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Abstract

We present new in situ geochronological data of controversial silicic metavolcanic rocks from the lower terrigenous-metavol-
canic sequence of the Sdo Roque Group, Ribeira Belt, confirming that they are older than the rocks of higher-metamorphic
grade sequences of the Serra do Itaberaba Group. The age of the Polvilho meta-trachydacite was established at 1760 + 17 Ma,
furthermore the results suggest that the bi-modal volcanism of the Boturuna Formation has parent melts from an old (Archean
to Paleoproterozoic) continental crust that was melted in a within-plate environment. Trace-element chemistry of zircon, sug-
gests similarities with high-temperature melts (T Zr_ = 900-915°C) similar to A-type granites (high negative Eu/Eu,* and
moderate positive Ce,/Ce, *) from continental sources under reducing conditions.

Keywords: Polvilho; Meta-trachydacite; High-temperature melts; Reducing conditions; Sdo Roque Group.

Resumo

Este trabalho apresenta novos dados geocronologicos in situ das rochas metavulcanicas acidas da sequéncia inferior do Grupo
Sao Roque, Sao Paulo, Brasil, confirmando que esta ¢ mais jovem que as rochas metamorficas de mais alto grau do Gru-
po Serra do Itaberaba. A idade do metatraquidacito do Morro do Polvilho foi estabelecida em 1760 + 17 Ma, com resultados
sugerindo que o vulcanismo bimodal da formagao Boturuna teve magma parental proveniente de uma crosta continental antiga
(Arqueana a Paleoproterozoica), que foi gerado em ambiente intraplaca. A quimica de elementos-trago em zircio sugere seme-
lhangas com magmas de alta temperatura (T Zr_ = 900-915°C) como a de granitos do tipo-A (pronunciada Eu /Eu_* negativa
e moderada Ce /Ce,* positiva), provenientes de fontes continentais geradas em condigdes redutoras.

Palavras-chave: Morro do Polvilho; Metatraquidacito; Magma de alta temperatura; Condi¢des redutoras; Grupo Sao Roque.
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INTRODUCTION

Determining the depositional age of the several metasedimen-
tary sequences that extend for large portions of the Mantiqueira
Province is fundamental to understand its evolution, but it
has been, until recently, a difficult task. Dating by the U-Pb
technique of coeval and/or intrusive metavolcanic rocks and
of detrital zircons from clastic sequences resulted in great
advances in the precise definition of depositional ages, or
at least in constraining them to narrow time intervals (e.g.,
Campanbha et al., 2008, 2015, 2016; Siga Jr. et al., 2011).

As with most other sequences in the Ribeira Belt, the age
of the Sdo Roque Group has been subject of continued debate.
A depositional age of 1395 = 10 Ma was determined for the
Serra do Itaberaba Group based on U-Pb dating of meta-
andesitic rocks from its basal portions (Juliani et al., 2000),
and was distinguished from the Sdo Roque Group, that was
then considered as a post-1.4 Ga sequence, possibly depos-
ited during the Neoproterozoic. U-Pb dating of monazite in
a metabasite from the Pirapora do Bom Jesus region yielded
an age of 628 + 9 Ma (Hackspacher et al., 2000) and rein-
forced this conception. However, a U-Pb TIMS zircon dat-
ing of silicic metavolcanic rocks from the Morro do Polvilho
region indicated a 1790 = 14 Ma age, based on two slightly
discordant zircon fractions (van Schums et al., 1986).

The magmatic character of these metavolcanic rocks was
questioned by Juliani et al. (1997), who interpreted them as metar-
koses; consequently, the age obtained by van Schmus et al. (1986)
was considered as the age of the main source area. However,
field geology and petrography of the Polvilho meta-trachydacite
confirmed its metavolcanic character and its whole-rock chem-
istry indicated a within-plate composition, typical of rift-related
sequences (Henrique-Pinto and Janasi, 2010). Moreover, detri-
tal zircons of typical metarenites associated with the Sao Roque
Group show no zircons younger than 1.75 Ga, which is consis-
tent with an older depositional age (Henrique-Pinto etal., 2015b).

We selected one meta-trachydacite sample (MD-06) col-
lected in the Morro do Polvilho region (attributed to the basal
Boturuna Formation of the Sio Roque Group) to perform a new
geochronological study, using in situ zircon dating by LA-MC-
ICPMS, which is capable of circumventing any problems with
the ID-TIMS method, since it may provide more concordant
results avoiding the presence of inherited core-crystals. This was
preceded by a morphological study of the crystals using cathodo-
luminescence (CL), followed by chemical and Hf isotope deter-
minations in the same crystals, with the objective to character-
ize the source and magmatic affinities of these silicic volcanics.

