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Abstract

Plutonic rocks from the Mineiro Belt, Brazil recoaddelayed onset of the transition from TTG to
sanukitoid-type magmatism (high Ba-Sr), startingirty the Siderian magmatic lull when little
juvenile magma was added to the continental cRietks mostly belong to the calc-alkaline series,
meta- to peraluminous and originally “I-type”, meanthat oxidized magmas were formed by partial
melting of subducted material. The temporal distiitm and apparent secular changes of the magmas
are consistent with the onset of subduction-dripkate tectonics due to an increase of the subductio
angle and opening of the mantle wedge. New isotapalyses (Sm-Nd whole rock and Lu-Hf in
zircon) corroborate the restricted juvenile natafghe Mineiro Belt and confirm the genetic link
between the Lagoa Dourada Suite, a rare ca. 2350igaAl tonalite-trondhjemite magmatic event,
and the sanukitoid-type ca. 2130 Ma Alto MaranhaiteS U-Pb dating of zircon and titanite
constrain the crystallisation history of plutoniodies; coupled with major and trace element analyse
of the host rocks, they distinguish evolutionamntis in the Mineiro Belt. Several plutons in the
region have ages close to 2130 Ma but are distshgdi by the lower concentration of compatible
elements in the juvenile high Ba-Sr suite.

Keywords: S&o Francisco Craton; Magmatic lull; TTG-sanukitdrdnsition; Zircon U-Pb-Hf;
Titanite U-Pb; Whole rock Nd isotopes

1. Introduction

Understanding the secular evolution of the contiaeorust and the onset of subduction-
driven tectonics has been based on analytical swrpats, modelling and/or field
relationships (Stern et al., 2005, 2016; Condie Redse, 2008; Korenaga, 2013; Moore and
Webb, 2013; Gerya et al., 2015; Roberts and Spe@6é&b;Smart et al., 2016). Even so, the
matter of when and how plate tectonics begun Isteavily debated (Moyen et al., 2006;
Cawood et al., 2009; Arndt and Davaille, 2013; Haswkorth et al., 2016; Smart et al., 2016;
Stern et al., 2016, 2017; Ernst, 2017; Rozel et 2017). Proponents of plate tectonics
beginning in the Archean (e Bhuime et al., 2012; Cawood et al., 2013; Condid,62 agree
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on two points: (1) most of the crust had been preduby the end of the Archean; (2)
subduction-driven plate tectonics is a gradual ewmalving mechanism, which started at ca.
3.0 Ga and evolved to a modern style by ca. 2.5AGecular geochemical transition in arc-
related magmas reflects the second observatiomevthe opening of the mantle wedge after
a period of shallower subduction promoted intetactbetween metasomatised mantle and
crustal derived magmas (Martin and Moyen, 2002; tMaet al., 2010). Globally, this
tectonic change is recorded by a geochemical tiansstarting with Tonalite-Trondhjemite-
Granodiorite (TTG) magmas dominantly produced durthe Palaeoarchaean. Processes
gradually evolved from ca. 3.0 Ga towards sanuttgghigh Ba-Sr), in places accompanied
by hybrid granitoids (Shirey and Hanson, 1984, keatiet al., 2014) at 2.5 Ga.

The subsequent scenario of Earth’s geodynamics mwaked by an apparent “global
magmatic shutdown”, also referred to as the Side@Qaiet Interval (2.45-2.20 Ga; e.g.
Condie et al., 2009; Perhsson et al., 2014) optkseently-preferred terminology “magmatic
lull” (Stern et al., 2017). Lithospheric stagnatisnproposed to explain this period of little
addition of juvenile magmas to the continental trasd is recorded as a temporal hiatus
within large datasets of magmatic and detritalarirages (O'Neill et al., 2007; Condie et al.,
2009). However, the notion of a shutdown of plateonics is increasingly questioned due
to documentation of many rock types within the msgd interval (for a recent review see
Partin et al.,, 2014). The perceived lack of datatisibuted either to sampling bias or a
geological response to supercontinent assemblthdrsecond option, the amalgamation of
the first supercontinent possessing margins akictuteent continents (Flament et al., 2008),
named Kenorland (Williams et al., 1991), shorterted cumulative length of active
subduction zones and, therefore, reduced magmatictg (Silver and Behn, 2008; Perhsson
et al., 2014).

Recent studies in the Mineiro Belt, southern Braedported important occurrences of

plutonic igneous rocks that fit in the aforemenéidntime gap (e.g. Seixas et al., 2012;
Teixeira et al., 2015). They describe the LagoarBda and Resende Costa TTG juvenile
suites in the southern portion of the Sao Frandd@ion (SSFC), dated at ca. 2.35-2.30 Ga
(Fig. 1a—c). The region also contains other juwerfittype) magmatic arcs, named the
Serrinha-Tiradentes (ca. 2.22 Ga) and Alto Marar(béo2.13 Ga) suites (Seixas et al., 2013;
Avila et al., 2014). The Alto Maranhdo Suite is geemically similar to late Archaean,

mantle-derived sanukitoids (Seixas et al., 2013).
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Figure 2 compiles U-Pb-Hf zircon analyses from 8&-C. Igneous zircons are divided by
different granitoid types based on published pemnagc classification (yellow for TTG, pink
for hybrid and purple for sanukitoid). Those grarlttypes, corresponding to TTG and
hybrid sources, were formed during two time inté&syvavhereas sanukitoids only formed
during one of these. There is a late TTG to sanikiransition starting during the magmatic
lull, indicated in red. Thus, a temporal shift égjistered in the secular geochemical evolution

of arc-related magmas straddling the Archaean kaeBproterozoic (e.g. Halla et al., 2017).

Major and trace element studies of several gratstan the region expand the geochemical
dataset from the Mineiro Belt. Major, trace and &R&arth Elements (REE) are used to
document the transition from TTGs to sanukitoid &ydrid granitoids. U-Pb analyses of
accessory zircon and titanite and whole rock Sm&xd in-situ zircon Lu-Hf isotopic

analyses are used to constrain the crustal soanzksotopic evolution of the Mineiro Belt.

2. Geological background and rationale

The Sa&o Francisco Craton consists of Archaean ahae®proterozoic crustal segments,
initially assembled in the Palaeoproterozoic end, laest exposed in its northern and southern
domains. Its counterpart is located in the Congat@@r in central West Africa (e.g. Alkmim
and Marshak, 1998; Teixeira et al., 2015; Aguilaale 2017; Teixeira et al., 2017a, b) (Fig.
la). Collisional processes involved recycling anelting of the Archaean crust during a
protracted high grade metamorphic overprint fraza. 2.10 Ga to 1.94 Ga. The
Palaeoproterozoic belt is evidence of these preseasd is known as the Minas Orogen
(Teixeira et al., 2017a) and by various temporadljated occurrences in the interior of the
SSFC (Barbosa and Sabaté, 2004; Peucat et al.; @aidalho et al., 2016, 2017; Aguilar et
al., 2017; Alkmim and Teixeira, 2017; Teixeira £t 2017b). The Archaean basement of the
southern portion of the craton, the Quadrilateroifego (QF), is composed of TTGs, which
range in age from 3.20 to 2.76 Ga, later intrudgdtdansitional medium-K to high-K
granitoids between 2.76 and 2.63 Ga (Carneiro, ]1B&2a et al., 2013; Romano et al. 2013;
Farina et al., 2015, 2016; Moreno et al., 2017y.(Aib). In addition, Farina et al. (2015)
revealed that the previously assumed TTGs alsoahadntribution of melts derived from
continental crust in their genesis (not solely kst from partial melting of mafic oceanic
crust — Moyen and Martin, 2012). Similarly, K-gremds were formed from the melting of
TTGs and also from low-degree partial melting oftageeywacke. These arguments are
based on detailed geochemical comparison of bademeks of the QF with experimental
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melts produced by partial melting of TTGs. Indette geochemical and geochronological
evolution of the basement is also temporally reldtethe deposition and closure of a typical
metavolcanoclastic greenstone belt basin, knowRiasdas Velhas Supergroup, in which
metagreywackes were formed (Dorr, 1969; Noce et2805; Baltazar and Zuchetti, 2007;
Lobato et al., 2007; Moreira et al., 2016). Moregpvecent combined U-Pb, Lu-Hf and O
isotopes on single zircons demonstrated that Amaihagegments are distinct, presenting
individual evolutionary trends and confirming theegence of metasediments in the
petrogenesis of Neoarchean high-K granitoids (Alkeal., 2016). However, the absence of
sanukitoid magmas that make the link between TTGsatc-alkaline transition is different
from Archaean cratonic lithosphere worldwide (Laniret al., 2014; Halla et al., 2017) (Fig.
2). Farina et al. (2015) first reported this defiey in a thorough geochemical study of three
main granite-gneissic complexes in the region, Bagdo, Bonfim and Belo Horizonte
complexes of the SSFC (Fig. 1b). This deficiencgt€adoubt on models of continental
subduction during the Meso- to Neoarchaean in #ggon. A lack of sanukitoid magmas
raises the question of when and if it occurred.sTisi one of the major questions in
understanding the evolutionary history of Archaearst in the SSFC.

