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Abstract

The Tonian Goias Stratiform Complex (TGSC, Goids, central Brazil), is one of the largest mafic-
ultramafic layered complexes in the world, emplaced during the geotectonic events that led to the
Gondwana accretion. In this study, we present trace elements and in-situ U/Pb - Lu-Hf analyses of
zircons and ¥’Sr/**Sr ratios of plagioclases from anorthosites and gabbros of the TGSC.

Although formed by three isolated bodies (Cana Brava, Niquelandia and Barro Alto), and
characterized by a Lower and an Upper Sequence (LS and US), our new U/Pb zircon data confirm
recent geochemical, geochronological, and structural evidences that the TGSC has originated from a
single intrusive body in the Neoproterozoic.

New Hf and Sr isotope ratios construe a complex contamination history for the TGSC, with
different geochemical signatures in the two sequences. The low Hf and high Sr isotope ratios of the
Lower Sequence (¢Hf(t) from -4.2 down to -27.5; ¥'Sr/**Sr = 0.706605-0.729226), suggest the
presence of a crustal component and are consistent with contamination from meta-pelitic and calc-
silicate rocks found as xenoliths within the Sequence. The more radiogenic Hf isotope ratios and
low Sr isotope composition of the Upper Sequence (¢Hf(t) from 11.3 down to -8.4; *’Sr/*Sr =

0.702368-0.702452), suggest a contamination from mantle-derived metabasalts in agreement with



the occurrences of amphibolite xenoliths in the US stratigraphy. The differential contamination of
the two sequences is explained by the intrusion of the TGSC in a stratified crust dominated by
metasedimentary rocks in its deeper part and metavolcanics at shallower levels. Moreover, the
differential thermal gradient in the two crystallizing sequences might have contributed to the
preservation and recrystallization of inherited zircon grains in the US and total dissolution or
magmatic overgrowth of the LS zircons via melt/rock reactions processes.
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Introduction

The Tonian Goias Stratiform Complex (TGSC hereafter) is a large intrusion discontinuously
outcropping for about 350 km along a NNE trend within the Brasilia Belt (northern Goiés, central
Brasil; Giovanardi et al., 2017a, b). The TGSC model of formation has been debated for decades,
mostly because of the complex geological history and stratigraphy of this intrusion that consists of
three separated layered mafic-ultramafic bodies intruded into a metavolcanic-metasedimentary
sequence. The three fragments are known as Barro Alto, Niquelandia and Cana Brava and
characterized by a lower and an upper unit with distinct lithology. The Lower Sequence (LS)
comprises ultramafics and gabbros (Correia et al., 1997, 2012; Rivalenti et al., 2008; Giovanardi et
al., 2017a), whereas the Upper Sequence (US) consists of anorthosites and minor olivine-gabbros
(Rivalenti et al., 2008; Correia et al., 2012).

In the two-intrusions model of formation of the TGSC, the LS and US are two separate intrusions of
Neoproterozoic and Mesoproterozoic age, respectively (Pimentel et al., 2004, 2006; Ferreira Filho
et al., 2010; Della Giustina et al., 2011). In the one-intrusion model, now widely accepted, the

complex is a single Neoproterozoic (~790Ma) intrusive body, where the US crystallized from an



anorthositic crystal mush segregated from the precipitation of the LS ultramafics (Rivalenti et al.,
2008; Correia et al., 2012; Giovanardi et al., 2017a, b).

Still debated is the role played by the metavolcanic-metasedimentary sequence during the
emplacement and crystallization of the complex at crustal levels. In fact, the Sr and Nd isotope
composition of LS whole rocks shows a general increase of crustal contamination across the LS
moving upwards. Maximum crustal contamination is reached at the top of the sequence where
dispersed xenoliths from the metavolcanic-metasedimentary country-rocks are common (87Sr/86Sr(t)
from 0.706605 up to 0.736590; eNd,) from 1.7 down to -8.5; Girardi and Kurat, 1982; Girardi et al.,
1981, 1986; Correia et al., 1997, 2012; Giovanardi et al., 2017a). Conversely, whole rock Sr and Nd
isotope ratios in the US are within mantle values and have led to the idea that this sequence is not
contaminated by the country-rocks (*'St/**Sr,, from 0.702034 to 0.704293; eNd, from 8.0 to 4.9;
Rivalenti et al., 2008; Correia et al., 2012). However, dispersed xenoliths and inherited zircons from
the metavolcanic-metasedimentary sequence have been recognized throughout the US. These
xenoliths are mostly amphibolites and the protoliths have been genetically related to MORB
magmatism (Moraes et al., 2003, 2006).

Due to the immobile nature of the Lu-Hf isotope systematic, we carried out Lu-Hf isotopic analyses
of zircon grains in gabbros and anorthosites from the LS and US sequences to unravel the complex
intrusive growth and contamination history of the TGSC. In a number of samples, we also carried
out U-Pb and trace elements analyses to evaluate chemical variations between inherited and
magmatic zircon grains and to expand the U-Pb dataset on poorly evaluated samples previously

dated by Correia et al. (2007).

Geological setting
The Tonian Goids Stratiform Complex (TGSC) (Fig. 1) is part of the Goids Massif (Goias state,
central Brasil). This is an exotic terrane, or microcontinent, disrupted and accreted to the Sao

Francisco craton during the Neoproterozoic Brasiliano/Panafrican event that led to the formation of



the Gondwana supercontinent (Brito Neves and Cordani, 1991; Pimentel and Fuck, 1992; Fuck et
al., 1994; Pimentel et al., 2000).

The TGSC overthrusts to the E the Rio Maranhao Thrust Zone, and, to the W, is in intrusive contact
with a metavolcanic-metasedimentary sequence (Girardi and Kurat, 1982; Girardi et al., 1986;
Correia and Girardi, 1998; Ferreira Filho et al., 2010). The TGSC has a typical lopolithic structure
with the thicker portion of the lens corresponding to Niquelandia and the N-S trending part of Barro
Alto. Towards the sides, Cana Brava to the North and Barro Alto to the East thin out.

The Lower Sequence (LS) is common to the three fragments of the TGSC, while the Upper
Sequence (US) outcrops only in Niquelandia and in the N-S trending portion of Barro Alto.

