of 81 isotopic analyses plotted concordant and/or
slightly discordant in the Concordia diagram (Fig. 10C), showing a
nearly continuous spread of ages from 1.71 to 1.98 Ga. Grain (#5)
yielded coupled ages of 1854 =+ 51 (core; 100% conc.) and
1593 + 73 (rim; 88%), as shown in Fig. 6, but the latter analysis did
not meet the analytical criteria. Two concordant analyses yielded ages
of ca. 2.15 Ga (#4.1 and #60.1), whereas four others yielded reverse-
concordant Archean ages (e.g., 2514 = 38 to 2723 = 33 Ma). In any
case, the large age spectra indicate that distinct meta-igneous material
formed by different tectonic-magmatic events acted as source for this
particular rock. Th/U values ranged from 0.15 to 2.68 (see Supple-
mentary Material).

Fig. 10D shows the age probability histogram, which indicates again
contrasting provenance sources with subordinate ages between ca. 2.0
and 1.7 Ga and peaked at 1.83 Ga. The distinct large age spread sug-
gests sedimentary derivation from protoliths, which is similar for the
Eastern and Western Terranes (e.g., Porto Murtinho, Morraria, Alu-
miador, Caracol; see Sections 4 and Table 2). The youngest population
(e.g., #63.1, 29.1, 10.1, 8.1, 68.1, 26.1) yielded roughly comparable
207ph/296ph ages within the error, mostly from 1755 =+ 56 to
1747 *= 45 Ma (see Supplementary Material). These ages were used to
estimate the maximum depositional age of sample EAR-001.

Samples EAR-161 and EAR-163 were collected from the Serra do
Alumiador, right on the Aldeia Tomazia Shear Zone, ca. 10 km away
from sample EAR-001 (see Fig. 3). Sample EAR-161, in thin section, is a
fine-grained garnet-biotite meta-arkose with garnet porphyroblasts,
which has a lepidoblastic matrix texture. The zircons are mainly pris-
matic, subprismatic, and rounded, and range from 80 pm to 260 um in
length, indicating their detrital nature. In CL images, the population is
very complex, including zircon with cores and fractures, as well as
zircons with oscillatory zoning, metamorphic rims, engulfment of
overgrowth material, and weakly-zoned textures (Fig. 6). Metamict
grains and fragments are also observed.

Sixty-four out of 76 analyses of meta-arkose EAR-161 plot on the
Concordia, showing a nearly continuous spread between 1.70 and
1.90 Ga (Fig. 10E). A few spots are slightly reverse-discordant. The
apparent ages are roughly similar to those of the Alumiador and Caracol
rocks. The Th/U ratios ranged from 0.39 to 0.89 (see Supplementary
Material). The age probability histogram shows a unimodal spectrum
with 2°7Pb/2%°Pb ages between 1.71 and 1.80 Ga and a peak at 1.77 Ga
(Fig. 10F), in contrast with sample EAR-001. Several spot analyses (e.g.,
#57.1,2.1,37.1,60.1, 13.1, 21.1; see Supplementary Material) yielded
individual 2°”Pb/?°°Pb ages between 1752 + 51 and 1736 + 42 Ma
that overlap within the error. These ages defined the maximum de-
positional age for sample EAR-161.

Sample EAR-163 is located a few kilometers from sample EAR-161.
It is a muscovite-quartz schist, which has a granoblastic texture and
crenulated foliation. The zircon grains were mainly prismatic or sub-
angular fragments, ranging from 70 pm to 320 pum in length. Most
crystals showed dark cores and bright luminescent overgrowths, as well
as weakly-zoned textures in CL images (Fig. 6). Metamict grains were
subordinate. Analyses on zircon grains yielded Th/U ratios between
0.36 and 1.60 (see Supplementary Material).

Fifty five out of sixty-nine isotopic analyses were performed, and
most showed a spread on the Concordia between 1.67 and 1.90 Ga
(Fig. 10G). This age spread is roughly similar to that of sample EAR-161
and to the age of the likely sedimentary provenance. In a similar
manner, the age probability histogram shows a unimodal distribution
with a peak at 1.77 Ma (Fig. 10H). We chose spots #b51.1
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(1744 = 51 Ma; 102% conc.) and # 37.1(1747 + 44; 101% conc.) to
estimate the maximum depositional age of sample EAR-161. These ages
were similar to those of several others, such as spot #65.1 (oscillatory
zone) that yielded an age of 1773 = 56 (99% conc.), and spot #65.2
(dark core; 105% conc.) with a coupled analysis that yielded a similar
age within the error (1713 + 55 Ma) - see Fig. 6. Finally, two dark
high-U cores gave anomalous >°”Pb/2°°Pb ages considering the new and
compiled data: #59.2 (Th/U = 1.60) with 1607 *= 63 Ma (109%
conc.) and #60.2 (Th/U = 1.51) with 1480 = 51 Ma (98% conc.),
whereas their oscillatory magmatic rims (59.1, 60.1) yielded sig-
nificantly older ages of 1751 + 51 and 1773 * 56 Ma, respectively.
Therefore, these particular values were not considered in this study. In
a similar manner, we did not use spot #45.1 with an age of
1615 * 47 Ma (96% conc.), given the possible influence of the shear
zone and/or fluid migration (see Supplementary Material).

