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ARTICLE INFO ABSTRACT
Article history: The Gavido Block comprises amphibolite- and granulite-facies gneisses and migmatites of tonalitic,
Received 5 March 2011 granodioritic and granitic compositions and supracrustal sequences including volcanosedimentary layers

Accepted 26 November 2011 metamorphosed up to the amphibolite facies. In the region of Abaira-Jussiape (BA), two main igneous

suites, called Caraguatai and Jussiape, are exposed in the core of an anticline. The Caraguatai suite
Keywords: ) encompasses alkali-feldspar granites, syenites and quartz syenites that contain biotite, magnetite/
Crustal melting event hematite, apatite, titanite, hastingsite/pargasite and zircon as accessory minerals that were adjusted to
Laser ablation ICPMS . . . . . . h .
Sm—Nd (TIMS) the amphibolite facies. Wh{te mica and epidote minerals are related. tp retrpgrade greenschlsF facies.

These rocks were deformed in dextral to reverse-dextral shear zones, giving origin to protomylonites and
augen-mesomylonites to ultramylonites. The ultramylonites have a prominent banding parallel to the
main foliation of the rocks. Lithogeochemical studies revealed subalkaline to alkaline, metaluminous to
peraluminous, Fe-rich protolith for instead of to these rocks associated with A2-type magmatism and
partial melting of igneous continental crust. In situ U—Pb zircon dating using the Laser Ablation ICPMS
method was carried out for five samples of the Caraguatai alkaline suite. The ages obtained for an
isotropic syenite (SCP 1470: 2680 + 24 Ma), a foliated syenite (SCP 2035: 2703 + 11 Ma), a syenitic augen
gneiss (SCP 2017: 2706 +34 Ma) and two ultramylonitic syenitic banded gneisses (SCP 1446:
2711 +34 Ma and SCP 1809: 2698 + 10 Ma) fall in the same range. The average of the 62 concordant
analyses obtained from the five samples allows to determine a mean 2°’Pb/?%Pb age of 2696 + 5 Ma
(£20) interpreted as that of the alkaline plutonism. The geochronologic data obtained up to now have
not helped to constrain an age for the metamorphism that affected the study area. The A2 type of
magmatism, instead of and the Tpy model ages (ca. 3.2—3.8 Ga) and the corresponding negative &(t)
values (—4 to —6), suggest that the alkaline magmas are mainly derived from partial melting of Paleo-
archean gneisses in an intraplate setting similar to those from the surrounding Aracatu region. The
isotopic data obtained in this work together with published data suggest that in the southern sector of
the Gavido Block an important event of crustal recycling occurred ca. 2.7 Ga ago. Similar ages have been
found in other parts of the Sdo Francisco Craton.

© 2011 Published by Elsevier Ltd.
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Table 1

Main geochronological data for the rocks from the Gavido Block and neighboring units. Modified after Bastos Leal (1998).1 — Cordani and Iyer (1979); 2 — Marinho et al. (1979);
3 — Cordani et al. (1985); 4 — Turpin et al. (1988); 5 — Wilson et al. (1988); 6 — Mascarenhas and Garcia (1989); 7 — Sabaté et al. (1990); 8 — Marinho (1991); 9 — Martin et al.
(1991); 10 — Cordani et al. (1992); 11 — Ledru et al. (1993); 12 — Nutman and Cordani (1993); 13 — Nutman et al. (1993); 14 — Pimentel et al. (1994); 15 — Rosa et al. (1996); 16 —
Barbosa and Dominguez (1996); 17 — Bastos Leal et al. (1997); 18 — Cordani et al. (1997); 19 — Martin et al. (1997); 20 — Santos-Pinto et al. (1998); 21 — Bastos Leal et al. (1998);
22 — Sato (1998), 23 — Bastos Leal (1998); 24 — Bastos Leal et al. (2000); 25 — Lopes (2002); 26 — Bastos Leal et al. (2003); 27 — Guimardes et al. (2005); 28 — Marinho et al.

(2008).
Unidades geolégicas U—Pb (zircon) and 2°Pb/2°®Pb (Ma) Rb—Sr (WR) (Ga) 207pp296pp Sm—Nd K—Ar (Ga) References
(Ga) (Tom) (Ga)
Sete Voltas granitoid 3403, 3243 +5,3158 £ 2 34;3.2;3.1,26 3.2 3.7-3.5 1.9-1.8 3,6,9,12,19
Boa Vista/Mata Verde gneiss 3.353+5 33 34 3.5-3.2 0.9-0.4 3,5,6,8,12
Bernarda tonalite 3332+4 2.6—-2.7 3.3-35 3,20
Mariana and Aracatu granitoids 3245 £ 25, 3250 4 4, 3240 & 14 Ma, 0.5 3.6—-3.5 0.6—0.5 20
3.325+10, 2506 + 10, 1944 + 7
Piripa gnaisses 3200+5 2.7 and 2.0 3.5-29 0.6 6, 18, 22
Lagoa do Morro granitoid 3184+6 3.2and 2.8 2.8 3.6-33 0.6—-0.5 2,3,7,8,9
Serra do Eixo granite 3158 +£5, 2.5-2.6, 2695 + 5 33 20
Serra dos Pombos granite 2845 +45 2.8 2.8 8,12
Gneissic and migmatitic rocks 3200+ 11 2.7 and 1.9-1.8 3.4-3.1 0.6—0.5 6,17,22
Malhada de Pedra granite 2.8 3.27 17,21
Lagoa da Macambira granite 3146 +24 2.84 3.1-32 3.34 21,23
Serra do Eixo Alkaline Granites 2500—-2600 33 17,20
Rio Jacaré Sill 1.9 2.5 3.5-33 6,8
Pé de Serra SubAlkaline and 2652 +1, 2282 + 81 26-22,12 2.6;23 3.2-3.1 2.0-1.8 3,8,28
Alkaline Granites
Umburanas granite 2049 +5 33 20
Serra da Franga granite 2039+ 11 20
Mariana granite 3259 +5Ma, 1944 + 7 3.5-3.6 20
Aracatu granite 3240+1, 3.371 +£ 14, 3325+ 10, 3.6 7,8, 20
2506 + 10, 2149 £ 15, 1.95-2.26
Gameleira granite 1.95 2.6—2.8 7,8
Riacho Pedras granite 1.9 3.2 7,8
Lagoa Grande/Lagoinha granites 2.0 2.7-29 7,8
Iguatemi granite 2.03 29-35 0.48 24
Rio do Paulo granite 1.96 2.73 0.50 24
Espirito Santo granite 2.01, 2023 £ 26, 997 + 32 1.6 3.05-3.09 0.49 24
Caculé granite 2.02, 2070 + 72, 1956 + 56, 1.9 2.63-2.77 1.06—0.55 20, 24
2070 +72
Guajeru TTG Terrane 3191-3394 25
Jussiape granite 2122 27
Veredinha granitoid 2103 27
Ibitiara granitoid 2091 27
Guajeru Alkaline Granite 2649-2660 25
Contendas Mirante — Upper Unit 2150—-1900 3,8
Contendas Mirante — Intermediate 2.2 and 1.2 25 34-3.2 3,8
Unit
Contendas Mirante — Lower Unit 2.5 and 2.0 3.3-3.0 2.0-15 3,8
Umburanas — Intermediate Unit 2.2 2.7 and 2.0 1.0-05 3,26
Lagoa Real Complex — Gneissic Rocks 2.7 4,10, 14
Lagoa Real Complex — Sdo Timéteo 1746 £5 1.7 1.7 2.7-29 0.5 4,10, 14, 22
Granite
Lagoa Real Complex — Albitites 1745 £ 15; 961 + 22 1.5 4,10, 14

also be characterized by Nd isotopes which indicate the dominant
crust involved. Indeed, each bock corresponds to specific ranges of
Nd model ages (Barbosa and Sabaté, 2002), which are 2.9—3.6 Ga,
2.7-3.0 Ga, 2.4—2.6 Ga and 3.0—3.2 Ga in the Gavido, Jequié, Ita-
buna-Salvador-Curaga and Serrinha blocks, respectively (Fig. 1). The
set of available geochronological data for the Gavido Block (Fig. 2)
reveals a polycyclic evolution that marks three main periods of
magmatism with ages ranging between 3.4—3.2 Ga, 3.2—3.1 Ga and
2.9—2.7 Ga (Santos-Pinto et al., 1998, submitted for publication;
Bastos Leal et al., 1998). Despite being recognized by some authors,
the Neoarchean evolution of the Gavido block is still poorly studied.
In its southern part, close to Jussiape, the Caraguatai pluton crops
out as a Neoarchean alkaline suite (this work, Figs. 2 and 3). It
occurs as a structural window in instead of into the Gavido gneissic
Archean basement and its exposure is related to the uplifted
Abaira-Jussiape core, affecting the Proterozoic cover. This paper
presents petrological and geochemical results, Nd isotope data and
U—Pb zircon ages obtained for the Caraguatai syenitic suite

(originally named Caraguatai Complex by Lopes, 1991). The aim of
this work is to present the results of the petrologic, geochemical
and geochronologic studies of Neoarchean rocks that crop out in
the southern portion of the Gaviao Block.