Significantly, the emplacement of potassic magnmaS$FC led to the stabilization of the

Archaean crust (Romano et al., 2013). Heat-produelaments (e.g. K, Th and U) extracted
from the deep crust during partial melting of oldeust subsequently partitioned into granite
magmas (Taylor and McLennan, 1985; Romano et 832 The concentration of such

elements in the upper crust is one of the posBdslithat led to thermal stability, providing

conditions suitable for the accumulation of thergual kilometre-thick column of sediments,

and so the lower crust became refractory and eegisd subsequent melting (e.g., Sandiford
and McLaren, 2002). This sedimentation is represkm the SSFC by the 8000 m-thick
Minas Supergroup, an intracratonic rift basin whagtened shortly after cratonic stabilization
(after 2.60 Ga) and closed around 2.12 Ga withdiygosition of the syn-orogenic Sabara
Group (Machado et al., 1996; Hartmann et al., 200&rtinez Dopico et al., 2017) (Fig. 2).

The Minas basin contains large Lake Superior-tygedied iron formation and a world-class
iron deposit, the Caué Formation (Dorr, 1969; Resat al., 2008).

The Minas Supergroup is unconformably overlain lhg ttacolomi Group, deposited after
2.059 Ga (Machado et al., 1996). The inversion suttsequent closure of the Minas basin
was caused by the Palaeoproterozoic orogeny, dividi three main plutonic belts that

together characterize a long-lived system of o@eand continental magmatic arcs (Teixeira
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et al., 2015, 2017a; Alkmim and Teixeira, 2017)g(FLb): (1) Mineiro Belt (focus of this
study), (2) Mantiqueira Belt, and (3) Juiz de Fdalt. The last two belts comprise
respectively a Cordilleran-type adjoining terramepaced between 2.17 and 2.0 Ga with
Archaean inheritance, and an outermost juvenile-typrane accreted from 2.20 to 2.0 Ga.
The Palaeoproterozoic suture between these twg, bk Abre Campo shear zone, was
formed during the late Neoproterozoic Aracuai orggevhich also strongly deformed and

metamorphosed both terranes (Alkmim and Noce, 28@8bron et al., 2010) (Fig. 1a,b).

In contrast to the Mantiqueira and Juiz de Foraalos) the Mineiro Belt was shielded from
the Neoproterozoic overprint and its plutonic ssiitenge in age from 2.47 to 2.0 Ga (Avila et
al., 2010, 2014; Barbosa, et al., 2015; Teixeiralgt2015, 2017a). The belt comprises an
area larger than 6000 Knbounded to the north by the NE-SW Jeceaba-Bom sSace
Lineament, to the east by the NW-SE Congonhas mee&a and to the south by a
Palaeoproterozoic high-grade metamorphic terraaedbntains zircons with Archean cores
(Noce et al.,, 2007)(Fig. 1b). The NE-SW and NW-8tfadments are major boundaries
between the Mineiro Belt and the Archean continlemtargin of the proto-Sao Francisco
Craton (e.g., Teixeira et al. 2015) (Fig. 1c).

Another important difference is that the Mineiroltbis essentially composed of juvenile
granitoids (discussed below) intruded by later pbawith different degrees of crustal
contamination/assimilation (e.g., Avila et al., P02014; Seixas et al., 2012, 2013; Barbosa
et al.,, 2015; Teixeira et al.,, 2015). The mantignature is given by Lu-Hf and Sm-Nd
analyses, in single zircons or whole rock, corresipgly. Locally, xenoliths and roof
pendants of amphibolite are found (Avila et al.1@0Seixas et al., 2012, 2013). The
supracrustal rocks surrounding the granitoids arbanaceous phyllites, gondites, quartzites,
metagreywackes and tholeiitic-komatiitic metavolcarocks (Avila et al., 2010, 2014).
Metavolcanic-sedimentary sequences are subord({f@tea recent review see Alkmim and
Teixeira, 2017). Amphibolites and metavolcanics ehaariable source isotope signatures
(ena(t): -15.9 to +6.1; Avila et al., 2010, 2014; Teixeet al., 2015) and U-Pb ages between
2.1 and 2.3 Ga with older Archaean contribution8 (@nd 2.9 Ga). Older supracrustal
sequences (ca. 2.3 Ga) were later intruded by miutbodies (2.1 Ga) (Toledo, 2002;
Teixeira et al., 2008; Avila et al., 2014; Barbagaal., 2015; Teixeira et al., 2015). Table 1
summarizes the main plutonic occurrences studiefrsm the Mineiro Belt, together with

U-Pb ages of zircons and also the publishgft) andeng(t) data. Among them, we draw
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attention here to the Lagoa Dourada, Resende Qashtegneiss, Serrinha-Tiradentes and
Alto Maranh&o suites (Seixas et al., 2012, 2013lafet al., 2014; Teixeira et al., 2015).

3. Petrogenetic significance of plutonic rocks inhe Mineiro Belt

The Lagoa Dourada Suite is the first record of Gatemagmatism within the Mineiro Belt
(crystallisation age of 2349 + 4 Ma, Seixas et2012). The suite consists of a low-K, high
Al,O3 and low Mg# juvenile TTG-like suite, evolving fromnetaluminous tonalites to
slightly peraluminous trondhjemites (Seixas et aD12). Its origin is related to partial
melting of a short-lived tholeiitic basaltic sourageck (greenstone belt) within the
hornblende-eclogite stability field in an intra-acé setting. This origin is supported by
end(t) values between +2.1 and +1.0 and partial melt R©BBelling (Seixas et al., 2012). To
the west of the Lagoa Dourada Suite, a juvenileatnetlite (Resende Costa Orthogneiss)
was dated by Teixeira et al. (2015) at 2351 * 48 Mededeng(t) mostly between +1.1 to
+3.2 ande¢(t) divided between depleted mantle (up to +4.2) r@webrked zircon grains (-2.9
to -9.2). Teixeira et al. (2015), using geochemiaatl isotopic constraints, grouped both
bodies into a geotectonic unit named the ResendeaGolLagoa Dourada magmatic arc. The
oldest reported age of plutonic rocks in the Miodselt is from the Cassiterita orthogneiss
(2472 £ 11 to 2414 = 29 Ma), located to the sodtthe Lagoa Dourada Suite. Geochemical
and isotopic analyses indicate a TTG-affinity witbsitive eng(t) values (+2.7 to +1.5) and
low (®’SrF®Sr) (0.700-0.702) (Barbosa, 2015). The Cassiteritadtittthwas incorporated by
Barbosa (2015) as part of the juvenile magmatictiaat comprises the Lagoa Dourada and
the Resende Costa suites, suggesting therefor@ragied evolution for the oldest magmatic

arc in the Mineiro Belt.

The Tiradentes and Serrinha suites together withNhzareno orthogneiss (2.26-2.21 Ga)
are composed of metagranitoids with mainly granaaitoand minor tonalitic and mafic
andesitic compositions. Geochemistry of the troediijes ranges from meta- to
peraluminous, alkali-rich and low Dz (Avila et al., 2010, 2014). The rocks are grouped
with the Serrinha-Tiradentes magmatic arc (Avilaakt 2014). Their source was juvenile
with short crustal residence, attestedeRy(t) values between -0.9 and +2.3 ahl, ages
between 2.6 and 2.3 Ga (Avila et al. 2014).

The Alto Maranh&o Suite is located to the soutthefCongonhas Lineament, bordering the
Archaean nucleus of the SSFC and is mainly composéibtite hornblende tonalites with

abundant commingled dioritic enclaves. The suiteusby granitoids and pegmatites. The
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crystallization age of this suite is 2130 + 2 Mal ais eng(t) whole rock composition is zero
on average (Seixas et al., 2013). The suite resdiften the melting of the mantle wedge
below a Palaeoproterozoic arc, which was previomtasomatised by TTG-like melts,
similar to the model for sanukitoid genesis (Masinal., 2010). Thé@py extraction line of
this suite superimposes the(t) field of the Lagoa Dourada Suite and, thus, mby onarks a
change from an intra-oceanic setting (Lagoa Doufadte) to a continental arc setting, but is

consistent with a genetic link between their sosi(&eixas et al., 2013).

Other magmatic batholiths and smaller occurrenea® lsimilar ages to the Alto Maranh&o
Suite (ca. 2.18 to 2.09 Ga), hasg(t) from -0.2 to -7.3g4:(t) from +4.3 to -7.0 and are
widespread in the Mineiro Belt (e.g. Ritpolis, Mec de Minas, Serra do Camapud, Represa
de Camargos, Morro do Resende, Nazareno, Rio Graisaxas et al., 2013; Barbosa et al.,

2015; Alkmim and Teixeira et al., 2017, and refeemtherein).
4. Field relationships, sampling and methodology

Widely distributed granitoids in the Mineiro Belieaweakly to strongly-foliated, representing
variable degrees of deformation and containingogsdextures. The prefix ‘meta’ is omitted
in the following text as the deformation and metgohesm are not the main focus of the
present study. Mafic magmatic enclaves can beresthsent or abundant in some outcrops.
Where they occur, they are commonly ellipsoidahvatispate margins. Macroscopically, the
granitoids are biotite-rich tonalites/granodioritegh variable hornblende contentRock-
forming minerals in the tonalites are plagioclageartz, biotite, amphibole, and absent to
minor K-feldspar (< 5 vol.%). Magnetite, ilmeniteircon, apatite, titanite, epidote and

allanite are the accessory phases. Syn- to postatagaplite veins crosscut the tonalites.

