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a b s t r a c t

This work provides five new UePb zircon dating and the corresponding Nd isotope data for felsic
granulites from the south Itabuna-Salvador-Curaçá Block (ISCB), in the São Francisco Craton, Brazil. Three
major sets of felsic granulites can be recognised. The oldest set is tonalitic in composition and of TTG
affinity. It is Archaean in age with magmatic zircon cores dated at 2675 � 11 Ma by LA-ICPMS and up to
ca 2.7e2.9 Ga by SHRIMP on an other sample. It exhibits epsilon Nd values between �8 and �11 at 2.1 Ga.
This Nd signature is similar to that of granulites found in the western Archaean Jequié Block. Carto-
graphically, this set of Archaean terrains represents at least 50% of the granulites in the studied area. The
second set corresponds to a Palaeoproterozoic calc-alkaline tonalitic suite with zircon ages from
2019 � 19 Ma to 2191 � 10 Ma and epsilon Nd values between �3 and �4 at 2.1 Ga, corresponding
partially to a newly formed crust. The third set of granulites is also Palaeoproterozoic. It is shoshonitic to
monzonitic in composition and synchronous with the high grade metamorphism dated by metamorphic
zircons at 2086 � 7 Ma (average of five samples). The Nd isotope signature for this alkaline set is similar
to that of the Palaeoproterozoic calc-alkaline one. Nd isotopes appear to be a very efficient tool to
distinguish Archaean from Palaeoproterozoic felsic protoliths in granulitic suites of the Itabuna-Salvador-
Curaçá Block (ISCB). Finally, the southern part of the ISCB is composed of a mixture of Archaean and
Palaeoproterozoic protoliths, in similar amounts, suggesting that it was probably an active margin
between 2.1 and 2.2 Ga located on the eastern border of the Archaean Jequié Block. A major crustal
thickening process occurred at ca 2.09 Ga in the ISCB and seems significantly younger towards the west,
in the Jequié granulites, where an average of 2056 � 9 Ma is determined for the high grade event.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Relationships between high grade metamorphism, magmatic
accretion and tectonic settings in the lower crust are key issues to
understanding the formation of continents: how they grew, were
amalgamed and dislocated throughout time. Consequently, it
appears important to define the nature and origin of rocks in gran-
ulitic terrains and to constrain the timing of magmatic stages and
metamorphic event(s) in order to understand such an evolution.
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Granulites from the southeastern border of the São Francisco
Craton constitute an important reference for the study of the
Precambrian lower crust. Tonalitic and trondhjemitic granulites are
particularly abundant in the Itabuna-Salvador-Curaçá Block. They
have been squeezed between the Archaean Gavião, Jequié and
Serrinha blocks (Fig. 1) leading to the formation of an important
mountain range, which is now completely eroded away in the
centre of the block where the high grade metamorphic rocks are
exposed. This forms one of the world’s most important granulite
provinces (Barbosa, 1986; Barbosa and Sabaté, 2004).

In the current study, we present new UePb geochronological
and Nd geochemical data for tonalitic and trondhjemitic granulites
from the southern part of the ISCB, in conjunction with previously
detailed field work and geochemical studies (Barbosa and Sabaté,
2002; Pinho, 2005; Pinho et al., 2011). We determined the timing
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Fig. 1. Schematic geological map showing the limits, marginal fold belts and major structural units of the São Francisco Craton. GB e Gavião Block; JB e Jequié Block; SB e Serrinha
Block; ISCB e Itabuna-Salvador-Curaçá Block (adapted from Alkmim et al., 1993). The black rectangle indicates the studied area.
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ofmagmatic protoliths for several tonalitic and trondhjemitic suites
as well as the age of the high grade metamorphic event in this part
of the ISCB. Finally, we estimate the proportion of Archaean and
Palaeoproterozoic magmas in the south ISCB and discuss the geo-
dynamical setting of the ISCB and of the Jequié Block in the São
Francisco Craton.

2. Geological setting

The São Francisco Craton, which stabilised during the Palae-
oproterozoic, is located in Brazil in the central-eastern part of the
South American Plate. In the stable part of the craton, Meso-
proterozoic and Neoproterozoic sediments overlie an Archaean-
Palaeoproterozoic basement (Alkmim et al., 1993; Teixeira et al.,
2000; Fig. 1). In this basement, Barbosa and Sabaté (2004) identi-
fied four distinct crustal segments: the Gavião (GB), Jequié (JB),
Serrinha (SB) and Itabuna-Salvador-Curaçá (ISCB) blocks (Fig. 1).
Geological evidence coupled with structural, metamorphic and
available radiometric data is consistent with a collision of these
four crustal segments (GB, JB, SB and ISCB) during the Palae-
oproterozoic, resulting in the formation of a NeS mountain belt
approximately 600 km long and 150 km wide. Evidence of this
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collision is not only recorded in the structural features, but also in
the pre- and syntectonic Palaeoproterozoic rocks that are intruded
into these crustal segments, mainly in the Gavião Block (Marinho,
1991; Santos Pinto et al., 1998; Bastos Leal, 2003), the Itabuna-
Salvador-Curaçá Block (Ledru et al., 1994; Barbosa and Sabaté,
2004) and the Serrinha Block (Oliveira et al., 1999, 2002; Melo
et al., 2000; Rios et al., 2005, 2008, 2009). During the collision,
slices of the Jequié Block may have been incorporated into the
Itabuna-Salvador-Curaçá Block.

TheGavião Block (GB) (Fig.1) ismadeup of various orthogneisses
including TTG suiteswith ages ranging from3.5 to 2.7 Ga. Theywere
metamorphosed and partially recycled in migmatites and granites
dated at ca 2.7e2.5 Ga (Marinho, 1991; Martin et al., 1991; Nutman
and Cordani, 1993; Santos Pinto, 1996; Santos Pinto et al., 1998;
Fig. 2. Simplified geological map of the studied area (modified from Barbosa, 199
Bastos Leal et al., 2003; Peucat et al., 2003). Locally they have been
strongly metamorphosed during Palaeoproterozoic events around
2.1 Ga (Santos Pinto et al., 1998). Disrupted supracrustal belts
(Marinho, 1991; Cunha and Fróes, 1994; Mascarenhas and Silva,
1994) are Archaean with ages at approximately 3.3 and 2.7 Ga
(Peucat et al., 2002; Bastos Leal et al., 2003).

The Jequié Block (JB) (Fig. 1) crops out in between the Gavião
Block and Itabuna-Salvador-Curaçá Block. It consists of two main
lithologic units. The older one, dated at ca 3.0 Ga byWilson (1987), is
made up of heterogeneous ortho-derived granulites with subordi-
nate mafic facies associated with sedimentary derived granulites
including kinzigites, iron formations, orthopyroxene-bearing garnet
quartzites and graphitites. The second unit is younger (2.6e2.7 Ga
old) and contains enderbitic, charno-enderbitic and charnockitic
0). Samples used in this work and those of Silva et al. (2002) are reported.
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granulites (Alibert and Barbosa, 1992; Silva et al., 2002; Barbosa
et al., 2004).

The Serrinha Block (SB) (Fig. 1) crops out at the north-eastern
extremity of the São Francisco Craton. It is composed of tonalitic,
granodioritic Archaean orthogneisses whose ages range from 3.1 to
2.8 Ga (Cordani et al., 1999; Oliveira et al., 1999, 2002; Melo et al.,
2000; Rios et al., 2005, 2008, 2009). Palaeoproterozoic calc-alka-
line plutons were emplaced at ca 2.15 Ga and alkaline suites ca
2.10 Ga, (Rios et al., 2008, 2009). Rios et al., (2008) indicate the
occurence of 3.6 Ga zircon xenocrysts in a 2.16 Ga trondhjemite.The
2.15e2.12 Ga old Rio Itapicuru and Rio Capim greenstone belts
(Silva, 1996; Oliveira et al., 2011) overlie the basement and are
intruded by a wide variety of granites (Alves da Silva, 1994) with
ages between 2.10 and 2.07 Ga (Rios et al., 2005, 2008; Oliveira
et al., 2011).