2. Geological setting of the Gavidao block

In the Gavido Block (Fig. 2) various gray orthogneisses, granit-
oids and supracrustal sequences of Archean and Paleoproterozoic
ages can be recognized (see references in Table 1). Previous
geochronological data have shown that the formation of the Gavido
Block is related to at least three Archean events. The first one is
Paleoarchean and took place around 3.4—3.2 Ga (Martin et al., 1991;
Nutman and Cordani, 1993; Cunha et al., 1996; Santos-Pinto, 1996;
Santos-Pinto et al., 1998, submitted for publication; Bastos Leal
et al., 1996, 1998; Bastos Leal, 1998; Peucat et al., 2002), and
corresponds to several inputs of tonalitic—granitic and
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Fig. 1. Schematic geological map showing the limits, marginal fold belts and major structural units of the Sdo Francisco Craton. GB — Gavido Block, ]B — Jequié Block, SB — Serrinha
Block, ISCB, Itabuna-Salvador-Curaga Block (adapted from Alkmin et al., 1993). The gray rectangle indicates the study area.

trondhjemitic suites. Such magmas generated from a 3.5 to 3.8 Ga
old primitive crust (Santos-Pinto et al., submitted for publication).

Zircon ages presented by Marinho (1991), Martin et al. (1991),
Nutman and Cordani (1993), Santos-Pinto (1996), Santos-Pinto
et al. (1998), Bastos Leal et al. (1997, 1998), Bastos Leal (1998) and
Barbosa et al. (2001) indicate the occurrence of a second Meso-
archean plutonic event with ages between 3.2 and 3.1 Ga (Table 1).
This event, which produced partial melting of the previous crust is
represented by a set of plutonic suites of granitic and granodioritic
compositions (Santos-Pinto, 1996; Santos-Pinto et al., 1998; Bastos
Leal et al., 1997; Bastos Leal, 1998). Crustal reworking process is also

shown by Nd Tpy model ages which are all higher than 3.0 Ga and
by negative epsilon Nd (t) values (Martin et al., 1991, 1997; Bastos
Leal, 1998).

The third Archean plutonic event was indicated by whole-rock
Rb—Sr and zircon evaporation TIMS data that yielded ages
between 2.9 and 2.7 Ga (Brito-Neves et al., 1980; Costa et al., 1985;
Cordani et al., 1985; Nutman and Cordani, 1993; Santos-Pinto et al.,
1998). Jardim de Sa (1981) obtained a Rb—Sr age of 2600 + 80 Ma
for the Paramirim gneisses. A SHRIMP zircon age of 2693 + 5 Ma is
defined for the magmatic alkaline suite recognized in the Serra de
Eixo gneisses (Santos-Pinto et al., submitted for publication).
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Marinho et al. (2008) obtained a SHRIMP zircon age of
2652 + 11 Ma for the alkaline gneisses of Pé de Serra. Costa et al.
(1985) and Cordani et al. (1992) obtained Rb—Sr ages for the host
rocks of the Lagoa Real paleoproterozoic intrusive suite ranging
between 2.9 and 2.7 Ga. Bastos Leal et al. (1998) obtained a zircon
TIMS evaporation age of 2.75Ga for a felsic volcanic of the
Umburanas greenstone belt.

The metasedimentary rocks of Paleoproterozoic and Archean
ages (Fig. 2) can be grouped in the Contendas Mirante, Mundo
Novo, Ibitira-Ubiragaba, Brumado, Guajeru and Riacho de Santana
greenstone belts, in the Urandi and Boquira metavolcanosedi-
mentary sequences and in the Licinio de Almeida metasedimentary
sequence (Silva and Cunha, 1999).

The Lagoa Real Complex (Fig. 2) is a meta-syenite-alkali feldspar
granitic suite of Statherian age, ca. 1.7 Ga old (Turpin et al., 1988;
Pimentel et al., 1994; Cordani et al., 1992; Cruz et al., 2007). It
was previously called Sio Timéteo granite by Fernandes et al.
(1982) or Lagoa Real granite by Cruz et al. (2007). It is associated
with orthogneisses, albitites, oligoclasites, microclinites, amphib-
olites and meta-gabbronorites (Costa et al., 1985; Lobato, 1985;
Lobato and Fyfe, 1990; Arcanjo et al., 2000; Cruz, 2004). These are
continental intraplate granitoids related to the opening of the
Paramirim Aulacogen (Teixeira, 2000).

The Proterozoic covers comprise the Espinhaco and Sdo Francisco
supergroups (Fig. 2). The Espinhaco Supergroup comprises
a succession of essentially terrigenous sedimentary rocks, with
contributions of underlying intermediate to felsic volcanics, depos-
ited from 1.7 Ga (Schobbenhaus et al., 1994; Babinski et al., 1999;
Danderfer Filho, 2000; Danderfer Filho and Dardenne, 2002)
until 1.0 Ga. Several stratigraphic columns were proposed for
this supergroup in Bahia State (Schobbenhaus, 1996; Barbosa
and Dominguez, 1996; Danderfer Filho, 2000; Guimardes et al.,
2005; Loureiro et al., 2010). The volcanic units of the Espinhaco
Supergroup chronocorrelate with the Lagoa Real suite and
should reflect the volcanism related to the opening of the
Paramirim Aulacogen (McReath and Sabaté, 1987; Arcanjo et al.,
2000).

Gabbroic rocks frequently occur in the Espinhaco Supergroup as
intrusive discontinuous sills and dikes. Laser ablation (U—Pb) zircon
dating revealed two age groups: Group [: 1492 + 16 Ma (Loureiro
et al., 2010); 1514 Ma (Babinski et al., 1999) and 1496 Ma
(Guimardes et al., 2005); Group II: 854 + 23 Ma (Danderfer Filho
et al., 2009) and 834 Ma (Loureiro et al., 2010).

The S3do Francisco Supergroup comprises terrigenous and
carbonate rocks deposited by marine-influenced glaciogenic
processes (Guimaraes, 1996) and the maximum age is 800 Ma (Misi
and Veizer, 1996).

The Caraguatai suite, object of this work, is located ca. 50 km
northeast of Brumado (Fig. 2). Its southern part is emplaced
into Archean gray gneisses similar to those described in the
Aracatu region (Santos-Pinto et al, 1998, submitted for
publication) and into the Brumado greenstone belt. It is intruded
by the Paleoproterozoic Jussiape granite (Fig. 3) and is in tectonic
contact with the Espinhaco sedimentary sequence through low-
temperature, reverse-dextral shear zones of Neoproterozoic age.
This suite also occurs in the basement of the Western Chapada
Diamantina Thrust-Fold Belt (Danderfer Filho, 1990, 2000; Cruz
et al, 2007), in the northern Aracuai Orogen (Pedrosa-Soares
et al.,, 2007).

3. Petrography of the Caraguatai suite

The Caraguatai suite (Fig. 3) consists of alkali-feldspar granites,
syenites and quartz syenites. The rocks are leuco- to mesocratic
with pale gray color. The igneous protolith is progressively
deformed in NNW—SSE dextral to dextral-reverse shear zones,
giving rise to protomylonites, augen-mesomylonites to ultra-
mylonites (Fig. 4a—c), reaching amphibolite facies conditions.
These tectonites are truncated by thin reverse to reverse-dextral
shear zones trending NNW—SSE that host greenschist facies phyl-
lonites and that were responsible for the uplift of the Abaira-Jus-
siape basement core.

The protomylonites (Fig. 4a) exhibit porphyroclasts generally ca.
4 cm in size, some reaching 8 cm. Foliation is marked by biotite, and

Fig. 4. Caraguatai Suite rocks: (a) protomylonitic, (b) augen-mesomylonitic, and (c) ultramylonitic facies.
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in some cases, amphibole is still incipiently developed and
discontinuous. Fig. 4b shows zones of greatest strain in the augen-
mesomylonites and Fig. 4c shows that the mylonitic foliation is
parallel to the gneissic banding. This banding is marked by milli-
meter- to centimeter-sized felsic layers, which alternate with mafic
layers enriched in amphibole and biotite. The average modal
composition is alkali feldspar (70—85%), plagioclase (0—10%),
quartz (2—25%), brown biotite (5—12%), magnetite/hematite
(2—6%), apatite (1—2%), titanite (1—2%), hastingsite/pargasite
(1—2%) and zircon (1—3%), which were adjusted in the amphibolite
facies. White mica (1—2%) and epidote (0—2%) are minerals related
to retrograde greenschist facies metamorphism. Microstructures
observed in thin sections as relicts of the igneous protolith, with
equigranular to porphyritic textures and poikilitic inclusions of
amphibole in K-feldspar, indicate the igneous origin of these rocks.
Deformational processes at the grain scale are associated with
intracrystalline plasticity and with mechanisms of recrystallization
which were developed by rotation of subgrains of K-feldspar,
plagioclase and quartz. This suggests a temperature of deformation
above 550 °C (Tullis, 1983; Simpsom, 1985, 1986; Vauchez, 1987;
Stipp et al., 2002).

