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The hot back-arc zone of the
Aracuafl orogen, Eastern Brazil:
from sedimentation to granite generation

A zona quente do retroarco do Ordgeno Aracuati, Brasil Oriental:
da sedimentacdo a geracdo de granitos
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ABSTRACT: This article presents new lithochemical and geochro-
nological data obtained from gneisses and granites occurring in the re-
gion located to the east of the Rio Doce calc-alkaline arc (630 — 580
Ma), which corresponds to the back-arc basin of the Araguai orogen.
The Nova Venécia Complex, represents the most fertile source of per-
aluminous granitic melts in the studied back-arc zone. It mostly consists
of migmatitic Al-rich paragneisses, ranging from biotite-rich gneisses to
biotite-free cordierite-rich granulites, whose main protoliths were gray-
wacky sediments. An EW-oriented section across the northern back-arc
region reveals a zone rich in cordierite granulites of the Nova Venécia
Complex at the base, followed by migmatites that gradually pass to the
Ataléia foliated granites rich in metasedimentary enclaves, which in turn
lay beneath the Carlos Chagas batholith. To the south of the Carlos
Chagas batholith, orthopyroxene-bearing rocks often occur in both the
Nova Venécia Complex and the Ataléia Suite, suggesting a deeper crust-
al level. Our U-Pb data suggest that melting processes started on the
Nova Venécia Complex during the late development of the Rio Doce
arc, around 590 Ma, forming autochthonous peraluminous melts re-
lated to the Ataléia Suite. Progressive anatexis and melt accumulation
attained the climax around 575 Ma, leading to the development of the
syn-collisional Carlos Chagas batholith. Around 545 — 530 Ma, a late to
post-collisional anatectic episode formed garnet-cordierite leucogranites,
mostly from the re-melting of the Ataléia and Carlos Chagas granites.
A remarkable post-collisional plutonism caused widesperead re-heating
of the back-arc domain from ca. 520 Ma to 480 Ma. This long lasting
history (ca. 110 Ma) of granite generation in the back-arc zone requires
distinct heat sources, such as asthenosphere ascent under the back-arc
region in the pre-collisional stage, thrust stacking of the hot arc onto
the back-arc, radiogenic heat release from the collisional thickened crust
and, finally, asthenosphere uprising during the gravitational collapse of
the Araguaf orogen.

KEYWORDS: back-arc; orogenic heat; Rio Doce arc; Aragual

Orogen; Brasiliano Event.

RESUMO: Eiste artigo apresenta novos dados litoquimicos e geocro-
noldgicos obtidos de rochas gniissicas e graniticas da zona de retroarco
situada imediatamente a leste do Arco Rio Doce (630 — 580 Ma), no
ordgeno Aracuai. O Complexo Nova Venécia é a mais importante fon-
te de fusoes graniticas peraluminosas na regido. Este complexo consiste,
essencialmente, de paragnaisses peraluminosos migmatiticos que variam
entre gnaisses ricos em biotita e cordierita-granulitos livres de biotita,
cujos protolitos foram sedimentos grauvaquianos. Uma secio E-W no
setor norte do retroarco revela uma zona rica em cordierita-granulito,
na base, seguida por paragnaisses migmatiticos do Complexo Nova Ve-
nécia que passam, gradativamente, a granitos foliados ricos em enclaves
de rochas metassedimentares (Suite Ataléia), os quais estio sobrepostos
pelo Batélito Carlos Chagas. Ao sul deste batélito, rochas a hercinita e
ortopiroxénio sio freqiientes no Complexo Nova Venécia e Suite Ataléia,
indicando nivel crustal mais profundo. Nossos dados U-Pb evidenciam
que processos anatéticos tiveram inicio no Complexo Nova Venécia ainda
durante o desenvolvimento do Arco Rio Doce, em torno de 590 Ma,
originando fusoes graniticas relacionadas & Suite Ataléia. A progressiva
produgio de magma granitico e sua acumulagio atingiram o climax no
intervalo 575 Ma, em pleno estdgio sincolisional, resultando na edifi-
cagdo do Batdlito Carlos Chagas. Em torno de 545 — 530 Ma, adveio
novo processo anatético, que originou granada-cordierita leucogranitos
a partir da fusio parcial de granitos da Suite Ataléia e Batélito Carlos
Chagas. Finalmente, um marcante plutonismo pds-colisional (520—480
Ma) do tipo I causou importante re-aquecimento regional. Esta longa
histéria (ca. 110 Ma) de producio de magmas graniticos na zona de re-
troarco requer diferentes fontes de calor, tais como ascengdo astenosférica
s0b a regido de retroarco durante o estdgio pré-colisional, cavalgamento
da base quente do arco sobre o retroarco, liberagio de calor radiogénico
da pilha crustal espessada no estdgio colisional e, finalmente, ascencio
astenosférica durante o colapso gravitacional do Ordgeno Aracuai.

PALAVRAS-CHAVE: ietroarco; calor orogénico; Arco Rio Doce;

Ordgeno Araguai; Evento Brasiliano.
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INTRODUCTION Despite this singular geotectonic scenario, the Araguaf

orogen includes a few Cryogenian-Ediacaran ophiolite slivers

The Araguai orogen and its counterpart located in Africa, (Pedrosa-Soares ez al. 1998, 2001; Queiroga et al. 2007;Peixoto

the West Congo belt, make up an orogenic edifice edged etal. 2013) and a well developed Ediacaran calc-alkaline arc, the

by the Sao Francisco-Congo craton (Fig. 1). This confined Rio Doce arc (Figueiredo and Campos-Neto 1993; Nalini ez a/.

orogenic system developed inside an end-branch (a gulf) of =~ 2000a; Pedrosa-Soares ez a/. 2001, 2011; Novo 2013). To the

the Adamastor Ocean, shaped into the Sao Francisco-Congo east of the Rio Doce arc (Fig. 1), the back-arc basin is now rep-

paleocontinent in Neoproterozoic time (Pedrosa-Soares et al. resented by high grade metasedimentary rocks (Noce ez al. 2004;
2001, 2008, 2011; Cordani ez 2L 2003; Alkmim ez 2/ 2006). Pedrosa-Soares ez al. 2006a; Roncato 2009; Gradim 2013).
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Figure 1. Geological map highlighting the main components of the Aracuai orogen, and its paleotectonic setting
(modified from Pedrosa-Soares et al. 2011).
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The latest geological mapping projects on the focused
back-arc zone were carried out by our team (Gradim et al.
2005; Castafieda ez al. 2006; Queiroga ez al. 2012; Roncato
et al. 2012). Our maps, together with a carefully field-
checked compilation of the previous maps published by
Féboli (1993a,b), Signorelli (1993), Silva (1993), Vieira
(1993), Tuller (1993), Baltazar (2009), and Baltazar and
Silva (2009) resulted in the regional map of the studied
back-arc zone (Fig. 2).

This solid field basis allowed us to select the appropri-
ate samples from the regional rock units for petrographic,
lithochemical and geochronological studies presented here.
The analytical datasets can be found in Gradim (2013).
Our new data allow us: (i) to determine the protoliths of
the Nova Venécia gneisses, which represent the main back-
arc basin infill; (ii) to constrain the maximum depositional
age of the Nova Venécia basin; (iii) to outline the generation
sequence and emplacement timing of the most important
igneous suites in the back-arc zone; and (iv) to suggest a
geotectonic model linking heat sources, magma production
and the evolution of the Araguai orogen back-arc region.