Twenty-two samples were collected from the maintgulic bodies. The study area is
delimited by coordinates 21°S and 20°30'S, and 3¥V1o 43°30'W (Fig. 1c). Samples were
analysed for major and trace elements at the Usityeof Portsmouth (UK), CRPG (Nancy,
France), ACME and ACT-LABS (both in Canada) labori&s. Major element compositions
were analysed by X-ray Fluorescence SpectrometBFjXon glass beads. Trace element
compositions were acquired from fragments of theesdeads or from pressed powder
pellets. Fifteen samples had zircon and titanitengr extracted to obtain U-Pb ages. Whole
rock Sm-Nd isotope analyses were performed on eggimples at GEOTOP-UQAM,
Montreal, Canadan(= 6) and at the Brasilia University Geochronoldglyoratory ( = 2)

using the methodology described by Seixas et Bl422013). In situ zircon Lu-Hf analyses
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were performed on three selected samples at theetsitly of Ouro Preto, Brazil using the
methodology of Albert et al. (2016), Moreira et@016) and Martinez Dopico et al. (2017).
Sample LD5 is the same as Seixas et al. (2012hadaircons analysed for U-Pb and Lu-Hf
isotopes. A list of the samples used for this stag the methodology applied to each one is
presented in Table 2. Detailed description of ifdiial rock samples and localities as well as

a full report on the analytical techniques is pdad in supplementary material A.

5. Results
5.1. U-Pb geochronology

Results from a U-Pb dataset of fifteen samples frtha Mineiro Belt enabled the
identification of magmatic episodes at ca. 2.35 Ga,2.20 Ga and ca. 2.13 Ga and one
ubiquitous metamorphic event at ca. 2.050 Ga, aftegstigation of the zircon and titanite
morphology and internal structures. A summary @f éiges is presented in Table 3. In this
section, the new analyses for samples 14-SCT-0RA®1 and 16-RC-03 are presented.
Description of other samples are available in seipgintary material A, and analytical data

are presented in supplementary material C.

Zircons from sample 14-SCT-01 are transparent te paite, elongated and prismatic with
fine oscillatory zoning (Fig. 3a). Apatite inclus® are common. Forty-nine analyses were
carried out on thirty-five grains. Five analysesluding three cores, yielded Archaean ages
between 2660 Ma and 2970 Ma, whereas the othewysesalare Rhyacian. Twenty-six
analyses yield an upper intercept age of 2122 #V&a5Fig. 4a). Few grains are concordant
to sub-concordant between 2100 and 2020 Ma (Fiy. Blee same sample also had five
zircons analysed via ID-TIMS and four yielded athi@isline with upper intercept age of
2121 + 2 Ma (Fig. 4b). Titanite grains from the sasample are sub-angular and honey
brown in colour (Fig. 3a). Twenty-two grains wereabysed and fourteen yielded a concordia
age of 2136 + 7 Ma (Fig. 4b). One grain returnéd@b7°°Pb age of 2064 + 28 Ma which is

100% concordant. The other seven analyses ardlgldjecordant.

Zircon grains from samples 16-RC1A and 16-RC3A subhedral to euhedral, and short
prismatic. The most evident feature of the gram€L is a core-rim structure. Most (90%)
grains show bright cores surrounded by homogenéatsrims (Fig. 3b). Cores contain fine
oscillatory zoning, whereas rims are homogeneoufewAgrains show indentation between
core and rim. One hundred and twenty U-Pb zircoalyges (70 cores, 50 rims) were

acquired from both samples. They yielded similauls and therefore are plotted together in
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a concordia diagram (Fig. 4d). Cores return agesral 2350 Ma (upper intercept age at
2352 £+ 11 Ma) while the rims are significantly ygen at around 2130 Ma (upper intercept
age at 2151 £ 31 Ma). Core analyses define agtRimloss trend, with a lower intercept at
around 500 Ma. Titanite grains from this suite embéedral, yellow honey to brown in colour
and abundant in both samples, reaching pO0in size (Fig. 3b). Titanite grains show
igneous texture in BSE imaging, distinguished bytclma zoning patterns and local
overgrowths, commonly possessing zircon inclusigmso 15um (Fig. 3b). Noteworthy and
contrary to examples from the literature (Storealet 2006; Khon et al., 2017), Pb in the
titanite grains from sample 16-RC1A is all radiogenithin uncertainty and detection limits
(Fig. 4e), therefore no common Pb correction wasdieg. Analyses are concordant (>97%),
except for one analyses that was not considereddgercalculation. Fourteen analyses give a
consistent concordia age of 2148 + 6 Ma. Zirconsriand titanite ages overlap within

uncertainty (Fig. 4f).

U-Pb zircon and titanite ages in this work are aod agreement with previously published
zircon and titanite U-Pb ages from the Mineiro B&lbce et al., 2000; Seixas et al., 2012,
2013; Barbosa et al., 2015; Teixeira et al., 28&uilar et al., 2017). Titanite grains have
two distinct groups of ages, at around 2130 Ma aress abundant one around 2050 Ma.
Overall, zircon and titanite ages of tonalites RIIB0; 16-SBS-1A; 16-SBS-1C and 16-SBS-
2B) and the Serra do Camapué Pluton (14-SCT-Oljagvevith the Alto Maranhdo Suite,
consistent with a genetic link between them. SampldSC-1D is significantly older than
Alto Maranh&o samples (by 40 to 50 Ma). An olderyasunidentified crustal contribution
should be present in the region, judging by theokths and the few Archaean inherited
zircons in samples 16-SBS-1C and 14-SCT-01. Arainé#and Nd model ages also indicate
older crustal materials inherited from the surrangderranes (Seixas et al., 2012; Barbosa et
al., 2015; Teixeira et al., 2015).

5.2. Geochemistry

Major, trace and REE elements for all samples aesgmted in supplementary material B.
Geochemistry of most granitoids is consistent with TTG field defined by Moyen and
Martin (2012) and verified by the normative feldsmdassification diagram (Ab-An-Or
ternary feldspar diagram of O’Connor, 1965; witle thranitoid fields defined by Barker,
1979) (Fig. 5a), the La/Yb fractionation diagramg(Fsb) and the Sr and Y contents (Fig.

5c). The normalised La/Yb vs. Yb diagram divides gamples into two groups: Lagoa
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Dourada Suite plus Resende Costa trondhjemiteseaandining samples with higher La/Yb
ratio and Yb concentration (the highest being sesd7-BC47 and 14-AMT-03, Fig. 5b).
Similarly, lower (La/Yb) samples have lower Y concentration. In the diagbgnCondie
(2005) (see also Smithies, 2000, 2009), Lagoa DRiaurand Resende Costa suites (low
La/Yb) show relative depletion of Mg# against $#&hd lie in the TTG field. Samples from
the Alto Maranhdo Suite have high (La/Y¥hhd lie in the adakite field (Fig. 5d). In general,
calc-alkaline samples are metaluminous to sligbésaluminous (i.e. A/CNKs 1.03, except
for the two Resende Costa samples with A/CNK 0841115). Their chondrite-normalized
REE patterns indicate enrichment in LREE relativeHREE, flat to steep HREEs and
negligible or small positive Eu anomalies (Fig. Ba + Sr increase in younger samples,
accompanied by higher (La/YbJFig. 7a). An Sr/Ba isolines diagram shows thah@as
that have ratios between 0.5 and 1.5 (Fig. 7b)etagh Ba-Sr content up to 2000 ppm (Fig.
7a, ¢). The exception is the Lagoa Dourada Suite ritios up to 5.0 and Ba + Sr up to 700

ppm.

Most samples plot in the high-HREE TTG field of ldaét al. (2009), whereas only samples
from the Alto Maranhdo Suite are in the sanukitioedd (Fig. 7d). A trace element mantle-

normalised diagram shows Nb-Ta, Ti negative ana@salnd positive Sr anomalies (Fig. 6).

Three different geochemical groups can be distsiged for plutonic rocks in the Mineiro
Belt: (1) TTGs with low Mg#, (La/Yh) Ba+Sr and (Gd/Ey)content; (2) sanukitoids with
high Mg#, (La/Yb), Ba+Sr, (Gd/Er)} and (3) hybrid granitoids, akin to the secondugrout
depleted in compatible elements (Fig 4). The tlgrdup seems to fit the geochemical
interval between the first and second in the terndiagram of Laurent et al. (2014).
Compared to the gneisses and granitoids studieBlabya et al. (2015) and Moreno et al.
(2017) (see the Geological Background and Rationbleve), the presence of high Ba-Sr
magmas and lack of two-mica granites in the Min&elt plutons differs from the basement
rocks of the SSFC (Fig. 8)..Aype granitoids from Moreno et al. (2017) mostlgtpn the
fields corresponding to hybrid and biotite, two-engranites of Laurent et al. (2014) (Fig. 8).

The Lagoa Dourada Suite (14-LDT-01 and 16-LD4A) &ebende Costa Suite (16-RC1A
and 16-RC3A) have generally negative slopes betweetarge ion lithophile (LIL) and the
high-field-strength (HFS) elements with negativeraalies for Nb-Ta and Ti (Fig. 6). These
suites have lower trace element contents than aleounding granitoids in the Mineiro



331
332
333
334
335
336
337
338
339

340
341
342
343
344
345
346
347
348
349
350

351
352
353
354
355
356
357
358
359
360
361
362
363

Belt. However, samples from the Lagoa Dourada Sudtee relatively flat patterns of LIL
elements, particularly K, Rb, Ba, and Pb and higiigrand Fe contents compared to the
Resende Costa trondhjemites, which suggests mactidnation and differentiation of the
trondhjemites. On the other hand, Resende Costdljemite samples are more depleted in
HFS elements and REE than the Lagoa Dourada rdtlese two suites of the Mineiro Belt
fit well within the TTG field following the classifation of Laurent et al. (2014) and could be
described as low-HREE TTGs (Moyen and Martin, 2(Aig) 5d). Geochemical data from
the Cassiterita orthogneiss (Barbosa, 2015) shavilasi trends to the Lagoa Dourada and

Resende Costa suites, although the LREE are slightiched (not shown).