3.1. Geochemistry

A concern when it comes to metamorphosed and polydeformed
rocks such as those of the Caraguatai Suite is to know which is the
protolith composition and which is the interference of meta-
morphism in the composition of the final products. In the present
case a direct definition is impossible, because all the crustal
segment was affected by high-grade metamorphism and there are
no preserved rocks. The means to reach the protoliths is to define
the contents of the chemical elements and their characteristics in
orthogneisses and compare them with other plutons of similar
composition of other regions, which have not undergone meta-
morphism. Such procedure has been used for many years to the
petrogenetic characterization of orthogneiss protoliths (Waever
and Tarney, 1980; Condie and Allen, 1984; Jahn and Zhang, 1984;
Martin et al., 1997, 2005, among others). The analytical data for
the Caraguatai orthogneisses were compared with those for several
worldly known massifs of similar composition, e.g. White Mountain
(Eby, 1990), PykesPeak (Smith et al., 1999) and others listed in
Whalen et al. (1987). No deviation that could compromise the
interpretation and attributed to metamorphism was observed.

Fifty-three whole-rock analyses of major and trace elements
were carried out at GEOSOL — Geology and Surveying Ltd. labora-
tories for granites, mylonitic gneiss and augen gneiss and are
reported in Table 2. Major (SiO3, Al,03, FeO, Fe;03, MgO, Ca0, TiO,,
P20s5, MnO) and trace (Rb, Cs, Ba, Sr, Ga, Ta, Nb, Hf, Zr, Y, Th, U, W, Sn,
Cl, S) elements were analyzed by X-ray fluorescence, Cr, Ni, Co, V,
Pb, Zn, Cu and Mo by atomic absorption, F by ion-specific electrode,
and REE by ICP—MS. NayO and K;O were determined by atomic
absorption spectrometry.

The majority of the samples (Table 2) exhibit SiO, contents
higher than 70 wt.% and the total range is between 69 and 77 wt.%.
High SiO, values suggest that the Caraguatai suite is strongly
differentiated. It is also potassic, with K;O/NapO ratios mostly
between 13 and 2, and metaluminous to peraluminous
(ISA=0.9-1.2), with an agpaitic index [Al=(Na-+ K)/Al molar]
between 0.75 and 0.95. Liégeois et al. (1998) consider 0.87 as the
lower Al limit for alkaline rocks. High total Fe;03 contents together
with low MgO contents result in Fe/(Fe +Mg) ratios above 0.90.
According to this criterion, the Caraguatai pluton is characterized as
a subalkaline to alkaline suite. Furthermore, the high Fe/Mg ratios
above 0.90 indicate that the Caraguatai suite belongs to the A-type
magmatism (Whalen et al., 1987; Frost et al., 2001).

Subalkaline evolution of major elements in A-type alkaline
suites is instead of are frequently reported in the literature (e.g.
Whalen et al., 1987; Emslie, 1991; Duchesne and Wilmart, 1997).
The modified diagram of De La Roche et al. (1980), which has the
advantage of presenting the behavior of all major elements at the
same time and therefore avoiding the use of several binary
diagrams, shows the trends of three petrogenetic lineages. Fig. 5
shows that the samples plot along the final segment of the sub-
alkaline trend within a very narrow fractionation interval. In the
AFM diagram (Fig. 6) of Irvine and Baragar (1971) the samples plot
along a parallel trend to the AF axis because of high alkalis contents
and high (Fe/Fe + Mg) values. Some samples plot in the A-type
granitoids field of Whalen et al. (1987) (Fig. 5).

These rocks exhibit high contents of incompatible elements
(Table 2), especially HFSE such as Y (up to 50 ppm) and Zr
(>400 ppm), and high total REE and F contents (>500 ppm). High
contents of halogens such as F, associated with high Zr, Nb, Ta, Y and
REE and low Eu and Sr contents are important attributes of A-type
granitoids (Best, 2003). These characteristics are also shown in the
Figs. 7 and 8 diagrams. Spiderdiagrams (Fig. 7) normalized to
primitive mantle values (Wood et al., 1979) are marked by the
enrichment of LILE (Rb, Th, K), HFSE, particularly Zr, Tb, and Y, and
a strong negative Sr anomaly.

The REE spectra (Fig. 8) show enrichment in LREE and flat HREE
patterns. The parallelism between the limits of the envelopes
indicates similar mineral fractionation process in all rock types for
various total REE contents. (La/Yb)y ratios are low between 7
and 15.

The lack of intermediate SiO, values rules out an origin from
simple instead of simply fractional crystallization of a mantle liquid.
The lack of less differentiated enclaves attests to the idea that they
are not purely mantle-derived. The origin of A-type granitoids is
very controversial especially when it comes to composition, which
can vary a lot from a place to another. The origin of those having
compositions similar to the granitoids of this study has been
attributed to partial melting of igneous continental crust, from the
residue of a previous melting (Collins et al., 1982; Whalen et al.,
1987), which is a very contested hypothesis, or from tonalitic/
granodioritic terms (Creaser et al., 1991; Patifio Douce, 1997), which
is apparently more feasible. However Eby (1990) considers that the
A-type granites result from complex processes and that no single
model satisfactorily answers to all A-type granite characteristics.

Patifio Douce (1997) emphasized that the composition of the
liquids produced by continental crust melting greatly depends on
the pressure. This author showed that it is possible to produce
liquid with composition similar to potassic, high SiO,, metal-
uminous to slightly peraluminous, A-type granites from partial
melting of tonalitic/granodioritic continental crust. Melting prod-
ucts of a tonalite at 4 kb have compositions similar to A-type
granites; when the pressure is higher (8 kb), the liquid produced
tends to be different.

Thus, crustal melting in shallower depths than 15 km can orig-
inate A-type granites. At these low pressures plagioclase is stable
and retains in the melting residue elements such as Sr and Eu.
Other minerals such as garnet, for example, whose partition coef-
ficients are very high for HREE, Y and other HFSE, frees such
elements to the liquid being produced, which will enrich in these
elements. The composition of the liquid that produced the Car-
aguatai Suite granitoids was coherent with this reasoning. Figs. 7
and 8 show that a small interval of fractional crystallization may
have existed where K-feldspar was a fundamental component,
leading to the strong negative Ba and Eu anomalies.

In Fig. 9, the points that represent the Caraguatai orthogneisses
plot in the intraplate granitoids field (WPG). Samples with such
characteristics can be plotted in Eby’s (1992) diagram (Fig. 10),



Table 2

Chemical compositions of the Caraguatai Suite rocks. Oxides in wt.% and trace elements in ppm.

Sample 2016joc  sj25 1446 1977joc  sjO8b 2017 sj05 1809eljoc  sjo5d 1794 2035a 1458 1447 1713 1830 2014.1joc 1832 1450a 5j02
Si0, 69.11 69.60 70.60 70.65 70.70 71.10 71.20 71.90 71.90 72.00 72.00 72.10 72.30 72.30 72.50 72.62 72.70 72.80 72.80
TiO, 0.58 0.71 0.68 0.34 0.10 0.59 0.47 0.53 0.14 0.54 033 0.48 0.62 0.55 0.48 0.19 0.62 0.60 0.64
Al,03 13.74 11.80 12.60 11.34 14.80 12.90 12.20 12.07 14.60 12.60 12.50 11.80 12.50 11.90 11.50 13.98 12.40 12.20 12.00
Fe;03 4.98 2.09 1.66 5.98 1.96 0.71 5.03 0.74 0.97 0.59 2.29 2.66 143 1.50 2.53 1.50 2.65 1.57
FeO 2.24 4.74 4.37 4.17 1.64 2.89 3.92 244 1.86 3.48 2.63 2.20 2.62 3.61 3.49 1.09 3.76 2.64 3.77
MnO 0.06 0.07 0.08 0.03 0.01 0.08 0.07 0.06 0.03 0.06 0.04 0.05 0.04 0.07 0.05 0.02 0.08 0.06 0.05
MgO 0.58 1.92 0.68 2.99 0.20 0.63 0.42 0.43 0.26 0.66 0.28 0.42 0.61 0.47 0.93 0.26 0.55 0.67 0.75
Cao 1.89 1.12 248 0.50 0.41 1.96 1.18 1.37 1.13 1.54 1.02 1.13 1.59 1.56 0.31 0.62 2.09 1.88 1.76
NaO 3.21 2.10 2.70 1.91 2.40 3.00 2.90 2.84 3.40 2.50 2.70 2.60 3.20 2.70 1.60 3.36 2.70 2.70 2.90
K;0 4.67 5.30 4.40 491 8.50 4.30 4.70 4.74 5.40 5.00 5.60 5.10 4.20 5.10 5.80 5.64 4.80 4.00 3.10
P,0s5 0.14 0.16 0.16 0.03 0.08 0.14 0.11 0.11 0.03 0.13 0.06 0.10 0.14 0.11 0.10 0.08 0.14 0.13 0.14
LOI 9.00 0.22 0.15 0.90 0.12 0.22 0.17 0.70 0.25 0.26 0.26 0.15 0.04 0.06 0.41 0.50 0.06 0.22
Total 110.20 99.83 100.56 103.75 98.96 99.77 98.05 102.22 99.74 99.74 98.01 98.42 100.52 99.86 98.67 100.89 101.34 100.39 99.70
Cr * * 17.8 *