GEOLOGICAL SETTING

From the earliest magmatic activities in the Rio Doce arc
to the emplacement of the latest post-collisional intrusions,
the Aracuai orogen records a long lasting (ca. 630 — 480 Ma)
succession of granite production events (Pedrosa-Soares ez a.
2011). Regionally, these plutonic rocks have been grouped
into five supersuites, namely G1-G5 (Fig. 1, Tab. 1). We sum-
marize descriptions and data on the plutonic supersuites
and related gneissic complexes from Nalini ez 2/. (2000a,b),
Pedrosa-Soares and Wiedemann-Leonardos (2000), Pinto
et al. (2000), Pedrosa-Soares et 2l (2001, 2006a,b, 2011),
De Campos ez al. (2004), Noce et al. (2004), Mendes ez al.
(2005), Belém (2006), Castafieda ez 2/. (2006), Vieira (2007),
Baltazar et al. (2010), Paes et al. (2010), Gongalves-Dias
et al. (2011), Silva ez al. (2011), Queiroga ez al. (2012),
Roncato et 2l (2012), Novo (2013), Peixoto et al. (2013),
and references therein. The G4 supersuite was not found
in the study region (Tab. 1). If not otherwise specified, the
name granite is used in a general sense.

The G1 supersuite represents the plutonic portion of the
pre-collisional, calc-alkaline Rio Doce arc (Fig. 1, Tab. 1).
Despite its volcanic arc chemical signature, the G1 rocks
show hybrid isotopic attributes (negative epsilon Nd values
from -5 to -13, T, model ages from 1.2 to 2.2 Ga, inher-
ited zircons mostly from a late Rhyacian continental crust),
suggesting interaction between mantle derived magmas and
the Paleoproterozoic continental basement.
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Figure 2. Geological map of the studied region (see A-B
cross-section in Fig. 3).
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Table 1. Main characteristics of plutonic supersuites of the Aracuai orogen (cf. Pedrosa-Soares et al. 2011)

Supersuite Lithology Structure U-Pb Age Ge?chemlcal Stage
signature
Mostly tonalite to
granodiorite, with minor Metaluminous
granite, generally rich in Regionally foliated to to slightly .
A . . Pre-collisional
61 dioritic to mafic enclaves, banded, with locally ca. 630 Ma to peraluminous, to early
and relatively small preserved igneous ca. 580 Ma I-type, medium- to collisional
plutons of gabbronoritic features. high-K, expanded
to charnockitic calc-alkaline series.
composition.
Bt+Grt+Crd+Sil+Hc+Opx
syenogranite to . . .
tonalite™ and Bt+Grt=Ms Regionally .follated to Peraluminous, Late pre-
. ;i banded, with locally ca. 590 to mostly S-type, calc- .
G2 syenogranite to . g . collisional to
e ew preserved igneous ca. 545 Ma alkaline to alkali- -
granodiorite***, generally L late collisional
A features. calcic (high-K)
rich in enclaves of
metasedimentary rocks.
Leucogranites
(G?t¢Crd:S11 alkah.— Isotropic (no igneous Peraluminous, Late collisional
G3 granite to syenogranite) flow, no regional ca. 545 to S-type, high-K to post-
rich in Bt-schlieren » 10 Te8 ca. 530 Ma ype, g pe
foliation). alkaline collisional
and enclaves from G2
granites.
Bt+Ms=Grt granite,
garnet-two-mica
granite, bu?tlt.e grar.ute Isotropic to igneous flow, Peraluminous,
rrrn to granodiorite, with . ca. 535 to .
G4 . . locally foliated along mostly S-type, Post-collisional
pegmatoid granite . . ca. 500 Ma . ;
S intrusive contacts. high-K alkaline
cupolas, rich in enclaves
of metasedimentary
rocks.
Metaluminous
Mostly Bt+=Hbl+Opx to slightly
syenogranite to Isotropic to igneous flow, ca. 520 to peraluminous, I-
G5 granodiorite (including locally foliated along ca ’ 480 Ma and A2-types, high- | Post-collisional
charnockitic equivalents), intrusive contacts. : K-Fe calc-alkaline
minor norite to enderbite. to alkaline, minor
tholeiitic terms.

*I-type G2 granites omitted. **Predominance in the central to southern, and ***in the northern regions of the Aracuaf orogen. ****Not found in the studied

back-arc zone.

Supracrustal successions related to the Rio Doce mag-
matic arc include the metavolcano-sedimentary formations
of the Rio Doce Group and the metasedimentary rocks of
the Nova Venécia Complex, representing arc covers and a
back-arc basin, respectively (Figs. 1 and 2).

The collisional stage of the Araguai orogen was accompa-
nied by regional deformation and metamorphism, imposing
anatectic processes on gneissic complexes under amphibolite
to granulite facies conditions. In the eastern Araguai oro-
gen, a large amount of granitic rocks was generated from the
partial melting of Al-rich paragneisses of the Nova Venécia
and Jequitinhonha complexes (Fig. 1).

The G2 supersuite represents an essentially collisional
granite population, mostly including peraluminous granites
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(Tab. 1). G2 peraluminous granites form a continuous
NS-trending belt that extends for over 350 km between
the towns of Colatina and Almenara (Fig. 1). This granite
belt includes distinct suites, varying in composition and/or
grain size. The southern part of this belt includes the Carlos
Chagas batholith and Ataleia Suite (Fig. 2).

The G3 supersuite is much less voluminous and generally
occurs in close spatial association with G2 granites. A typ-
ical G3 rock is a biotite-free leucogranite, generally form-
ing leucosomes overprinting the host G2 granite (Tab. 1).

The G5 supersuite includes balloon-like zoned plutons
composed of granitic and mafic rocks, characterizing a
bimodal plutonic assemblage (Tab. 1). Outstanding features
revealed by G5 plutons are diapir roots with inverse zoning
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(mafic cores and granitic borders), as well as widespread
evidence of magma mixing. G5 intrusions usually disturb
the regional structural trend, shaping the regional foliation
around them. Although they are free from the regional foli-
ation, they may show a local foliation developed along their
margins owing to emplacement-related stresses.

A Bouguer anomaly profile shows a gravimetric low cor-
responding to the focused back-arc zone (Fig. 1), in rela-
tion to the Rio Doce arc and the Atlantic margin (Haralyi
and Hasui 1982; Wiedemann ez a/. 2002). Such gravimet-
ric low suggests the preservation of a relatively thick con-
tinental crust, rich in metasedimentary rocks, which may
correspond to the Nova Venécia Complex, located between
the Afonso Cldudio and Guarapari towns (Fig. 2). Toward
its eastern border, the Bouguer profile shows a striking rise,
already within the influence of the Atlantic Ocean floor in
the Vitéria city region (Fig. 1), but possibly also indicating
a transition to a relatively thin, high-density (granulitic)

continental crust.