The granulitic Itabuna-Salvador-Curaçá Block (ISCB, Figs. 1 and
2) is located between the Gavião and Serrinha blocks in the north
and on the eastern side of the Jequié Block in the south. In its
northern part, it mainly consists of gneissic suites with imbri-
cations of supracrustal belts with both types dated at ca
2.6e2.7 Ga (Silva et al., 2002; Oliveira et al., 2010). Tonalitic
suites were emplaced around 2.25 Ga in the Curaçá belt (D’el-Rey
Silva et al., 2007). Some charnockites dated ca 2.1 Ga were also
recognised (Silva et al., 2002; Barbosa et al., 2008) and the
granulite facies metamorphism is dated around 2.07 Ga (Oliveira
et al., 2010).

The southern part of the ISCB (this work) is composed of at least
three main groups of granulites including (Fig. 2): (1) meta-sedi-
mentary belts with interlayed mafic rocks; (2) tonalitic-trondhje-
mitic suites, which are studied in this work (previous UePb zircon
dating is detailed in Section 3.3 and Table 4) and (3) monzonite-
shoshonitic granulites dated around 2.1 Ga (Ledru et al., 1994;
Alibert pers. com.). In this area, the granulite facies metamorphism
is of high temperature (800e850�C) and medium pressure
(7e9 kb), it is dated at ca 2.1 Ga (Ledru et al., 1994; Silva et al.,
2002; Barbosa et al., 2008). This granulite facies metamorphism
is interpreted as resulting from a collision between the four
previously described continental blocks (Barbosa and Sabaté,
2002, 2004).

The tonalitic and trondhjemitic (TT) granulites are the most
widespread lithologies in the southern part of the ISCB, where they
are associated with monzonite-shoshonitic granulites in the field
(Fig. 2). TT granulites mainly consist of a quartz and antipertithic
plagioclase association with minor amounts of orthopyroxene, cli-
nopyroxene and opaque minerals. Perthitic K-feldspar is rare and
both hornblende and biotite are retrograde minerals. Based on REE
patterns, Barbosa and Sabaté (2002) recognized and mapped three
types of felsic protoliths (Fig. 2). (1) The north-south dark grey
bands in Fig. 2 are mainly formed by the TT1, which constitute
a low-K calc-alkaline suite with fractionated REE patterns (La/YbN
av. ¼ 39) and no Eu anomalies; the original plutonic assemblages
were re-equilibrated during granulite facies metamorphim. TT1
could have been derived from the partial melting of mafic sources
similar to the tholeiitic enclaves observed in the granulites (Pinho
et al., 2011). (2) White zones correspond mainly to TT2 and TT5
granulites, which are undistinguished on Fig. 2 because they are
closely imbricated in the field. TT2 have more fractionated REE
patterns than TT1 granulites (La/Yb av. ¼ 45) and positive Eu
anomalies. TT5 granulites exhibit less fractionated REE patterns (La/
Yb av. ¼ 9) and negative Eu anomalies. (3) The monzonitic to
shoshonitic granulites constitute another important group of
igneous-derived granulites and are reported in Fig. 2 as a NeS
hatched band. Large-scale N70� trending vertical faults affect the
granulites and represent paths for the intrusion of Neoproterozoic
syenites (Fig. 2).
3. Isotope geochemistry and geochronology

3.1. Analytical methods

Whole rock Nd isotopic compositions were measured using
a Finnigan Mat 262 mass spectrometer at Géosciences Rennes-
CNRS, France, following procedures described by Peucat et al.
(1999). Replicate analyses of the AMES Nd standard provide an
average 143Nd/144Nd value of 0.511896 � 7. The error of the
143Nd/144Nd ratio is 0.0015%. Nd TDM model ages were calculated
using 3Nd values of þ10 for the present-day depleted mantle, and
147Sm/144Nd ¼ 0.2137, assuming a linear radiogenic growth for the
mantle starting at 4.54 Ga.

Two UePb zircon analyses were performed using the SHRIMP II
at the Research School of Earth Sciences, ANU, Australia, following
the methods given in Williams (1998). Three UePb zircons were
dated at the Laboratoire Magmas et Volcans, Clermont-Ferrand
(France) usingan ICPMSAgilent 7500cs andaLaser-ablation-system
Resonetics-Resolution M-50E with a frequency of 5 Hz and energy
density of 9 J/cm2 for laser-ablation analyses; spot size was 20 mm
(details in Hurai et al., 2010). Zircon 91500was used as the Standard.
Uncertainties for individual analyses (ratios and ages) are given at
the 1s level in Tables 2 and 3. Errors on discordia intercept ages and
207Pb/206Pbweightedmean ages are all given at 2s (for SHRIMP and
LA-ICPMSdata) andwere calculated using the Isoplot programmeof
Ludwig (2001). All ages were calculated using the decay constants
and isotope abundances listed by Steiger and Jäger (1977).

3.2. Nd isotope geochemistry

Nd isotopic compositions were determined for six granulite
samples and discussed with four analyses from Marinho et al.
(1994) (Table 1, Fig. 3). A first set of samples corresponding to the
TT1 (samples JF142A and YJ16) and shoshonitic granulites (samples
JF35A, 1263prj12 and CJ13) have slightly negative 3Nd values (�1.7
to �3.3) at 2.1 Ga and similar TDM ages of ca 2.5 Ga. A second set of
samples, related in field to TT1 (TD6 and CJ11), have higher
143Sm/144Nd ratios than typical TT1 gneisses. They also exhibit
slightly negative 3Nd values at 2.1 Ga however the TDM model ages
are older (2.7e2.8 Ga). A third set, comprising samples IDO5 and
CJ34A (TT2) and sample 229-22 (TT5), exhibit more negative 3Nd
values of �7.6 to �11 at 2.1 Ga with older model ages up to 3.0 Ga.

Isotope growth lines for the ten samples are reported in a 3Nd vs
time diagram (Fig. 3). Samples from the first and second sets are
above the isotopic evolution field of the Jequié granulites, which
consequently exhibit a more negative range of 3Nd values (from �5
to �15) at 2.1 Ga, whilst the third set, with more negative 3Nd
values, falls at 2.1 Ga within this field. These results indicate that
both the tonalitic (TT1 ss) and shoshonitic granulites contain no or
only a limited amount of older crustal components. In other words,
they have more juvenile sources than TT2 and TT5 granulites,
which involved significant amounts of Archaeanmaterial, similar to
that of the Jequié granulites. However samples TD6 and CJ11, which
also have slightly negative epsilon Nd values at 2.1 Ga but model
ages around 2.7e2.8 Ga, could possibly have an older crustal
component in their source. In-situ UePb dating of both the
magmatic protoliths and high grade metamorphic event have been
performed using SHRIMP and LA-ICPMS techniques.

3.3. Previous UePb dating

Fig. 2 shows the locationwhere thefirst SHRIMPzircon ageswere
obtained by Silva et al. (2002) on a charno-enderbite (LC50) located
approximately 10 km NW of Ilhéus, an enderbite (LC-51) around
30kmNNEof Ilhéus, anda charnockite (LC54) fromapproximatively



Table 1
Sm-Nd isotope data for some granulites of the southern ISCB.