6. Tectonic inferences

The new U—Pb SHRIMP and LA-ICPMS analyses, as well as the
compiled geochronological and geochemical-isotopic information,
provided new insights on the geodynamic evolution of the RAT. The
working model considers the Eastern Terrane coeval with the
Southeastern Terrane, given the roughly similar U—Pb crystallization
ages within error, though the latter terrane has only two dates (Faleiros
et al., 2016). The integrated geochronological interpretation indicates
that three major late Paleoproterozoic orogenic events progressively
formed the RAT, originating the Porto Murtinho Complex, as well as the
Amoguija and Caracol belts, and the associated supracrustal sequences.
Moreover, the available K—Ar and “°Ar—3°Ar dates show that the RAT
underwent an Ectasian tectonic episode, which is consistent with the
protracted paleotectonic link with the SW Amazonian Craton, as will be
discussed later.

6.1. Porto Murtinho magmatic event

The new zircon SHRIMP U—Pb age of 2069.5 = 3.9 Ma for a
migmatite (see Fig. 4), together with the published ages of the Porto
Murtinho Complex (see Table 2), indicates that the early magmatic
event in the RAT lasted ca. 100 Myr, much longer than previously
thought. There is restricted Nd isotopic evidence for the existence of a
partial melting episode in the Porto Murtinho crust, which likely oc-
curred between 2.07 and 1.99 Ga according to the available U—Pb
zircon ages (see Section 3.1.1). Tentatively, the negative Eyq() sig-
natures could be associated with collisional dynamics akin to a con-
tinental arc setting, as also suggested by the calc-alkaline affinity of the
country rocks of the Western Terrane.

A previous LA-ICP-MS provenance study on the Porto Murtinho
Complex (Faleiros et al., 2016) yielded two age modes in the detrital
zircon population (2220-1960 and 2980-2520 Ma), in addition to a few
reworked zircon grains from Paleoarchean crust (see Sections 3.1 and
Table 2). Therefore, these authors concluded that the formation of the
Porto Murtinho Complex may have involved distinct sedimentary pro-
toliths. The available Tpy; ages varied between 2.1 and 3.1 Ga with
positive Enqy values (+1.3 to +2.9) for rocks of ca. 2.07 Ga and
mostly negative (down to —5.8) for rocks with age spanning
1.95-1.88 Ga (Fig. 11A; Table 2; Cordani et al., 2010; Lacerda Filho,
2015). These data suggested that much of the Western Terrane was
built on or was adjacent to an ancient continental crust between 2.07
and 1.95 Ga ago, according to the U—Pb crystallization ages and cou-
pled inherited zircon grains in the progenitor magma (e.g., sample RA-
65A; see Section 5.1.1). Therefore this early magmatism was dominated
by juvenile sources, while the late magmatic events exhibited a sig-
nificant contribution of recycled crustal material.

The A-type Chatelodo Granite (1902 = 12 Ma; Faleiros et al.,
2016), the Sao Francisco Granite (1878 * 7 Ma; Souza et al., 2016 and
references therein) and the Fazenda Matao mafic-ultramafic suite
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et al., 2000, 2008; Payolla et al., 2002), Paragud Terrane (Santos et al., 2008; Matos et al., 2009), and Jauru Terrane (Geraldes et al., 2001; Santos et al., 2008)]; B)
Whole-rock elemental geochemical data for granitoid rocks from the RAT (Lacerda-Filho et al., 2006; Godoy et al., 2010, 2014; Manzano et al., 2012; Brittes et al.,
2013; Plens et al., 2013; Redes et al., 2015); C) Enqc compositional fields against time, showing the contrasting isotopic signatures among the Western and Eastern
Terrane rocks. The isotopic values are referred to the U—Pb crystallization ages (data compiled from Cordani et al., 2010; Brittes et al., 2013; Redes et al., 2015;

Lacerda Filho, 2015; Lacerda Filho et al., 2016; Costa, 2017). See text for details.

(1.95 Ga; Lacerda Filho, 2015; Costa, 2017) are likely extension-related
rock associations (1.90-1.88 Ga). These magmatic episodes followed
the tectonic stability of the Porto Murtinho crust. Two rhyolites pre-
viously correlated with the Serra da Bocaina Formation could be more
likely associated to this specific tectonic setting (1.90-1.88 Ga), given
their peculiar U—Pb crystallization ages of 1899 + 9 Ma (Souza et al.,
2016) and 1878 = 9 Ma (Lacerda Filho, 2015), which are quite older
than the typical rhyolites of the Serra da Bocaina Formation (Brittes
et al., 2016).

6.2. Amoguijd continental arc

The Amoguija continental arc activity (Manzano et al., 2012; Godoy
et al., 2014; Lacerda Filho et al., 2016) produced voluminous plutonism
(e.g., Alumiador granitoid suite) and genetically related volcanic-pyr-
oclastic activity, highlighted by the Serra da Bocaina Formation, cur-
rently dated between 1860 and 1830 Ma (Brittes et al., 2016). Ac-
cording to these authors, the close spatial relationship between the
plutonic and volcanic rocks, as well as their roughly similar ages and
high-K calc-alkaline signatures, supports that their formation occurred
during a single orogenic event, which lasted ca. 50 Myr according to the
new and compiled ages.