Ni 17.2 8 19.7 13

Co 6.9 3.6 6.1 1.8

\% 20 37 28 * 22 18 18 31 13 18 26 21 15 6 24 28 23
Cu 7.1 2.6 6 23

Pb 114 6.2 13.8 17.6

Zn 55 33 57 35

Rb 183.6 220 156 156.1 283 194 450 160.6 300 251 439 210 155 253 188 278.7 208 176 216
Cs 1.9 35 0.5 1.5

Ba 659.9 1642 842 3004 1511 965 630 1195.6 733 847 769 1167 1070 1210 1928 312 1050 1160 1617

Sr 73.9 32 394 23 12 67.9 34 17 42.5 14 20 41

Ga 25.8 14 16 20.1 17 18 19 226 21 19 20 20 18 17 16 225 17 18 20
Ta 55 3 2 5.1

Nb 81.7 65 50 44.5 12 59 68 423 22 64 43 64 63 82 54 49.1 53 67 67
Hf 15.7 17 0.5 7

Zr 287.6 646 444 632 560 530 683.8 206 421 352 553 560 625 508 203.1 567 571 741

Y 176.8 175 93 102.3 58 127 372 116.7 71 322 164 251 120 256 258 158.1 147 159 194
Th 413 56 55 38.7 52 54 41.7 137 64 51 43 49 56 35 69.5 39 44 43

U 73 11 6.1 13 4.9 46 13 14 14 67 14
La 103.5 181 101 112.7 106 249 137.7 66.9 388 106 205 116 152 203 78.2 133 137 134
Ce 208.6 348 209 172.7 209 393 290.5 261 340 260 368 229 308 409 166.5 263 296 268

Pr 24.04 425 229 29.53 25.1 56.8 32.47 15.7 76.4 222 49.3 27 36.7 54.1 19.59 30.7 34.1 343
Nd 90.3 137 69 110.7 81.5 188 118.8 42.4 224 64.7 159 85.6 116 173 71.8 101 108 118
Sm 17.5 29.8 14.5 19.6 16.5 44.6 21.2 8.2 43.5 13.2 36.1 18 25.1 40.8 159 203 239 253
Eu 2.04 3.86 1.85 2.81 236 4.11 2.53 0.85 5.44 1.69 4.14 2.53 2.9 5.68 0.79 2.72 2.78 3.74
Gd 19.59 325 15 16.56 17.8 52.8 18.64 6.7 47.6 14.4 40.6 189 285 45.7 16.64 21.7 257 28.6
Tb 4.14 5 2.49 3.17 2.83 9.49 3.61 117 7.81 2.55 6.54 3.12 4.74 7.59 3.6 3.52 4.28 4.69
Dy 2493 274 14.9 17.35 16.6 55.8 19.8 6.78 441 15.6 383 18.1 29.1 43 20.37 203 25.1 27.5
Ho 5.71 5.59 3.03 35 3.51 10.8 3.88 1.39 9.16 33 7.73 3.86 6.55 8.73 4.64 4.28 5.17 5.76
Er 17.51 159 9.11 111 10.5 28.6 11.28 4.14 259 10.1 22.6 114 20.1 25.1 14.24 13 15.7 16.1
Tm 2.59 2.24 1.39 1.72 1.57 3.52 1.62 0.66 3.81 1.54 3.25 1.74 3.08 3.71 2.18 1.9 2.29 2.38
Yb 15.34 13.8 9.1 11.24 10 23.6 10.24 4.2 229 9.5 20.5 11 18.5 22.8 14.51 12.4 14.6 15.1
Lu 2.06 213 13 1.66 1.46 3.19 1.42 0.61 33 1.37 2.99 1.61 2.84 3.29 2.1 1.83 213 22
F 1090 2493 1431 2230 103 1416 2364 275 1257 3268 1266 1090 1484 710 1090 685 1394
w 1.1 12 12 1.2 14 15 16 1.8 19 10
Sn 16 6 13 10 6 122 17 6

Mo 1.9 1.8 3.6 24

Sample  sj16 1727 1715 1723 1731 1800a 1799 sj36a sj18 sjo7 1714 1859 sj06 sj09 1716 1823a  sj29 1809 sj1718
SiOy 72.80 72.90 73.00 73.00 73.00 73.00 73.10 73.10 73.40 73.50 73.60 73.70 73.70 73.80 73.90 73.90 74.00 74.10 74.10
TiO, 0.44 0.61 0.51 0.16 0.23 0.51 0.54 0.58 0.38 0.50 0.56 0.50 0.51 0.52 0.47 0.19 0.49 0.50 0.48
AlLO3 11.60 11.80 11.90 14.60 14.00 12.10 11.90 11.70 12.30 12.20 12.00 11.90 1230 12.10 11.90 13.50 12.00 11.90 12.20
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Fe,03 1.77 2.59 2.14 1.00 0.62 1.83 2.36 2.66 1.77 221 1.51 1.39 2.65 1.02 1.65 0.89 0.54 1.81 1.41
FeO 2.57 2.55 2.54 0.79 234 2.63 235 2.84 1.94 1.86 3.21 2.47 1.77 291 2.50 1.78 4.12 2.58 3.08
MnO 0.04 0.06 0.07 0.01 0.03 0.02 0.06 0.05 0.03 0.02 0.08 0.03 0.02 0.03 0.05 0.02 0.07 0.06 0.06
MgO 0.40 0.53 0.52 0.28 0.24 0.80 0.52 0.49 0.43 0.76 0.51 0.87 0.75 2.15 0.42 0.30 0.46 0.49 0.45
Ca0 1.20 1.78 1.46 0.59 1.33 0.56 1.24 1.09 1.18 0.93 1.40 0.67 1.19 1.12 1.17 0.79 1.50 1.23 1.48
Na,0 2.80 2.50 3.00 3.60 3.20 6.10 2.30 2.30 3.00 3.60 2.70 2.70 3.80 3.20 2.80 3.10 2.80 2.40 2.70
K,0 4.50 4.70 4.40 6.00 5.80 0.69 5.20 5.60 5.30 4.30 5.00 5.30 3.50 2.30 4.60 5.40 4.50 5.20 5.20
P,05 0.08 0.12 0.11 0.09 0.04 0.10 0.11 0.12 0.07 0.11 0.11 0.11 0.12 0.07 0.10 0.07 0.10 0.12 0.09
LOI 0.10 0.24 0.23 0.17 0.06 0.40 0.26 0.12 0.09 0.71 0.11 0.29 0.17 1.34

Total 98.20 100.14 99.75 100.36 101.06 98.34 99.85 100.59 100.20 99.99 100.94 99.76 100.40 99.93 99.67 100.23 100.75 101.73 101.25
Cr

Ni

Co

\% 13 21 27 20 21 18 10 15 20 12 11 18 12 10 22 16 12
Cu

Pb

Zn

Rb 218 169 223 343 357 20 216 268 252 217 141 238 127 229 219 351 201 203 206
Cs

Ba 1128 1304 1222 608 1065 353 1281 1430 846 953 1400 1485 1051 525 1007 546 1080 1214 1102
Sr 47 21 10 24 13 11 6

Ga 21 20 15 23 21 23 22 17 20 20 17 20 20 17 18 21 22 19 16
Ta

Nb 68 114 66 25 40 75 75 68 54 79 57 65 68 69 60 42 77 67 56
Hf

Zr 555 693 596 176 320 612 560 607 400 683 636 661 628 759 600 191 614 580 505

Y 164 201 164 235 136 143 232 297 134 227 111 168 189 293 264 173 190 192 125
Th 60 32 56 73 50 55 53 35 58 53 31 45 44 81 37 69 60 36 53