Samples Sm (ppm) Nd (ppm) 147Sm/144Nd 143Nd/144Nd Error 10�6 (�2 sm) 3Nd (t ¼ 0 Ga) TDM in Ma 3Nd(t)

(DM0 ¼ þ10) 2.1 Ga

TT1 granulites:
JF-142A 1.71 12.83 0.0806 0.510887 5 �34 2578 �3.1
YJ 16 3.30 25.06 0.0794 0.510917 4 �34 2521 �2.1
TD6 2.61 12.10 0.1304 0.511600 5 �20 2819 �2.5
TD 6 dupl. 2.59 11.84 0.1320 0.511650 3 �19 2782 �2.0
CJ11a 4.57 23.8 0.1170 0.511403 e �24 2738 �2.8

Shoshonitic granulites:
JF35A 1.77 15.55 0.0689 0.510711 8 �38 2553 �3.3
1263pjr12a 13.87 90.9 0.0923 0.511094 e �30 2568 �2.1
CJ13a 20.0 150 0.0813 0.510965 e �33 2503 �1.7

TT2-TT5 granulites:
ID05 1.86 10.79 0.1043 0.510981 7 �32 3001 �7.6
CJ34aa 0.56 4.74 0.0724 0.510370 e �44 2979 �10.9
229-22 1.60 12.35 0.0784 0.510595 6 �40 2860 �8.1

a In Marinho et al. (1994).
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20 km SSE of Ilhéus. Samples LC-50 and LC-51 belong to the TT1
groupwhereas LC-54 belongs to the TT2-TT5group. LC-50 and LC-51
respectively provide ages of 2092�6Maand2131�5Ma,which are
interpreted as the emplacement age for syn-collisional magmatic
protoliths. In sample LC51, metamorphic overgrowths give an age of
2069 � 19 Ma, which is interpreted as that of the granulite facies
metamorphism. LC 54 provides an Archaean age of 2719 � 10 Ma
interpreted in termsof themagmatic cristallisation age.On theother
hand, as a TIMS evaporation zircon age of 2075 � 16 Ma (�2s) was
obtained on a shoshonitic granulite (Ledru et al., 1994) in this
country, we interpreted this age as being a minimum age for the
magmatic alkaline protolith of these shoshonitic granulites. A
summary of the available UePb dating from the ISCB and Jequié
granulites is given in Table 4 (see discussion).

3.4. New UePb zircon dating

UePb dating was performed on separate zircons from five
granulitic samples: JF-142A and YJ 16 (TT1) with Nd model ages at
ca 2.5 Ga; TD6 is also a TT1 granulite but has amodel age around 2.7
Fig. 3. Nd vs time isotopic evolution diagram for the various sets of granulites in the ISCB. T
correspond to the range of values observed for epsilon Nd at 2.1 Ga for Palaeoproterozoic pr
the references to colour in this figure legend, the reader is referred to the web version of t
Ga and finally ID05 (TT2) and 229-22 (TT5), which are the two
samples having the oldest model ages (up to 3.0 Ga). SHRIMP and
LA-ICPMS UePb results are presented in Tables 2 and 3 respectively.

3.4.1. Zircon JF-142A (TT1)
Zircons from JF-142A mainly consist of elongated grains with

rounded tips. They have a complex structure with brown cores and
clear overgrowths (Figs. 4 and 5). The cores and overgrowths are
dated by SHRIMP at 2191 �10 Ma and 2109 � 17 Ma respectively. In
more detail, the cores exhibit concentric zoning (Fig. 4) and have
high-U content (average¼ 586 ppm, Table 2): they are interpreted as
magmatic grains. 207Pb/206Pb ages for the cores range between 2.1
and 2.2 Ga; the oldest concordant core (9.1) provides a 207Pb/206Pb
ageof 2184�11Ma(Table2). Fourother cores,whicharemoreor less
discordant (90e97% of concordancy), give 207Pb/206Pb ages that
rangebetween2213�11Ma(5.2) and2119�10Ma(7.1). Theaverage
of the three 207Pb/206Pb oldest ages is 2191 �10 Ma (MSWD ¼ 2.4).
This age, ca 2.2 Ga, is interpreted as that of the tonalitic precursor.
whereas the ca 2.10 Ga age accounts rather for lead loss processes
during the high grade metamorphism (see below).
he field for the Archaean Jequié granulites is reported in green (or dark) colour. Ellipses
ecursors (upper ellipse) and Archaean precursors (lower ellipse). (For interpretation of
his article.)



Table 2
Summary of SHRIMP UePb zircon results for samples JF142-A & 229-22.

Grain spot U (ppm) Th (ppm) Th/U 206Pb (ppm) f206 % Radiogenic Ratios r Ages (Ma) % Conc.

204Pb/206Pb 206Pb/238U � 207Pb/235U � 207Pb/206Pb � 206Pb/238U � 207Pb/206Pb �
JF142-A (TT1)
Cores
2.1 454 75 0.17 149 0.20 0.00014 0.3802 0.0058 6.942 0.127 0.1324 0.0013 0.837 2077 27 2131 18 97
3.2 360 233 0.65 120 1.61 0.00107 0.3831 0.0051 6.761 0.177 0.1280 0.0029 0.506 2091 24 2070 40 101
5.2 620 278 0.45 212 0.35 0.00024 0.3956 0.0046 7.573 0.102 0.1388 0.0009 0.874 2149 21 2213 11 97
7.1 604 275 0.46 180 0.15 0.00010 0.3460 0.0041 6.276 0.083 0.1315 0.0008 0.897 1916 20 2119 10 90
9.1 932 77 0.08 327 0.13 0.00009 0.4083 0.0047 7.686 0.093 0.1365 0.0006 0.942 2207 21 2184 7 101
10.1 549 187 0.34 182 0.30 0.00020 0.3852 0.0045 7.275 0.097 0.1370 0.0008 0.888 2101 21 2189 11 96

Overgrowths
1.2 187 155 0.83 63 0.95 0.00064 0.3887 0.0077 7.005 0.191 0.1307 0.0024 0.728 2117 36 2108 33 100
2.2 165 69 0.42 51 0.87 0.00059 0.3611 0.0054 6.527 0.164 0.1311 0.0027 0.590 1987 25 2113 36 94
4.1 349 366 1.05 110 0.37 0.00025 0.3668 0.0047 6.519 0.104 0.1289 0.0012 0.798 2014 22 2083 17 97
5.1 170 157 0.92 58 1.08 0.00072 0.3932 0.0055 7.073 0.161 0.1305 0.0023 0.615 2138 25 2104 31 102
6.1 147 55 0.37 48 1.07 0.00071 0.3721 0.0064 6.289 0.166 0.1226 0.0025 0.648 2039 30 1994 36 102
7.2 122 68 0.56 38 1.31 0.00088 0.3567 0.0053 6.438 0.208 0.1309 0.0038 0.459 1966 25 2110 50 93
8.1 243 63 0.26 78 0.81 0.00054 0.3710 0.0050 6.730 0.129 0.1316 0.0018 0.705 2034 24 2119 24 96
9.2 101 55 0.55 33 0.84 0.00056 0.3753 0.0057 6.875 0.165 0.1329 0.0025 0.631 2054 27 2136 33 96
11.1 176 228 1.30 60 0.60 0.00041 0.3929 0.0053 7.230 0.134 0.1335 0.0017 0.731 2136 25 2144 22 100
11.2 163 241 1.48 54 1.20 0.00080 0.3769 0.0058 6.722 0.168 0.1294 0.0025 0.620 2062 27 2089 34 99
Ext. rim 1.1 75 29 0.39 24 1.95 0.00131 0.3743 0.0076 6.803 0.313 0.1318 0.0054 0.442 2050 36 2122 72 97
Ext. rim 2.3 57 24 0.42 19 2.38 0.00159 0.3794 0.0078 6.719 0.367 0.1284 0.0065 0.376 2073 36 2077 89 100
Ext. rim 3.1 79 23 0.29 26 2.32 0.00154 0.3789 0.0069 6.660 0.302 0.1275 0.0053 0.405 2071 32 2064 73 100
Ext. rim 4.2 89 12 0.14 27 0.92 0.00062 0.3537 0.0058 6.572 0.191 0.1348 0.0032 0.570 1952 28 2161 42 90