THE NOVA VENECIA COMPLEX
AND ASSOCIATED PLUTONISM

We summarize the main field relations and petrographic
features of the Nova Venécia Complex, Ataléia Suite, Carlos
Chagas batholith, and G3 leucogranites (Fig. 2). Definitions,
detailed descriptions and specific studies on these units can
be found in Cordani (1973), Bayer et al. (1986), Silva et al.
(1987), Sluitner and Weber-Diefenbach (1989), Pinto ez 4.
(2000), Pedrosa-Soares and Wiedemann-Leonardos (2000),
De Campos ez al. (2004), Pedrosa-Soares et al. (2006a,b,
2011), Noce et al. (2004), Castaneda ez 2/ (2006), Baltazar
etal. (2010), Roncato (2009), Roncato ez 4l. (2012), Queiroga
et al. (2012), Gradim (2013) and Richter (2013). Rocks of
the Nova Venécia Complex and Ataléia Suite were formerly

included in the Alegre, Costeiro and Parafba do Sul com-
plexes, and called as “kinzigites” and “kinzigitic gneisses” in
former papers. We use mineral name abbreviations recom-
mended by Siivola and Schmid (2007).

The study region shows two tectono-metamorphic
domains, roughly limited at the surface by the Doce River
(Fig. 2). The northern domain, dominated by the Carlos
Chagas batholith, shows a general west-dipping structure
verging to the east. The regional structure of the south-
ern domain, dipping to the east and verging to the west, is
cut by important NE-SW strike-slip shear zones. In gen-
eral, this domain represents a deeper crustal level, relatively
richer in granulite facies rocks than the northern one. In
both domains, amphibolite facies rocks prevail to the west,
whereas granulite facies rocks (with orthopyroxene or not)
often occur to the east, indicating the exposure of deeper
crustal levels along the eastern sector.

The Nova Venécia Complex and Ataléia Suite extend
from the surroundings of Nova Venécia to the regions of
Afonso Cldudio and Guarapari. However, the Carlos Chagas
batholith is an exclusive feature of the northern tectono-met-
amorphic domain (Fig. 2). Therefore, this domain shows
the most complete crustal succession of the back-arc zone
within the study region (Fig. 3). This section reveals a zone
rich in Bt-poor Crd-rich granulites of the Nova Venécia
Complex, at the base, followed by a series of migmatites
that gradually pass to the Ataléia foliated granites rich in
metasedimentary enclaves, laying beneath the Carlos Chagas

batholith (Fig. 3).

The Nova Venécia Complex

Despite variation in the metamorphic assemblages, the
Nova Venécia Complex is a quite homogeneous unit, consisting
of migmatitic Al-rich paragneisses with lenses of calc-silicate
rocks (Figs. 2, 4 and 5). Regionally, the migmatitic Al-rich
paragneisses represent a metamorphic rock series, including

Carlos Chagas batholith Ataléia Suite

Phanerozoic cover

Nova Venécia Complex

Figure 3. Cross-section showing the major relations between the Nova Venécia Complex, Ataléia Suite and Carlos

Changes batholith (see location in Fig. 2).
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Figure 4. Photos from rocks of the Nova Venécia Complex. (A) folded stromatic migmatite showing the Grt-
Bt paragneiss (pgn), and Bt-poor leucosomes (light-coloured) with associated Bt-rich melanosomes (dark gray
to black); (B) calc-silicate rock (csr) enveloped by migmatitic paragneiss; (C) transitional stromatic-to-schollen
migmatite; (D) diatexite showing Grt-rich leucosomes and Bt-rich melanosomes grading to paragneiss (pgn), with
intercalation of calc-silicate rock (csr); (E) diatexite rich in foliated leucosomes (G2At, Ataléia-type granite) and
(Opx)-Grt-Crd melanosomes relatively poor in biotite (mls), with minor Bt-bearing leucogranitic leucosomes; (F)
Bt-Grt-Sil-Crd paragneiss (a Bt-bearing cordierite granulite) rich in stretched blue cordierite poikiloblasts (Crd,
see Fig. 6D); (G) cordierite granulite with greenish felsic components (mostly plagioclase and quartz, P1-Qtz) and
minor garnet (Grt); (H) sigmoidal porphyroblast of K-feldspar in a blue cordierite (Crd) granulite.
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Figure 5. Photomicrographs from thin sections of rocks of the Nova Venécia Complex (A, B, F, and H, single
polarizer; C, D, E and G, crossed polarizers). (A) Grt-Bt-rich paragneiss; (B) Crd-Bt-rich paragneiss; (C) Opx-bearing
biotitic paragneiss; (D) stretched cordierite poikiloblast rich in quartz and sillimanite inclusions, in the Bt-
bearing cordierite granulite; (E and F) Bt-poor cordierite granulite showing a stretched cordierite porphyroblast
with spinel inclusions; (G) Bt-free cordierite granulite; (H) oriented spinel inclusions with green hercynite in a
cordierite porphyroblast of a cordierite granulite.
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amphibolite to granulite facies Sil-Crd-Grt-Bt gneisses (Figs.
4A-4D, 5A and 5B) and Bt-poor Sil-Grt-Crd granulitic
gneisses (Figs. 4F to 4H and 5D to 5H), which may locally
contain orthopiroxene (Fig. 5C). For descriptive purposes,
we call the migmatitic Crd-Grt-Bt gneisses as paragneisses
(independently of metamorphic facies), and the Bt-poor Sil-
Grt-Crd gneisses as cordierite granulites or blue granulites.

The most common paleosomes of the Nova Venécia
migmatites are paragneisses consisting of variable amounts
of quartz, plagioclase, K-feldspar, biotite, garnet, cordierite,
sillimanite and/or orthopyroxene (Figs. 5A to 5C). Accessory
minerals include spinel (magnetite, hercynite), ilmenite, apa-
tite, monazite, titanite, zircon, and sulphides. Some general
features of the paragneisses are: (i) plagioclase is generally
more abundant than K-feldspar in the paleosomes; (ii) biotite
content decreases with the increasing amount of cordierite
and/or garnet and/or leucosomes; and (iii) orthopyroxene
locally occurs in both biotitic paragneisses and cordierite gran-
ulite along the eastern portion of the Nova Venécia Complex.

The laminated to banded structures of the paragneisses
represent variations in mafic versus felsic mineral contents.
They may be inherited from sedimentary protoliths, or
formed from metamorphic banding associated with tec-
tonic transposition. Leucosomes generally highlight the
banded structures (as partial melting preferentially starts
along mica-rich horizons). Paragneisses and calc-silicate rocks
may show sharp contacts or gradually pass one to another
(Fig. 4B), providing the best evidence of relict stratification.
The calc-silicate rocks mostly consist of quartz, Ca-rich pla-
gioclase, clinopyroxene, orthopyroxene, Ca-rich garnet, apa-
tite, and opaque minerals.

Sil-Grt-Crd gneisses poor to free in biotite, the so-called
cordierite granulites, occur in the eastern sector of the back-
arc zone, and in exposures of the Nova Venécia Complex
located between the towns of Ecoporanga and Cotaxé (Fig. 2).
They vary in composition from Bt-Grt-bearing Crd-rich
gneisses (Figs. 4F 5D to 5F) to Bt-free He-Sil-Crd granulites
free to poor in garnet (Figs. 4G and 4H, 5G and 5H). The
Bt-poor granulites consist of quartz, plagioclase, K-feldspar,
blue cordierite, garnet, sillimanite, spinel (hercynite, magne-
tite), orthopyroxene, apatite, and zircon (Figs. 5D to 5H).
The cordierite granulites form layers and lenses grading to
migmatitic paragneisses. They also form large massifs rela-
tively poor in granitic leucossomes, which have been quarried
for blue dimension stone production (Machado-Filho 1998).