The Alumiador batholith (i.e., Alumiador suite) is intrusive into the
Porto Murtinho continental crust (Western Terrane). This batholith
yielded new SHRIMP ages of 1857 =+ 6 and 1816 =+ 7 Ma (see
Table 4) and previous U—Pb zircon ages varying from 1841 = 15 to
1839 =+ 33 Ma (Faleiros et al., 2016 and references therein). The
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nearby 1830 + 12 Ma Santa Otilia batholith and the pene-
contemporaneous Cérrego do Cervo Granite (1841 = 15 Ma; Faleiros
et al., 2016) are also markers of the syn- to late-orogenic plutonism.
This plutonism is coeval with the rhyolites of the Serra da Bocaina
Formation which crystallized at 1831 + 12 Ma (Brittes et al., 2016) —
see Table 2. Trace element whole-rock chemical data (Godoy et al.,
2010, 2014; Manzano et al., 2012; Brittes et al., 2013, 2016), coupled
with available U—Pb zircon dates, indicate that the chemical signatures
of 1860-1830 Ma-aged rocks from the Alumiador suite and Serra da
Bocaina Formation are primarily similar to Phanerozoic arc-related
granites (Fig. 11B). However, a significant number of samples from
these two units present higher contents of Y + Nb, typical of post-
collisional or anorogenic granites (Fig. 11B). Because of the complexity
of the geochemical signature of the Alumiador suite, it is highly prob-
able that it may have formed through more than one magmatic pulse.

The Alumiador granitic rocks yielded Tpy ages in the 2.6-2.4 Ga
range, with primarily negative exq¢ values from —1.4 to —5.9 and
minor positive values between + 0.5 and +4.2 (4 of 17 data) (Cordani
et al., 2010; Lacerda Filho, 2015). The rhyolite from the Serra da Bo-
caina Formation yielded Tpy; ages around 2.3 Ga with roughly similar
negative Exqy values (—1.7 to —2.2). As such, these rocks probably
derived from protoliths with a short crustal residence and with sub-
ordinate juvenile input (Cordani et al., 2010; Brittes et al., 2016).
Elemental and Sm—Nd isotope geochemical data coupled with geolo-
gical relationships are consistent with crustal contamination during slab
subduction beneath a Paleoproterozoic active margin, represented by
the newly established Porto Murtinho continental crust.
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The ages of the Alumiador suite are very similar to the ones of the
granitoid rocks of the distal Corumba Window, U—Pb zircon crystal-
lization ages of 1869 + 5 Ma (this work) and 1861 = 5 Ma (Taquaral
batholith; Redes et al., 2015). This fact indicates the possible extension
of the Amoguija continental belt to the region of Corumba. The Ta-
quaral pluton yielded slightly negative enqc) values (—1.5 and —1.3;
Fig. 11A) and Tpy ages of 2.3 and 2.2 Ga (Redes et al., 2015), which are
roughly similar to those of the Alumiador rocks. This pluton is com-
posed of metaluminous to peraluminous high-K calc-alkaline rocks
(Redes et al., 2015) with trace element signatures typical of arc-related
granites (Fig. 11B), which are comparable to those of most of the
Amoguija granitic rocks.

The undeformed Aquidaba Granite (1811 + 7 Ma; Brittes et al.,
2016), as well as the Serra da Alegria suite (ca. 1790 Ma) and the Morro
do Triunfo Gabbro that crosscut the Porto Murtinho belt could be re-
lated to the post-orogenic to anorogenic phases of the Amoguija arc.

6.3. The Caracol arc and the Alto Tereré back-arc basin

The Caracol Gneiss and the associated weakly deformed leuco-
granites make up much of the Eastern Terrane, mostly derived from
short-lived protoliths (Orosirian) given the available Nd and Hf isotopic
constraints (Cordani et al., 2010; Plens, 2018). The new SHRIMP
crystallization ages for three nearby samples of the Caracol Gneiss
(1767.0 = 5.4, 1758.8 = 7.3 and 1765.3 = 4.1 Ma) agree well
within errors with the compiled data for this tectonic unit (e.g., Cordani
et al., 2010; Faleiros et al., 2016). The Baia das Garcas suite and the
Paso Bravo granitoid rocks show roughly similar U—Pb zircon ages with
those of the Caracol Gneiss - see Table 2. The new and compiled ages for
the Eastern Terrane (1800-1740 Ma) indicate these rocks originated ca.
40 Myr after the tectonic stability of the Amoguijé arc (1870-1820 Ma).
The northern portion of the Caracol Gneiss is roughly bounded by the
Morraria Gneiss continental fragment (1950 * 23 Ma; Cordani et al.,
2010).
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The Caracol Gneiss is overlain by or tectonically interleaved with
the metavolcanic-sedimentary rocks of the Alto Tereré Group
(< 1.77 Ga; Lacerda Filho et al., 2016). The basal amphibolite of the
Alto Tereré Group was interpreted as linked to an extensional phase of a
back-arc basin, dated at 1768 + 6 Ma (Lacerda Filho et al., 2016). The
chemical-isotopic signatures of the metabasic rocks showed mixed
characteristics of MORB and island arc basalts, including depletion in
high field strength elements, enrichment in large ion lithophile ele-
ments relative to normal MORB. The coexistence between positive and
negative Eynqcy values (—5 to +3; Fig. 11A) is coherent with the effects
of an original subducted component. (Lacerda Filho et al., 2016).