229-22 (TT5)
Cores
1.2 627 164 0.26 118 0.001 0.00010 0.4704 0.0071 11.018 0.247 0.1654 0.0021 0.753 2485 31 2556 25 97
3.1 168 177 1.05 42 0.004 0.00025 0.5266 0.0093 12.884 0.374 0.1906 0.0036 0.701 2727 40 2629 35 104
3.2 187 83 0.44 41 0.003 0.00023 0.5182 0.0103 13.325 0.309 0.1749 0.0018 0.910 2691 44 2712 16 99
5.1 1317 158 0.12 239 0.001 0.00004 0.4791 0.0060 9.731 0.172 0.1522 0.0014 0.790 2523 26 2315 19 109
5.2 813 163 0.20 140 0.002 0.00013 0.4428 0.0067 9.166 0.202 0.1492 0.0015 0.767 2363 30 2347 25 101
6.1 550 219 0.40 102 0.002 0.00015 0.4536 0.0069 9.612 0.176 0.1632 0.0025 0.885 2411 31 2387 15 101
6.2 633 212 0.34 107 0.003 0.00021 0.4198 0.0095 9.024 0.314 0.1535 0.0018 0.736 2260 43 2412 41 94
7.2 2231 158 0.07 318 0.001 0.00008 0.3852 0.0045 6.903 0.087 0.1301 0.0004 0.959 2101 21 2097 6 100
8.1 1938 265 0.14 315 0.000 0.00003 0.4264 0.0048 8.683 0.123 0.1457 0.0015 0.866 2290 22 2319 12 99
8.2 644 323 0.50 125 0.002 0.00015 0.4575 0.0066 10.818 0.211 0.1601 0.0032 0.816 2428 29 2572 19 94
11.2 473 172 0.36 248 0.002 0.00012 0.5730 0.0091 16.229 0.294 0.2007 0.0030 0.924 2920 37 2870 11 102
12.2 275 93 0.34 120 0.015 0.00110 0.4897 0.0093 12.184 0.334 0.1797 0.0036 0.773 2569 40 2657 29 97
13.1 1003 61 0.06 358 0.001 0.00007 0.4354 0.0067 9.239 0.182 0.1548 0.0013 0.851 2330 30 2390 18 98
14.1 616 203 0.33 238 0.002 0.00010 0.4406 0.0085 9.478 0.309 0.1558 0.0020 0.683 2354 38 2413 41 98
14.2 1337 106 0.08 472 0.001 0.00007 0.4339 0.0052 8.487 0.120 0.1431 0.0008 0.900 2323 23 2250 11 103
16.1 61 30 0.50 29 0.012 0.00083 0.5248 0.0180 12.243 0.676 0.1645 0.0082 0.711 2720 77 2550 67 107

Overgrowths
1.1 23 87 3.77 6 0.036 0.00241 0.4012 0.0155 6.785 0.544 0.1410 0.0037 0.584 2175 72 1995 121 109
4.1 84 288 3.44 23 0.015 0.00098 0.4348 0.0129 8.050 0.344 0.1334 0.0039 0.775 2327 58 2155 48 108
4.2 286 134 0.47 46 0.002 0.00015 0.3912 0.0053 6.990 0.113 0.1293 0.0011 0.893 2128 25 2093 13 102
7.1 204 29 0.14 30 0.007 0.00044 0.3901 0.0072 6.964 0.206 0.1308 0.0013 0.714 2124 34 2091 37 102
9.1 20 160 7.82 9 0.052 0.00347 0.3919 0.0148 6.828 0.597 0.1220 0.0126 0.540 2132 69 2048 137 104
10.1 39 105 2.67 10 0.022 0.00150 0.4054 0.0116 7.023 0.379 0.1245 0.0060 0.629 2194 53 2038 77 108
11.1 35 120 3.46 19 0.008 0.00056 0.3567 0.0153 6.396 0.431 0.1303 0.0047 0.723 1967 73 2098 85 94
12.1 507 93 0.18 184 0.000 0.00002 0.4349 0.0107 8.202 0.273 0.1428 0.0027 0.811 2328 48 2187 35 107
15.1 42 37 0.88 16 0.025 0.00169 0.3834 0.0115 6.563 0.423 0.1243 0.0079 0.568 2092 54 2017 98 104
16.2 24 215 9.12 25 0.009 0.00066 0.3982 0.0193 8.139 0.543 0.1455 0.0074 0.800 2161 89 2326 71 93

Notes : 1. Uncertainties given at the ones level. 2. f206 % denotes the percentage of 206Pb that is commonPb. 3. Correction for commonPbmade using themeasured 204Pb/206Pb ratio. 4. For % Conc., 100% denotes a concordant analysis.
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Table 3
Summary of LA-ICPMS UePb zircon results for samples YJ16, TD6 and ID05.

Grain spot U (ppm) Th (ppm) Pb (ppm) Th/U Radiogenic ratios r Ages (Ma) % Conc.

207Pb/235U � 206Pb/238U � 206Pb/238U � 207Pb/235U � 207Pb/206Pb �

YJ16 (TT1)
Cores
1.1 1096 342 411 0.31 7.001 0.087 0.3863 0.0039 0.81 2113 19 2115 13 2113 19 100
2.1 1039 662 413 0.64 6.763 0.087 0.3743 0.0038 0.79 2114 19 2113 13 2098 19 101
3.1 3139 266 1173 0.08 6.443 0.079 0.3687 0.0037 0.83 2051 18 2051 13 2045 19 100
4.1 3915 420 1253 0.11 5.880 0.074 0.3437 0.0035 0.81 2042 18 2040 13 2030 19 101
5.1 3428 362 1175 0.11 6.499 0.080 0.3702 0.0038 0.83 2033 18 2044 13 2046 19 99
6.1 4159 567 1699 0.14 6.439 0.079 0.3675 0.0037 0.83 2047 18 2049 13 2035 19 101
7.1 3570 503 1187 0.14 6.460 0.080 0.3665 0.0037 0.82 2066 18 2065 14 2056 19 101
8.1 4551 441 1569 0.10 6.330 0.078 0.3632 0.0037 0.83 2040 18 2043 14 2034 19 100
9.1 911 159 333 0.17 6.585 0.085 0.3640 0.0037 0.79 2096 19 2104 15 2108 19 99
10.1 5140 632 1695 0.12 6.008 0.075 0.3436 0.0035 0.81 2060 18 2060 15 2038 19 101
11.1 4038 385 1374 0.10 6.481 0.080 0.3706 0.0038 0.82 2060 18 2059 15 2037 19 101
12.1 3009 531 1012 0.18 6.468 0.081 0.3696 0.0037 0.81 2055 18 2054 16 2040 19 101
13.1 2590 349 999 0.13 6.621 0.084 0.3719 0.0038 0.80 2068 19 2074 16 2062 19 100
13.2 3859 538 1377 0.14 6.463 0.081 0.3691 0.0037 0.80 2057 19 2055 16 2037 19 101
14.1 2365 292 771 0.12 6.738 0.086 0.3757 0.0038 0.79 2103 19 2100 17 2076 19 101
15.1 1115 263 373 0.24 6.754 0.088 0.3693 0.0037 0.78 2087 19 2109 18 2118 19 99
16.1 1431 216 553 0.15 6.626 0.085 0.3753 0.0038 0.79 2069 19 2068 18 2058 19 101