Regionally, the syn-kinematic mineral assemblages
related to the regional foliation are: (i) Qtz + Pl + Kfs + Bt
+ Grt + Crd + Sil + Ilm = Spl + Opx, for the migmatitic
paragneisses; and (ii) Qtz + Pl + Crd + Sil + He + Kfs + Spl
* Grt = Bt + Opx, for the cordierite granulites. The Nova
Venécia paragneisses are Opx-free and richer in biotite along
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the western sector of the back-arc zone. They tend to be
Opx-bearing, and richer in cordierite, garnet and sillimanite
towards the eastern border of the region. This compositional
change reflects a general prograde metamorphism, varying
from amphibolite facies in the west to granulite facies in the
east. Available geothermobarometric data also suggest this
west to east prograde metamorphism, recording tempera-
tures from ca. 712°C in the western edge of the back-arc
zone, to ca. 930°C in its eastern margin, with values around
820°C in the central part of the study region (Fig. 1; data
from Munh4 et 2/ 2005, and Gradim 2013). The lowest
temperature (712 = 32°C at 5.4 = 0.5 kbar) was obtained
from a Sil-Crd-Grt-Bt paleosome of a stromatic metatexite,
whereas the highest temperatures were obtained from melt-
poor cordierite granulites (840 = 60°C at 5.6 = 0.9 kbar, and
930 = 118°C at 6.1 = 0.4 kbar; Gradim 2013). The melt-
rich Sil-Gre-Bt-Crd paragneisses from the central part of
the back-arc zone yielded a temperature of 820 + 20°C at
6.5 = 0.5 kbar (Munhd ez /. 2005). This increase in meta-
morphic temperatures agrees with the regional changes in
mineral assemblages from amphibolite to granulite facies,
as well as with the crustal architecture of the back-arc zone
(Fig. 3). It is also in agreement with the west to east pro-
grade metamorphism observed more to the north, in the
Jequitinhonha Complex (Fig. 1), where temperatures lower
than 800°C and higher than 900 °C have been determined
by quantitative geothermobarometric studies (Belém 20006).

Some features provide evidence of high-grade post-ki-
nematic reactions in the Nova Venécia gneisses, namely: (i)
recrystallization of helicitic garnet overprinting the regional
foliation; (ii) cordierite overgrowth on garnet forming
corona textures; and (iii) development of Crd+Sil+Hc and
Crd+Sil+Gre+Opx+Hc isotropic assemblages associated with
the complete removal of biotite from the foliation. These fea-
tures generally occur in the vicinity of G5 intrusions.

The first regional anatectic event in the Nova Venécia
paragneisses gave rise to syn-deformational neossomes,
whose mineral assemblages vary considerably along the
study region. In the western sector of the back-arc zone,
neossomes are Opx-free, and tend to be richer in biotite
and relatively poor in cordierite, garnet and/or sillimanite
(Fig. 4A). In the eastern sector, this syn-kinematic melting
event generated usually more dehydrated neossomes, includ-
ing Grt-rich leucosomes and melanosomes relatively poor in
biotite, but rich in cordierite, garnet and sillimanite, locally
with orthopyroxene (Fig. 4D and 4E). In fact, the migmatitic
paragneisses include several metatexite and diatexite varieties
(Fig. 4A to 4E), characterizing a rock assemblage formed by
increasingly dehydrated anatectic products. Lenses of calc-sil-
icate rocks represent refractory resisters in the Nova Venécia
migmatites (Fig. 4B). Diatexites show granite leucosomes
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similar to the Ataléia granitic rocks (Fig. 4E). These diatex-
ites gradually pass to large bodies of Ataléia-type granites,
enveloped by the migmatitic paragneisses.

The Ataléia Suite

The granitic rocks grouped in the Ataléia Suite occur in
close spatial association with migmatites of the Nova Venécia
Complex, as well as in large massifs (Figs. 2, 4A to 4E, 6A).
Generally, the Ataléia granites are rich in paragneiss and/or
cale-silicate enclaves, suggesting an essentially autochthonous
nature (Figs. 6A and 6C). In fact, there is a consensus in the
literature that the “kinzigitic” migmatites rich in garnet-bio-
tite leucosomes gradually pass to larger foliated granite bodies.

Based on field and petrographic evidence, we also consider
the Ataléia granites as autochthonous to semi-authochtonous
melts formed from anatexis of the Nova Venécia paragneisses
(Figs. 4A to 4E, 6A to 6E). Most of them clearly show the
regional foliation (Figs. 6 and 7), although it may be diffi-
cult to recognize it in Bt-poor granites. Locally, they exhibit
well-developed mylonitic features.

The Ataléia Suite ranges in composition from prevailing
granodiorite and granite to minor tonalite. These granitic
rocks include variable contents of quartz, plagioclase,
K-feldspar, biotite, garnet, cordierite, sillimanite, ortho-
pyroxene, apatite, spinel minerals (magnetite, hercynite),
ilmenite, monazite, zircon, and sulphides (i.e. despite dif-
ferences in mineral contents, this is the same general com-
position of the Nova Venécia paragneisses). Biotite and/or
garnet are ubiquitous in the Ataléia granites, reaching modal
values around 10 — 15%. The Pl-Grt-Opx-Hc assemblage
occurs in the less evolved melts closely associated with the
Nova Venécia migmatites, as well as in some large charno-
enderbitic bodies (Figs. 7C and 7D). The greenish-colour,
foliated, Grt-Opx-bearing granitic rocks, ranging in com-
position from enderbite to charnockite, are more abundant
along the eastern sector of the back-arc region, mainly in the
southern domain. Enclaves of calc-silicate rocks and parag-
neisses are very common (Fig. 6).

The regional solid-state foliation is ubiquitous and per-
vasive in the Ataléia granites, locally showing mylonitic fea-
tures, representing the preferred orientation of biotite and/
or fibrous sillimanite, as well as stretched quartz, feldspar,
garnet and/or cordierite (Figs. 6 and 7).

The Carlos Chagas Batholith

The Carlos Chagas batholith extends continuously
for more than 14,000 km? in the back-arc region of the
Aracuaf orogen, approximately between latitudes 17° and
19° S (Figs. 1 and 2). It includes granites from the Carlos
Chagas, Montanha and Nanuque suites, which differ from
each other only in the biotite content. The batholith is thus
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quite homogeneous in composition, mostly consisting of leu-
cocratic, very coarse- to medium-grained, Grt-Bt syenogran-
ite rich in K-feldspar megacrysts (Fig. 8). Rare enclaves of
Grt-Bt gneisses and calc-silicate rocks are found elsewhere
in the batholith, probably representing xenoliths in distinct
stages of assimilation (Fig. 8D).