Fig. 12 presents the available ages for the Caracol Gneiss, the Baia
das Gargas suite, and the granitoid rocks located in the Paso Bravo
Province (1753.9 + 4.0 Ma and 1763.9 + 3.6 Ma). We also note that
two rocks of the Southeastern Terrane yielded U—Pb zircon ages similar
to those of the rocks of the Eastern Terrane, suggesting that they could
share the same evolutionary history. More precise U—Pb zircon crys-
tallization ages fall between 1780 and 1740 Ma, with a possible peak at
ca. 1760 Ma, as shown in Fig. 12. The Cerro Pora Granite, located in the
southwestern portion of the study area, yielded roughly similar ages
(1781 = 7 to 1721 = 25 Ma; Faleiros et al., 2016 and references
therein).

The Caracol and Baia das Garcas granitoid rocks present trace ele-
ment contents similar to arc-related granites (e.g., Rb and Y + Nd
contents; Fig. 11B). Rocks from both suites yielded roughly equivalent
Tpm ages (2.0-2.2 Ga). The Eyqey values were positive (up to +5.5)
with subordinate negative values down to —5 (Fig. 11A). This bulk
signature is consistent with a dominant input from a juvenile magma
source with minor contamination from short-lived magmatic protoliths
in an arc setting (Cordani et al., 2010). In a similar manner, two
granitoid samples collected in the Paso Bravo province (see Fig. 3)
yielded Tpy ages of 2.2 and 2.4 Ga, and Eyg¢ values of —0.5
and — 1.1. Such particular signatures might have been influenced by
metasomatic fluids, active during slab subduction, away from the
Western Terrane, in agreement with the model of Cordani et al. (2010).
In fact, the Nd isotopic constraints clearly contrast with that of the
Western Terrane (Porto Murtinho and Amoguija belts), whose rocks are
widely dominated by negative Eyqcy values (Fig. 11A), and originated
ca. 50 to 100 Myr earlier.

6.3.1. Tectonic model

New and compiled data (Table 2) confirmed that the Caracol ac-
cretionary arcs, which were active from 1780 to 1740 Ma, formed the
Eastern Terrane, as envisaged by Cordani et al. (2010). The Baifa das
Garcas suite, the country rocks of the Southeastern Terrane and the
Paso Bravo granitoid rocks are considered to be genetically associated
with the evolution of the Caracol magmatic arcs, given their age simi-
larity and coherent isotopic constraints. The evolution of the Caracol
arcs includes the Alto Tereré volcanic-sedimentary sequence, formed in
a back-arc setting. The new and compiled zircon provenance studies
indicated that the siliciclastic metasedimentary rocks were mainly de-
rived from Orosirian to early Statherian magmatic sources.

The revised model proposed here for the Caracol arcs is primarily
similar to the dynamic setting for the Solomon convergent margin fol-
lowing a collision with the Ontong Java Plateau, as envisaged by Stern
(2004). According to this author, such a scenario could be distinguished
in terms of induced nucleation of subduction zones (INSZ), developed in
response to continuing plate convergence. Likewise that particular
tectonic setting, we consider that the Caracol early subduction zones
(present coordinates) were initially westward, whilst evolved away
from the Amoguija belt (i.e., Western Terrane). Continued oceanic
closure and eventual collision with a microcontinent (e.g., Morraria
Gneiss) resulted in new subduction zones (with reversal polarity)
formed behind the magmatic arc. As a matter of fact, the Caracol pro-
ducts did not intrude the Western Terrane; instead, the eastward slab
subduction was a causal relationship for the emplacement of the Bafa
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das Gargas granites into the foreland (Morraria Gneiss), affecting only
part of a plate margin such as the case of INSZ (Stern, 2004).

This geodynamic process explains the dominant juvenile nature of
the Caracol arcs, including the Alto Tereré magmatism, though influ-
enced by metasomatic fluids associated to the subducted slabs. This
hypothesis is consistent with the available positive and slightly negative
Endaco values (see Fig. 11C). Small proportions of short-lived protoliths
were also suggested during magma genesis, given by the more negative
Enacy values, reflective of the subduction melts below the Morraria
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continental crust. The working model is also coherent with the variable
positive and negative zircon Eyg) values and coupled Lu—Hf Tpy model
ages between 1.9 and 2.3 Ga for the Caracol rocks (Section 3.2.2). From
the above, the isotopic characteristics of the Caracol belt differ from the
Amoguija continental belt (Western Terrane), whose rocks derived
mainly from crustal-recycled material as indicated by the Nd isotopic
constraints (Fig. 11C).

The progressive oceanic closure eventually docked the Eastern
Terrane onto the continental margin of the Western Terrane (e.g.,
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Fig. 14. Paleogeographic reconstruction of West Gondwana, showing the col-
lisional Pharusian-Goiés Belt, related to the arrival of the Amazonia (AM) and
West Africa (WA) at the Ediacaran as a result of the closure of a large ocean.
The separation between Amazonia and Laurentia after 600 Ma marks the
opening of the Iapetus Ocean (Cordani et al., 2009). See text for explanation. L:
Laurentia; B: Baltica; K: Kalahari; CSF: Congo-Sao Francisco; LP: Rio de la Plata;
RA: Rio Apa; AA: Arequipa-Antofalla; PR: Parana; PA: Pampia. Pale gray re-
presents the intervening Neoproterozoic belts.