Metamorphic grains
17.1 128 192 59 1.50 6.122 0.110 0.3569 0.0037 0.58 2041 19 2035 21 2056 21 99
20.1 237 231 94 0.97 6.728 0.102 0.3788 0.0039 0.67 2078 19 2079 21 2094 20 99

Overgrowths
18.1 438 205 144 0.47 6.458 0.091 0.3639 0.0037 0.72 2081 19 2080 20 2084 20 100
19.1 154 194 65 1.26 6.611 0.106 0.3734 0.0038 0.64 2071 19 2076 21 2083 20 99
21.1 349 214 126 0.61 6.710 0.096 0.3768 0.0038 0.71 2070 19 2077 21 2079 20 100
22.1 355 299 136 0.84 6.522 0.095 0.3732 0.0038 0.70 2056 19 2055 22 2065 20 100
22.2 305 270 119 0.89 6.789 0.100 0.3798 0.0039 0.69 2086 20 2088 22 2084 20 100

TD6 (TT1 rel.)
Cores
1.1 1587 221 535 0.14 7.050 0.096 0.3777 0.0038 0.75 2133 20 2152 24 2137 20 100
1.2 598 244 210 0.41 7.445 0.112 0.3974 0.0040 0.67 2163 21 2167 25 2178 20 99
2.1 2595 584 1034 0.22 6.400 0.086 0.3620 0.0037 0.75 1973 19 2025 24 2051 20 96
3.1 1949 122 596 0.06 6.442 0.088 0.3635 0.0037 0.73 1988 19 2033 25 2061 20 96
4.1 2767 102 940 0.04 6.392 0.087 0.3685 0.0037 0.74 2047 20 2044 25 2024 20 101
7.1 3250 144 1101 0.04 6.629 0.093 0.3757 0.0038 0.72 2060 21 2065 29 2039 20 101
8.1 1592 59 491 0.04 6.611 0.097 0.3688 0.0037 0.69 1843 19 1963 30 2065 20 89
9.1 1498 143 504 0.10 6.542 0.094 0.3656 0.0037 0.70 2087 22 2093 31 2068 20 101
11.1 3507 249 1185 0.07 6.343 0.092 0.3543 0.0036 0.69 2059 22 2066 33 2056 21 100
12.1 1216 380 432 0.31 6.285 0.095 0.3328 0.0034 0.67 1957 21 2064 33 2150 21 91
14.1 1960 60 548 0.03 5.956 0.093 0.3309 0.0034 0.65 1873 21 1983 36 2076 21 90
14.2 2870 162 972 0.06 6.539 0.098 0.3663 0.0037 0.67 2085 23 2090 37 2064 21 101
15.1 1999 103 733 0.05 6.277 0.095 0.3559 0.0036 0.67 2045 23 2058 38 2044 21 100
18.1 1770 110 525 0.06 6.312 0.098 0.3576 0.0036 0.65 1944 23 2009 40 2046 21 95
20.1 1958 100 658 0.05 6.315 0.099 0.3577 0.0036 0.65 2027 24 2051 42 2042 22 99
21.1 2425 116 792 0.05 6.432 0.102 0.3648 0.0037 0.64 2067 25 2072 45 2035 22 102
24.1 850 216 297 0.25 6.571 0.109 0.3693 0.0038 0.61 2087 26 2087 47 2069 22 101

Overgrowths
4.2 34 4 10 0.11 6.244 0.168 0.3595 0.0039 0.41 2056 21 2068 32 2071 25 99
6.1 36 12 12 0.34 5.856 0.152 0.3450 0.0038 0.42 2069 21 2073 31 2073 25 100
7.2 103 27 35 0.27 6.866 0.118 0.3797 0.0039 0.60 2043 21 2075 31 2105 21 97
24.2 92 16 30 0.17 6.791 0.134 0.3796 0.0039 0.52 2067 27 2085 49 2100 23 98

TD6 (TT1 rel.)
Metamorphic grains
5.1 176 134 65 0.76 6.411 0.103 0.3685 0.0038 0.64 2024 20 2044 27 2064 21 98
10.1 169 40 55 0.24 6.668 0.117 0.3754 0.0039 0.58 2060 22 2070 33 2067 22 100
13.1 73 13 23 0.18 6.587 0.143 0.3724 0.0039 0.48 2053 23 2062 36 2069 23 99
16.1 68 12 26 0.18 6.191 0.147 0.3593 0.0038 0.45 2034 24 2038 41 2047 25 99
17.1 114 41 39 0.36 6.737 0.122 0.3773 0.0039 0.57 2049 24 2052 40 2098 22 98
19.1 79 15 27 0.19 6.768 0.145 0.3778 0.0040 0.49 2065 25 2080 43 2076 24 99
22.1 46 5 15 0.11 6.492 0.153 0.3670 0.0039 0.45 2053 26 2078 48 2092 25 98
23.1 81 45 29 0.56 6.438 0.135 0.3710 0.0039 0.50 2049 26 2049 47 2065 24 99
25.1 288 216 113 0.75 6.482 0.118 0.3662 0.0038 0.56 2048 27 2059 49 2066 23 99
26.1 97 17 33 0.18 6.697 0.146 0.3747 0.0039 0.48 2054 27 2071 51 2064 24 100
27.1 126 49 43 0.39 6.540 0.129 0.3719 0.0039 0.52 2050 27 2057 52 2068 23 99

(continued on next page)
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Table 3 (continued )

Grain spot U (ppm) Th (ppm) Pb (ppm) Th/U Radiogenic ratios r Ages (Ma) % Conc.

207Pb/235U � 206Pb/238U � 206Pb/238U � 207Pb/235U � 207Pb/206Pb �

ID05 (TT2)
Cores
1.1 385 211 178 0.55 11.519 0.178 0.48157 0.00484 0.65 2526 21 2554 15 2584 20 98
2.1 103 90 52 0.88 12.439 0.226 0.48917 0.00498 0.56 2589 22 2634 18 2675 20 97
3.1 145 65 65 0.45 12.304 0.228 0.49214 0.00502 0.55 2521 21 2592 18 2679 20 94
4.1 169 70 81 0.42 13.286 0.226 0.51460 0.00521 0.59 2687 22 2705 17 2702 20 99
6.1 155 122 69 0.78 11.027 0.242 0.44140 0.00460 0.47 2367 21 2541 21 2666 21 89
7.1 275 231 142 0.84 12.417 0.206 0.48785 0.00492 0.61 2600 22 2661 18 2689 20 97
9.1 180 98 89 0.54 12.786 0.224 0.51029 0.00516 0.58 2654 23 2670 20 2676 20 99
10.1 616 435 283 0.71 11.345 0.190 0.45565 0.00460 0.60 2529 22 2622 20 2650 20 95
11.1 160 118 80 0.74 11.440 0.210 0.47338 0.00481 0.55 2567 22 2604 22 2623 21 98
11.2 152 89 73 0.59 12.419 0.228 0.49701 0.00505 0.55 2601 23 2643 23 2673 21 97
12.1 140 123 67 0.88 10.511 0.215 0.45550 0.00469 0.50 2548 22 2561 24 2555 21 100
13.1 153 96 72 0.63 11.470 0.238 0.45460 0.00468 0.50 2514 22 2605 24 2656 21 95
14.1 123 88 58 0.72 10.566 0.240 0.43714 0.00456 0.46 2468 22 2555 25 2577 22 96
15.1 239 115 104 0.48 11.936 0.212 0.47722 0.00483 0.57 2461 22 2585 25 2660 21 93
16.1 68 43 31 0.63 11.685 0.280 0.46543 0.00487 0.44 2422 23 2568 31 2680 22 90
18.1 146 72 64 0.50 11.159 0.263 0.44073 0.00462 0.44 2450 23 2596 32 2658 22 92
19.1 100 69 51 0.69 12.908 0.268 0.51212 0.00525 0.49 2655 25 2682 33 2679 21 99
20.1 96 60 49 0.62 13.606 0.283 0.51500 0.00528 0.49 2579 25 2701 34 2713 21 95
21.1 125 73 60 0.59 11.682 0.235 0.49007 0.00502 0.51 2542 25 2585 33 2606 22 98
22.1 166 123 86 0.74 12.886 0.249 0.51345 0.00523 0.53 2612 25 2668 34 2663 21 98