Despite its homogeneous composition, the Carlos
Chagas batholith is structurally heterogeneous (Fig. 8).
Undeformed and deformed granites coexist within the
batholith. Progressive imprint of solid-state deformation fea-
tures over magmatic fabrics can be observed from outcrop
to thin section scale (Figs. 8 and 9). The most commnon
magmatic features displayed by the undeformed granites are:
(i) isotropic structure showing chaotic euhedral K-feldspar
megacrysts with well-preserved twinning boundaries and fac-
ets (Figs. 8A and 8B); (ii) igneous flow orientation of euhe-
dral K-feldspar crystals (Figs. 8C to 8E); and (iii) isotropic
structure with no evidence of intracrystalline deformation
(Fig. 9A). Evidence of the syn-kinematic solid-state defor-
mation includes the following features: (i) development of
the solid-state foliation from incipient ductile deformation
in the quartz-rich matrix to the remarkable development of
quartz ribbons and stretched garnets (Figs. 9B, 9E and 9F);
(ii) development of augen structure with K-feldspar porphy-
roclasts oriented according to the regional foliation (Figs. 8E
to 8H); (iii) stretched quartz, K-feldspar and garnet along
the regional foliation (Figs. 8F to 8K and 9D to 9F); (iv)
rotated sigmoidal K-feldspar and garnet crystals showing
recristallization tails (Figs. 8G to 8]); and (v) biotite break-
down and development of hercynite-sillimanite-rich trails
along the regional foliation (Figs. 8K, 9C, 9D and 9G).

The structural heterogeneity of the Carlos Chagas batholith
is associated with changes in the mineralogical composition, as
a consequence of syn-kinematic metamorphic reactions in the
deformed granites. The greater the ductile strain, the most dis-
tinctive is the accessory mineral assemblage in relation to the
undeformed granites. The mineral assemblage of the undeformed
granites includes quartz, perthitic K-feldspar, sodic plagioclase,
biotite and garnet, with apatite, monazite, zircon, ilmenite and
sulphides as accessory minerals (Fig. 9A). This mineral assem-
blage remained essentially stable in the less deformed granites,
despite the recrystallization of biotite and quartz along the
regional foliation (Fig. 9B). As the ductile deformation devel-
ops, augen structure and mylonitic features become evident
(Figs. 8F to 8K). Biotite is progressively replaced, thereby gener-
ating He-Sil-Grt ultramylonites. (Figs. 8] and 8K, 9E and 9G).
Such rocks are poor to free in biotite, recording the most dehy-
drated metamorphic products in the Carlos Chagas batholith.
Geothermobarometric data from mylonitic Sil-Gre-Bt gran-
ites constrain the minimum metamorphic temperature for the
Bt-free ultramylonites around 680°C (Pedrosa-Soares ez al. 2011).
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Figure 6. Photos from rocks of the Ataléia Suite. (A) large calc-silicate enclaves parallel to the regional foliation of the
host Ataléia granite; (B) Bt-Grt foliated granite with melanocratic bands/laminae suggesting residual material from
the partial melting process; (C) detail of the sharp contact between the calc-silicate rock and the foliated granite; (D
and E) descontinous bands of Grt-Crd-rich residuum, showing cordierite overgrowths on garnets (corona texture); (F)
a foliated Grt-rich granite; (G) garnet porphyroclasts with Bt-rich recrystallization tails; (H) a foliated Bt-Grt granite.

The G3 Supersuite

The G3 leucogranites form vein- to irregular-shaped leu-
cosomes associated with G2 granites of both the Ataléia Suite
and the Carlos Chagas batholith (Fig. 10A to 10C), as well as
some large bodies with enclaves of G2 granites (Fig. 2). Most
G3 leucogranites show gradual and irregular contacts with the
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parent G2 granites (Figs. 10A to 10C), suggesting autochthonous
partial melting and melt crystallization processes. Rarely, sharp
and interfingering contacts outline well-shaped veins and small
plutons that seem to be semi-autochthonous to allochthonous.
Oversized G3 leucogranite plutons reach up to 2 km in diame-
ter, and are generally associated with the Ataléia Suite (Fig. 2).
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Figure 7. Photomicrographs from thin sections of rocks from the Ataléia Suite (A and B, crossed polarizers; C
and D, single polarizer). (A) foliated Bt-Grt granite showing syn-kinematic, rotated inclusion trails in garnet
porphyroblasts; (B) foliated Crd-Sil-Bt granite showing a stretched cordierite porphyroblast rich in oriented
sillimanite inclusions parallel to the ductile foliation; (C) deformed Grt-Sil-Opx-bearing charnoenderbite; (D)
green spinel (hercynite) in charnoenderbite of the Ataléia Suite.

The G3 leucogranites are rich in perthitic K-feldspar, rang-
ing from alkali-feldspar granites to syenogranites, including
sodic plagioclase (mostly in perthite), quartz, garnet and/or
cordierite, sillimanite, apatite, monazite, zircon and scarce
opaque minerals (Figs. 10D, 10E and 10G). They include
irregular-shaped, dark-coloured, isotropic bodies consisting
of cordierite, garnet, sillimanite, apatite, monazite, ilmenite
and spinel (G3r in Fig. 10F). These bodies, extremely rich
in peraluminous, mafic and refractory minerals, represent
residual material from the partial melting process, segregated
from the G3 melt (G3m in Fig.10F).

Thermal effects related to G5 plutonism
A myriad of G5 intrusions occur in the study region (Fig, 2).

They range in size from large plutons to thin dykes. I-type

granites and charnockites prevail in large plutons, whereas

enderbites and norites are more frequent in small plutons.
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The host rocks show clear changes in fabrics and min-
eral assemblages close to the contact with G5 intrusions.
This re-heating episode caused dehydration metamorphic
reactions on the Nova Venécia paragneisses, as well as on
G2 and G3 granites, forming mineral assemblages rich
in cordierite, garnet, sillimanite and/or spinel, and poor
to free in biotite. The greenish dimension stone commer-
cially called “Eucaliptus Green Granite”, a granite rich in
light-green cordierite and green spinel (hercynite) formed
from the breakdown of biotite (Fig. 9H), is a product of
the thermal metamorphism imposed by G5 intrusions on
G2 and G3 granites.

It seems that the G5 re-heating episode reached
large scale importance, promoting resetting of the min-
eral isotopic systems, even far from the surface traces of
intrusive contacts (Cordani 1973; Munhd et 2/. 2005;
Cordani et 2l. 2005).

Brazilian Journal of Geology, 44(1): 155-180, March 2014



The hot back-arc zone of the Aracuai orogen, Eastern Brazil: From sedimentation to granite generation

Figure 8. Photos from rocks of the Carlos Chagas batholith. (A) non-deformed isotropic Carlos Chagas granite with
euhedral megacrists of K-feldspar; (B) isotropic Carlos Chagas granite in a fresh rock exposure; (C) igneous flow with
euhedral K-feldspar megacrists; (D) Bt-rich enclave along the igneous flow; (E) transition from igneous flow to ductile
deformation, showing euhedral as well as eye-shaped (augen) K-feldspar megacrysts; (F) foliated granite showing
oriented biotite and eye-shaped K-feldspar crystals (augen structure); (G) sigmoidal K-feldspars and stretched garnets
along the regional foliation; (H) mylonitic granite with stretched eye-shaped K-feldspars; (I) sigmoidal garnet; (J) rotated
garnet with recrystallization tail; (K) ultramylonitic granite with stretched garnets (red) and greenish Hc-Sil-rich trails.