A main difference between samples from the Alto &dwdo Suite (14-AMT-01a, b; 14-
AMT-02 and 14-AMT-03) and the Lagoa Dourada and éRde Costa samples, besides
enrichment in compatible elements (e.g. Cr, Mg, )the enrichment of LIL elements,
principally Ba and Sr. A similarity of these rodksthe general negative correlation between
light and heavy REE and in the mantle-normalizederelement pattern (Fig. 6). This duality
of mantle and crustal signature is typical of satmidts (Fig. 8); this suite was accordingly
described as low-Ti sanukitoid by Seixas et al.1@0 The Alto Maranh&o Suite is more
depleted in the HREE and in some HFS elements, ascNb and Zr, compared to the
average composition of sanukitoids from the Limpdmdt and Pietersburg block in South
Africa. In addition, the Alto Maranhdo Suite has monzogranitoids with feldspar

phenocrysts, which are common in Archaean sanulsitoi

Several ca. 2.13 Ga tonalite bodies (Sdo Brés éguBu 16-SBS-1A, 16-SBS-1C and 16-
SBS-2B; Agua Limpa — 16-MSC-1D; Bombaca — 17-BC#7-2130; Gagé — 17-GAGE-1,

17-GAGE-2) are peraluminous to metaluminous, ctdatme and richer in KO compared to

samples from the Resende Costa and Lagoa Dour#da.sS&REE patterns are similar to the
biotite- and two-mica granites (Fig. 6) and theyh dae classified as hybrid granitoids
(Laurent et al., 2014) (Fig. 8). Sample 16-MSC-XDldss evolved. Firstly, the sample is
relatively depleted in REE and has a positive Eonzaly. Secondly, this sample is more Ca-
enriched, metaluminous and relatively depleted IREE, although in the Sun and
McDonough (1995) mantle-normalised diagrams the pt@sndo not show a striking

difference. Samples from Serra do Camapua Pluté+8(@AT-01; 17-SC713; 17-SC3 and 17-
SC4) are metaluminous to peraluminous trondhjegriéeodiorite and have enrichment of
LREE relative to HREE. Samples have positive tghgly negative Eu anomalies and, as

shown in the Sun and McDonough (1995) spider dragtaave similar patterns to the biotite-
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and two-mica granitoids (Fig. 6). Samples plot lre tarea corresponding to the overlap
between hybrid granitoid and TTG fields (Fig. 8).

Samples 14-CGT-01 and 14-CGT-03 from the Casa @rémuhlite are described separately
due to their different mafic composition. Sampled@T-03 plots in the gabbroic field of the
TAS diagram of Cox et al. (1979) (not shown). Th@mple was collected from a mafic
portion of the tonalite (see sample descriptiothm supplementary file) and is composed of
40% to 50% mafic minerals (hornblende + biotite agmetite). This segregated portion of
the outcrop also plots in the field of the maficgmatic enclaves of the Alto Maranhdo Suite
in the AFM diagram. Among other possibilities, tlsisgment of the tonalite represents an
incompletely-mixed enclave. This sample is alsoicked in HREE compared to other
samples from this study. Sample 14-CGT-01 is alsoenmafic than the other tonalites and
has intermediate silica content (60 wt.%), clasdifas a diorite. Ba and Sr contents of this
sample are ca. 600 ppm each, but reach ca. 45@G@hgpm in sample 16-CGT-03. Both
samples plot in the sanukitoid field in the Laurehal. (2014) diagram, biased by their Mg#
and FeOGabundance.

5.3. Sm-Nd isotope analyses

Table 4 reports the Nd isotopic composition of eighmples from selected plutons in the
Mineiro Belt. The results for all the analysed rocks are presemteaneng versus time
diagram in Fig. 9a. Sample 17-2130 R43"%T oy age of 2.4 Ga and yieldsq(t) value of -1.0
for a crystallisation age of 2130 Ma. Sample 14-8Tfrom the Serra do Camapua Pluton,
yields eng(t) = -0.8 at 2121 Ma, withi™ Ty age of ca. 2.5 Ga. Another sample (17-SC3)
collected from the same quarry yields similar valweithin uncertainty, confirming the
homogeneous isotopic character of the pluton. SesnpV-GAGE-1 and 17-GAGE-2 yield
respectivelyeng(t) of -0.1 and 0.1 and both ha¥&Tpy ages of 2.4 Ga for an estimated age of
2130 Ma. Sample 16-SBS-1A has a model age of 2.8r@ayy(t) = +0.3 at 2130 Ma. Sm-
Nd isotopes suggest a mantle-derived source, bstatrcontribution is assumed during their
genesis considering the presence of some Archagwaarited zircons in the spatially and
temporally correlated sample 16-SBS-1C. Data framme 16-SBS-2B yieldpy = 2.4 Ga,
eng(t) = -0.2 at 2130 Ma. Sample 16-MSC-1D Hag age of 2.6 Ga angq(t) = -2.9 at 2180
Ma.

Samples haveng(t) close to zero and crystallisation ages at aro2h80 Ma, except for
sample 16-MSC-1D, which is ca. 50 Ma older than aliger rocks analysed for Sm-Nd
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isotopes. These two features are found in the Wldmanhao Suite (Seixas et al., 2012). The
N4Tom ages range from 2.3 and 2.4 Ga, apart from thex 8erCamapua (14-SCT-01 and 17-
SC3) and 16-MSC-1D samples, which have model ag2$dsa and 2.6 Ga.

5.4. Lu-Hf isotope analyses

Fifty-eight Lu-Hf analyses were performed on toglPb analyses on zircons from samples
LD5, 17-2130 and 14-SCT-01 (Fig. 9b). Hf analyseszacons from the Lagoa Dourada
sample (LD5 — concordia U-Pb age of 2356 + 4 Ma} pi a narrow field witheys2asoma)
values between +4.3 and +5.6, consistent with arjie origin. One grain had core and rim
analysed and yielded simil&?’Pb°Pb age and(t) within uncertainty, respectively of
2356 £ 22 Ma; +4.3 £ 0.8(ain 349 and 2357 + 21 Ma; +4.9 + 0.§r@in 34r). Model ages
range from 2.37 to 2.44 Ga. Data are consistertt mitblished Sm-Nd isotopes from the
same samples(dessomar +2.1,Y%Tpu= 2.4 Ga - Seixas et al., 2018) well as with published
data from nearby plutons (Barbosa et al., 2015xdim et al., 2015). Nineteen Hf analyses
were carried out on zircons from sample 17-2%3fh120ma) ranges from -1.2 + 0.7 to 0.9 +
0.8 (2 error) with an average of zero and &y ages range from 2.44 to 2.55 Ga. Results
are compatible with Sm-Nd analyses of the whol& rand the near-chondritic signature
attests to the juvenile origin of the magmiameteen Hf analyses on zircons from sample 14-
SCT-01 yieldedsz121ma) from -11.4 to +1.4 and respectivel{Tow ages of 3.11 to 2.41 Ga.
Negative values are due to a few analysed graihighware 6 to 10% discordant. The U-Pb
discordance shifts theHf towards negative values even when &hgt) is calculated at the
preferred age of the grain or rock (Vervoort andnige 2016). In fact, the selected 100%
concordant grains only givey(t) values at around zero, which matches the neandrhic

ena(t) of the whole rock.

6. Discussion
In the following, we explore why the juvenile addits to the crust were high in the Mineiro
Belt during the Palaeoproterozoic magmatic lulle tavolution of the region through
successive episodes of magmatic arc amalgamatemthgmical evolution compared with
that proposed for Archaean granitoids (e.g. Lauetral., 2014) and future directions in the

study of Siderian and Rhyacian plutonism.

6.1. Juvenile nature of Mineiro Belt

Most Sm-Nd and Lu-Hf analyses of granitoids in téeiro Belt indicate juvenile to
chondritic signatures (Avila et al., 2010, 2014ix8s et al., 2012, 2013; Teixeira et al., 2015;
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this study). In generakyg(t) is around zero and the simildfTpy implies a short-lived
Palaeoprotrozoic source for the parent rocks, aftkich they remelted to generate the
existing granitoids (Table 4)he exception is sample 16-MSC-1D, which hasy&21soma)
value of -2.9. This negative value is derived frorastal assimilation of amphibolite rafts
included within the tonalite (see supplementaryemat A). The superposition ofyg and
depleted mantle evolution line of the amphibolgarqiple TH; Seixas et al., 2012) reinforces
this hypothesis. This is because the amphibolite® Ty of 3.3 Ga and evolve to negative
eng values at the age of the tonalite crystallisa{d8 Ga) when the assimilation most likely

occurred (Fig. 9a).

The Lagoa Dourada Suite has whole r68R"%Tpm ages between 2400 and 2500 Ma, which
implies short crustal residence time, with sig@fit positiveengeasomabetween +1.0 and
+2.1 andepreasoma Up to +5.6. Thé" Ty ages range between 2370 and 2440 Ma. This
defines the depleted mantle source. NoticeablyHEtwanalyses of zircons from this suite
yielded a crustal residence time as short as 130tdMa. The generally shorter crustal
residence time of the Lagoa Dourada Suite suggestdatively thinner and mafic crustal

segment during the periods of magma emplacementifihet al., 2015).