The LS stratigraphy comprises the following units (Figs. 2, 3 and 4):

1) Lower Mafic Zone (LMZ). The LMZ is formed by gabbros mainly recrystallized in fine grained
and mylonitic textures and/or metamorphosed in epidote-bearing amphibolites. The recrystallization
1s probably a consequence of the tectonic emplacement of the complexes over the Rio Maranhao
Thrust Zone, with a pervasive percolation of fluids in the lower units (Girardi et al., 1986; Correia
and Girardi, 1998; Correia et al., 1999; Biondi, 2014).

i1) Ultramafic Zone (UZ). The UZ is formed by variably serpentinized peridotites interlayered with
amphibolites and subordinate gabbros and pyroxenites. Primary cumulus textures are commonly
preserved. Upwards along the stratigraphy, the metamorphic recrystallization decreases and
pyroxenites become predominant (mainly websterites and subordinate orthopyroxenites) and
interlayered with gabbros. The transition to the upper unit is characterized by a decrease of
pyroxenite layers and an increase of gabbros.

11i1) Mafic Zone (MZ). The MZ consists of gabbros, gabbro-norites and norites and minor diorites,
sometimes containing garnet. Hydrous mineral (i.e. amphibole and biotite) abundance increases
discontinuously along the stratigraphy, and is maximum at the top of the unit (named by Girardi et
al., 1986, as the 'Hydrous Zone' in Niquelandia). MZ rocks are commonly recrystallized under

deformative conditions, from hyper- to sub-solidus, during magma emplacement and cooling and



exhibit a foliation parallel to the TGSC NNE direction. Xenoliths from the metavolcanic-
metasedimentary sequence occur in decametres-long quartzite layers parallel to the TGSC foliation,
and are recognized in both Niquelandia and Cana Brava. Going upwards along the stratigraphy,
xenoliths become smaller, more abundant and of variable composition (e.g., amphibolites, garnet-
bearing amphibolites, gneisses, metapelite and calc-silicate rocks; Correia et al., 2012; Giovanardi
et al., 2017a).

The US stratigraphy is organized in the following units:

iv) Upper Gabbro-Anorthosite Zone (UGAZ). The UGAZ is formed by olivine gabbros grading into
anorthosites and troctolites with local layers and lenses of subophitic coarse-grained isotropic
gabbros.

v) Upper Amphibolite (UA). The US consists of amphibole-bearing gabbros interlayered with
amphibolites, epidote-bearing gneisses and/or other lithologies of the country rock.

The metavolcanic-metasedimentary country rocks are named Palmeirdpolis, Indaianopdlis and
Juscelandia sequences. Despite having different names, the three sequences have similar
stratigraphy and lithologies and are therefore considered fragments of the same crustal sequence
(Ferreira Filho et al. 2010 and references therein). It is formed by metasedimentary successions (i.e.
metacherts, metapelites and calc-silicate rocks) with interbedded metamorphosed igneous rocks (i.e.
amphibolites, gneisses and intrusive and sub-volcanic granites; Brod and Jost 1991; Aratjo et al.
1995; Aratjo 1996; Moraes and Fuck 1994, 1999; Moraes et al. 2003, 2006; Ferreira Filho et al.
2010). The amphibolites have MORB affinity and their basaltic protolith is interpreted as originated
in a transitional setting from a continental rift to an aborted ocean basin (Araujo, 1996; Moraes et
al. 2003, 2006). Geochronological data suggest a Mesoproterozoic age for the rifting event (1.26-
1.30 Ga; Pimentel et al., 2000; Moraes et al., 2006; Ferreira Filho et al., 2010). The metavolcanic-
metasedimentary is recrystallized in greenschist-facies in the upper portions and in amphibolite-
granulite facies towards the contact with the TGSC (Moraes and Fuck, 1994; Araujo 1996; Moraes

et al. 2003, 2006; Ferreira Filho et al. 2010). The age of metamorphic recrystallization is slightly



younger than the TGSC intrusion, between 767 = 150 Ma and 745 + 10 Ma (Sm-Nd garnet-whole
rock isochron age and single-spot U-Pb zircon age; Moraes et al., 2006). However, this age range is

indistinguishable within errors from the TGSC intrusion age.

Sample selection
Four samples from Cana Brava, three from Niquelandia and three from Barro Alto were selected for
zircons Lu-Hf and U-Pb in situ isotope analyses. Some of these samples had already been analyzed
for U-PDb isotopes by Correia et al. (2007, 2012) and Giovanardi et al. (2015, 2017b). The complete
sample list, with locations and references, is reported in Table 1.

Samples from the LS of Cana Brava (named CB) are two gabbros and one diorite collected close to
the upper contact with the country rock (CB1100, CB1382 and CB1030) and one gabbro from the
middle of the MZ (CB1175) (Fig. 2). Sample CB1100 is a non-foliated gabbro enriched in spinel
and with minor amounts of amphibole. Samples CB1382 and CB1175 are hydrous granoblastic
gabbros with foliation parallel to the layer strike, marked by the alignment of amphibole, pyroxene
and plagioclase. Amphibole is the most abundant hydrous phase and is commonly associated with
minor biotite. K-feldspar and quartz are minor phases and apatite, spinel and zircon are accessories.
Sample CB1030 is an orthopyroxene bearing diorite and contains more K-feldspar and quartz than
the gabbros. Biotite is the major hydrous phase, whereas amphibole is an accessory together with
apatite, titanite and zircon. Zircon grains from Cana Brava samples commonly show subhedral to
euhedral habits (Giovanardi et al., 2015, 2017b).

Samples from Niquelandia (named NQ) are one gabbro from the LS (NQ1549) and two
anorthosites from the US (NQI1551 and NQI1552). Sample NQ1549 is a foliated hydrous
granoblastic gabbro from the top of the LS, outcropping near a large paragneiss inclusion (Fig. 3).
Amphibole is the major hydrous phase, while biotite is accessory together with spinel and zircon.
US samples NQ1551 and NQ1552 are anorthosites with granoblastic texture. They consist of c.a. 95

% plagioclase with minor amounts of amphibole, epidote, scapolite and zircon.



Samples from Barro Alto (named BA) are one gabbro from the LS (BA06T) and two anorthosites
from the US (BAOIT and BA1541, Fig. 4). LS sample BAOO6T is a coarse-grained layered hydrous
gabbro. Layering is formed by the alternance of portions enriched in pyroxene and amphibole and
portions enriched in plagioclase (Giovanardi et al., 2017b). Spinel is abundant in the mafic layers
while zircon is accessory. US anorthosites BAOIT and BA1541 have granoblastic textures (Correia
et al., 2007). Minor amounts of clinopyroxene and amphibole occur as interstitial phases between
plagioclases along deformation structures (Giovanardi et al., 2017b). Apatite, rutile, epidote and

zircon are accessory phases.