LITHOCHEMISTRY

W present here an evaluation of possible sedimentary proto-
liths of the Nova Venécia paragneisses and cordierite granulites,
as well as a comparative study concerning these metasedimentary
rocks and the G2 and G3 granites. Major and trace elements
data from 96 rock samples, as well as sample preparation and
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analytical procedures are available in Gradim (2013), together
with data selected from Tuller (1993) and Baltazar ez 4/. (2010).

From sediments to gneisses
‘The main lithochemical criteria used to evaluate protoliths of
carbonate-free clastic sediments are the relative distribution

of the following ratios: (i) SiO,/AlO,, a maturity index for
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Figure 9. Photomicrographs from thin sections of rocks from the Carlos Chagas batholith (A, B, C, D and E, crossed
polarizers; F, G and H, single polarizer). (A) isotropic granite rich in K-feldspar; (B) incipient ductile deformation in
the Qtz-rich matrix close to an euhedral K-feldspar crystal with undeformed Carlsbad twin; (C) development of solid-
state deformation marked by recrystallization of a Bt-Sil trail; (D) penetrative foliation marked by recrystallization
of Sil-rich trails; (E) foliation marked by recrystallization of quartz ribbons and stretched feldspars; (F) stretched
garnet crystals in mylonitic granite; (G) Bt-free Hc-Sil-rich foliation trail in ultramylonitic granite; (H) greenish
cordierite and spinel (hercynite) in a non-deformed Bt-free Carlos Chagas granite (the “Eucaliptus Green Granite”).
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Figure 10. Photos from rocks of the G3 supersuite. (A) G3 leucosomes associated with Bt-rich Ataléia foliated granite
(G2At); (B) G3 leucogranite with restites of Carlos Chagas foliated granite (G2CC); (C) contact between G3 leucogranite
and Carlos Chagas foliated granite (G2CC); (D) G3 garnet leucogranite; (E) G3 cordierite leucogranite; (F) G3 leucogranite,
representing the melt phase (G3m), associated with a rock composed of Crd+Grt+Sil+Ap (G3r), representing residuum
from the partial melting process; (G) thin section (crossed polarizers) showing the Kfs-rich G3 leucogranite.

clastic rocks, relating clay-rich against quartz-rich sedimen-
tary fractions; (ii) K,O/Na,O, concerning potassic compo-
nents (mostly K-feldspar and biotite) versus plagioclase; and
(iii) MgO/CaO, relating mafic components versus plagioclase
(cf. Bhatia 1983, Taylor and McLennan 1985, Rosen 1992).

Paragneisses and cordierite granulites show SiO,/Al,O,
ratios between clay-rich and quartz-rich sediments, suggesting
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a maturity index typical of graywackes (Fig. 11A). Most parag-
neisses have intermediate to high SiOz/AIZO3 ratios, plotting
in the graywacke to sub-graywacke/lithoarenite fields, with
a small sample number representing graywacky pelite pro-
toliths. Cordierite granulites tend to be richer in Al,O, than
paragneisses, suggesting that they derive from graywacky
pelite protoliths (Fig. 11A). Both lithotypes outline similar
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distributions in the MgO/CaO and K,O/Na, O fields, indi-
cating quite balanced contributions of immature felsic to
mafic components to their protoliths (Fig. 11A).

Taking into account that plagioclase is the main source
of Ca and Na in carbonate-free clastic sediments, the
lithochemical signature enriched in CaO+Na,O shown by
most Nova Venécia samples suggests sources rich in inter-
mediate to felsic rocks (such as calc-alkaline magmatic arcs,
typical of active continental margin settings). Therefore, a
plot of Na,O/K,O ratios versus silica (Fig. 11B) indicates
that the Nova Venécia gneisses could be sediments formed
within an active continental margin (Fig. 11).

From gneisses to granites

The Al-saturation diagram outlines the negative correlation
trend of a series of peraluminous rocks, with Ataléia granites
following down Nova Venécia gneisses, and clustering together
with Carlos Chagas and G3 granites in the zone of low (A/NK)/
(A/CNK) ratios (Fig. 12A). As expected from the petrographic
studies, such trend agrees with the progressive depletion in bio-
tite, as well as in other Al-rich mafic minerals, from the Nova
Venécia paragneisses to the most evolved G2 and G3 granites.
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Figure 11. Plot of samples from the Nova Venécia
Complex in diagrams suggested by (A) Rosen (1992), and
(B) Bhatia (1983).
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The G2 and G3 granite samples plotting in the low-Al per-
aluminouszone (1.0 < A/CNK < 1.1; Fig. 12A) are not classical
S-type granites (A/CNK > 1.1) neither I-type peraluminous
granites (¢f- Chapell & White 2001; Chapell ez /. 2012). These
low-Al peraluminous granites are the plagioclase-rich Ataléia
granites, and some other G2 and G3 granites enriched in feld-
spars in relation to the Al-rich mafic minerals (Bt, Grt, Crd).

Lithochemical diagrams provide further evidence of the
very close compositional relations between the Nova Venécia
paragneisses and the Ataléia granites (Figs. 12 and 13), despite
their obvious petrographic differences (Figs. 4 to 7). Indeed, the
Ataléia granites closely overlap the Nova Venécia gneisses along
almost the whole compositional trends (Fig. 12). This reflects
the variable amounts of mafic minerals, as well as of residual
plagioclase, inherited by the Ataléia melts from paragneisses.
In fact, the Eu positive anomalies in Rare Earth Elements
(REE) diagrams suggest plagioclase enrichment in samples from
Ataléia granites, as well as in some Nova Venécia paragneisses
(Figs. 13A and 13C). Moreover, mafic minerals from the Nova
Venécia gneisses, such as garnet and ilmenite formed from the
breakdown of biotite, would have been inherited by the Ataléia
granites, probably according to the process of peritectic phase
entrainment (Clemens & Stevens 2012). Nevertheless, the more
differentiated Ataléia granites (i.c., richer in silica, Naand K, and
more depleted in Ca and Mg+Fe) tend to plot apart from the
Nova Venécia gneisses, but within the Carlos Chagas granite field
(Fig. 12). REE patterns also indicate that many Ataléia granites
represent less evolved melts in relation to Carlos Chagas gran-
ites (Figs. 13Cand 13D). Bearing in mind that both the Ataléia
and Carlos Chagas melts would be supplied by the same pri-
mary source (the Nova Venécia paragneisses), the compositional
overlap zone discloses the chemical connection between the less
evolved, autochthonous Ataléia melts and the more differenti-
ated, semi-autochthonous to allochthonous Carlos Chagas melts.

Diagrams representing mafic components depict strong
positive and negative correlations with Ti and Si, respectively,
for the whole sample series (Figs. 12B and 12D). According
to the petrographic information, these maficity correlation
trends represent the progressive breakdown of biotite, together
with the selective segregation between melting and residual
phases, forming melts increasingly rich in silica and poor in
mafic minerals. Such dehydrating anatectic process started
in Al-rich gneisses and reached the Carlos Chagas and G3
granites, passing through most Ataléia granites that represent
intermediate less-evolved G2 melts (Fig. 12). As expected,
a clear tendency to K-enrichment appears from the Carlos
Chagas to the G3 granites (Fig. 12C).