Metamorphic grains
5.1 1979 107 621 0.05 6.840 0.101 0.37451 0.00375 0.68 2045 18 2084 15 2090 21 98
8.1 2134 244 619 0.11 5.858 0.090 0.32418 0.00325 0.65 1995 17 2061 16 2071 21 96
17.1 183 266 80 1.46 6.594 0.122 0.37562 0.00382 0.55 2063 20 2073 27 2073 23 99
17.2 132 126 51 0.96 6.746 0.130 0.37561 0.00384 0.53 2009 19 2076 28 2087 23 96

Notes : 1. Uncertainties given at the one s level. 2. For % Conc., 100% denotes a concordant analysis.
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The overgrowths display irregular or restricted zoning and they
have low-U contents (average ¼ 151 ppm) when compared to the
cores (586 ppm). In some grains, low-U overgrowths are strongly
developed (gr.1 and gr.4, Fig. 5). At least two stages of overgrowths
are observed in these grains, (i.e. gr.1), the most internal of which is
low in U (101e170 ppm) while the outer one is more U-depleted
Fig. 4. Concordia diagram and cathodo-luminescence images (CL) for magmatic zircons from
(57e79 ppm). Both low-U overgrowth types are interpreted as
having developed during the high grade metamorphism. Because
thedata are concordant to slightlydiscordant (�90%of concordancy,
Fig. 5, Table 2), the mean 207Pb/206Pb age of 2109 � 17 Ma (14 anal-
yses, 6.1 rejected,MSWD¼ 0.7) is considered as themost significant
and is interpreted as the age of the granulite facies metamorphism.
granulite JF-142A (TT1). SHRIMP analyses, ellipses are reported at 1s. Spot size: 30 mm.



Fig. 5. Concordia diagram and CL images for metamorphic zircons from granulite JF-142A (TT1). SHRIMP analyses, ellipses are reported at 1s. Spot size 30 mm.
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3.4.2. Zircon YJ16 (TT1)
Zircons from sample YJ16 aremainly sub-euhedral, elongate and

brown. They are strongly zoned (gr. 2 and 12, Fig. 6) and are inter-
preted as magmatic grains, dated by LA-ICPMS at 2109 � 19 Ma.
Some of these zoned grains are surrounded by clear unzoned
metamorphic overgrowths (gr. 12, 18 and 21, Fig. 7), which were
datedat 2081�16Ma. Inmoredetail, themagmatic zircons areU-Th
Fig. 6. Concordia diagram and transmitted light images (TL) for magmatic zircons from g
rich (the U content average of the 18 analyses is around 2900 ppm,
Table 3). Overgrowths are U-depleted (average of 7 analyses:
281 ppm). The two data sets are concordant to slightly discordant
and give similar ages (both sets define a single intercept at
2110� 35Ma,MSWD¼ 2.2). TheU-rich cores alone (Fig. 6) define an
intercept at 2117 � 49 Ma (MSWD ¼ 2.9) whereas the 207Pb/206Pb
ages rangebetween2030�19Maand2118�19Ma.Considering the
ranulite YJ16 (TT1). LA-ICPMS analyses, ellipses are reported at 1s. Spot size: 20 mm.



Fig. 7. Concordia diagram and TL images for metamorphic zircons from granulite YJ16 (TT1). LA-ICPMS analyses, ellipses are reported at 1s. Spot size: 20 mm.
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youngest set of agesasprobablyhavingbeen resetduringorafter the
high grade event, we interpret the average of the 207Pb/206Pb ages
obtained from the four oldest cores at 2109� 19Ma (MSWD¼ 0.21)
as themore realistic age for themagmatic precursorof this granulite.
TheU-depletedovergrowthsarealso concordant (Fig. 7, Table 3). The
averageof 207Pb/206Pb ages for 6outof 7 concordant points (spot17.1
rejected) is 2081�16Ma (MSWD¼ 0.23). It is interpreted as the age
of the high grade metamorphism.

3.4.3. Zircon TD6 (TT1 related)
Zircons from sample TD6 correspond to a first set of elongate

grains with strongly zoned brown cores and rounded tips corre-
sponding to clear overgrowths (gr. 1, 11 and 21, Fig. 8). A second set
of round clear grains, either with or without cores, is also well
developed (gr. 17 and 26, Fig. 9). The zoned cores are interpreted as
magmatic zircons and were not precisely dated up to ca 2.18 Ga by
LA-ICPMC. Overgrowths and round grains are interpreted as
metamorphic zircons and provide an age of 2078 � 13 Ma. In more
detail, the zoned cores are U-Th rich (the U average is around
2000 ppm, Table 3) whereas overgrowths and round clear grains
are U-depleted (100 ppm). In the concordia diagram (Fig. 8), the
207Pb/206Pb ages of cores scatter between 2.02 Ga and 2.18 Ga. The
15 most concordant cores define an imprecise intercept at
2187 � 99 Ma and the oldest concordant grain (spot 1.2) is ca
2.18 Ga old.We consider the age of themagmatic precursor as being
around 2.2 Ga without any evidence for relicts of Archaean zircons.
Overgrowths and round grains are concordant to sub-concordant
(Fig. 9) in the UePb diagram, the 207Pb/206Pb ages range from 2.05
to 2.11 Ga. The average of 207Pb/206Pb ages for the 15 concordant
data is 2075 � 12 Ma (MSWD ¼ 0.51). This is interpreted as the age
of the granulite facies metamorphism.

3.4.4. Zircon ID05 (TT2)
Wealso observed twotypes of zircons in sample ID05:magmatic,

which were dated at 2675 � 11 Ma and metamorphic dated at
2080 � 21 Ma by LA-ICPMS. In more detail, the first batch (1) is
mainly composed of large elongate brown grains with “cores” or
inner parts (grain 9, Fig. 10), which are U-poor (aver. 185 ppm) with
brown zoned rims; some grains exhibit clear and U-rich over-
growths (spot 5.1 in Table 3). The second batch (2) is composed of
euhedral clear grains (grains 8 & 17, Fig. 10) without cores, some of
which are very U-rich (2134 ppm: grain 8.1, Table 3), whereas some
of the others are U-poor (132 ppm: grain 17). Ages of the cores from
set (1) are concordant to slightly discordant and 207Pb/206Pb ages
range between 2.58 and 2.70 Ga for a set of 15 analyses (out of 20),
which define an average at 2675 � 11 Ma (MSWD ¼ 0.68). This is
interpreted as the age of the tonalitic precursor. One analysis from
a clear overgrowth and three from euhedral clear grains from batch
(2) give a 207Pb/206Pb average age of 2080 � 21 Ma (MSWD ¼ 0.19)
interpreted as the age of the high grade metamorphic event.