u 30 12 10 16

La 129 148 148 73.8 77.5 122 153 200 95 106 103 150 201 221 187 79.7 133 116 135
Ce 271 315 315 130 155 265 293 382 201 218 223 301 346 193 256 171 281 254 284
Pr 31.1 37.6 37.2 17 17 313 35.9 50.4 227 26.7 26.1 34.1 48 56.2 38.7 20.7 327 29.1 322
Nd 104 121 120 55.1 51.2 105 119 167 72.7 90.5 85.6 106 153 158 130 64.3 107 92.9 100
Sm 20.9 28 26.4 13.8 109 221 25.1 40.3 14.8 223 189 23.8 325 353 284 16.2 22.6 229 20.9
Eu 2.46 2.87 3.03 1.19 2.01 2.82 3.01 4.87 1.94 3.09 2.8 2.69 4.33 35 4.03 1 2.52 227 2.49
Gd 228 30 28.1 17.5 115 239 283 483 15.5 24.4 20.5 26 314 34.3 38.8 17.5 24.2 25.6 21.1
Tb 3.76 525 4.5 3.28 2 3.94 4.76 7.9 2.67 4.18 3.34 4.24 5.43 6.51 6.18 3.15 4.01 4.6 3.36
Dy 221 314 255 20.9 121 22.7 29 44 16.2 25.6 194 25.2 313 39.6 34.6 19.5 241 283 18.8
Ho 4.57 6.59 5.19 4.79 2.61 4.68 6.25 8.71 3.48 5.51 4.03 5.06 6.31 8.23 7.08 4.19 5.17 5.93 3.9
Er 133 19.3 14.5 14.6 8.05 13.6 19.1 234 105 16.9 119 145 18.6 24 18.6 12.7 154 17.3 109
Tm 1.95 2.89 2.09 2.22 1.26 2.08 294 3.26 1.59 2.55 1.69 2.19 2.51 3.57 249 1.91 2.37 2.46 1.57
Yb 122 17.5 13.6 144 8.6 13.1 19.1 19.8 104 16.6 114 135 16.8 23 14.9 129 15.6 14.5 9.9
Lu 1.72 24 1.96 2.16 1.21 1.86 294 2.72 1.59 245 1.63 2.01 2.38 3.26 2.06 1.92 2.34 2.01 1.45
F 480 638 1283 211 1600 410 1043 3206 1071 1278 1042 1523 1240 2799 725 439 1526 471 1202

w 27 12 25 11 10 22 15 16 10 12

Sn 11 18

Mo

Sample sj26b sj19 1823bdup sj08a 1470 sj17 1822 sj21 1456 sj13 sj03 1823b 20 1809djoc 1978joc 1445
SiO, 74.10 74.20 74.70 74.90 75.00 75.20 75.30 75.40 75.60 75.60 75.70 75.80 75.90 76.34 76.80 77.10
TiO, 0.53 0.34 0.29 0.49 0.14 0.47 0.11 0.35 0.30 0.45 0.11 0.29 0.21 0.18 0.15 0.19
Al,03 12.00 12.00 12.20 11.70 13.60 12.10 13.50 12.50 11.20 11.70 13.50 12.20 11.70 11.67 12.38 12.20
Fe,03 2.24 1.58 1.43 1.74 0.66 1.07 0.77 0.45 2.04 1.21 0.66 1.43 0.40 2.01 231 0.74
FeO 2.68 1.77 244 2.90 0.99 2.34 0.99 3.00 1.22 2.92 1.21 244 0.99 0.96 0.90 1.98
MnO 0.04 0.05 0.02 0.03 0.02 0.02 0.01 0.04 0.02 0.03 0.03 0.02 0.02 0.03 0.01 0.03
MgO 0.49 0.34 0.36 0.30 0.30 1.39 0.28 0.35 0.26 0.30 0.22 0.36 0.23 0.13 0.30 0.15
Cao 147 1.21 0.87 0.90 1.11 0.87 0.97 1.30 0.42 0.69 0.69 0.87 0.88 0.48 0.54 0.49

(continued on next page)
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Table 2 (continued )

Sample  sj26b si19 1823bdup  sj08a 1470 sj17 1822 si21 1456 sj13 5j03 1823b 20 1809djoc  1978joc 1445
Na 0 2.80 2.90 3.10 2.50 3.00 470 3.70 3.10 2.60 2.30 3.50 3.10 2.80 229 6.59 2.80
K;0 4.10 5.10 420 470 5.70 230 5.00 470 5.10 450 5.20 420 5.70 6.08 0.44 5.70
P,0s5 0.11 0.06 0.06 0.08 0.04 0.11 0.04 0.06 0.02 0.07 0.04 0.06 0.01 0.05 0.17

Lol 0.12 0.12 0.07 025 0.13 0.17 022 0.06 028 025 0.07 0.18 0.60 0.30 0.03
Total 100.68 99.67 99.74 100.24 100.81 10070 10084 10147 98.84 100.05 101.11 100.84 99.02 100.82 100.89 101.41
Cr * *

Ni 162 139

Co 16 33

% 23 18 11 15 11 16 7 5

Cu 25 5.7

Pb 142 63

Zn 27 10

Rb 236 163 259 143 252 86 272 191 193 171 487 250 205 1935 235 385

Cs 03 03

Ba 964 894 511 1035 390 590 384 658 766 1052 201 501 438 1017.7 2704 323

Sr 11 13 24 47 29 38 7 19 77 324

Ga 20 18 24 20 20 21 22 19 15 14 26 20 17 185 223 21

Ta 18 10 12 47

Nb 71 58 49 36 12 71 16 55 42 50 49 40 76 21.1 458 101
Hf 57 54

Zr 631 466 481 701 113 673 130 390 466 394 96 444 419 1673 1386 331

Y 198 187 154 52 118 146 101 133 86 89 151 141 189 93.1 51.9 160
Th 55 45 85 34 54 49 58 73 117 5 36 77 95 274 179 118

U 15 10 14 11 10 54 195 19
La 172 144 67.4 62.7 120 57.8 144 75.5 84.1 42 106 154 100 259 913
Ce 374 219 167 132 255 121 292 164 249 836 234 309 189.4 542 174

Pr 45 30.2 16.1 163 30 14.8 314 20 23.6 109 28.1 36.2 22.19 6.27 21.2
Nd 143 943 499 50.2 96.1 447 925 58.2 76.6 33.1 86.7 113 78.1 233 65.1
Sm 30.7 2022 96 13 22 113 18.1 113 18 8.9 2022 229 147 53 14.9
Eu 3.91 225 14 1.08 2.96 0.71 1.69 1.04 211 0.4 117 0.84 18 0.84 124
Gd 31.2 216 9,64 125 233 10.8 185 937 18.6 8.61 192 246 13.72 593 15.8
Tb 4.99 4 153 245 3.78 1.98 3.06 1.79 3.13 18 3.52 411 2.83 129 29
Dy 285 246 7.94 156 21.9 116 183 11 189 114 21 23.6 15.51 7.94 17.7
Ho 5.84 5.4 158 3.44 456 239 3.81 2.29 3.87 233 434 5.03 3.08 1.63 3.85
Er 172 15.7 424 108 133 7.09 116 6.85 114 735 12.7 15.1 8.96 54 117
Tm 242 2.18 0.58 15 2 0.99 1.71 1.02 1.73 1.06 1.77 24 1.22 0.83 1.86
Yb 154 14.9 35 104 128 7.1 112 74 114 8 127 154 6.82 544 117
Lu 222 2.07 0.51 1.49 1.86 0.96 167 1.04 1.63 121 18 224 095 0.84 1.71
F 1923 479 447 344 156 2158 286 602 289 248 466 475 2487 120 580 686
w 12 13 17 14 14 16

Sn 5 14 4 5

Mo 18 2.9

ar o que significa; células em branco: colocar o que significa.
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Fig. 5. R1—-R2 diagram, modified from De La Roche et al. (1980), showing normal calc-
alkaline, subalkaline and alkaline trends and the locations of the A-type granitoid
samples, according to Whalen et al. (1987). The samples are distributed in the more
differentiated part of the subalkaline trend, partly overlapping the A-type granitoids
field.

which distinguishes Al-type granitoids, produced by fractional
crystallization of mantle material, from A2-type granitoids with
strong crustal contamination. The Caraguatai orthogneisses plot in
the A2 granitoids field, considered by many authors as emplacing in
late, post-collisional settings (Best, 2003).
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Fig. 6. AFM diagram of Irvine and Baragar (1971) with the A-type granitoids field of
Whalen et al. (1987). Almost all samples are positioned within the A-type granitoids
field.
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Fig. 7. Spiderdiagrams normalized to primordial mantle values (Wood et al., 1979)
with compositional envelopes of the three lithofacies sampled.

In summary, the Caraguatai suite is composed of instead of by
orthogneisses whose protoliths where metaluminous to per-
aluminous, Fe-rich, integrating an A2-type magmatism, character-
ized as alkaline by means of mineral composition and trace element
contents. They resulted from partial melting of an igneous conti-
nental crust in a high geothermal grade and low pressure setting
(less than 15 km deep) where plagioclase was a stable phase. Such
scenario is compatible with non-compressional settings, in the
presence of intense mafic magmatism.

3.2. U—-Pb and Sm—Nd geochronology

U—Pb on zircon analyses were performed by in situ LA-ICPMS
measurements and Sm—Nd model ages (Tpy) were calculated
from TIMS analyses. The locations of the samples used are plotted
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Fig. 8. REE patterns with compositional envelopes of the three rock types sampled.
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Fig. 9. Pearce’s (1996) discrimination diagram for tectonic environments.

in Fig. 3 and the data obtained are listed in Tables 3 and 4. Crushing
and mineral separation were performed in Sample Preparation
Laboratory of the OuroPreto Federal University. Isotope analyses
were performed in the Laboratory of Geochronology of the
University of Brasilia according to the methodology described in
Gioia and Pimentel (2000) and Buhn et al. (2009). The errors were
calculated with the Isoplot 3 program of Ludwig (2003) and quoted
at the 2 sigma level.

3.2.1. U—Pb geochronology

Five rock samples from the Caraguatai Suite showing distinct
degrees of deformation were chosen and dated using the in situ LA-
ICPMS method. The results are listed in Table 3.