In contrast, the Resende Costa Suite has 6ldigr; agesn ca. 2350 Ma grains, ranging from
2400 to 3400 Ma and one grain hagt) as lowas -9.0. However, whole rockzssoma)
between +1.1 and +3.2 and thgsessoma) Of the spatially related Restinga de Baixo
amphibolite (mostly between +4 and +7) suggestsvanjile signature (Fig. 9b) (Teixeira et
al., 2015).

The Serrinha-Tiradentes Suite (Avila et al., 2@ 4) and the Alto Maranh&o Suite (Seixas
et al., 2013) dated at 2.23 and 2.13 Ga are juyaeigments of the Mineiro Belt, due to their
end(t) signatures up to +2.3 and +0.9, respectively. Riyughntemporary plutonic rocks
dated between 2.17 and 2.12 Ga also display pesitift) anden:(t) andbroaden the isotopic

composition, yet confer a juvenile signature tolieé (Table 1).

Volcanoclastic sequences around main plutonicdsonfi the Mineiro Belt are rich in mafic
volcanic rocks with juvenile isotopic signaturesnsistent with an intra-oceanic setting
(Avila et al., 2010, 2014). Juvenile tonalites foé Mineiro Belt represent a shift to a ca. 2.13
Ga continental arc with mantle wedge interactian,agreement with previous tectonic
models (Seixas et al., 2013; Barbosa, 2015; Barletsa., 2015). The diversity of other
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magmatic occurrences in the Mineiro Belt corresgota magmatic differentiation of the

sanukitoid end member.

Supracrustal sequences in the Mineiro Belt contaiohaean detrital zircons but have
maximum deposition ages of ca. 2100 Ma and ca. 2380 an interval of hundreds of
million years (Teixeira et al., 2012, 2015; Avilaa. 2014). Thus, few Archaeati™ Tpy
ages in zircons from plutonic rocks of the MineBelt are derived from cratonic areas.
Indeed, Palaeoproterozoic zircopylages are as old as both detrital and igneousrarco
from Archaean domains (Moreira et al., 2016; MaiDopico et al., 2017). Moreover, U-Pb
and Lu-Hf analyses of detrital zircons of the syogenic Sabara Group have ages between
2300 and 2100 Ma angl(t) from ca. +7.0 to -9.0 (Martinez Dopico et al., 2DIherefore,
the negativesy; values areinterpreted either as reworked zircon grains deriyieom
Archaean materials or minor crustal assimilation.(8Voodhead et al., 2001; Nebel et al.,
2011; Teixeira et al., 2015).

6.2. Metamorphic and multiple stage history of thaeiro Belt

The magmatic-tectono-metamorphic evolution of théneévo Belt is poorly understood.
Regional greenschist to amphibolite facies metahienp is documented as the evidence of
collision between the Palaeoproterozoic plutongs @nd the Archean core of the SFC (Avila
et al., 2010, 2014; Barbosa et al., 2015). Theifsigmce of young ages in relation to older
crystallised bodies is not clear, although rim age2130 Ma surrounding older zircon cores
(ca. 2350 Ma) has been previously reported andrprdeed as metamorphic domains
(Teixeira et al., 2015). Zircon is commonly the fpreed mineral for U-Pb isotope studies
aimed at determining the age of crystallisatiom@nitoid rocks, because of its resistance to
thermal resetting (e.g. Schaltelgger et al., 201However, zircon rims from this study
(samples 16-RC1A and 16-RC3A) define a typical drexf variable degrees of Pb-loss,
caused either by radiation damage (e.g. Chernialt.e1991), or by recrystallisation under
metamorphic conditions (e.g. Pigeon, 1992) and equently an intercept age with a
substandard MSWD of 82 (see supplementary matéyalPrevious interpretations of
metamorphic age were based on Pb loss, low Th/Unaoek radioactive nuclei that are
significantly older (Teixeira et al., 2015). Zircams also have high U concentration (ca. 800
ppm on average), reflected in dark CL images, wbmfitributed to metamictization and Pb-
loss (e.g. Geisler et al., 2002). To clarify thpsets, titanite is an ideal geochronometer due
its comparatively low closure temperature (ca. 860 Pidgeon et al., 1996). This closure
either indicates cooling of an igneous system ghigrade metamorphic event (>650 °C)
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(Frost et al., 2000). Additionally, titanite anadgsyielded in this study have a more reliable

MSWD when compared to zircon rims (due to scatteby Pb-loss in the latter).

U-Pb analyses on titanite grains of sample 16-R@iekled a concordia age of 2148 + 6 Ma
which is equal within uncertainty to the upper mépt age of zircon rims from the same
sample (Fig. 4c). The question still remains whetties age represents a metamorphic
overprint of rocks crystallised at 2350 Ma (coresjgor igneous crystallisation age meaning
the older cores represent inherited zircons. Gihendiscrepancy in the Lu-Hf analyses of
this work and the more evolved character of theeRés Costa Suite, the authors are inclined
to the inheritance hypothesis. The Resende Camtaltfemites zircon grains havgx2ssoma)
divided into two groups, consistent with juveniet(2 and +1.0) and reworked zircon grains
(-2.9 t0 -9.2), in which the second represents lweroent of subducted sedimentary material
(Teixeira et al., 2015). Secondly, Th/U ratios @tan rims, albeit undeniably lower than
zircon cores, are in general above 0.1 and vari@lgleto 0.4). Titanite grains have a
relatively constant Th/U composition probably refleg growth at chemical equilibrium
with the local mineral assemblage. Additionallypatdant zircon inclusions in titanite were
incorporated during crystallisation of the hostusural in metamorphic titanites. Kohn et al.
(2017) pointed out that metamorphic titanites groath during prograde and retrograde
metamorphism, not during peak conditions. Therefbke zircon rims, titanites formed at
lower-P during the continental arc stage (Kohnlet2®15). Thus, remelting of intermediate
portions of Lagoa Dourada Suite (ca. 62 wt.% pEXplains the decoupling effect withessed
in these samples and the presence of ca. 2350rtanziores. If so, the Resende Costa Suite
crystallised much later, at 2148 + 6 Ma, givenchestallisation age of the titanite grains and
zircon rims (Table 2).

The youngest age defined by some zircon rims afaivatitanite grains is around 2050 Ma
(Table 4). This same age was reported in monanetitanite from a broad variety of rocks

surrounding the Archaean core of the SSFC (Agutaal., 2017); in zircon rims from the

Kinawa migmatite (2034 + 32 Ma; 2048 + 24 Ma — Gdino et al., 2016, 2017); and in the
Itapecirica graphite schist, formed during migmai@n/granulite  metamorphism of

carbonaceous sedimentary rocks at ca. 2000 Madifaiet al., 2017b). Titanite ages near
2000 Ma are related to the collapse of the Minasgén, which affected the Archaean and
Palaeoproterozoic domains during formation of tleend-and-keel architecture in the QF
(Marshak et al., 1997; Alkmim and Marshak, 1998uiay et al., 2017). The data suggest
that collapse affected the older Archaean basemahtthe orogen itself. Final evolution of
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the Mineiro Belt is composed of two phases: (1l)isiohal stage at ca. 2130 to 2100 Ma
(second metamorphic event of Avila et al., 201Q) é2) collapse and slow cooling at ca.
2050 to 1950 Ma, incorporating the third metamacphient of Avila et al. (2010), and data
from Aguilar et al. (2017). The short time betwdbham is explained as rapid relaxation of
the crust, not onset of a rift basin. Breakup ocmlibetween 1800 and 1700 Ma, when the
Espinhaco Supergroup and the mafic dykes of thdiiGFappeared (Marshak and Alkmim,
1989; Almeida et al., 2000; Cederberg et al., 20IR)e two youngest sedimentary units of
the QF are consistent with these observationst, Bite main source of the Sabard Group
(Dorr, 1969; Machado et al., 1996) comes from thedd Orogen and reflects the change in
tectonic regime as the orogen evolved and the SS&©n acted as the foreland to flysch-
type deposition (Alkmim and Martins-Neto, 2012).eTmaximum depositional age of the
sequence is given by a zircon ID-TIMS age of 212% Ma (Machado et al., 1996) coeval
with the main collisional stage of the belt agaitiet Archaean portion of the craton. The
second sedimentary unit, the Itacolomi Group, lieeonformably on top of the Minas
Supergroup and corresponds to an intramontane s®laasin deposited during the Minas
Orogen collapse (Hartmann et al., 2006; Alkmim Baitins-Neto, 2012) after 2058 + 9 Ma
(Alkmim et al., 2014). Accordingly, this age matsh&ith the youngest zircon and titanite
ages of this study. Likely, titanite first crystafld during the magma cooling and later

thermal overprint due to the Mineiro Belt collapse.

6.3. Building continental crust during the magmalidi — The geochemical evolutionary
trend

The Mineiro Belt is a natural laboratory for thedenstanding of crustal evolution during the
Palaeoproterozoic, because it contains a rare o of juvenile Siderian TTGs on Earth
and because of the composition of granitoids thay through time and space. At this unique
geological time, Earth was dominated by hot andl®hasubduction (e.g. Dhuime et al.,
2012; Hawkesworth et al., 2016), increasing oxyigeels in the atmosphere (e.g. Catling et
al., 2005) and a rare set of island arcs occupethEs oceanic lithosphere. In this respect,
the study area of this work and three other TT@nidlarc-like magmas were generated in the

Siderian period in Brazil.