Cordani et al., 2010) along the Aldeia Tomazia shear zone, leading to
the RAT tectonic consolidation. Although the time of docking between
the Western and Eastern Terranes is still uncertain, it may have oc-
curred shortly after the tectonic stability of the Caracol arc. This
thought derives from the model applied to the Amazonian Craton,
whose growth is considered to be a result of continued soft collision and
accretion processes through time and space (Cordani and Teixeira,
2007) — see Section 2. Our hypothesis contrasts therefore with other
models that proposed that the juxtaposition of the Western and Eastern
Terranes occurred much later.

Finally, in the Ectasian period, the RAT underwent crustal short-
ening and deformation. This process was responsible for the Barrovian-
type metamorphism over the Alto Tereré Group, as well as the con-
comitant west-verging tectonic slices of the metavolcanic-sedimentary
strata interleaved with inliers of the country rocks (Faleiros et al., 2016;
Lacerda Filho et al., 2016) - see Figs. 2 and 3. This episode was also
indicated by few 2°7Pb/2°°Pb ages in monazite from an amphibolite
facies kyanite-garnet-biotite schist sample of the Alto Tereré Group
(Lacerda Filho et al., 2016) and in a metamorphic zircon (Th/
U < 0.08) from samples RA-44 (see Fig. 8A) and RA-48 that are at-
tributed to the Caracol Gneiss (Fig. 8C). Crustal exhumation of the RAT
occurred in the time interval 1370-1270 Ma, revealed by a large
number of K—Ar and *°Ar—>3°Ar dating (Table 2).

7. Alto Tereré Group: detrital zircon constraints

All samples considered to be analogous to the metasedimentary
rocks of the Alto Tereré Group have practically unimodal spectra with
roughly similar maximum depositional ages across the RAT, ranging
from 1.72 to 1.79 Ga. A restricted distributary sedimentary provenance
with predominant Statherian age modes was obtained for most samples,
which is consistent with the main age of the Eastern Terrane rocks,
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highlighted by the Caracol Gneiss. Such detrital zircon constraints agree
well with the reported U—Pb zircon age (1768 + 6 Ma), interpreted as
the crystallization age of the amphibolitic layer interspersed within the
basal sedimentary strata of the Alto Tereré Group (see Section 3.2.3).
Therefore the basin infill was probably concomitant with the exhuma-
tion of the Caracol belt. In particular, the subordinate age mode of ca.
1.74 Ga of the detrital zircon population from samples RA-75A/RA-99
might suggest a fast exhumation of the Eastern Terrane.

We note that our youngest zircon population ages, given the typical
errors of the LA-ICP-MS analyses, largely overlap with the maximum
depositional ages reported for similar siliciclastic supracrustal rocks
(i.e., Alto Tereré equivalents) that occur in the Western Terrane around
the Serra da Alegria (e.g., Cabrera, 2015; Lacerda Filho, 2015). Some of
these rocks located at the northwest portion have been interpreted to
belong to the Rio Naitaca Formation, given that a basal lapilli tuff of the
package yielded an age of 1813 =+ 18 Ma (Faleiros et al., 2016).
Nevertheless, based on the new and compiled detrital provenance data,
we suggest that all the metavolcanic-sedimentary sequences across the
RAT are roughly coeval, despite their contrasting metamorphic and
deformation characteristics from place to place.

Fig. 13 shows the geographic distribution of the Alto Tereré Group
and its probable correlatives across the RAT, in the light of the new and
compiled detrital zircon constraints of the siliciclastic rocks. The vari-
able age range shown in the boxes indicates again heterogeneous
sources (mainly Paleoproterozoic), from which the precursor basin
material was derived. Few samples (e.g., Figs. 7D, F and 10D) indicated
sedimentary provenance shifts from place to place (Fig. 3). Recycled
zircons from the Western Terrane (Porto Murtinho and Amoguija tec-
tonic units) were present, as indicated by Orosirian-type ages (see
Figs. 7 and 10), although detritus from the passive margin of the
Amoguija belt predominate. The provenance history of the Alto Tereré
precursor basin is consistent with active margin settings (trench,
forearc, and back-arc basins), where the basins are dominated by det-
ritus with ages roughly similar to the time of their sedimentation, as
exemplified by Cawood et al. (2012). The detrital zircon age signatures,
coupled with the chemical affinity of the Alto Tereré metabasic rocks,
suggest a back-arc setting for the precursor basin (Lacerda Filho et al.,
2016).

Finally, the Alto Tereré Group has a potential equivalent in the
southern portion of the Ventuari-Tapajés province where a volcano-
sedimentary sequence (rift-type) fills the Cachimbo tectonic basin (see
Table 1). This sequence showed detrital provenance with significant
proportion of 1.81-1.85 Ga zircon grains such as many of the Alto
Tereré samples as depicted in Figs. 7 and 10. These samples also
showed few Archean zircons, but up to the present, Archean crust was
not observed in the RAT. These zircons may have been derived from
sources like the oldest documented remnants in a cratonic block within
the eastern portion of the Rio Negro-Juruena province (see Section 2) or
even the distal Carajas region in the Amazonian Craton, and then re-
cycled during the sedimentation of the Alto Tereré basin.