Analytical methods

Zircon grains were separated after crushing, milling, magnetic and heavy liquid separation, and
hand picking under a binocular microscope and embedded in resin. After Au-coating, the polished
mounts were examined with a FEI-QUANTA 250 scanning electron microscope equipped with
secondary-electron and cathodoluminescence (CL) detectors at the Instituto de Geociéncias - Centro
de Pesquisas Geocronologicas - Universidade de Sao Paulo (IGe-CPGeo-USP); the most common
conditions used in CL analysis were 60 pA of emission current, 15.0 kV of accelerating voltage, 7
um of beam diameter, 200 ps of acquisition time, and a resolution of 2048x1887 pixels and 345 dpi.
Some samples were analyzed for U-Pb isotopes using a SHRIMP-Ile also at IGe-CPGeo-USP,
following the analytical procedures of Williams (1998). Correction for common Pb is based on the
measured **Pb, and the typical error for the ***Pb/***U ratio is less than 2%; U abundance and U-Pb
ratios were calibrated against the TEMORA-II standard. The dataset consists of 56 new U-Pb
SHRIMP-II analyses and is reported in Supplementary Material A. Twenty-four analyses were
performed on zircon grains from the US anorthosite of Barro Alto (sample BA1541) and 32
analyses were carried on zircon grains from Niquelandia, 16 for sample NQ1549 (a gabbro from the

top of the LS) and 16 for sample NQ1552 (an anorthosite from US). For all samples, ’Pb/**°U and



29pp/2¥Y concordia ages (with 95% of confidence level and 2o error) are calculated using Isoplot
4.1 software (Ludwig, 2009).

In situ Lu—Hf isotope analyses were determined at the Centro Interdipartimentale Grandi Strumenti
(CIGS) of the University of Modena and Reggio Emilia (Italy) using a double focusing MC-ICP-
MS with a forward Nier—Johnson geometry (Thermo Fisher Scientific, Neptune™), coupled to a
213 nm Nd:YAG laser ablation system (New Wave Research™).

During the analytical session, zircon reference materials, TEMORA-2 and CZ3, were employed to
check accuracy and precision of the measurements. Eight of nine Faraday detectors were used to
collect the following masses: 171Yb, 173Yb, 175Lu, 176Hf+Lu+Yb, 177Hf, 178Hf, 179Hf, 180Hf.
Isotopic ratios were acquired in static mode with a block of 250 cycles (including laser warm-up,
~50-80 cycles of analysis and washout), an integration time of 0.5 s, a laser spot of 55 um and a
fluence of ~10 J/em®. A low laser frequency (~10 Hz) was used to achieve better signal stability
(Vroon et al. 2008) with a He flux of ~0.5 L/min. Before each analysis, the surface of the zircon
was pre-ablated with a spot size of 60 pm.

Data reduction was performed with the HI-INATOR excel spreadsheet (Giovanardi & Lugli, 2017).
TEMORA-2 yielded a '"°Hf/'"Hf ratio of 0.282689 + 0.000080 (20; n = 37), identical within error
to the reference value of 0.282693 (Matteini et al., 2010); similarly, CZ3 yielded a '"°*Hf/'""Hf ratio
of 0.281722 £+ 0.000027 (2o0; n = 20; reference value: 0.281729; Wu et al., 2006). The complete
dataset of our zircon samples consists of 145 analyses reported in Supplementary Material B. When
possible, Lu-Hf analyses were carried out on the same domain of U-Pb analyses and recalculated to
the 2*°Pb/>*U single spot age. Otherwise, Lu-Hf data have been recalculated to 790 Ma, considering
this age as the best representative for the complex intrusion age (see discussion; Correia et al., 2012;
Giovanardi et al., 2017b). Data were calculated using the (176Hf/177Hf)CHUR and (176Lu/177HDCHUR
present-day values of 0.282772 and 0.0332 respectively, as reported by Blichert-Toft and Albarede

(1997).



On several zircon grains, already analysed by SHRIMP, U/Pb analyses were replicated at the CIGS
UNIMORE by coupling the laser ablation system to a quadrupole ICP-MS X Series II (Thermo
Fisher Scientific) and employing a laser spot size of 40 um, a repetion rate of 10 Hz and a fluence
of 10 J/cm?. The ICP-MS was tuned using NIST612 glass reference material to optimize the signal
intensity and stability, checking '**La, ***U and the ***U/***Th ratio. The oxide production within
the plasma was monitored through the **Th'®0/**Th ratio, constantly kept below 0.01%. Acquired
masses were 202Hg, 204Pb (+204Hg), 206Pb, 207Pb, 208Pb, 232Th, 235U and 238U. **°Pb/**"Pb,

204pp/2%ph ratio was monitored but

27pb/>°U and **°Pb/>*U ratios were calculated during analysis.
has been always below detection limits. TEMORA-2 and CZ3 were used as known and unknown
(respectively) zircon reference materials and bracketed during analysis. U-Pb ratios were thus
corrected for laser induced elemental fractionation using TEMORA-2 as reference material. The
complete dataset of the in situ U-Pb analyses is reported in Supplementary Material A.

Trace element analysis was performed at the CIGS UNIMORE using the same instrumental
conditions presented for U-Pb determination (e.g. Lugli et al., 2017a; Sforna and Lugli, 2017). The
system is equipped with a collision-reaction cell to drastically attenuate polyatomic interferences.
Si, Ti, REE and Hf were acquired during two analytical sessions. Elemental quantification was
performed using NIST 610, 612 and 614 as reference materials and Si, measured by electron
microprobe (see methodology in Ponce et al. 2015), as internal standard. Resulting RSD for all trace
element data is always better than 10%. Data are reported in Supplementary Material C.

Strontium isotopes were analysed on plagioclase separates from 2 samples (Table 2). Plagioclases
were leached and dissolved, and Sr was separated using standard techniques. The *’St/*°Sr ratios
were measured on 200 ppb solutions by MC-ICP-MS on a Thermo Scientific Neptune housed at the
CIGS UNIMORE. Samples and standards were analysed in a static multi-collection mode in single

blocks of 100 cycles with an integration time of 8 seconds per cycle. The *’Sr/*Sr ratios were

normalized to an **Sr/*®Sr ratio of 0.1194 and corrected for machine bias to an accepted value of



0.710260 for the NBS-987 Sr standard. Repeated analyses of the NBS-987 yielded a mean *’Sr/*°Sr
ratio 0of 0.710270 £ 0.000010 (26; n = 4).