Sample SCP 1470 is an undeformed syenite. Zircon grains are
euhedral, brown, often metamictic and of the S25-]5 alkaline types
of Pupin (1980) (Fig. 11). Only 5 analyses provided usable results
and define an intercept at 2678 4+ 23 Ma (+20, MSWD =4.4) and
a weighted average of 2°’Pb/?%Pb ages of 2680 + 24 Ma. The ages
calculated are similar to those obtained for sample SCP 2035 (see
below) with a higher error, related to a scattering of the data in the
concordia diagram.

Sample SCP 2035 is a foliated syenite. Zircon crystals are
euhedral, clearly magmatic and with a fine concentric zoning. They
are of the S25-J5 types of Pupin (1980) and typical of high
temperature alkaline magmas (Fig. 12). Out of twenty analyses
performed (Table 3), two grains exhibit discordant U/Pb ratios (9
and 20) and two other (13 and 14) yielded 2°7Pb/?°°Pb ages
significantly younger than the rest of the data. Using the whole data
set, the 20 analyses define an intercept age of 2694 + 15 Ma (+20,
MSWD=24) and a weighted average 2°Pb/?%°Pb age of
2701 +11 Ma. Using the 16 best analyses, we obtained an intercept
age of 2700 +7 Ma (MSWD = 1.2) and a mean 2%Pb/2%Pb age of
2703 4+ 11 Ma (MSWD = 2.1). The age of ca. 2.70 Ga is interpreted as
that of the syenitic magmas.

Sample SCP 1446 is a mesomylonitic syenitic augen gneiss.
Zircon crystals are pink, euhedral and very finely zoned; instead
of, they are often of the |5 type, also typical of alkaline magmas
(Fig. 13). A set of 19 data (out of twenty) allows to define
an intercept at 2711 +£26 Ma (MSWD =0.09) with a weighted

Eby (1992)
Y Ga*3

@ Ultramylonitic syenitic banded gneiss
m Mesomylonitic syenitic augen gneiss
A Protomylonitic foliated syenite

Fig. 10. Eby’s (1992) diagram. A1: field for a purely mantle magmatic origin and A2:
field for a magmatic or crustal origin with products resulting from mantle—crust
interaction. Samples from Suite Caraguatai fall in the A2 field.

average of 207Pb/?%°pb ages of 2711+31Ma (MSWD = 0.04).
The low MSWD value is related to the high individual analytical
errors on the U/Pb ratios (see Table 3). Grain Z19 is older
with a 297Pb/2%Pb discordant age at ca. 2.96 Ga. It is a skeletal
grain and even if it contains more common lead, it is probably
inherited.

Sample SCP 1809 is also an ultramylonitic syenitic banded
gneiss. Zircon grains are euhedral and of the S25-]5 types of Pupin
(1980) (Fig. 14). Results are more complex than the previous ones,
with three sets of ages. One analysis (222, Table 3), with
a 297pb2%pp age ca. 2.03 Ga, is not reported in Fig. 14 because it
falls totally out of the main set, even if the zircon is a typical alkaline
grain. This grain could have been reset during the emplacement of
the surrounding Paleoproterozoic Jussiape granite. A second set of
three results is sub-concordant (Z1-21 and 24) and have
207pp206py, ages of ca. 2.64 Ga, which is significantly younger than
the main set of ca. 2.7 Ga. These grains are also typical of alkaline
magmas. They could be the witness of a metamorphic event but
the age is probably not significant and might correspond to
a restricted Pb loss from the magmatic set. The last and main set of
21 datais in part concordant and in part discordant. The 21 analyses
define an intercept age of 2691 +14 Ma (MSWD =4.2). The 11
concordant points define a mean 2°Pb/2%Pb age of 2697 + 13 Ma
(MSWD = 3.9) which is probably the most reliable for this sample.
The high MSWD indicates some disturbance of the U—Pb system,
even if it is restricted.

Sample SCP 2017 is a mesomylonitic syenitic augen gneiss.
Zircon grains are beautifully prismatic and euhedral with fine
concentric zoning and typical of alkaline magmas (Pupin, 1980)
(Fig. 15). A set of 17 analyses out of 20 defines an intercept at
2706 £ 24 Ma (MSWD=0.06) and a mean 2%/Pb/?°°Pb age of
2706 + 34 Ma (MSWD = 0.03).

The Caraguatai syenitic suite constitutes a single unit in the field
and from instead of on a geochemical point of view. This is in
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Table 3
Summary of LA-ICPMS U—Pb zircon results. Uncertainties are given at the 1o level. (—) Parameter not analyzed.
Th/U Isotopic ratios Rho Agesin Ma Conc
206pp204py,  207pp206ph 411G 207ph2Y 416 29Pbh/2BY  +1g 07pp235Y  11g 2ph/BU +16 207Pb%Pb 41 (%)
(%) (%) (%) (%) (%) (%)