8. Tectonic correlations and paleogeographic inferences

In this section we will discuss the tectonic affinity among the RAT
and the SW Amazonian Craton, using the most recent geochronologic
information that is integrated with the geochemical-isotopic evidences
and geophysical information. Pertinent aspects of the position of
Amazonia and RAT in Columbia and Rodinia are also addressed, con-
sidering the coherent geometry among the roughly coeval accretionary
orogens around the world and LIP barcode matches.

8.1. RAT affinity with SW Amazonian Craton
During the West Gondwana assembly, the RAT was already attached

to the SW edge of the Amazonian Craton (e.g., Cordani et al., 2009),
and was the stable foreland for the intervening Paraguay belt (Figs. 1
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and 3). In such a perspective, the Tucavaca belt (see Fig. 1) - whose
gently folded sedimentary units are correlative to the lithostratigraphic
units of the Paraguay belt - would be an early aulacogen developed over
the prolongation of the Amazonian Craton (present coordinates),
though reflecting Ediacaran-aged deformation linked with the super-
continent assembly (Cordani et al., 2010 and references therein).

The position of the RAT to the west of the Transbrasiliano lineament
(e.g., Curto et al., 2014; Cordani et al., 2016a) — the most significant
continental-sized discontinuity in South America (Section 2) - also

favors the protracted affinity of the RAT with the SW Amazonian
Craton, rather with the Paranapanema block and the Rio de la Plata
Craton (Fig. 14). This is an important contrast regarding other models
(e.g., Gaucher et al., 2011 and references therein; Dragone et al., 2017).
Indeed, these two latter cratonic units occur along the southern ex-
pression of the Transbrasiliano tectonic boundary in the opposite side of
the Pampean Terrane (e.g., Peri et al., 2015; Cordani et al., 2016a;
Ramos, 2018 and references therein). This fact determines that the Rio
de la Plata Craton has a paleogeographic scenario coherent with the Sao
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Francisco Craton, the Paranapanema Block and other tectonic elements
in the African counterpart within West Gondwana, which is also sup-
ported by the compelling paleomagnetic evidence (Halls et al., 2001;
D'Agrella-Filho and Cordani, 2017; Rapalini, 2018; Teixeira et al.,
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2013). In any case, the RAT may have undergone some drift relative to
Amazonia, as suggested by the NS-NNE tectonic architecture of the RAT

that contrasts with the typical NW-SE trending provinces of the SW
Amazonian Craton.
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version of this article.)

In pre-Gondwana times, the position of the RAT in relation to other
continental masses is debatable. It has been postulated that it was either
allochthonous or autochthonous during the Paleo- to late
Mesoproterozoic accretion of the Amazonian Craton. For example,
paleo-reconstructions have been proposed between RAT and a con-
tinental mass called Pampia (Ramos et al., 2010), as well as with the
Arequipa-Antofalla basement (also termed the Arequipa Terrane), both
of them hidden below the sedimentary cover in central South America.
In a similar manner, it has been suggested that several late Paleopro-
terozoic blocks like Pampia, Arequipa and the RAT, though largely
overlain by the mentioned Phanerozoic sedimentary cover, may have
formed a major continental mass (Mara Craton) which eventually col-
lided with a growing Amazonia at ca. 1.3 Ga ago (e.g., Casquet et al.,
2008, 2012).

If a correlation between the RAT and Pampia is rather possible, in
our view the Arequipa Terrane - one of the allochthonous inliers in the
Andes (e.g., Ramos, 2018 and references therein) — seems not to have a
direct geologic-tectonic affinity with the RAT; it may have originated as
a disrupted part of prior continental masses (e.g., Laurentia) and may
have been trapped together with other crustal fragments, in the Stenian
period, during the Grenville/Sunsas collage as part of the Rodinia for-
mation (e.g., Cordani et al., 2000, 2009, 2010; Chew and Cardona,
2011; Tohver et al., 2006).
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Among the autochthonous models for Amazonia, Cordani et al.
(2010) considered a tectonic correlation between the RAT and the Rio
Negro-Juruena province of the Amazonian Craton, given the roughly
age-equivalent lithostratigraphic units and the contemporary events.
Faleiros et al. (2016) suggested that the RAT could be a dispersed
fragment of the southern sector of the Ventuari-Tapajés province in the
light of the coherent U—Pb zircon ages with the Porto Murtinho and
Amoguija rocks, as well as the very similar Eyqc) signatures. An alter-
native correlation between the Porto Murtinho gneisses and the ca.
1.92 Ga crystalline basement in the Sunsas belt (Vargas-Matos et al.,
2011) was also envisaged by Faleiros et al. (2016) - see Fig. 1 and
Table 1.