In situ Sr isotope analyses (Table 2) were performed at the CIGS UNIMORE using the 213 nm
laser ablation system coupled to the Neptune MC-ICP-MS (Lugli et al., 2017b). Laser ablation
parameters are those for Hf isotope analyses. We collected the same sequence of masses as in the
solution analyses as well as masses 85.5 and 86.5 to check doubly charged Yb interferences.
Background Kr was corrected measuring 60 s of gas blank with the laser off. After background
subtraction, the remaining signal on mass 82 was used to check the formation of Ca dimers and
argides. Rb was corrected by calculating the *’Rb contribution to mass 87 by measuring the
interference-free 85Rb signal, correcting for instrumental mass fractionation, and using the natural
’Rb/*Rb ratio. The instrument was tuned for maximum sensitivity on mass 88, but also checking
the accuracy of the ®’Sr/*°Sr ratio of an in-house reference material (modern marine shell), which
yielded a Sr isotopic ratio of 0.709166 + 0.000039 (20; n = 4), in agreement with modern seawater
(0.70917). Repeated analyses of the international reference material JCt-1 yielded a 'Sr/*Sr ratio

0f 0.709151 + 0.000013 (20; n = 4).

Results

Plagioclase Sr isotopes

Plagioclases from gabbro BAO6T (LS) and anorthosites BAO1T (US) and BAO2T (US) contain on
average 164 (= 8, n=30), 151 (£8, n=30) and 148 (£9, n=30) ppm of Sr, respectively. The Rb
average concentration is 0.5 = 0.4 ppm in sample BAO6T, 0.2 = 0.1 ppm in sample BAOIT and 0.3
+ 0.4 ppm in BAO2T, with Rb/Sr ratios of 0.0030, 0.0011 and 0.0020, respectively.

LS BAO6T and US BAO2T plagioclases have been analysed in situ and in solution and the results
agree well with each other. The in situ *’Sr/*®Sr ratio of LS BAO6T is 0.729948 + 0.000125 (2c;
n=3) and the solution is 0.729226 + 0.000012. The in situ *’Sr/**Sr of US BAO2T is 0.702444 +

0.000329 (20; n=3) and the solution is 0.702368 + 0.000012. US BAOIT plagioclases were not



analysed in solution, but the in situ *’Sr/**Sr is 0.702452 + 0.000040 (20; n=2), in agreement with
BAO2T plagioclase. Sr isotope ratios recalculated to the age of the TGSC intrusion at 790 Ma are
0.729192 and 0.729914 (in solution and in situ, respectively) for LS gabbro BA06T, 0.702355 and
0.702432 (in solution and in situ, respectively) for US anorthosite BAO2T and 0.702430 (in situ) for

US anorthosite BAO1T (Fig. 5).

New zircon Cathodoluminescence and U-Pb geochronology

CL structures indicate the presence of magmatic and inherited zircons in the LS and US. These two
populations are easily identified in gabbros from the LS, where magmatic zircon grains have well-
developed linear oscillatory zoning and domains with locally bright rim reabsorbing the oscillatory
zoning (Fig. 6A; Correia et al., 2007; Giovanardi et al., 2015, 2017b). Rare anhedral zircon grains
commonly show irregular chaotic zoning and reabsorption domains, and are interpreted as inherited,
together with rare chaotic and partially reabsorbed cores (Fig. 6B; Giovanardi et al., 2015, 2017b).
The distinction in magmatic and inherited zircons in the US is more complicated, mostly because
zircon grains are rare in anorthosite and are common only in anorthosites containing orthopyroxene
and oxides (Scoates and Chamberlain, 1995; Ashwal, 2013; Mohan et al., 2013). Anorthosite zircon
grains commonly show weak or no CL structures, similar to zircon grains found in other anorthosite
complexes worldwide (e.g. the Fiskanesset complex, the Duluth complex, the Sittampundi
complex, and others; Polat et al., 2010; Schmitz et al., 2003; Mohan et al., 2013). However, a
number of small characteristics have been identified and US zircon grains have been divided in
three main groups. “Group 1 consists of anhedral to subhedral extremely fractured zircon grains,
which in CL images show almost homogeneous emission (Fig. 6C). “Group 2” comprises anhedral
to sub-euhedral zircon grains with poor zonations, but distinct bright and dark cores and rims (Fig.
6D). “Group 3” includes clearly magmatic fragments of crystals with linear zoning and domains
(Fig. 6E), but were recognized only in the US anorthosite NQ1551 of Niquelandia previously dated

by Correia et al. (2012).



Barro Alto US anorthosite (sample BA1541)

Based on CL features, zircon grains are anhedral to sub-euhedral, sometimes fractured, and belong
to “Group 1” and “Group 2” (Fig 6).

Twenty-four U-Pb SHRIMP analyses on 23 zircon grains from both groups yielded 21 concordant
ages ranging from 863 + 33 Ma to 731 + 54 Ma (***Pb/**®U single spot age, 2SE error), with a
weighted average of 774 = 12 Ma (95% confidence error level, MSWD = 2.2; Fig. 7) and a
concordia age of 780 = 10 Ma (95% confidence error level, decay-const. errs included, MSWD =
0.48, probability of concordance = 0.49; Fig. 7). Two discordant ages were discarded, but fall
within this range. Two older concordant **°Pb/***U single spot age of 1034 + 19 Ma and 944 +224

Ma were also obtained, one in each group of zircon grains.

Niquelandia LS gabbro (sample NQ1549)

Zircon grains are generally magmatic, euhedral to subhedral and commonly show an oscillatory
magmatic zonation in CL (Fig. 8). This zonation is locally truncated by a discordant, thin bright rim
(Fig. 8). Few zircon grains are characterized by an inherited core commonly bright and unzoned in
CL (Fig. 8).

Sixteen analyses were performed on 7 zircon grains. Eleven analyses yielded concordant ages
ranging from 793 + 22 Ma to 759 + 22 Ma (***Pb/**"U single spot age, 2SE error), with a weighted
average of 771 = 8 Ma (95% confidence error level, MSWD = 1.5; Fig. 8) and a concordia age of
772 + 6 Ma (95% confidence error level, decay-const. errs included, MSWD = 2.8, probability of
concordance = 0.09; Fig. 8). A younger discordant analysis gave a *’Pb/***U single spot age at 756
+ 35 Ma. Four concordant analyses from inherited cores provide older **°Pb/**U ages, between

1364 + 54 Ma and 1063 + 45 Ma.

Niquelandia US anorthosite (sample NQ1552)



Zircon grains are anhedral to subhedral and commonly fractured and based on CL images pertain to
“Group 1”7 (Fig. 9). In addition, some zircons grains in CL image were characterized by unzoned,
extremely bright crystals and did not provide good quality analyses (Fig. 9).