Sample SCP 1470
Z1 - - 0.1811 0.7 12.817 1.2 0.5132 11 0.92 2666 12 2670 23 2663 27 100
Z2 — — 0.1831 0.9 13.428 1.2 0.5318 1.1 0.90 2710 13 2749 24 2681 29 98
Z6 — — 0.1852 0.7 13.039 1.0 0.5106 0.9 0.89 2682 11 2659 19 2700 24 102
77 - - 0.1822 1.5 12.080 1.7  0.4807 1.5 089 2611 20 2530 32 2673 44 106
Z8 — — 0.1820 0.8 13.404 1.0 0.5341 0.9 0.90 2709 11 2759 21 2671 25 97
Sample SCP 2035
Z1 0.28 6635 0.1893 1.0 11.576 1.6 0.4436 1.2 0.72 2571 15 2367 25 2736 17 86
Z2 0.42 54,050 0.1859 0.9 13.033 14 0.5084 1.0 0.68 2682 13 2650 22 2706 15 98
Z3 0.22 7681 0.1835 1.1 13.129 3.0 0.5189 2.8 0.94 2689 28 2695 61 2685 17 100
74 0.30 8951 0.1869 11 11.744 3.9 0.4556 3.8 0.93 2584 37 2420 77 2715 18 89
z5 0.28 20,521 0.1828 0.9 12.651 1.9 0.5018 1.7 0.88 2654 18 2622 36 2679 15 98
Z6 0.26 59,061 0.1863 0.8 14.261 4.0 0.5553 3.9 0.98 2767 38 2847 89 2709 14 105
z7 0.38 54,323 0.1849 0.8 13.859 1.8 0.5435 1.6 090 2740 17 2798 37 2698 13 104
Z8 0.24 16,558 0.1837 1.2 13.201 34 0.5213 3.2 0.88 2694 32 2705 71 2686 20 101
Z9 0.26 18,358 0.1881 1.1 9.289 24 0.3582 2.1 0.90 2367 22 1974 37 2725 17 72
Z10 0.30 146,291 0.1834 1.0 13.469 14 0.5326 1.0 0.68 2713 13 2752 22 2684 16 103
Z11 037 68,737 0.1807 1.0 13.304 1.5 0.5341 1.2 0.73 2701 15 2759 26 2659 17 104
Z13 029 37,060 0.1778 14 11.754 1.7 0.4794 1.1 0.59 2585 16 2525 23 2633 23 96
Z14 0.29 45,070 0.1799 1.2 11.919 1.6 0.4807 1.1 0.65 2598 15 2530 22 2652 19 95
Z17 030 87,028 0.1876 0.9 13.331 1.2 0.5153 0.8 0.57 2703 11 2679 18 2722 14 98
Z18 037 117,633 0.1873 0.8 13.730 14 0.5318 1.1 082 2731 13 2749 25 2718 13 101
Z19 0.09 63,375 0.1896 0.8 11.809 1.5 0.4517 13 0.86 2589 14 2403 26 2739 12 88
Z20 0.11 68,313 0.1762 3.1 9.364 5.2 0.3854 4.2 0.79 2374 48 2101 76 2618 52 80
722 0.8 53,388 0.1855 0.8 13.183 1.3 05154 1.0 073 2693 12 2680 22 2703 14 99
Z23 022 252,558 0.1840 0.7 13.798 1.2 0.5438 0.9 0.77 2736 11 2800 21 2689 12 104
724 028 29,896 0.1837 0.9 13.860 2.2 0.5471 2.0 0.82 2740 21 2813 46 2687 15 105
Sample SCP 1446
Z1 0.43 24,536 0.1888 4.8 11.816 6.8 0.454 4.7 0.90 2590 63 2413 96 2732 79 88
Z2 0.27 5897 0.1900 5.6 13.234 7.9 0.505 5.5 091 2697 74 2636 120 2742 92 96
Z3 0.31 20,285 0.1835 3.7 12.711 5.2 0.502 3.6 0.86 2658 49 2624 77 2685 61 98
z4 0.36 21,376 0.1881 5.2 13.099 7.3 0.505 5.1 0.92 2687 69 2635 111 2726 86 97
Z5 0.39 17,207 0.1874 4.1 12.852 5.7 0.497 3.9 0.85 2669 53 2602 84 2720 67 96
Z6 0.33 10,449 0.1868 4.4 12.757 6.2 0.495 4.4 0.88 2662 59 2593 93 2714 73 96
z7 0.34 26,687 0.1873 3.7 12.982 51 0.503 3.6 0.86 2678 48 2625 77 2719 61 97
z8 0.27 22,585 0.1869 4.8 12.984 6.8 0.504 4.8 091 2678 64 2631 103 2715 80 97
Z9 0.57 31,521 0.1866 4.1 10.167 5.8 0.395 4.0 0.88 2450 53 2147 74 2712 68 79
Z10 0.36 35,262 0.1873 3.9 12.909 54 0.500 3.8 0.87 2673 51 2613 81 2718 64 96
Z11 028 72,671 0.1855 3.7 10.503 5.2 0.411 3.6 0.86 2480 48 2217 68 2703 62 82
Z12 033 31,791 0.1842 4.0 13.267 5.5 0.522 3.8 0.85 2699 52 2710 83 2691 65 101
Z13 036 26,311 0.1876 3.8 13.576 5.2 0.525 3.6 0.86 2721 50 2720 80 2721 62 100
Z14 037 25,840 0.1865 3.9 13.890 54 0.540 3.8 0.88 2742 51 2784 86 2712 64 103
Z15 041 26,298 0.1871 5.2 12.947 7.3 0.502 5.1 0.93 2676 69 2621 110 2717 85 96
Z16  0.20 42,699 0.1853 43 13.323 6.0 0.522 4.2 0.87 2703 56 2706 92 2701 71 100
Z17 0.12 46,094 0.1876 3.8 14.202 53 0.549 3.7 0.87 2763 51 2821 85 2721 63 104
Z18 031 33,919 0.1842 4.0 13.161 5.5 0.518 3.8 0.87 2691 52 2692 84 2691 65 100
Z19 0.24 1780 0.2174 7.1 16.262 10.0 0.543 7.1 0.89 2892 96 2795 160 2961 115 94
720 031 52,763 0.1861 40 13529 54  0.527 37 083 2717 51 2730 81 2708 66 101
Sample SCP 1809
Z1 0.15 82,993 0.1803 0.51 12.227 1.09 0.4919 096 0.75 2622 10 2579 20 2656 8 97
Z2 0.29 97,041 0.1838 0.51 13.398 1.20 0.5287 1.08 0.79 2708 11 2736 24 2687 8 102
Z3 0.21 561 0.1843 137 11313 1.78 0.4453 1.13 0.65 2549 16 2374 22 2692 22 88
Z4 0.24 86,983 0.1848 0.56 13.355 134 0.5241 122 075 2705 13 2717 27 2696 9 101
Z5 0.16 — 0.1893 0.66 10.281 212 0.3939 202 0.86 2460 19 2141 37 2736 11 78
Z6 0.33 40,656 0.1880 0.69 13.259 1.60 0.5116 144 0.81 2698 15 2663 31 2725 11 98
z7 0.22 58,544 0.1851 0.53 12.885 1.29 0.5048 1.18 0.80 2671 12 2634 26 2699 9 98
Z8 0.23 - 0.1870 0.63 13.145 1.13  0.5099 094 0.73 2690 11 2656 20 2716 10 98
79 0.19 94,269 0.1868 0.59 13.598 0.99 0.5278 0.79 0.70 2722 9 2732 18 2715 10 101
Z10 0.7 15,377 0.1824 149 11.527 2.14 0.4584 153 0.69 2567 20 2432 31 2675 25 91
z11 0.18 450 0.1919 0.87 14.749 1.77 0.5576 1.54 0.75 2799 17 2857 35 2758 14 104
Z12 025 112,577 0.1864 0.58 13.316 1.79 0.5180 1.69 0.84 2702 17 2691 37 2711 9 99
z13 020 2,615,498 0.1859 0.58 12.006 1.30 0.4685 1.16 0.76 2605 12 2477 24 2706 10 92
Z14 0.04 46,394 0.1783 0.55 13.583 1.66 0.5523 157 083 2721 16 2835 36 2638 9 107
z15 0.19 62,872 0.1832 0.73 13.111 241 0.5190 230 0.81 2688 23 2695 50 2682 12 100
Z16 0.19 59,697 0.1818 0.65 12.961 1.80 0.5170 168 0.82 2677 17 2686 37 2670 11 101
z17  0.17 80,972 0.1806 0.61 13.013 1.66 0.5226 154 0.81 2681 16 2710 34 2659 10 102
Z18 0.20 2,537,241 0.1861 0.66 14.054 1.59 0.5477 145 0.79 2753 15 2816 33 2708 11 104
Z19 0.20 58,176 0.1851 0.82 14.540 1.85 0.5697 166 0.77 2786 17 2907 39 2699 14 108
z20 0.21 107,875 0.1867 0.67 14.367 143 0.5582 127 0.74 2774 14 2859 29 2713 11 105

(continued on next page)
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Table 3 (continued )

Th/U Isotopic ratios Rho Agesin Ma Conc
200pp204p,  207pp206ph 116 207ph2BY  +1g  20PhABU  +1o 07pp235Y  11g  2Pb2BU 16 27Pb2%Pb  +1g (%)
(%) (%) (%) (%) (%) (%)

721 0.19 34,183 0.1785 0.63 12338 1.25 0.5014 1.08 0.72 2630 12 2620 23 2639 10 99
z22 0.03 103,756 0.1248 0.90 6.739 1.63 03917 136 0.73 2078 14 2131 25 2026 16 105
723 022 114,779 0.1853 0.55 13.340 133 0.5223 1.21 077 2704 12 2709 27 2700 9 100
z24 0.19 93,607 0.1786 059 12392 1.31 0.5033 117 076 2635 12 2628 25 2640 10 100
Z25 0.03 83,627 0.1813 0.53 15.783 1.58 0.6313 149 083 2864 15 3155 37 2665 9 118
Sample SCP 2017

Z1 0.45 145,598 0.1856 44 12.235 6.4  0.4780 4.6 093 2623 60 2519 97 2704 72 93
Z2 0.40 86,117 0.1868 3.6 14.332 52 0.5564 3.8 0.90 2772 50 2852 88 2714 59 105
Z3 0.46 66,860 0.1872 4.2 12.402 6.0 0.4804 4.3 091 2635 56 2529 89 2718 69 93
Z4 031 177,785 0.1867 4.2 13.825 6.0 0.5370 4.2 0.89 2738 57 2771 96 2713 70 102
Z5 0.28 19,765 0.1852 52 12.595 7.3 0.4931 5.1 091 2650 69 2584 110 2700 85 96
Z6  0.16 9986 0.1859 4.8 12.691 6.8 0.4951 4.8 0.90 2657 64 2593 102 2706 79 96
z7 0.26 13,652 0.1852 49 12.876 6.9 0.5041 49 091 2671 65 2631 106 2700 81 97
Z8 0.55 616 0.1939 53 11.245 7.4  0.4206 52 092 2544 69 2263 100 2775 86 82
79 033 291,919 0.1858 3.8 13.298 53 0.5192 3.7 0.88 2701 50 2696 82 2705 63 100
Z10 0.28 31,711 0.1886 3.8 13.197 54  0.5076 3.8 0.88 2694 51 2646 82 2730 63 97
Z11 040 42914 0.1875 4.7 13.812 6.6  0.5344 4.7 092 2737 63 2760 105 2720 77 101
Z12 023 6563 0.1849 5.6 13.276 8.0 0.5209 5.6 092 2699 75 2703 125 2697 93 100
Z13  0.12 22,912 0.1710 4.0 10.820 56  0.4588 4.0 0.88 2508 52 2434 80 2568 66 95
Z14 0.27 12,955 0.1857 4.5 13.382 6.3 0.5226 44 091 2707 60 2710 98 2704 74 100
Z15 0.29 19,111 0.1832 49 12.606 6.9 0.4990 49 092 2651 65 2610 104 2682 81 97
Z16 033 61,505 0.1853 3.8 13.178 52 0.5158 3.6 0.86 2692 49 2681 79 2701 62 99
Z19 0.28 27,439 0.1839 41 12.551 5.7 0.4950 4.0 0.89 2647 54 2592 85 2688 68 96
Z18 0.23 53,982 0.1853 43 13.721 6.0 0.5371 4.2 090 2731 57 2771 95 2701 71 103
Z19 042 54,641 0.1856 49 13.726 6.9 0.5364 4.8 093 2731 65 2768 109 2704 81 102
Z20 0.15 25,975 0.1510 3.6 8.688 49 0.4172 34 0.85 2306 45 2248 65 2358 61 95

agreement with the ca. 2.7 ages obtained for the five samples ca.
2.7 Ga which are similar, taking into account the errors. We
calculated an average for the 62 concordant analyses obtained from
the five samples. A mean 2°/Pb/2%Pb age of 2696 =5 Ma (+2g,
MSWD = 0.98) is obtained; instead of, it is interpreted as that of
zircon growth in the syenitic magmas (Fig. 16). This age is also
similar to the SHRIMP zircon age obtained for the alkaline Eixo
gneisses, further south, at 2693 +5Ma (Santos-Pinto et al.,
submitted for publication); they both indicate the occurrence of
a major magmatic event ca. 2.7 Ga (see Discussion). The new
geochronologic data do not help constrain an age for the meta-
morphism. New dating involving other mineral phases will be
carried out in order to obtain the age of the metamorphic event that
affected the Caraguatai Suite.