3.4.5. Zircon 229-22 (TT5)
Zircon grains from sample 229-22 are also complex with cores

dated by SHRIMP up to 2.7e2.9 Ga and metamorphic growths at
2098 � 11 Ma. (Figs. 11 and 12). In more detail, the cores are
elongate (gr. 6, 12 Figs. 11 and 12) to rounded (gr. 11, Fig. 11). They
are generally zoned and U-rich (average around 800 ppm), with the
exception of grain 16 (Table 2). They are interpreted as magmatic
zircons. UePb ages for these cores are concordant to slightly
discordant (Fig. 11, Table 2) and they range along the concordia
curve between 2.3 Ga (16.2) and 2.9 Ga (11.2). Theymay correspond
to several zircon generations or might result from lead loss during
the high grademetamorphism. In that case the spread of data along
the concordia would correspond to a discordia between the
precursor and high grade metamorphism (more or less disturbed
but late lead losses, Fig. 11): the tonalitic protolithmay have formed
ca 2.9 Ga. Alternatively, if the protolith is considered to have been
formed ca 2.7 Ga, the 2.9 Ga age would indicate an inheritage
process. Regardless of whatever the right interpretation might be,
this sample contains Archaean zircons up to 2.7 and 2.9 Ga.



Fig. 8. Concordia diagram and TL images for magmatic zircons from granulite TD6 (TT1 rel.). LA-ICPMS analyses, ellipses are reported at 1s. Spot size: 20 mm.
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Clear round grains (gr. 9 and 15, Fig.12) and overgrowths (gr.1 and
12) are generally U-poor (average 126 ppm). Some grains are much
depleted and exhibit high common lead content, which induces large
errors on the ages (i.e. gr. 9, U¼ 20 ppm, Table 2). These low-U zircons
are interpreted asmetamorphic grains. Thewhole set ofmetamorphic
zircons is concordant to slightly discordant and defines an average
207Pb/206Pb age of 2098� 11Ma (10 analyses,MSWD¼ 1.2). One grain
Fig. 9. Concordia diagram and TL images for metamorphic zircons from granulite T
(7.2) isU-rich(2231ppm)withasimilarconcordantageat2097�6Ma,
thus it is included in the calculation. The age of 2098 � 11 Ma is
interpreted as that of the granulite facies metamorphism.

3.4.6. Metamorphic zircons
In these granulites, metamorphic zircons are generally devel-

oped as clear overgrowths around elongated and rounded dark
D6 (TT1 rel.). LA-ICPMS analyses, ellipses are reported at 1s. Spot size: 20 mm.



Fig. 10. Concordia diagram and TL images for magmatic and metamorphic zircons from granulite ID05 (TT2). LA-ICPMS analyses, ellipses are reported at 1s. Spot size: 20 mm.
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cores. They often exhibit an irregular zoning and are U-depleted
compared to the cores, which show concentric zoning and are
U-rich. Overgrowths can be strongly developed and can form
metamorphic grains, which are generally clear and round (Figs. 9
and 11). In one sample (ID05, Fig. 10, Table 3), the metamorphic
Fig. 11. Concordia diagram and CL images for magmatic zircons from granulite 2
overgrowths are U-rich and synchronous with euhedral clear
grains. They are all interpreted as related to the granulite facies
metamorhism.

Metamorphic zircons from this area provide ages ranging
between 2069 � 19 Ma (Silva et al., 2002) and 2098 � 11 Ma, the
29-22 (TT5). SHRIMP analyses, ellipses are reported at 1s. Spot size: 30 mm.



Fig. 12. Concordia diagram and CL images for metamorphic zircons from granulite 229-22 (TT5). SHRIMP analyses, ellipses are reported at 1s. Spot size: 30 mm.
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oldest age obtained in this work. On the other hand, the five sets of
metamorphic zircons measured in this work gave 207Pb/206Pb ages
that are not significantly different from each other, when taking the
2s errors into account. The whole set of concordant to sub-
concordant zircons (44 analyses with concordancy degree � 90%,
Fig. 13) results in an average 207Pb/206Pb age of 2086 � 7 Ma
Fig. 13. Concordia diagram and histogram of 207Pb/206Pb ages for the whole set of metamo
(MSWD ¼ 0.97), the gaussian-like distribution (Fig. 13) indicates
that the spread is mainly related to error measurements. The result
is considered to be the mean age for the granulite facies meta-
morphism in this part of the ISCB. The inclusion of data from Ledru
et al. (1994) and Silva et al. (2002) in the calculation results in
a similar average of 2087 � 11 Ma (MSWD ¼ 2.6, Table 4).
rphic zircons obtained from the 5 samples of granulites (ellipses are reported at 1s).



Table 4
Summary of zircon and monazite ages for the ISCB and the Jequié block.

Location protoliths Sample Rock type Magmatic zircon
age � 2s (inheritage)

Metamorphic
age in Ma, � 2s

Metamorphic
mineral dated

Methodology Reference

Southern ISCB
alkaline suites:

Palaeoproterozoic syn-granulitic
alk. magmas

JQ5 granulite shoshonitic 2075 � 16a Ma e TIMS evap. Ledru et al. (1994)
JF35A K-rich granulite shoshonitic 2089 � 2 e e TIMS-ID Alibert pers. com.
Syenite of Sao Felix syenite 2098 � 1 e zircon TIMS evap Rosa et al. (2001)

calc-alkaline suites:
Palaeoproterozoic syn-granulitic suites LC50 granulite charno-enderbite (TT1) 2092 � 6 e e SHRIMP Silva et al. (2002)

YJ16 granulite enderbite (TT1) 2109 � 19 2081 � 16 zircon LA-ICPMS this work
Palaeoproterozoic pre-granulitic

calc-alkaline suites
JM142A gneiss tonalitic 2124 � 10 e e SHRIMP Silva et al. (2002)
LC51 granulite enderbite TT1 2131 � 5 2069 � 19 zircon SHRIMP Silva et al. (2002)
TD6 granulite TT1 related ca 2.18 Ga 2078 � 13 zircon LA-ICPMS this work
JF142A granulite TT1 2191 � 10 2109 � 17 zircon SHRIMP this work

Archaean protoliths JQ9 granulite charno-enderbite ca 2.5 Ga 2086 � 36 zircon TIMS evap. Ledru et al. (1994)
JQ 41 SW Ipiau enderbite 2634 � 14 e e TIMS evap. Ledru et al. (1994)
ID05 granulite enderbite (TT2) 2675 � 11 2080 � 21 zircon LA-ICPMS this work
LC 54 granulite enderbite (TT2-TT5) 2719 � 10 e e SHRIMP Silva et al. (2002)
LC 57 granulite charno-enderbite ca 2.85 Ga 2078 � 20 zircon SHRIMP Silva et al. (2002)
229-22 granulite TT5 ca 2.7e2.9 Ga 2098 � 11 zircon SHRIMP this work

average for metamorphic zirons/
S-ISCB: 2089 � 10 M a (8 ages),
MSWD ¼ 2.2

Central ISCB
alkaline suites:

Palaeoproterozoic post-granulitic magmas AM12A granite (Bravo) granite 2063 � 6 e SHRIMP Barbosa et al. (2008)
calc-alkaline suites:

Palaeoproterozoic syn to
pre-granulite magmas

LH182 granulite (Tanquinho) charnockite 2096 � 3 e e TIMS evap. Barbosa et al. (2008)
AM05 granulite (Bravo) enderbite 2070 � 3 e e SHRIMP Barbosa et al. (2008)
CPRM7 Jacuipe/Casanova
charnockite

2126 � 19 2082 � 7 zircon SHRIMP Silva et al. (1997)