Macambira et al. (2009) reported in the Amazoniaat@ 2.36 Ga juvenile intermediate
rocks with eng(t) from —0.87 to +0.78 and some other granitoids veitimilar signatures.
Santos et al. (2009) described analogous occursandbewestern portion of the Borborema

Province where ca. 2.35 Ga granodioritic gneissis hpositiveeyg(t) and an island arc
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seems the most likely tectonic setting. Also, Giirelt al. (2016) reported juvenile
granodiorites of the Santa Maria Chico Granulitengplex, in the Rio de La Plata Craton,
southern Brazil, for which zircon ages range froif882Ga to 2.28 Ga with positivey(t)
between +0.29 and +9.64. These island arcs, sitaltire tectonic evolution of the Mineiro
Belt, collided against Archaean cratonic areasaalcl Ga (Vasquez et al., 2008; dos Santos
et al., 2009; Santos et al.,, 2003). In Brazil, ttellage of Archaean and accreted
Palaeoproterozoic terranes at this time is defiagedhe Transamazonian Orogeny (for the
Amazonian Craton) or Minas accretionary orogeny (fee SFC) (Alkmim and Marshak,
1998; Teixeira et al., 2015, 2017a). Globally, otbecurrences of juvenile TTG suiteave
been reported in Canada, China, Australia and \Wésta (for details see compilation of

Partin et al., 2014 and references therein).

Chronologically, older granitoids in the Mineiro IBare less enriched in Ba and Sr than the
younger rocks. For example, the Lagoa Dourada $céte2350 Ma) is depleted in Ba + Sr,
rarely possessing more than 700 ppm and charaedelbg Sr/Ba > 1.5. Similarly, sample
16-MSC-1D is dated at 2180 Ma and is 40%—-50% lessleed in Ba + Sr than the ca. 2130
Ma granitoids, which have significantly more engdh concentrations (Fig. 5a-c).
Nevertheless, the ca. 2130 Ma granitoids are nuiksepids/adakites as the Alto Maranhéo
Suite is. However, geochemically they all sit bedawesanukitoid and hybrid graniteensu
Laurent et al. (2014) (Fig. 8). These Palaeopratao ‘hybrid magmas were initially
described as miscellaneous by Seixas et al. (Z023) or broadly incorporated as the Alto
Maranh&o Suite, Ritapolis batholith and coeval sofBarbosa et al., 2015; Teixeira et al.,
2015; Alkmim and Teixeira, 2017). In this studyeyhare interpreted as a ca. 2130 Ma
juvenile high Ba-Sr suite. This group is distindugd from the Alto Maranh&o Suite (after the
definition of Seixas et al., 2013) by low concetitnas of compatible elements (i.e. Cr, Ni
and Mg#) (Figs. 5d and 7d). Even so, the absenceustal reworking in the genesis of the
juvenile Ba-Sr suite causes the resemblance wélséimukitoids, rather than being similar to
the hybrid granitoidsensu strictaf Laurent et al. (2014). The coeval age of theqgls, the
similar geochemistry (but with relative depletionMg#, Cr and Ni) and the Sm-Nd isotopic
signature can be used to incorporate these oca@sento the Alto Maranhdo Suite. If so,
the area of exposed juvenile high Ba-Sr magmatisopito 500 k) with 300 knf defined
as the sanukitoid suite (i.e. Alto Maranhao Sui@mparable with the Alto Maranhao Suite,
these coeval plutons were derived from a similaefule source with a slightly higher degree

of fractional crystallisation and little assimilati of older crustal rocks. Alternatively, they
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could have been derived from a different sourcegrety the miscellaneous tonalites were
not sourced from the metasomatised mantle, but &xdower portion of the crust above the

mantle wedge.

Therefore, Siderian-Rhyacian evolution stage of Mieeiro Belt was akin to high Ba-Sr
magmas (e.g. Tarney and Jones, 1994; Fowler arlch&wi 2012; Laurent et al., 2014) and
resembles the Archaean—Palaeoproterozoic tranditoon TTG to sanukitoid magmas (e.g.
Martin and Moyen, 2002; Halla et al., 2017). Thdslayed geochemical transition occurred
compared to other cratonic areas in the contingrasrent et al., 2014; Halla et al., 2017),
also supported by a lack of this secular geochdrrigasformation in the Archaean nucleus
of the SFC (Figs. 2 and 8).

6.4. Implications and future evaluation of the magmlull

Depleted mantle model ages are debated as to whibine represent real ages and direct
measure of the timing of juvenile crust additionthe continents (e.g. Payne et al., 2016).
However, uncertainties related to model ages daisotipt the overall shape and meaning of
the calculated crustal growth curve based on lal@asets (Dhuime et al., 2017). In the
following, we present a compilation of 2067 Lu-Hifadyses published so far both in igneous
and detrital zircons of the QF and Mineiro Belptptd as crustal residence time versus age
(Fig. 10). Model ages are used in calculations Binffy subtracting their values from
crystallisation ages and the results representighrestimation of crustal residence time (e.g.
Griffin et al., 2006). Thus, the presented diagramonsidered in its qualitative meaning and
general sense (Vervoort and Kemp, 2016). Blue aey dots display negative(t), while
red dots are positive. Respectively, red and giregal functions are composed of positive
and negativesy(t) and depict different gradients. Red dots appeaosuillate regularly
through time, although defining a shallow slope doi¢ younger ages. In fact, juvenile
compositions result in restricted residence timas @ low slope (0.0982 + 0.002), whereas
reworked material has a broader residence timeaastteper slope (0.3843 £ 0.008). The
yellow interval in the diagram shows a pause of2€f Ma followed by addition of juvenile
magmas into the crust (Fig. 10). A repetition ofG Tagma production occurred in the
region at this stage as shown previously in FigSitnilarly, the two periods were followed
by an increase in crustal recycling, highlightedtlh orange lines, with an inflexion shortly
after juvenile magma additions. Increase of reogckeen in the Archaean was associated
with the collisional system and continent amalgaomafe.g. Moreira et al., 2016; Martinez
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Dopico et al., 2017), while in the Palaeoproteroabiwas associated with the Mineiro Belt
collision against the cratonic margins at ca. 2M¥) Indeedy; values in zircon become
increasingly enriched (lowety;) towards collisional/compressional phases in pergihe
orogenic settings (e.g. Roberts and Spencer, 2015).

A diminishing number of ages between 2.6 Ga and@adis apparent. The lack of data
during this interval of almost 200 Ma is mainly due a decrease in magmatism.
Characterization of ca. 2650 Ma A-type magmatisithenwestern region of the QF (Moreno
et al.,, 2017) corresponds to breakup after lithesphstabilization (Condie et al., 2015).
Supercontinent fragmentation, together with the rgemce of Wilson cycle-type
sedimentation, preceded the tectonic evolutionS#G as controlled by successive accretion
of magmatic arcs, stabilization and rifting (e.dkAim and Marshak, 1998; Alkmim and
Teixeira, 2017; Martinez Dopico et al., 2017).

An increasing number of magmatic occurrences irladbefew years are within the magmatic
lull. Kenorland supercontinent assembly is the beption to explain the dearth of
magmatism in this period (Lubnina and Slabunov,12@erhsson et al., 2014). Indeed, this
hypothesis explains important points regarding lEsrttectonothermal conditions and
convincingly suggests that plate tectonics did stop. However, it does not explain the
particular geochemistry and isotopic signaturehef tmagmas generated within the interval,
nor why the same magma-type is not recurrent a®rseguence of other continental
amalgamations during different periods (e.g. Comrdial., 2016; Lawley et al., 2016). Recent
Palaeoproterozoic geodynamic reconstruction ofSR€-Congo Craton has been proposed
based on magmatic and metamorphic comparisonst@tMorth China blocks (Cederberg et
al., 2016; Teixeira et al., 2017b). Additional i3pic information is required to formulate a
global tectonic model during the Siderian—Rhyaciaterval. For example, a thorough
investigation of variations in high Ba-Sr magmasimed with a broader dataset of oxygen
isotope and trace element analyses in mineral sopegphases could better characterize
mantle derived contributions and constrain the @wamh of the subcontinental lithosphere
and continental crust growth rates (e.g. Dhuimal.e2012; Hawkesworth and Kemp, 2006;
Heilimo et al., 2013).

7. Conclusions

The Mineiro Belt is composed of a set of arcs. dluer arcs (>2.3 Ga) have plutonic rocks
with more characteristic juvenile Hf-Nd signatusexl depletion of Ba-Sr when compared to
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younger occurrences in the Mineiro Belt (ca. 2.21b Ga). Geochemical data suggest an
igneous differentiation mechanism for the plutohise lack of significant Eu anomalies in
the REE patterns argues for a genetic link of tremigpids with the mafic magmas of the
Mineiro Belt. The high Ba and Sr of most ca. 2.18%amples is consistent with a subduction
stage as a factor controlling the sanukitoid geptbal signature of the 2.13 Ga Alto
Maranhd@o Suite. Magmas coevally emplaced in the Maranhdo Suite are envisaged as
formed by underplating melt, above the mantle wef(lyg. Petford and Atherton, 1996).
Alternatively, they were derived from a subsequastt of the Alto Maranh&o Suite source
and therefore have lower concentrations of comjgaglements. The interval betweepul
and crystallisation ages and a small input of iitbérolder zircons, associated with Pb
anomalies, suggests minor crustal involvement dutie genesis of the Mineiro Belt. Coeval
crustal-like magmas were potentially formed duraailisional stages in active continental
margin settings (Barbosa et al., 2015). The ovenadlution of the Mineiro Belt seems akin
to the secular evolution of granitoids at the Aedma-Palaeoproterozoic boundary. Such
correlation implies a late transition from TTG tanskkitoid magmatism starting within the
magmatic lull in this region. The hybrid granitoigsesented in this study are different,
however, to the Archaean hybrid granites definedldoyrent et al. (2014). This is because the
rocks of the Mineiro Belt have a smaller amounblafer crust involved in their genesis as
demonstrated by the Hf-Nd analyses, particularhytiie 2.35 Ga Lagoa Dourada Suite. We
suggest the presence of an extended passive maitiirdispersed island arcs that eventually
collided against the Archaean craton, ultimatelgdlag to the amalgamation of the S&o
Francisco palaeocontinent. The results of the ptestidy shed new light on the global

distribution of TTG magmas during a distinct tectoscenario of Earth’s crustal evolution.
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Figure captions