8.2. RAT and growing Amazonia

Fig. 15 shows a comparative time-correlation chart of the docu-
mented orogenic events and intraplate magmatism in the RAT and the
SW portion of the Amazonian Craton, providing the pertinent paleo-
tectonic inferences for our review. From this perspective, we envisioned
that the Ventuari-Tapajos province and the Rio Negro-Juruena province
(Juruena orogen) are the best possibilities for a protracted link with the
RAT. Another potential correlation could be with the possible protoliths
of the Paragud Terrane, given the age similarities (e.g., Cordani et al.,
2010; Lacerda Filho et al., 2016).

In particular, the orogenic processes that formed the Ventuari-
Tapajéos and Rio Negro-Juruena provinces are remarkable con-
temporary with the Porto Murtinho (2.07-1.94 Ga), Amoguija
(1.87-1.82 Ga) and Caracol (1.80-1.74 Ga) belts (see Table 1). Speci-
fically, the Porto Murtinho rocks are age-equivalent with calc-alkaline
orthogneisses (2.05-2.03 Ga) and granitoid suites (1.97-1.93 Ga) of a
cratonic block within the eastern portion of the Rio Negro-Juruena
province (Central Brazil shield), correlative to the Tapajés crust (see
Section 2). In a similar manner, the eastern portion of the Juruena
Terrane includes the 1.78-1.76 Ga Teles Pires suite and the Colider and
Roosevelt volcano-sedimentary sequences (1.78-1.74 Ga) that are
roughly coeval with the granitoid rocks of the Caracol belt.

From the above pieces of evidence, the RAT seems to be genetically
related to the accretionary edge of Amazonia during the late Rhyacian
to early Statherian periods. Moreover, Fig. 11A shows that the entire
Eastern Terrane (RAT) shares ages and Nd isotopic similarities with the
Rio Negro-Juruena province. The rocks from the Porto Murtinho, Alu-
miador and Serra da Bocaina units predominantly disclose negative Eyq
o values that partial share the Ventuari-Tapajos isotopic field. How-
ever, in contrast, juvenile-like isotopic signatures are apparent for some
rocks of the Western Terrane. Fig. 11A also shows the contrasting Nd
compositional fields of the Sunsas basement, and the Alto Jauru and
Paragué terranes (except the Lomas Maneches protoliths) compared to
the RAT. From the above, the tectonic affinity among the RAT and the
Rio Negro-Juruena and Ventuari-Tapajés provinces is reinforced.

From a paleogeographic perspective, these two tectonic provinces in
the SW part of the Amazonian Craton exhibit progressively younger
lithostratigraphic units towards southwest within the Brazil Central
shield with typical NW-SE trending structures (see Fig. 1). This fra-
mework contrasts with the NS-NNE tectonic architecture of RAT units,
where the oldest ones make up the Western Terrane (Porto Murtinho
and Amoguija belts) while the youngest units comprise the Eastern
Terrane (i.e., 1.80-1.74 Ga Caracol belt). In consequence, the RAT - if it
was indeed once attached as a component of the Ventuari-Tapajés and
Rio Negro-Juruena provinces, — should have separated and acted as a
microplate shortly after its accretion onto Amazonia. From a geody-
namic perspective, our working model for the Caracol magmatic arcs
(Section 6.3.1) implies that plate motion of RAT occurred sometime
after final docking of the Caracol belt onto the Western Terrane, though
preserving the close affinity with the Amazonia.

Next, we evaluate the potential correlation among the RAT and
Amazonia in the Ectasian. Fig. 16 displays a regional distribution of
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(compiled data from Ernst, 2014).

K—Ar and *“°Ar—°Ar mineral ages, indicating the important role of
tectonothermal/exhumation processes in the Ectasian period (data
compilation from Litherland et al., 1986, 1989, Tohver et al., 2004;
Teixeira et al., 2010; Bettencourt et al., 2010; Cordani et al., 2010). In
this sense, the Rondonian-San Ignacio province and the Paragua Ter-
rane have a remarkable age match with the RAT in the range
1370-1270 Ma. In addition, a few documented U—Pb monazite ages in
the Eastern Terrane, as depicted in Fig. 16 (Lacerda Filho et al., 2016),
confirm that affinity. Such a robust coherence from the tectonic point of
view suggests that the RAT underwent the tectonic/metamorphic off-
shoots of the outboard Alto Central Brazil orogeny (e.g., Bettencourt
et al., 2010; Rizzotto et al., 2013) — see Section 2. Therefore, at this
time, the RAT was a very probable close neighbor of Amazonia.

Finally, we consider the case of the 1.11 Ga Rincén del Tigre-
Huanchaca LIP (Teixeira et al., 2015) of SW Amazonia which allows a
tight age match with the mafic dikes of the Rio Perdido suite in the RAT
(see Fig. 3). Both blocks, most likely, were good neighbors also at
1.11 Ga ago. Noteworthy, the components of this LIP broadly follow the
arcuate structural trend of the Alto Central Brazil and Sunsas belts (see
Fig. 1), probably controlled by a large-scale crustal weakness along the
active continental margin of Amazonia and penecontemporaneously to
the onset of the Sunsas orogeny (Teixeira et al., 2019a). However, the
RAT did not record the related collisional-like tectonothermal over-
prints akin to the outboard Sunsas orogeny (Fig. 16), and in this sense,
it might have undergone a separation from Amazonia as a peripheral
microplate. The hypothesis of a microplate is also consistent with the
distinct gravity anomalies that characterize the SW edge of the Ama-
zonian Craton and the RAT, respectively (Dragone et al., 2017). In any
case, the paleogeography of RAT relative to Amazonia in Proterozoic
times depends on further paleomagnetic studies.
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8.3. Amazonia in Columbia and Rodinia