3.2.2. Sm—Nd results

Table 4 presents the results obtained for the five samples used
for the U—Pb zircon dating. The Sm—Nd Tpy model ages were
calculated using De Paolo’s linear model (DePaolo, 1988), with an
epsilon zero (DMO) value today of +8 and of +10, with
a "sm/1%4Nd ratio of 0.2137 for the DM. Model ages range between
3.2 and 3.6 Ga with a DMO of +8 and between 3.30 and 3.90 with
a DMO of +10. The eNd values at 2.7 Ga are negative and range
between —4 and —6, suggesting crustal reworking processes. We
reported in Fig. 17, in a Nd vs. time isotopic evolution diagram, the

Table 4

isotopic growth lines for the five samples that plot in the evolution
field defined for gneisses of the Gavido Block by Santos-Pinto et al.
(submitted for publication).

4. Discussion

Data obtained during this work indicate that the Caraguatai
pluton is a syenitic suite emplaced at ca. 2.7 Ga. No irrespective of
the degree of deformation, from the undeformed facies to the
ultramylonites zircon grains provide the same age with an average
of 2696 + 5 Ma for the 62 concordant analyses obtained from the
five samples. This age is retained for this magmatic event. The
strong shearing under amphibolite facies conditions observed in
the various rock types did not significantly affect the U—Pb system
of zircon and consequently we were not able to constrain the age of
this shearing.

Tpm Nd model ages of the Caraguatai suite are in the range of
those obtained for the surrounding Paleoarchean gneissic base-
ment in the Umburanas-Brumado-Aracatu region (Santos-Pinto,
1996; Santos-Pinto et al., 1998, submitted for publication).
Enriched mantle sources may have contributed to the genesis
of these alkaline magmas and explain the negative epsilon(t)
values (-4 to —6) observed, but these values seem to be too
negative for the Archean where a depleted mantle model is often
well constrained. Furthermore, taking into account that the

Sm—Nd results for whole rocks of the Caraguatai suite. Coordinates from the geographic system WGS-84.

Sample Coordinates Modal composition — Tectonoficies Sm(ppm) Nd(ppm) '¥Sm/Nd 'Nd/'**Nd (20) eNdyy Tpwm (Ga)
Caraguatai Suite

SCP 1446  241/216831/8496234 Quartz syenite Ultramilonitic 13.5 731 0.1121 0.510931 (15) —-4.0 3.22

SCP 2017  24L1/210176/8520178 Quartz syenite Augen mesomilonitic  16.6 94.7 0.1063 0.510776 (13) -5.1 3.26

SCP 2035  24L1/211687/8523483 Quartz syenite Protomilonitic 16.6 77.5 0.1293 0.511149 (09) -59 3.50

SCP 1470  24L/221668/ 8509740  Syenite Isotropic 12.7 58.7 0.1311 0.511247 (18) -473 339

SCP 1809  24L/217717/8509088 Quartz syenite Ultramilonitic 14.7 56.1 0.1584 0.511718 (12) —-4.8 3.81
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Isotropic syenite zircon sample SCP 1470
-
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Fig. 11. Zircon U—Pb concordia plot for the isotropic syenite SCP 1470. TL = transmitted
light and BS = backscattered images. White circles correspond to the laser spot (size ca.
20 pum). Ellipses are reported at 1.

magmatism is of the A2 type and the occurrence of some inherited
zircon grains, the results seem to be better explained by the
involvement of a Paleoarchean input which could be that recog-
nized in the neighboring southern Aracatu region (Fig. 2) (Santos-
Pinto et al., 1998, submitted for publication). Paleoarchean sour-
ces (>3.0 Ga) have also been found in other parts of the Sdo Fran-
cisco Craton, as reported by Teixeira et al. (1996, 1998), Oliveira
et al. (2000, 2002), Noce et al. (2007), for example. Such a Neo-
archean magmatism is also known in the Aracatu region with
the Serra do Eixo alkaline augen gneiss exhibiting a similar
SHRIMP zircon age of 2693 4+ 5 Ma and which is also derived from
crustal melting of the surrounding Paleoarchean gray gneisses
(Santos-Pinto et al.,, submitted for publication). Southwest of
Brumado, the Guajeru alkaline granite provides a zircon age of
ca. 2.66 Ga (Lopes, 2002, Table 1). In the Contendas Mirante region,
the Pé de Serra alkaline to peralkaline gneiss corresponds

55 Foliated syenite zircon sample SCP 2035
fAverage of 207pp/206py, ages:
2703 £ 11 Ma (£ 20)
o 0:58 16 analyses (MSWD = 2.1)
E Intercept at 2700 = 7 Ma ( 2a)
S os4 I\ (MSWD = 1.2)
o
2
o~
0.50
046 |
042 |
0.38

Fig. 12. Zircon U—Pb concordia plot for the foliated syenite SCP 2035 (see images — in
Fig. 11). Ellipses are reported at 1c.

zircon sample SCP 1446

Syenitic banded gneiss
Average of 207pp,,206py, ages:

g 2711 £ 31 Ma (+ 20)
= 19 analyses (MSWD = 0.04)
& Intercept at 2711 + 26 Ma (+ 20
o MSWD = 0.09
S
2 05
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Fig. 13. Zircon U-Pb concordia plot for the syenitic banded gneiss SCP 1446 (see
images in Fig. 11). Ellipses are reported at 1c.

to a large deformed granitic to syenitic pluton. An aegirine-
bearing syenite has a SHRIMP zircon age of 2652411 Ma
(Marinho et al., 2008). Regionally, some older Archean gneisses,
with zircon ages above 3.0 Ga (Santos-Pinto et al., 1998, submitted
for publication), exhibit Rb—Sr ages of ca. 2.7 Ga (Table 1 and
references within) which would also suggest the occurrence of
a Neoarchean thermal event over 50 Ma between 2.70 and 2.65 Ga
in this region.

In summary, the isotopic data obtained in this work and in the
previous ones suggest a significant crustal recycling process has
occurred at ca. 2.7 Ga in the southern part of the Gavido Block. It is
evidenced by a significant subalkaline to alkaline magmatism
which seems sporadically present within the Paleoarchean gneisses
and were probably developed in an intraplate setting related to
mantle upwelling, for example.

Syenitic banded gneiss  zircon sample SCP 1809
07
Average of 207py,/206py, ages:
2698 + 10 Ma ( 20)

= 19 analyses (MSWD = 3.9) &
& 06 | [Intercept at 2691 £ 14 Ma ( 20
g ’ MSWD = 4.2
g z1-21-24 216 .0,

05

04

0.3 :

8 10 12 14 16 18
207PbI235U

Fig. 14. Zircon U-Pb concordia plot for the syenitic banded gneiss SCP 1809 (see
images in Fig. 11). Ellipses are reported at 1.
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0.64
Syenitic augen gneiss zircon sample SCP 2017
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Fig. 15. Zircon U-Pb concordia plot for the syenitic augen gneiss SCP 2017 (see images
in Fig. 11). Ellipses are reported at 1c.
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Fig. 16. Zircon U-Pb concordia plot for the 62 concordant analyses from the five
samples of the Caraguatai syenitic suite. Ellipses are reported at 1c.
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Fig. 17. Nd vs. time diagram for the five samples of the Caraguatai syenitic suite. Field
for the Mesoarchean gneisses of the Gavido Block, after Santos-Pinto et al. (submitted
for publication), is reported.

5. Conclusions

The Caraguatai intrusive suite comprises alkali-feldspar gran-
ites, syenites and quartz syenites. They are leuco- to mesocratic,
pale gray and underwent several stages of deformation in shear
zones to form protomylonites, augen-mesomylonites and ultra-
mylonites. Chemical analyses suggest that the protoliths of these
rocks are highly differentiated, potassic, metaluminous to per-
aluminous, subalkaline to alkaline of the A2 type. U—Pb zircon ages
defined for the five samples have similar ages of ca. 2.7 Ga which
were not significantly disturbed by shearing processes. Sixty two
concordant analyses from the five samples provide a mean
207pp296p age of 2696 + 5 Ma, which is interpreted as that of the
alkaline magmatism. These alkaline plutons were probably
emplaced in an intraplate setting. The Nd Paleoarchean Tpy model
ages (3.22—3.5 Ga) with the negative eng(t) values (—4 and —6)
indicate crustal reworking process of a Paleoarchean crust similar
to that recognized in the southern Gavido block. Dating carried out
up to now has not helped to constrain an age for the meta-
morphism that affected the Caraguatai Suite. The isotopic data
obtained in this work together with published data for the southern
sector of the Gavido Block suggest the existence of an important
event of crustal recycling, which in the Caraguatai suite originated
magmatism related to a continental intraplate setting.
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