Fifteen analyses from yielded concordant ages ranging from 975 + 37 Ma to 762 £ 24 Ma

(***Pb/**®U single spot age, 2SE error; Fig. 9). One discordant age at 880 Ma falls in the interval.

Lu-Hf zircon data

A total of one-hundred and forty-five Hf isotope ratios were obtained in situ on zircon grains and
the age corrected epsilon Hf are plotted in Figure 9 with their respective U/Pb ages.

LS magmatic zircon grains have ¢Hf{(t) ranging between -25.1 and -4.8 in Cana Brava (gabbros and
diorite), between -15.8 and -8.3 in Barro Alto (gabbro BAO6T) and between -27.6 and 5.9 in
Niquelandia (gabbro NQ1549).

The US Barro Alto anorthosite zircons (“Group 17 and “Group 2”°) range from -16.1 to 11.3, with
the US anorthosite sample BA1541 falling within a smaller eHf(t) range, between -3.6 and 2.4 (Fig.
10). Niquelandia US anorthosite zircon grains plot between -3.0 and 4.6 (Sample NQ1552, “Group
1) and between 5.3 and 7.7 (Sample NQ1551, “Group 3”) with one value down to ¢Hf(t) -7.7.
Mesoproterozoic cores of US Niquelandia show positive values (¢Hf(t) = 2.0 and 5.9), commonly
higher compared to rims.

Overall, the LS gabbros from the three complexes are characterized by the same ¢Hf(t) range, with
sub-chondritic values (Fig. 10). Similarly, zircon grains from the US samples mostly overlap in
terms of eHf(t), but, with few exceptions, the ¢Hf(t) values of US zircon grains are less negative
than those of the LS (Fig. 10).

The few LS inherited zircon grains have generally lower ¢Hf{(t) values than US inherited zircons
(eHf(t) on average of -6.8 vs. +2.6 respectively).

With the exception of a few radiogenic values, US zircon grains form a decreasing ¢Hf(t) linear

trend from older zircon grains to younger ones (Fig. 10): the ¢Hf(t) values range from positive



(older zircons) to slightly negative (younger zircons). However, given the low Lu/Hf ratio of

zircons this trend is controlled by the different age used to recalculate the eHf{t) values.

Zircon trace elements

Magmatic and inherited zircon grains of the LS have overlapping REE patterns with a larger
variation of LREE compared to HREE and pronounced Ce positive and Eu negative anomalies (Fig.
11).

The only clear group of US magmatic zircons, zircon grains of “Group 3” from Niquelandia US
anorthosite NQ1551, display a very peculiar REE pattern with a pronounced Ce anomaly, but small
or no negative Eu anomaly (Fig. 11; (Eu/Eu*)y between 0.8 and 1.0). Two similar patterns have
been recognized in inherited zircon grains in the US of Niquelandia and Barro Alto (reported in
grey in Fig. 11, with (Eu/Eu*)y between 0.9 and 1.3).

“Group 1”7 and “Group 2” US zircon grains have REE patterns similar to LS zircon grains, but
commonly show slightly lower REE abundances (e.g., Lu between 10 and 55 ppm and between 20
and 143 ppm, respectively) and less pronounced Eu negative anomalies (Fig. 11).

Three zircon grains from US Barro Alto and US Niquelandia show flat LREE trends with small or
no Ce anomaly (Fig. 11). Similar REE patterns have been recognized in hydrothermal zircons
(Hoskin and Schaltegger, 2003; Yang et al., 2014).

Overall, an increase in the La content is accompanied by an increase in REE abundances in both LS

and US zircon grains.

Discussion

The TGSC geochronology revisited

Our new U/Pb zircon data, together with previous results, strongly support the one-intrusion model
of formation of the TGSC, where the LS and the US originated during the same intrusive event in

the Neoproterozoic (Giovanardi et al 2017b). In fact, all U/Pb ages taken together exhibit a



preponderant peak of concordant ages at ca. 790 (Fig. 12; Pimentel et al., 2004; Correia et al., 2007,
2012; Ferreira Filho et al., 2010; Della Giustina et al., 2011; Giovanardi et al., 2015, 2017b). Ages
from LS linear zoning domains form a dominant peak between 770 Ma and 800 Ma, whereas ages
from LS inherited cores are commonly discordant and range from Neoproterozoic up to 1957 Ma
(SHRIMP analysis, Pimentel et al., 2004). Ages of the US range from Neoproterozoic up to 2052
Ma (SHRIMP analysis, Giovanardi et al., 2017b) with the maximum peak of concordant ages at ca.
790 Ma, undistinguishable, within errors, from the LS (Fig. 12). Ages older than 825 Ma, in
inherited zircons, are discordant suggesting a partial reset of the U-Pb zircon system possibly during
residence in the crystal mush. As far as U/Pb ages of the samples used in this study, “Group 17
zircon grains tend to provide dispersed discordant ages, “Group 2” zircons yielded concordant
Neoproterozoic ages in zoned sectors and discordant older ages in unzoned sectors, and “Group 3”
consists of commonly concordant Neoproterozoic ages (Correia et al., 2012; Giovanardi et al.,
2017b). These age differences confirm that “Group 3” zircons are magmatic, while “Group 1~ and
“Group 2” are inherited with different degrees of U-Pb system resetting. However, because some
Neoproterozoic ages have been obtained from “Group 2”, we cannot exclude that some of these
zircon grains are magmatic.

Ages younger than 770 Ma could reflect a continuous deformation-recrystallization during the
cooling of the TGSC. A model of growth via multiple pulses in a deformative-active geodynamic
setting has been previously proposed, with recrystallization of the TGSC under deformative
conditions creating a super-imposed foliation. This foliation has been frequently interpreted as
related to a regional metamorphic event younger than the TGSC intrusion event (Pimentel et al.,
2004; Ferreira Filho et al., 2010; Della Giustina et al., 2011 and references therein). However, more
recent studies have demonstrated that the deformation was sin-magmatic, showing features similar
to other mafic complexes worldwide and in particular to the central Ivrea-Verbano mafic complex
(Italy; Correia et al., 2012; Giovanardi et al., 2017a). A long lasting thermal perturbation has taken

place in the Ivrea-Verbano complex with igneous activity beginning with sporadic pulses at



approximately 314 Ma (represented by small bodies as Monte Capio or Albo sills or the "appinites"
dykes and sills; Kotzli et al., 2014 and references therein) and with the main igneous activity lasting
for about 10 Ma (from ca. 289 to ca. 280 Ma, Quick et al., 2009). Younger ages in the Ivrea-
Verbano Mafic Complex, recognized only in zircons from the lower part of the complex, have been
related to the slow cooling of the intrusion from 285 to ca. 273 Ma during continuous deformation-
recrystallization/cooling in the deepest levels of the complex (Sinigoi et al., 2011). A similar
process might explain the few younger ages from zircon grains in the LS, the deepest portion of the

TGSC complex.