Figure 1. Geological settings of the S&o Francisco Cratod #a southern margin. (a) Cratons and
Neoproterozoic orogens of South America and AfiicaWest Gondwana. Sdo Francisco Craton and the
Neoproterozoic margins. Quadrilatero Ferrifero (@F¥kituated in the southern domain of the cratdmere
Archaean crust is exposed (modified from Heilbroalg 2010; Alkmim and Martins-Neto, 2012); (b)uslwern
Sao Francisco Craton and possible boundary aloingipal belts during the Minas accretionary orogemy
later Neoproterozoic belt (modified from Heilbronad., 2010; Alkmim and Martins-Neto, 2012; Teixegt al.,
2015). Grey dashed line is the Abre Campo sheae,zahich defines the contact between Juiz de Foda a
Mantiqueira belts. Red dashed line is current crddoundary; (c) Geological map of Mineiro Belt ioaling

principal domains and lithologies of the region (fied from Seixas et al., 2013; Barbosa et al13)0

Figure 2. Compilation of U-Pb-Hf zircon analyses of (a) thénkk Basin containing zircon data ranging in age
from ca. 3.9 Ga to 2.1 Ga (Martinez Dopico et 2017) and (b) igneous zircon ages from both Archaea
domains within the QF (Albert et al., 2016) and ®&laeoproterozoic Mineiro Belt (Barbosa et al.1®0
Teixeira et al., 2015; this study); positisg(t) values are black, negative are grey. Posiiy@) percentage is

indicated in specific intervals. Red interval cepends to the magmatic lull.

Figure 3. (a) Zircons and titanites from sample 14-SCT-01: (i)limittre-size titanite grain indicated by white awmr
hand size sample; (i) CL imag&®bP®U ages and degree of concordance of zircons. Adeailau-Hf spot analyses
shown; (iii) plane polarised light microscope imadesuhedral titanite. Apatite inclusions (Ap) iodied; (iv) BSE image of
titanite containing apatite and zircon inclusioffb?°%U age of 2123 + 23 Ma from the corgircon inclusion indicated by
white arrow (b)Zircons and titanites from Resende Costa Suite sanf)eCL image of zircons from sample 16-RC-3A.
27ppf2%h ages indicated; (i) millimetre size titanite sfmple 16-RC-1A indicated by white arrow; (i) B8B&age of
dated titanite (light and dark domains yielded safffeb?*®U age within uncertainty). Zircon inclusions indiea by white
arrow; (iiv) hand-picked titanite fragments/graofssample 16-RC-1A used for U-Pb analyses.

Figure 4. U-Pb analyses of samples 14-SCT-01, 16-RC-1A and 18&{a) LA-ICP-MS analyses of zircons from sample
14-SCT-01. (b) Zircon ID-TIMS analyses and titarli#®-ICP-MS analyses from sample 14-SCT-01. Titanitalgses are
within uncertainty of zircon intercept age (212124#Ma), although yielding an older concordia age @H36 Ma). (c)
Weighted mean average of zircon and titaffiteb?°Pb ages obtained from sample 14-SCT-01 displaye wiipagated
20 uncertainties and 2% added in quadrature to a¢doursystematic uncertainty (see Horstwood et2016; Spencer et
al., 2016). Red and white bars correspond to zieges and orange bars correspond to titanite agesnzand titanite ages
overlap within uncertainty (d) U-Pb zircon analysdésamples 16-RC-1A and 16-RC-3A. Red and grey ekipgpresent
zircon rim and core analyses, respectively. Theydgd different intercept ages at ca. 2120 Ma (@m)l ca. 2350 Ma
(core). U-Pb titanite analyses from sample 16-RCaté\plotted in the same diagram and return agésnwiincertainty of
the zircon rims. (eConcordia age of U-Pb titanite analyses in detaile @nalysis at ca. 2086 Ma was not used for the
concordia age calculation. (fyeighted mean average of zircon and titaffifeb?°Pb ages obtained from samples 16-RC-
1A and 16-RC-3A displayed as (c). White and red barsespond to zircon core and rim analyses, réispéc Orange bars

represent titanite ages.
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Figure 5. Classification diagrams of the studied granitoidisoAplotted: Palaeoproterozoic LDSLagoa Dourada Suite
(Seixas et al., 2012), AMS Alto Maranh&o Suite (Seixas et al., 2013) and-RResende Costa Suite (Teixeira et al., 2015);
and representative Neoarchean granitoids (accotdihgurent et al., 2014). Symbols for the averemmposition of high
aluminium TTG suites (TTG- yellow star), mantle derived sanukitoid suites (SKurple star), hybrid granitoids (HYB —
grey star), and crustal derived granitic suites (&White star). For the LDS and AMS, parental to gedl magma
compositions are indicated by an arrow, and tHd 8aows the spread of the compositions of eadie.s{@)Normative An-
Ab-Or triangle (O’Connor, 1965), with subdivisiondified by Barker (1979)Tdj = trondhjemite, To = tonalite, Grd =
granodiorite, Gt = granite, Qmz = quartz monzor@ample 14-CGT-03 (<10% normative Qz) is not in thagram. The
field for Archean TTGs is from Moyen and Martin (Z&); (b) The (La/Yh) vs. Yh, (ppm) diagram, with the field for
Archean high-aluminium TTG suites and post-Archgaamitoids according to Martin (1986). (c) Sr/Y Ys(ppm) diagram,
field of Archean high-aluminium TTG suites and AD&alc-alkaline post-Archean Andesite-Dacite-Rhyotitates) from
Drummond and Defant (1990). (d) Mg# against silkoatent (wt.%) for the studied granitoids. Adapfeain Condie
(2005), with the delimitation of the compositiorfadld of adakitic volcanic rocks and experimentatlte derived from
metabasalt. AFC = assimilation fractional crystalfian model for the pathway of a metabasalt-dergoerimental liquid
(E.L.) through the mantle wedge, tick line = 10%@FRJUnderlined numbers show chromium content in ppraetected
samples. Sample 14-CGT-03 (51 wt.% giB not in this diagram. SK and HYB granitoid awga are not represented in

(b) and (c) diagrams because of higher contenY®jrand Y, respectively.

Figure 6. Left column: Average chondrite-normalized REE patterns for saidemples. Yellow field of TTGs and purple
field of sanukitoids are drawn using the composgiof high and low-pressure TTGs and medium-HREHRstoid group
(Halla et al., 2009). Normalization values are frBoynton (1984)Right column: Mantle-normalized multielement plots
(McDonough and Sun, 1995). Average sodic TTG coiitiposfrom Moyen and Martin (2012); average sanuoikit biotite,
two-mica and hybrid granitoids compositions fronutent et al. (2014). Legend as Fig. 5. Samples &bt T5 from Seixas
et al. (2012, 2013) are also plotted in the middid bottom diagrams as indicated. Samples 14-CGaR@114-CGT-03 are
not plotted.

Figure 7. Classification of the studied granitoids in the SBa-(ppm) vs. N2O/K,0O (wt.%) diagram (a) proposed by Halla
et al. (2009). Inset (b) shows the content (ppnSr@nd Ba and the lines for equal Sr/Ba ratio. LdgenFig. 5. Triangular
diagram Rb-Ba-Sr (c), with the field for Low and HiBa-Sr granites from Tarney and Jones (1994). (dJEG, vs. MgO
wt.% diagram (Halla et al., 2009). Legend as Fig. 5

Figure 8. Archean and Palaeoproterozoic geochemistry andpggotlata from the SSFC. Ternary classification @iayg
from Laurent et al. (2014). Triangle vertices &es A/ICNK (molar ALO5/(CaO + KO + NgO) ratio); NaO/K,O and 2 x
(FeD + MgO) x (Sr + Ba).«(=FMSB). Red symbols are Archaean TTG and K-granstéidm Farina et al. (2015). Open
red squares are from Moreno et al. (2017). Legerfei@ 5.

Figure 9. (a) eng versus time diagram for granitoid samples of stigdy. DM = depleted mantle model from DePaolo
(1981). CHUR = Chondritic Uniform Reservoir. Also paattevolutionary Nd isotope lines for Alto Marant@arple area)
and Lagoa Dourada (yellow area) suites, represgitalaeoproterozoic juvenile crust; tholeiitic aniyotite from Ribeirdo
Agua Limpa outcrop, representative of mafic crustd intermediate to acid plutonic orthogneissesnfreastern and
northern terrane, representing Mesoarchean sialgt ¢data from Seixas et al., 2012, 2013). DaianfiTable 4. (b)(t)
against?®’Pb°Pb ages diagram. Data from samples 17-2130, 14-SC(f@y diamonds) and LD5 (yellow diamonds).
Pink and grey dots correspond to analyses from Barkbal. (2015) and Teixeira et al. (2015), rethpaly. Grey numbers
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point out the discordance percentage of U-Pb aeslysstifying the few negativg; values. CHUR constants of Bouvier et
al. (2008; Y Hf/*""Hf = 0.282785 and"®Lu/*""Hf = 0.0336) andTpy constants of Blichert-Toft and Puchtel (2010:;
L781§/17"Hf = 0.283294 and®Lu/t ™Hf = 0.03933) were used for calculationspf(t), CHUR and depleted mantle evolution
trend (DM).