The relative positions of Amazonia in Columbia and Rodinia su-
percontinents are well-established by means of a coherent geometry of
orogenic belts, key paleomagnetic constraints, as well as LIP barcode
matches through time. Specifically for Columbia, different configura-
tions have been debated, among other issues like the interconnected-
ness of the orogenic bounds and their tectonic settings (i.e. intra- or
inter-cratonic in nature) (e.g., Zhao et al., 2002;Meert, 2012;Santosh
and Zhao, 2009;Evans and Mitchell, 2011; Bispo-Santos et al., 2008,
2014; Johansson, 2009; Roberts, 2013; Xu et al., 2014; Pisarevsky et al.,
2014; D'Agrella-Filho and Cordani, 2017; Meert and Santosh, 2017 and
references therein). In this work, concerning Amazonia, we follow the
paleogeographic model by Bispo-Santos et al. (2014) which is based on
a wealth of reliable paleomagnetic poles and geochronological datings
accumulated in the last decade in the Amazonian Craton, in agreement
with the working model (Fig. 17).

The mid- to late Paleoproterozoic accretionary growth of Amazonia
built the Ventuari-Tapajés (2.05-1.80 Ga) and the Rio Negro-Juruena
(1.82-1.60 Ga) tectonic provinces, including the intervening Paragua
Terrane and the RAT (Cordani and Teixeira, 2007; this work) — see
Tables 1 and 2. The stepwise growth was accompanied by inboard in-
traplate phenomena within the already established domains, such as
the Uatuma (1.89-1.87 Ga) and Avanavero (1.79 Ga) LIP events
(Teixeira et al., 2019b and references therein). The latter igneous ac-
tivity, in particular, has a widespread distribution in Columbia, as
documented by Youbi et al. (2013) - see Fig. 17. In this sense,
D'Agrella-Filho et al. (2016) recently reassessed the available high-
quality (1.79-1.78 Ga) paleomagnetic poles for the proto-Amazonian
Craton compared to those of LIP episodes around the world. Their re-
construction favored a nearly equatorial paleogeography of Amazonia
with the West Africa-Baltica connection, and a potential link with
eastern Laurentia (Johansson, 2009; Bispo-Santos et al., 2014). Siberia
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might also be the nearest block at that time in the light of its coherent
tectonic structure with this fit (Fig. 17).

The Avanavero LIP in Amazonia is contemporary with the Teles
Pires suite and Colider Group volcanics occurring in the Ventuari-
Tapajés/Rio Negro-Juruena border (Alta Floresta domain; see Section
2). Altogether, these particular magmatic episodes are equivalent in age
with the plutonic products of the Caracol magmatic arcs in the RAT,
active from 1.78 to 1.74 Ga (Section 6.3.1 and Fig. 15). The Paleo-
proterozoic above-mentioned episodes in Amazonia were roughly
coeval with the accretionary-collisional orogenic systems (2.1-1.7 Ga)
that formed the building blocks of Columbia, such as the 1.81-1.76 Ga
phase of the Transscandinavian belt (Baltica) and the 2.0-1.8 Ga Trans-
Hudson orogen in Laurentia, whilst supported by paleomagnetic evi-
dence (e.g., Zhao et al., 2002; Johansson, 2009; Evans and Mitchell,
2011; Xu et al., 2014; Bispo-Santos et al., 2014). The bulk geodynamic
scenario is indicative of the westward younging zones of this super-
continent, assuming an Amazonia-West Africa-Baltica-Laurentia-Siberia
fit.

Moreover, we also evaluate in the context of Rodinia the tectonic
significance of the 1.11 Ga Rincén del Tigre-Huanchaca LIP that in-
cludes a component in the RAT (Rio Perdido suite) — see Fig. 15. The
onset of this LIP was penecontemporaneous with the Grenville-Sunsas
orogeny (Teixeira et al., 2015), which is part of the global orogenic
cycle that eventually assembled the Rodinia supercontinent. The Ro-
dinia reconstruction in Fig. 18 (adapted from Johansson, 2014) builds
on many previous models with Baltica and Amazonia placed along the
Grenville margin of Laurentia in a position with Baltica close to Lab-
rador (e.g., Tohver et al., 2006; Li et al., 2008; Johansson, 2009, 2014;
Roberts, 2013). According to this reconstruction, the orientation of
Amazonia leaves a gap between the Sunsas orogen in SW Amazonia and
the central Grenville orogen in Laurentia, following the SAMBA model
of Johansson (2009).

In a broader sense, the 1.11 Ga LIP in SW Amazonia has a re-
markable match with prominent intraplate activity around the world
(Fig. 18), such as the Keweenawan plume (1.11-1.08 Ga) in Laurentia —
considered a closest neighbor with Amazonia at that time (Ernst, 2014;
Table 3 in Teixeira et al., 2019b). However, a discussion on issues like
the longevity of this LIP and its possible number of nodes is beyond this
review.
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