Although more scattered in the diagrams, data from the
G3 leucogranites cluster close to the more differentiated
G2 granites (Fig. 12). Mg# variations reflect their extreme
differences in Grt/Crd modal ratios. In fact, the general
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lithochemical signature of G3 leucogranites agrees with the
field and petrographic evidence, showing that they are partial
melts from distinct varieties of G2 granites (Figs. 12 and 13).
Some apparently anomalous REE patterns shown by G3
granites seem to be related to variations in the amounts of
accessory minerals, such as apatite and monazite (Fig. 13).
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Figure 13. Chondrite normalized REE diagrams for
samples of Nova Venécia paragneisses (A) and cordierite
granulites (B), Ataléia granites (C), granites from the
Carlos Chagas batholith (D), and G3 leucogranites (E).
Normalizing factors are from Sun and McDonough (1989).

Brazilian Journal of Geology, 44(1): 155-180, March 2014



Camila Gradim et al.

GEOCHRONOLOGY

We present here new geochronological results from iso-
topic U-Pb analysis in zircon, performed in the SHRIMP
(Sensitive High Resolution Ion Microprobe) and LA-MC-
ICP-MS (Multicollector Inductively-Coupled-Plasma Mass-
Spectrometer) laboratory equipments of the Australian
National University, the Universidade de Brasilia and the
Universidade Federal do Rio Grande do Sul. Sample prepa-
ration and analytical procedures, as well as the complete data
tables are available in Gradim (2013).

Dating the eastern edge
of the Rio Doce arc

Rocks of the Rio Doce arc occur along the western border
of the study region, such as the northeastern tip of the Muniz
Freire batholith in the surroundings of Afonso Cldudio, and
the eastern massifs of the Baixo Guandu batholith (Fig. 2).
These G1 rocks consist of migmatitic, foliated to banded
tonalites, with stretched mafic to dioritic enclaves. U-Pb data
for the Muniz Freire and Baixo Guandu batholiths suggest
magma emplacement from ca. 625 Ma to ca. 585 Ma (De
Campos ez al. 2004; Pedrosa-Soares ez al. 2011; Novo 2013).

Sample 479, from the Baixo Guandu batholith (Fig. 2),
was selected for zircon U-Pb analysis, aiming to determine
the age of the easternmost edge of the Rio Doce arc, and
compare it with ages obtained for rocks of the back-arc zone.
This sample was collected from a foliated Hbl-Bt tonalite
with stretched mafic enclaves, free of anatectic leucosomes
(Fig. 14). The selected crystals are clean prismatic zircons
with oscillatory zoning and no significant overgrowth rims.
From a few concordant spots on the cores of distinct zircon
crystals (Fig. 14), the age of 589 + 14 Ma was determined
for the magmatic crystallization of the tonalite. This value
agrees with the age (ca. 588 Ma) of the northeastern tip of
the Muniz Freire batholith (Pedrosa-Soares ez 2/. 2011), cor-
responding to the latest magma accretion along the eastern-
most border of the Rio Doce arc.

Detrital zircon data for
the Nova Venécia Complex

Detrital zircon grains were selected from samples 11
and 484 of the Nova Venécia paragneisses (Fig. 2). Only
the paleosomes were prepared for zircon concentration. The
samples yielded a population of large (200-300 mm) detrital
zircon grains, and only 17 reliable ages (Figs. 15A and 16).
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Figure 14. U-Pb concordia diagram for the Baixo Guandu foliated tonalite (sample 479, Fig. 2).
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A (sample 11)
PR/ - 641410 Ma *PB/U = 590+10 Ma

252Th/2%8 = 0.99 22Th/»¢U = 0.68 208pB/238J = 594+9 Ma. 206PB/238J = 620+9 Ma
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Figure 15. Selected zircon images (CL, cathodoluminiscence; EBS, electron backscattering). (A) detrital zircon grains
from Nova Venécia paragneisses (sample 11, CL); (B) igneous and (C) metamorphic crystals from an Ataléia foliated
granite (sample 66A, Fig. 17D, EBS); (D) igneous core and metamorphic rim in a zircon crystal from Carlos Chagas
foliated granite (sample 66B, Fig. 17C), and (E) two metamorphic grains from 66B sample (EBS); (F) igneous crystals from
anon-deformed isotropic Carlos Chagas granite (sample 21, CL); (G) metamorphic zircon grains from the ultramylonitic
Carlos Chagas granite (sample 472); (H) zircon crystals from the Barra do Sao Francisco charnockite (sample 470, CL).
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Figure 16. U-Pb age histogram for detrital zircon grains of the Nova Venécia paragneiss (samples 11 and 484, Fig. 2).

The grains display variety of internal structures which agree
with the suggestion of multiple source areas for the sedimen-
tary protolith. Most of them show oscillatory zoning and
high Th/U ratios, typical of magmatic zircons (Fig. 15A).

Some general conclusions on time of deposition and
sediment sources for the Nova Venécia basin can be estab-
lished from the obtained ages. Four ages of sediment sources
are indicated: (A) 590 — 641 Ma (44%); (B) 733 — 810 Ma
(24%); (C) 2086 - 2124 Ma (11%); and (D) 901 Ma (only
one grain). The first interval clearly indicates a significant
sediment provenance from the nearby Rio Doce arc, includ-
ing the Serra da Bolivia Complex (Noce ez a/. 2004; Pedrosa-
Soares et al. 2011; Heilbron ez al. 2013; Novo 2013). The
second age interval B (733 — 810 Ma) suggests sedimentary
contribution from the Rio Negro magmatic arc, located in
the Ribeira belt (Tupinambd ez a/. 2012) or from the alka-
line province of southern Bahia State (Rosa ez /. 2007). The
third age interval C records sediment provenance from the
widespread Paleoproterozoic basement (Noce e al. 2007),
and the isolated 901 Ma age grain may be derived from the
Tonian rift-related magmatism of the precursor basin sys-
tem (Pedrosa-Soares & Alkmim 2011).
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The ages from the youngest zircon grains, around 600 Ma,
point to a terminal Neoproterozoic basin fill coeval with the
main development of the Rio Doce arc (Noce ez al. 2004).
The minimum sedimentation age might be constrained
by the age of the metamorphic peak recorded in the Nova
Venécia paragneisses, which has been dated around 575 Ma
(Séllner et al. 2000; De Campos ez al. 2004), as well as by
G2 granite ages presented in the next section.

Dating G2 granites and
regional metamorphism

We dated the non-deformed sample 21 of the Carlos Chagas
granite, and the deformed and migmatized samples 66A and
475 of the Ataléia Suite, and samples 66B and 472 of the Carlos
Chagas batholith. Within the outcrop 66 (Figs. 2 and 17), the
Ataléia (66A) and Carlos Chagas (66B) foliated granites are in
contact, and both enclose veinlets of the post-kinematic G3
leucogranite, represented by sample 66C (Fig. 17).

Images and Th/U ratios of zircon crystals from samples
66A (Ataléia foliated granite, Fig. 17D) and 66B (Carlos
Chagas foliated granite, Fig. 17C) reveal both magmatic
(Figs. 15B and 15D) and metamorphic (Figs. 15C and 15E)
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Figure 17. The outcrop 66 (A), showing the sharp contact between Ataléia and Carlos Chagas foliated granites
(B-D), both enclosing small bodies of G3 leucogranite (B and D). Granitic veins cutting the Ataléia granite do not

pass to the Carlos Chagas granite (A).

features. Zircon crystals from the non-deformed isotropic
Carlos Chagas granite show typical magmatic features and
Th/U ratios (Fig. 15F), whereas the highly deformed Carlos
Chagas ultramylonitic granite is rich in zircon grains with
metamorphic rims and very low Th/U ratios (Fig. 15G).