Figure 10. Compilation of 2067 U-Pb-Hf analyses of detrital dmaeous zircons from the QF and Mineiro Belt (Baebes
al., 2015; Teixeira et al., 2015; Albert et al.,180 Moreira et al., 2016; Martinez Dopico et alQ12; this study).
Crystallisation age Tpy (Ma) vs.’Pb°Pb age (Ma) diagram shows positisg(t) values result in restricted residence
time as they represent juvenile compositions ofghierce magma. Grey linear function depicts greatgular coefficient
than red analogue, which suggest increase of fiegygrocess through time and relative steady jueeaddition to the
crust. Two orange dashed curves suggest increamelp®f crustal recycling. Ten analyses were rsadufor linear trends

calculation because they present unrealistic dreessédence time (i.e. Crystallisation agésy, > 0).

Table 1 Simplified isotopic-geochemical characteristicphiftonic arcs of the Mineiro Belt.
Table 2 Summary of methodology applied to each sampléisfdtudy. See Fig. 1c for samples localities.

Table 3 Summary of ages by this study for plutonic rockghie Mineiro Belt?°’Pb°%®Pb ages.

Table 4 Nd isotope composition of studied samples.



Table 1 Simplified isotopic-geochemical characteristicphiftonic arcs of the Mineiro Belt.

OoP Age (Ga) Geochemistry Isotopic constraint Tpy (Ga) Reference
1 2.47-2.41 TTG affinity, peraluminous,end(t)wn = +2.0 2.5un) [1]
2 2.35 TTG affinity, metaluminous eng(t) wy = +1.0t0  2.4-2.5,, [3]
to slightly peraluminous, +2.1;
2% 2.35-2.32 TTG affinity, peraluminous, eng(t) wy =+1.1t0  2.4-2.5y, [4]
hlgh—A|203 +3.2;
2.3-3.4qy
8Hf(t)(zr) =+4.3to
-9.0
3 2.23-2.20 Sub-alkaline to end(t) wn =-0.8 to 2.3-2.6(un) [51;[6]

calc-alkaline, metaluminous +2.3

to peraluminous

4 2.18-2.09 Calc-alkaline, end(t) wny =-0.2 to 2.3-3.0un) [21:[71*
metaluminous to -7.3

peraluminous
SHf(t) @)= +4.1 to

-7.0
4* 2.13 Sanukitoid affinity high- end(t) wn = +0.9 t0 2.3-2. 4 [71%[8]
Al,O3; metaluminous -1.0

(OP): Orogenic period; (wr): whole rock; (zr): ituszircon.

*Resende Costa is here separated from the LagoaaBaBuite, but the two were grouped by Teixeira.g015) (see
discussion for explanation); **Alto Maranh&o hadifierent signature to this segment as it contaissnukitoid affinity
and abundant commingled mafic magmatic enclavgdsBfthosa (2015) — Cassiterita; [2] Barbosa et al1%20-
Represa de Carmargos, Rio Grande, Macuco de Minasad-80co de Pedra, Morro do Resende, Ribeirdo doakmar
and Nazareno tonalites; [3] Seixas et al. (2012pgoa Dourada tonalite; [4] Teixeira et al. (2045Resende Costa
Suite; [5] Avila et al. (2010); [6] Avila et al. (@4); [7] Noce et al. (2000) %Ritapolis,’Alto Maranhao; [8] Seixas et al.

(2013).



Table 2 Summary of methodology applied to each sampléisfdtudy. See Fig. 1c for samples

localities.
Sample Plutons/suites Geochemistry -  U-Pb zircon (z); Whole In situ zircon
) o rock
Major and trace titanite (t) Lu-Hf
elements Sm-Nd
LD5 Lagoa Dourada B X
14-LDT-01 X %)
16-LD-4A X X2)
16-RC-1A Resende Costa X %
16-RC-3A X X)
17-2130 Bombagca % X
17-BC47 X X
17-GAGE-1 Gagé X X
17-GAGE-2 X X
14-AMT-0la  Alto Maranh&o X
14-AMT-01b X
14- AMT-02 X %)
14-AMT-03 X X2):(0)
14-SCT-01 Serra do Camapué X @& X X
17-SC713 X
17-SC3 X X
17-SC4 X
16-SBS-1A Séo Bras do Suacui X % X



ACCEPTED MANUSCRIPT

16-SBS-1C X %

16-SBS-2B X %)) X
16-MSC-1D  Agua Limpa X P X
16-CGT-01 Casa Grande X @)X

16-CGT-03 X %




Table 3. Summary of ages by this study for plutonic roickthe Mineiro Belt>’Pb°%b ages.

Sample Inherited age Zircon Zircon Titanite Titanite
(Ma) crystallisation age  metamorphic age crystallisation age metamorphic age
(Ma) (Ma) (Ma) (Ma)
LD5 2356 * 4cong)
14-LDT-01 2347 + gy
16-LD-4A 2345 £ 12,
16-RC-1A 2358 £38,) 2122 + 84y 2148 + Geong) 2086 + 334 _ 20
16-RC-3A 2365 36y 2149 £ 74y
16-RC* 2358 £38,) 2151 + 3}
14- AMT-02 2149 * 3@y, 2135 * Qong) 2059 * 3ing-20)
14-AMT-03 2135 + 12, 2122 + eongy 2045 + 3%na.2%)
17-2130 2118 £y
14-SCT-01 >2670 + 18 2137 +89 2031 + 1fna.e) 2136 % Teone) 2064 £ 28nq.0.5%)
2121% 2nymims) 2068 * 2%n4.00)
2123+ 4y 2057 % 1904.0.200)
16-SBS-1A 2127 + 28, 2062 +3Qna1%) 2136 = 14ong 2054 + 17n4.29%)
2121 * 42019
16-SBS-1C  >2333 + 2122 + §eong) 2082 + 24n45%)
S22 2121 24uq0n) 2023 + L6ngase
16-SBS-2B  >2251 + 2136 + 9.Gong) 2018 + 33n4.3%)
56ind-496)
16-MSC-1D 2186 + Llong
2173 = 1§y,
16-CGT-01 2149 + 4.3,
16-CGT-03 2167 + Lbng
2200 * 2Qn,

*Two samples of the Resende Costa Suite plotteetieg.



ACCEPTED MANUSCRIPT

(conc): U-Pb concordia age; (int): U-Pb interceget;aind-n%): U-Pb individual age — discordance

percentage.



Table 4 Nd isotope composition of studied samples.

Sample Age Sm Nd WsmANd® VNN 26 eng(0) eng(t) Towm
(Ga)  (ppmf  (ppmf (Ga)
17-GAGE-1 2130 3.1 16.9 0.1100 0.511417 15 -23.8 -0.1 2.4
17-GAGE-2 2130 4.4 22.0 0.1203 0.511575 10 207 01+ 24
17-BG47 2130 5.1 30.9 0.1005 0.511241 5 273 -1.0 2.4
14-SCT-01 2121 4.0 20.8 0.1173 0.511486 7 225 8-0. 25
17-SC3 2121 3.6 20.0 0.1079 0.511333 9 254  -12 25
16-SBS-1A  2.130 48 29.0 0.0991 0.511284 9 264 .3+0 23
16-SBS-2B 2.130 3.6 20.5 0.1065 0.511367 10 -248 01 - 24
16-MSC-1D  2.180 3.0 16.9 0.1084 0.511223 11 276 29- 26

2Sm and Nd concentrations alf{ésmA*4Nd ratios accurate within 0.5%.
® 143\ d/A4“Nd normalized td*Nd/A4Nd = 0.7219.
© ena(t) values from crystallization ages and chondrititas of**Nd/A*Nd = 0.512638 anif’SmA*Nd = 0.1966.

9 Nd model ages calculated using depleted mantleehufd>ePaolo (1981Maximum error is 0.5yq units.
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Evolution of Siderian juvenile crust to Rhyacian high Ba-Sr magmatism in
the Mineiro Belt, southern Sao Francisco Craton

Hugo Moreiraa*, Luis Seixasb, Craig Storey?, Mike Fowler?, Stephanie Lasalle2, Ross

Stevensons, Cristiano Lanab

a School of Earth and Environmental Sciences, University of Portsmouth, Burnaby Building, Burnaby
road, Portsmouth, PO1 3QL, UK

b Departamento de Geologia, Escola de Minas, Universidade Federal de Ouro Preto, Ouro Preto, MG
35400-000, Brazil

¢ GEOTOP Université du Québec a Montréal, P.O. Box 8888, Station Centre Ville, Montréal, Québec
H3C 3P8, Canada

Highlights

One of the largest occurrences of juvenile TTG magmatism during the Siderian lull;
Latest TTG to sanukitoid transition in the Palaeoproterozoic;

Magmatic evolution of high Ba-Sr suite in the Mineiro Belt of Brazil;

Geochemistry and U-Pb analysis of zircon and titanite of several plutons within the

Mineiro Belt;

Lu-Hf zircon and Sm-Nd whole rock isotope constraints on the short-lived

Palaeoproterozoic crust;

Evolution of the Mineiro belt was driven by mantle extractions with minor crustal

assimilation;