Inherited zircons from the country rocks

By means of zircon age distribution and CL images, we have been able to identify several inherited
zircons in the US and LS (Fig. 12), which also differ in their trace element and isotopic signatures
(Fig.s 10 and 11). LS inherited zircon grains have higher REE abundances, larger Eu negative
anomalies and lower ¢Hf(t) values than US inherited zircons (¢Hf(t) averages of -6.8 vs. +2.6
respectively). These data are in agreement with the occurrence of country rock xenoliths in the two
sequences. In fact, xenoliths in the LS are quartzites (near the base of the MZ), meta-pelite, calc-
silicate rocks and subordinate amphibolites (Girardi et al., 1981, 1986; Correia et al., 1997, 2012;
Giovanardi et al., 2017a), whereas xenoliths in the US are mainly amphibolites with minor amounts
of calc-silicate rocks near the LS-US transition (Girardi et al., 1981, 1986; Correia et al., 1997,
2012; Giovanardi et al., 2017a). The protolith of the amphibolites has been associated to MORB
magmatism, which presumably occurred between 1.26 and 1.30 Ga (Pimentel et al., 2000; Moraes
et al., 2006). Inherited zircon grains from the US show ¢Hf{t) values, recalculated to the age of the
MORB magmatic event (i.e. 1.3 Ga), corresponding to mantle values (between 5.5 and 13.9, on
average = 9.4), with the exception of a single zircon at -16.5. On the contrary, eHf(1300) values of LS
inherited zircons are comparable with continental crust values and range between -14.1 and 7.6 with

an average value of -3.2. Therefore, the different eHf(;300) values in the US and LS reflect the



distinct lithology of the xenoliths occurrences in the two sequences. The dominant eHf(;309) mantle
values in the US are consistent with the predominance of amphibolite xenoliths, while the negative
eHf{(1300) values of LS inherited zircons are in agreement with the metasedimentary nature of the LS
xenoliths.

Inherited zircons are more common in the US than in the LS (Fig.s 10 and 13). The well-defined
linear trend obtained for the US inherited zircon grains in Fig 9 suggests that these zircon grains
experienced a re-opening of the system, which caused Pb loss and age rejuvenation during the
emplacement of the sequence (Vervoort and Kemp, 2016). The eHf(t) values of inherited LS
zircons show a remarkable gap between ca. 900 and ca. 1300 Ma (Fig. 13). The lower abundance of
inherited zircon grains in the LS could be the result of a more efficient Pb loss process in the LS
compared to the US. An alternative explanation could be related to the higher heat produced by a
gabbroic melt with respect to the one produced by an anorthositic crystal mush, and, as a
consequence, a more efficient reabsorption process in the LS caused by the higher T of the gabbroic
melt. Moreover, the solidus temperature of a paragneiss is lower than that one of an amphibolite.
Therefore, inherited zircons from amphibolites could be preferentially preserved with respect to
inherited zircons from metasedimentary rocks. In addition, inherited zircons in the LS are only
recognized as small rounded cores, surrounded by magmatic growth of the crystal, whereas US
“Group 1” and “Group 2” zircon grains are commonly fractured and show uniform or poorly
zonated sectors without evidences of different growth stages (Fig. 6). These features suggest that in
the LS inherited zircon grains have been partially resorbed under high T magmatic conditions and
that in the US inherited zircons have been recrystallized at lower temperature (Kunz et al., 2018 and

references therein).

The magmatic affinities of the LS and US
The new Sr isotopes data from magmatic plagioclases in the TGSC highlight a strong compositional

difference between the LS and US of Barro Alto, with the LS plagioclases characterized by crustal



values (87Sr/86Sr(790) of 0.7295) and the US plagioclases by mantle values (87Sr/86Sr(790) of 0.7024).
Although very different from each other, these Sr isotope ratios are very similar to those found in
the corresponding sequences of Niquelandia and Cana Brava. The 87Sr/86$r(790) in LS of Niquelandia
and Cana Brava varies from 0.7215 to 0.7366, and in Niquelandia US is around 0.702 (Correia et
al., 2012; Giovanardi et al., 2017a; Fig. 5).

For the LS rocks, the Sr isotope ratios, together with Nd isotopes from Niquelandia and Cana Brava
and Lu-Hf zircon data, suggest that the LS rocks have a strong affinity with a crustal component
(eNd(790) from 1.70 to -8.47 for Cana Brava and from -1.30 to -8.70 for Niquelandia; Correia et al.,
2012; Giovanardi et al., 2017a). Moreover, Sr and Nd isotopic values in the LS show an increase of
the crustal component along the stratigraphy (Fig. 5). This trend has been previously interpreted as
indicative of a continuous contamination along the stratigraphy from the country crustal rocks
(Rivalenti et al., 2008; Correia et al., 2012; Giovanardi et al., 2017a). This is consistent with the
widespread occurrence of crustal xenoliths in the LS (Girardi et al., 1981, 1986; Rivalenti et al.,
2008; Correia et al., 2012; Giovanardi et al., 2017a, b). Therefore, the crustal values of the LS
magmatic zircon grains and plagioclases suggest they crystallized from an extremely contaminated
melt, if not directly from a melt derived from the xenoliths of the country rock itself.

Conversely, the US Sr and Nd isotope ratios are compatible with mantle values (eNd79¢) from 9.76
to 2.96 for Niquelandia; Giovanardi et al., 2017a; Fig. 5) and the ¢Hf(t) of the US zircon grains
varies between 11.3 and -16.1, from mantle to sub-chondritic/crustal values. However, as discussed
above, most of the US zircon grains are inherited crystals partially/totally reset at the age of the
TGSC intrusion and therefore should not be used to define the isotope affinity of the US. Among
the magmatic US zircon grains, “Group 3” shows the highest eHf{(t) between 5.3 and 7.7, together
with one magmatic zircon from US anorthosite BAO1T at 11.3 of eHf{(t) (Fig 9). Moreover, they are
characterized by small or no Eu negative anomaly ((Eu/Eu*)y between 0.8 and 1.0), which could be
possibly due to different fo, conditions of the parent melt (Trail et al., 2012) or simply to zircon

crystallization before plagioclase precipitation. The lower REE contents with respect to other zircon



grains support the second hypothesis. Therefore, given that Hf is not easily mobilized in zircons
(Kinny and Maas, 2003), the ¢Hf(t) values of the US magmatic zircon grains should reflect the
original isotopic composition of the US parent melt, pointing towards a depleted mantle origin.
However, the large presence in the US sequence of amphibolite xenoliths with MORB affinity and
of radiogenic ¢Hf(t) inherited zircons does not exclude a contamination process, but with a
contaminant with similar geochemical affinity via reactive bulk assimilation (Beard et al., 2005).
This model requires a small amount of heat compared to melting and anatectic melt assimilation
processes (Beard et al., 2005) and is consistent with the evidence that LS inherited zircons are
commonly reabsorbed whereas US inherited zircons are not.