U-Pb data from zircon magmatic domains from the
two samples (66A and 475) of the Ataléia foliated granites,
collected in outcrops located some 100 km apart (Fig. 2),
yielded the same crystallization age of about 588 Ma (Fig. 18A
and B). Moreover, the Ataléia granite from the type locality,
located ca. 50 km to the northeast of outcrop 66, yielded a
zircon age of 591 + 5 Ma (Noce ez al. 2000). All together,
these ages indicate the onset of the G2 granite generation
around 590 Ma, in the back-arc zone.
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In contrast, the U-Pb zircon ages from the Carlos
Chagas granite suggest a much younger episode of granite
emplacement in the back-arc zone. Zircon crystals from
sample 21, an isotropic Carlos Chagas granite with no evi-
dence of solid-state deformation (Fig. 8B), yielded a mag-
matic crystallization age at 576 = 4 Ma (Fig. 18D), about
15 Ma later than the crystallization of the dated Ataléia
granites. Additionally, we obtain the age of 568 + 5 Ma
for sample 66B of the Carlos Chagas foliated granite
(Figs. 17C and 18E). These ages, together with similar
data available in the literature (Silva ez 2/ 2002, 2011;
Vauchez et al. 2007), indicate the main period of magma
emplacement in the Carlos Chagas batholith bracketed
between 576 and 565 Ma.
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Figure 18. U-Pb concordia diagrams for samples from G2 and G3 supersuites. (A) sample 66A, Ataléia foliated granite
agmatic zircons); (C) sample 66A, Ataléia foliated
granite (metamorphic zircons); (D) sample 21, non-deformed Carlos Chagas granite; E, sample 66B, Carlos Chagas
foliate granite (magmatic zircons); (F) sample 66B, Carlos Chagas foliated granite (metamorphic zircons); (G) sample
472, Carlos Chagas ultramylonitic granite (metamorphic zircos); (H) sample 66C, G3 leucogranite (magmatic zircons).

(magmatic zircons); (B) sample 475, Ataléia foliated granite (m
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Figure 19. U-Pb concordia diagram for sample 470 (charnockite, G5 supersuite).

Metamorphic zircon data from samples 66A (Figs. 15C
and 18C), 66B (Figs. 15E and 18F) and 472 (Figs. 15G and
18G) reveal ages related to the collisional tectono-meta-
morphic event. For example, the metamorphic recrystalli-
zation age of 571 + 5 Ma for sample 66A (Fig. 18C) is ca.
20 Ma younger than the magmatic age from the same sam-
ple (590 = 7 Ma, Fig. 18A). However, a similar age gap is
not recorded by sample 66B, a Carlos Chagas foliated gran-
ite with stretched K-feldspar megacrists (Fig. 16C). In this
sample, the magmatic crystallization is set at 568 = 5 Ma
(Fig. 18E), and metamorphic overprinting at 563 + 13 Ma
(Fig. 18F). These ages, similar within analytical error limits,
suggest a syn-kinematic episode of magma emplacement,
which was shortly followed by solid-state deformation in
the Carlos Chagas batholith. Despite the age uncertainties
due to the high-temperature mylonitization processes, the
metamorphic zircon age of ca. 549 Ma given by the ultram-
ylonitic granite 472 (Figs. 8K, 9F and 9G, 18G), could be
related to a time limit for the final collisional processes for

the Carlos Chagas batholith.

Dating a G3 leucogranite
Zircon crystals from sample 66C, a G3 leucosome found
in outcrop 66, yielded a concordia age at 546 + 7 Ma (Figs. 17
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and 18H). This age, together with previous ages available in
the literature (Silva et 2/. 2002; Noce et al. 2004; Pedrosa-
Soares et al. 2011), constrain the G3 partial melting event
from ca. 545 Ma to ca. 530 Ma, always in the back-arc zone.

Dating a G5 intrusion

‘The Barra do Sao Francisco intrusion mostly consists of
charnockite, and minor Be-Hbl granite (Gradim ez a/. 2005;
Pedrosa-Soares et al. 2006a). The zircon U-Pb age of 504
* 5 Ma of sample 470 constrains the magmatic crystalliza-
tion of this G5 intrusion (Figs. 2, 15H and 19). This age
is consistent with several age values recorded in the litera-
ture for G5 intrusions located in the back-arc zone (e.g., De
Campos ez al. 2004; Mendes ez al. 2005).

CONCLUSION

Back-arc basins related to active subduction zones and
orogens develop over thin and hot lithospheric domains.
Even when associated with continental magmatic arcs, back-arc
domains can receive important heat inputs related to asthe-
nosphere ascent and heat renewed by convection during the
pre-collisional stage of the orogeny (Hyndman ez /. 2005).
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Figure 20. Paleotectonic cartoon illustrating the evolution of the back-arc region and granite generation events

(A-C, not to scale).

The increase of heat supply in magmatic arcs may be The back-arc zone of the Araguai orogen records a
caused by ridge subduction and associated slab window mag- long-lasting history (ca. 100 Ma) of granite generation
matism, together with slab breakoff and related gravitational events that produced a huge amount of collisional peralu-
collapse processes, producing significant to large amountsof ~ minous granites, as well as post-collisional metaluminous
granitic magmas in distinct stages of the orogenic evolution intrusions. Our studies suggest that a series of peralumi-
(De Long et al. 1979; Keskin 2003; Madsen et al. 2006). nous granitic melts (G2 Ataléia granites) started to form
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by dehydration partial melting of metagraywackes (Nova
Venécia paragneisses) in the back-arc zone, during the final
pulses of development of the Rio Doce magmatic arc, around
590 — 580 Ma. This process may have been triggered by the
subduction of a segment of the oceanic spreading center,
with the onset of a thermal anomaly through a slab window
under the back-arc basin, in the pre-collisional to syn-colli-
sional transitional stage (Fig. 20A).

Following the first peraluminous melts, the dehydration ana-
tectic process continuously proceeded and furnished melt to a
huge accumulation zone of granitic magma, which crystallized
slowly, giving birth to the collisional Carlos Chagas batholith, a
gigantic granitic mass emplaced from ca. 580 Ma to ca. 560 Ma,
with a climax around 575 Ma. This process was accompanied by
a regional deformation and metamorphism related to the colli-
sional stage. In our view, the heat supply for this event required
combined processes, involving heat release from thrust stacking
of the hot arc onto the back-arc, together with radiogenic heat
release from the collisional thickened crust (Fig. 20B).

This huge amount of peraluminous granites underwent
a late regional dehydration anatectic event, forming a much
less voluminous leucogranite population, the G3 supersuite.
Again, heat sources are required and, now, they may be related
to the late heat release from the thickened granite-rich crust.

The onset of a new crustal heating of regional impor-
tance, the G5 plutonism, may have added further heat to
the back-arc region of the orogen. This plutonism formed
a myriad of intrusions generated during the climax of the
gravitational collapse of the Araguai orogen, and the new
heat supply would have been given by the asthenosphere
ascent related to slab breakoff, followed by delamination of
lithospheric mantle (Fig. 20C).
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