LH 55 orthogneiss (Conde) granitic 2169 � 48 (discordant) e e SHRIMP Silva et al. (2002)
Archaean protoliths CPRM 9 Salvador City granulite enderbite 2561 � 7 2089 � 11 zircon SHRIMP Silva et al. (1997)

3.4 S.J. Jacuipe leucograbbro 2584 � 8 2082 � 17 zircon SHRIMP Oliveira et al. (2010)
CPRM8 S.J. Jacuipe town charnockite 2634 � 19 Ma (3.3 Ga) 2072 � 22 zircon SHRIMP Silva et al., 1997
CPRM6 S.J. Jacuipe dam Opx tonalite 2695 � 12 Ma 2072 � 15 zircon SHRIMP Silva et al., 1997
LR02 granulite
(Riachao de Jacuip)

enderbite ca 2.2 (ca 2.8 Gaa) 2028 � 13 zircon SHRIMP Silva et al. (2002)

LR03 granulite (Capelinha) enderbite ca 2.6 Ga e e SHRIMP Silva et al. (2002)
LH44 orthogneiss (Apora) granodioritic 2954 � 25 e e SHRIMP Silva et al. (2002)

average for metamorphic zircons/
C-ISCB: 2082 � 5 M a (6 ages),
MSWD ¼ 1.05

Northern ISCB
Palaeoproterozoic alk. suite:

syn- to late-granulite magmas
Itiuba syenite syenite 2084 � 9 e e SHRIMP Oliveira et al. (2004)
Itiuba syenite syenite 2095 � 5 e zircon TIMS evap Conceição et al., (2003)

Mafic & U.B. Medrado high grade complex gabbro-norite 2085 � 5 e e SHRIMP Oliveira et al. (2004)
Supracrustal belt Caldearo belt quartzite (ca 2.7e3.2 Ga) 2076 � 10 zircon (rims) SHRIMP Oliveira et al. (2002)
Archaean protoliths PO 29.2 Caraiba granulite noritic 2580 � 10 2103 � 23 zircon SHRIMP Oliveira et al. (2004)

Caraiba airport amphibolite 2577 � 110 2083 � 4 zircon TIMS D’el-Rey Silva et al., (2007)
G2 granulite tonalitic 2574 � 6 2074 � 14 zircon SHRIMP Oliveira et al., (2010)

average for metamorphic zircons/
N-ISCB: 2082 � 8 (4 ages),
MSWD ¼ 2.1

average for metamorphic zircons/
all ISCB: 2083 � 4 M a (17 ages),
MSWD ¼ 1.9
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4. Discussion and conclusion

The occurrence of twomain chronologic sets of granulites in this
part of the ISCB, one Archaean and the other Palaeoproterozoic, is
well constrained by the UePb zircon ages and Nd isotopic signa-
tures. These two sets are also correlated to the chemical composi-
tion of the granulites (Barbosa and Sabaté, 2002; Pinho, 2005 and
Pinho et al., 2011). When combining this chronological data set
with geological mapping (Fig. 2), it appears that approximately 50%
of the protoliths (tonalitic suites TT2 and TT5) are Archaean in age
in the southern part of the ISCB. Consequently, this Archaean
tonalitic crust appears to be a major component of the southern
ISCB. Until now, the Archaean tonalitic crust in this area was clas-
sically considered as being subordinate relicts within Palae-
oproterozoic plutons. Our work showed that the Archaean tonalitic
crust is a main component of the southern ISCB.

Furthermore, these Archaean tonalitic-trondhjemitic suites
display Nd signatures and UePb zircon ages identical to those
measured in the Jequié granulites (ref. in geological setting). This is
also true in the central ISCB (at the latitude of the Salvador city)
with protoliths dated at ca 2.6, 2.7 and 2.9 Ga (Silva et al., 1997,
2002) and around 2.6 Ga further north (Oliveira et al., 2004,
2010) (Table 4). This indicates that the Palaeoproterozoic suites of
the ISCB were emplaced on the eastern side of the Archaean Jequié-
type terrains as previously proposed by Barbosa and Sabaté (2004).

The Palaeoproterozoic felsic granulites constitute two major
groups, (1) the low-K calc-alkaline suites and (2) the shoshonitic
to monzonitic ones. Group (1) provides zircon ages between
2131�5Ma (Silva et al., 2002) up to 2191�10Ma (this work). They
are considered as emplaced (at least partially) before the high grade
event (Pinho et al., 2011) and can be related to an active margin
setting where juvenile crust was emplaced in the Jequié Archaean
craton between 2.2 and 2.1 Ga. Both field relationships and zircon
dating show that the alkaline suites (2) were emplaced later
(Barbosa and Sabaté, 2004). Indeed, these rocks provided one TIMS
zircon evaporation age at 2075 � 16 Ma (Table 4, Ledru et al., 1994)
and a second age at 2089 � 2 Ma, as measured by the classical
TIMS-ID method (Table 4, Alibert, pers. com.). The age of this
alkaline magmatism is in the same range as the ages of the gran-
ulite facies metamorphism and is probably related to crustal
thickening processes.

This work establishes a mean age of the granulite facies meta-
morphism for the southern ISCB at 2086 � 7 Ma and at
2087 � 11 Mawhen data from the literature are included (data and
references in Table 4). In the central part of ISCB, a set of six SHRIMP
analyses of metamorphic zircons gives an average of 2082 � 5 Ma
for the age of the granulite facies metamorphism while in the
northern ISCB, three SHRIMP and one TIMS ages of metamorphic
zircons are also in the same range (Table 4). These data show that
the high grade metamorphic event took place at the same time
throughout the entire ISCB. Using all the ISCB in-situ zircon meta-
morphic ages (17 dates), we calculated a weighted average age of
2083 � 5 Ma (MSWD ¼ 2.1). In addition, and within the same time
period, several large syenite massifs were emplaced in the São
Francisco Craton like the Itiúba (2084 � 9 Ma, Oliveira et al., 2004)
and São Felix (2098� 1Ma, Rosa et al., 2001) massifs. Thesemassifs
did not undergo granulite facies metamorphism, probably due to
the fact that they were emplaced in medium crustal levels (Barbosa
et al., 2004) or alternatively because they remained as closed
systems during granulite facies metamorphism.

SHRIMP metamorphic zircon ages (Silva et al., 2002) and TIMS
monazite ages (Barbosa et al., 2004) in the granulitic Jequié block
are significantly younger that those of the ISCB with a weighted
average of the 207Pb/206Pb ages at 2056 � 9 Ma (Table 4). This age,
which is in the range of that of the post-granulitic Bravo granite,
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suggests a migration of crustal thickening processes towards the
west when the ISCB uplifted on the east. Alternatively, Barbosa
et al., (2004) interpreted these ages as reflecting late over-
thrusting during the collision between the Jequié and Gavião
blocks.

These geochronological data are perfectly consistent with the
geodynamic model presented by Barbosa and Sabaté (2004) and
also with that presented by Oliveira et al. (2010) for the northern
ISCB. (1) A tholeiitic basaltic oceanic crust was subducted under the
Jequié block between 2.2 and 2.1 Ga and then transformed into
amphibolite and melted, thus generating orogenic calc-alkaline
suites (TT1); they were emplaced in an active margin formed by
Jequié-type Archaean rocks. We interpret the ISCB as the deep roots
of the active margin characterised by imbrications of Archaean and
Palaeoproterozoic tonalitic precursors. (2) The collision resulted in
major crustal thickening in the ISCB mainly between 2.10 and
2.07 Ga and led to granulite facies metamorphic conditions at
a temperature up to 1000 C and pressure up to 9 kb (Pinho, 2005),
giving rise to syn-granulitic alkaline magmatism. The thrusting of
the ISCB over the Jequié Block continued up to ca 2.05 Ga.
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