The consistent behaviour of Sr and Nd isotopes in bulk rocks and plagioclases and the Hf isotope
ratios in zircon grains suggest that isotope systematics in the TGSC reflect the composition of the
melts from which the two sequences crystallized from, and were little or not affected by later
events. Therefore, the old idea that the TGSC has been recrystallized by granulite- and amphibolite-
facies regional metamorphic events (also with fluids occurrences, Pimentel et al., 2004, 2006;

Ferreira Filho et al., 2010; Della Giustina et al., 2011) must be discarded.

Model of TGSC contamination using zircon Hf isotopes

Given that both the LS and US rocks share geochemical features similar to xenoliths assimilated
during the emplacement of the TGSC, we try now to model possible evolution paths of
contamination using the Hf isotope composition of inherited zircon grains as the true '"*Hf/'""Hf of
the bulk rock contaminant.

We recalculated this value in both sequences from the '°Hf/'""Hfy;, of inherited zircon grains in
each sequence and '"°Lu/'""Hf ratios from bulk rock analyses of the respective xenoliths. Given that
the age of the xenoliths is still uncertain, we used the 1.3 Ga age of the MORB volcanic event
documented in the metavolcanic-metasedimentary sequence. The 7/ 177Hf(1 300) average of the LS

bulk rock contaminantis 0.281866 and therefore of crustal affinity (eHf) = -3.2; Fig. 13). Instead,



the '"*Hf/ 177Hf(1 300) of the US bulk rock contaminant is 0.282224 with a clear depleted mantle
character (eHf) = 9.5; Fig. 13). We note here that the US 1761 £/ 177Hf(1300) value has been
recalculated only from inherited zircons grains older than 825 Ma. As explained earlier, the
majority of the zircon grains found in the US are inherited. However, based on the fact that
anorthosite zircons found in other complexes commonly show weak or no CL features (Polat et al.,
2010; Schmitz et al., 2004; Mohan et al., 2013), it cannot be ruled out that some zircons from
“Group 1”7 and “Group 2” are magmatic. Within this scenario, we have considered magmatic all the
US zircon grains with concordant Neoproterozoic ages consistent with the TGSC intrusion and
inherited only the zircon grains older than 825 Ma.

Evolution lines of the bulk contaminant for the US and LS are shown in Fig 12. At 790 Ma, most of
the LS zircon grains fall between the eHf(79¢) of the bulk rock contaminant evolution trends,
between -14.5 and -3.6 (Fig. 13). The least radiogenic LS magmatic zircon grains can be modelled
starting from the lowest 7oy 177Hf(1300) of LS inherited zircon grains, which provides eHf(799) of the
contaminants between -25.3 and -14.4. The absence of inherited domains in these magmatic zircon
grains suggests their crystallization from a melt extremely contaminated by a crustal component at
the time of crystallization.

At 790 Ma, the maximum and minimum evolution trends of the bulk rock contaminant for the US
scenario range between 1.1 and 13.0 eHf{790) and can only explain the small portion of truly
magmatic US zircon grains (Fig. 13). Neoproterozoic “Group 1” and “Group 2” zircon grains have
eHf() from chondritic to slightly subchondritic suggesting a weak crustal contamination of the US
and can be modelled only by contamination from amphibolites with lower '"*Hf/'”"Hf and
Y6Lu/"THF ratios (Fig. 13). Six US zircon grains with eHf() between -3.0 and -8.4 definitely
require a more crustal component, which is however compatible with the rare occurrence of
metasedimentary country rocks xenoliths in the US at the LS/US boundary. Alternatively, these six

zircon grains can be interpreted as totally reset inherited zircon grains.



Conclusions

New trace and isotopic Lu-Hf analyses on a large set of new and previously dated zircon grains
from the TGSC complex, together with new Sr isotopes from Barro Alto plagioclases, provide new
evidences on the growth and contamination processes of the TGSC.

The occurrence of inherited zircon grains in both LS and US has led us to identify that the TGSC
intruded a stratified crust dominated by metasedimentary rocks in its lower part and metavolcanic at
shallow levels. The intrusion of the LS within the country metasedimentary sequence has resulted in
a clear crustal signature (negative eHf(t) zircon values), coherent with bulk-rock Rb-Sr and Sm-Nd
isotopes. The emplacement of the US at shallower crustal levels, characterized by amphibolites with
MORB-mantle like signature, has resulted in zircon ¢Hf(t) values from slightly positive to negative.
We interpret the great abundance of inherited zircon grains within the US with chondritic to sub
chondritic eHf(t), at the TGSC intrusion age, as the evidence for reactive bulk rock assimilation of
the amphibolite country rocks. The similar original geochemical affinities of the US TGSC parent
magma and amphibolite xenoliths have masked the contamination processes in the US in the Rb-Sr
and Sm-Nd bulk-rock systematics. The LS and US were, thus, both contaminated during the TGSC
intrusion, resulting in different geochemical affinities due to the different composition of the
contaminants.

Finally, we interpret the higher abundance of inherited zircons in the US with respect to LS due to
the different thermal conditions between the two sequences. Inherited zircons in the LS are mostly
reabsorbed grains at the core of magmatic overgrowth, while US inherited zircons are mainly
preserved as recrystallized grains, showing homogeneous CL and no evidences for different growth

events.
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Figure captions
Fig. 1: regional geotectonic setting of the Goias Massif in the Brasilia Belt modified after Oliveira
Cordeiro and Oliveira (2017). Dashed-lined black boxes report the location of the three fragments

of the TGSC and related detailed geological map figures in this work.

Fig. 2: geological map of the Cana Brava Complex, modified after Correia et al. (1997) and

Giovanardi et al. (2017b).

Fig. 3: geological map of the Niquelandia Complex, modified after Correia et al. (2012) and

Giovanardi et al. (2017b).

Fig. 4: geological map of the Barro Alto Complex, modified after Ferreira Filho et al. (2010) and

Giovanardi et al. (2017b).

Fig. 5: *’St/**Sr and Nd recalculated at 790 Ma along the stratigraphy of the TGSC. Literature data
from Niquelandia (in black) and Cana Brava (in white) are from Correia et al. (1997, 2012) and
Giovanardi et al. (2017a). The Barro Alto data from this work are colored (i.e. samples BAO6T,

BAO2T and BAOIT).



Fig. 6: CL images of zircon grains from different samples of the TGSC. A) LS zircon grains
showing magmatic linear zoning and domains; B) reabsorpted inherited cores in LS zircon grains
with magmatic overgrowth; C) fractured and CL homogeneous zircon grains from US "Group 1";
D) anhedral to sub-euhedral zircon grains with poor zonations but distinct cores and rims from US
“Group 27; E) fragments of crystals with linear zoning and domains from "Group 3" in the US

anorthosite NQ1551 of Niquelandia.

Fig. 7: CL images of zircon grains from UGAZ Barro Alto anorthosite sample BA1541 reported
with the number of the SHRIMP single spot analysis; calculated concordia and average **°Pb/***U

age (errors are calculated as 20).

Fig. 8: CL images of zircon grains from MZ Niquelandia gabbro sample NQ1549 reported with the
number of the SHRIMP single spot analysis; calculated concordia and average **°Pb/**U age

(errors are calculated as 20).

Fig. 9: CL images of zircon grains from UGAZ Niquelandia anorthosite sample NQ1552 reported

with the number of the SHRIMP single spot analysis; probability density plot of *°Pb/***U age.

Fig. 10: recalculated eHf(t) for zircon grains with measured “*°Pb/>*U ages. (1) literature data from
Della Giustina et al. (2011) from Barro Alto (BA). White-filled symbols are from LS samples while
black symbols are from US samples. The Depleted Mantle (DM) evolution line is calculated using
the values of present-day '"°Hf/'""Hf ratio of 0.28325 from Nowell et al. (1998) and '"°Lu/'""Hf
ratio of 0.0384 from Griffin et al. (2000). CHUR values are from Blichert-Toft and Albarede

(1997).



Fig. 11: zircons REE patterns normalized to the Chondrite I composition (CI; Anders and Edibara
1992). In each panel, the minimum and maximum 206pp/ 28y ages in Ma obtained with LA-ICP-MS

are reported.

Fig. 12: probability density plot of ***Pb/>*U ages distribution for the SHRIMP zircon analyses for
the LS and US of the TGSC. Reported ages are from this work and literature analyses from Correia
et al. (2007; 2012), Della Giustina et al. (2011), Giovanardi et al. (2015; 2017b) and Pimentel et al.

(2004).

Fig. 13: recalculated ¢Hf(t) for zircon grains with measured U-Pb ages. (1) literature data from
Della Giustina et al. (2011) from Barro Alto (BA). The Depleted Mantle (DM) evolution line is
calculated using the values of present-day '"°Hf/!""Hf ratio of 0.28325 from Nowell et al. (1998)
and '°Lu/'""Hf ratio of 0.0384 from Griffin et al. (2000). CHUR values are from Blichert-Toft and
Albarede (1997). US and LS inherited fields are the recalculated eHf of inherited zircons at 1.3Ga
(from 5.5 to 13.9 and from -14.1 to 7.6 respectively).US and LS crust are the extimated evolutions
through time of eHf from inherited bulk rock contaminants calculated from average '"°Hf/'"Hf
initial ratio from inherited zircons and '"°Lu/'""Hf ratio of minimum, maximum and average ratios
of bulk-rock analysis of xenoliths from LS ('"°Lu/"""Hf min = 0.0003, max = 0.033 and avg =
0.011; recalculated data using the 0.1419 constant of conversion from Blichert-Toft et al., 1998;
Correia et al., 2012) and amphibolites (‘"°Lu/'"Hf min = 0.009, max = 0.044 and avg = 0.023;

Moraes et al., 2003).

Table captions

Table 1: sample coordinates and references for previously published U-Pb data.

Table 2: solution and in situ Sr isotope ratios from plagioclases from Barro Alto.



Table 1

Sample Complex Sequence Longitude Latitude Lithology Reference
CB1030 Cana Brava LS 48°15'21.99"W 13°22'9.49"S Diorite Giovanardi et al. 2015, 2017b
CB1100 Cana Brava LS 48°18'38.12"W  13°29'10.48"S Gabbro Giovanardi et al. 2015, 2017b
CBI1175 Cana Brava LS 48°16'3.61"W 13°28'0.01"S Gabbro Giovanardi et al. 2015, 2017b
CB1382 Cana Brava LS 48°15'32.05"W  13°22'6.06"S Gabbro Giovanardi et al. 2015, 2017b
NQI1549 Niquelandia LS 48°29'56.40"W  14°21'49.59"S Gabbro This work

NQI1551 Niquelandia [N} 48°31'39.40"W  14°22'4.59"S  Anorthosite Correia et al. 2012
NQI1552 Niquelandia uUsS 48°31°58”W 14°22°01”S Anorthosite Correia et al. 2007
BAO6T Barro Alto LS 49°1123.94"W  15°12'51.04"S Gabbro Giovanardi et al. 2017b
BAOIT Barro Alto UsS 48°59'17.91"W  15°05'02.13"S  Anorthosite Giovanardi et al. 2017b
BA1541 Barro Alto usS 49°02°25"W 15°05°17”S Anorthosite Correia et al. 2007




Table 2: Sr isotopes from Barro Alto samples

Sample Unit 3Sr/3Sr 26 Rb/Sr 87Sr/868r(790)
solution

BAO2T UGAZ 0.702368 0.000012 0.0020 0.702355
BAO6T MZ 0.729226 0.000012 0.0030 0.729192
in situ

BAOIT UGAZ 0.702452 0.000040 0.0011 0.702430
BAO2T UGAZ 0.702444 0.000329 0.0020 0.702432
BAO6T MZ 0.729948 0.000125 0.0030 0.729914




Highlights
Zircon and plagioclase geochronological and geochemical study of the contamination of the Tonian Goias
Stratiform Complex

Y81 ""Hf and ®'Sr/®°Sr ratios in zircon and plagioclase reveal a crustal contamination for the Lower Sequence and
a mantle-derived contamination for the Upper Sequence

The geochemical affinity of the country rock controls the differential contamination history of the TGSC Lower and
Upper Sequences
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