GEOLOGICAL SETTING

The Apiai-Sao Roque Domain (Campos Neto, 2000) is a tec-
tonic block that includes meta-volcano-sedimentary sequences

metamorphosed to low-to-medium-grade conditions, located
between high-grade metamorphic rocks of the Socorro-Guaxupé
Nappe to the north (interpreted by many authors as related to the
evolution of the southern branch of the Brasilia Fold Belt), and
the Embu Domain to the south (related to the Ribeira Fold Belt).

Within the S3o Roque Domain, at least two mains meta-
supracrustal sequences were recognized, the Sdo Roque and
Serra do Itaberaba groups. The Serra do Itaberaba Group cor-
responds to a high-grade volcano-sedimentary sequence com-
posed mainly of basic to intermediate tuffs, volcanic rocks,
BIF and detrital sediments (Juliani et al., 2000). The Sao
Roque Group has been considered as younger than the Serra
do Itaberaba Group, based on its lower metamorphic grade
and the presence, in metaconglomerates, of clasts of meta-
morphic rocks attributed to the latter (Juliani et al., 2000).

In contrast, the Sdo Roque Group is characterized by a
passive continental margin sequence (Henrique-Pinto et al.,
2015a) with a two main-fold subdivision. The basal units are
characterized by metarkoses interlayered with polymictic
metaconglomerates, meta-quartzarenites and small bodies of
metavolcanic rocks defined as Boturuna Formation (Hasui et al.,
1976), and an upper sequence of meta-mudstones interbedded
with metawackes, which may correspond to rhythmic turbid-
ity deposits (Piragibu Fm; e.g., Juliani and Beljavskis, 1995,
and references therein) (Figure 1). Later works distinguished
the Pirapora do Bom Jesus Formation, composed of MORB-
like tholeiitic metabasalts with pillow-lava structures associ-
ated with pyroclastic rocks and meta-limestones showing well-
preserved stromatolite structures (Bergmann, 1988).

A study of provenance based on U-Pb dating of zircon
in metasandstones and Sm-Nd isotopic data from metamu-
drocks indicated that the Sdo Roque Group received ter-
rigenous contributions derived mainly from old cratonic
areas; no contributions younger than 1.7 Ga were identified
(Henrique-Pinto et al., 2015a, 2015b).

ANALYTICAL METHODS

Petrography and whole-rock chemical analyses were reported in
a previous work (Henrique-Pinto and Janasi, 2010); readers are
referred to that paper for access to data, illustrations and analytical
details. U-Pb and Lu-Hf isotope data were obtained at CPGeo,
Instituto de Geociéncias, Universidade de Sao Paulo, Brazil,
both in a Neptune Laser Ablation Multi Collector Inductively
Coupled Plasma Mass Spectrometer (LA-MC-ICPMS) equipped
with 9 Faraday detectors, 6 multi-ion counting and 1 secondary
electron multiplier. For U-Pb analyses, the laser was operated
at 6 Hz repetition rate and 6 mJ power; spot size was 32 pm.
Two determinations of zircon reference material GJ-1 (estimated
206ph/28U age 0f 599.8 +4.5 Ma) were done for the correction of
U/Pb and Th/U ratios and two determinations of Nist-612 were
used for correction of the 2Pb/?%Pb ratio. For Lu-Hf analyses,
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conditions were 7 Hz, 6 mJ and spot size 47 pm. Present-day
ratios '7°Hf/"77Hf = (0.282772 (CHUR) and 0.283225 (DM);
76Lu/'""Hf = 0.0332 (CHUR) 0.038512 (DM) were used for
calculations of eHf (CHUR values taken from Bichert-Toft and
Albarede, 1997; DM values from Vervoort and Bichert-Toft, 1999).
Double-stage Hf model ages were calculated using 7°Lu/""Hf =
0.015 (Vervoort and Patchett, 1996). The measured values of the
8H{/'""Hf ratio for the GJ-1 reference material were 0.282063
+0.000293 (N =4, 20), in agreement with the recommended
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value (0.282000 £ 0.000004). Further details can be found in
Henrique-Pinto et al. (2015b) and Janasi et al. (2015).
Trace-element analyses of zircon were measured by laser
ablation inductively coupled plasma quadrupole mass spectrom-
eter (LA-Q-ICPMS, Agilent Technologies 7700 series Resolution
M-50) at the Laboratoire des matériaux terrestres (LabMaTer),
Université du Québec a Chicoutimi (UQAC), Canada. External
calibration was performed using the glass standard NIST-610. Zr,
measured independently by EMPA, was used as internal standard.
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Figure 1. Geological Map for part of the Sdo Roque Domain, including the Morro do Polvilho region, NW of Sao Paulo city

(modified from Henrique-Pinto et al., 2014).
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PETROGRAPHY AND GEOCHEMISTRY from Morro do Polvilho are porphyritic with ~10% vol.
OF THE POLVILHO META-TRACHYDACITE deformed 0.5—-1 cm long phenocrysts of sodic plagioclase

(oligoclase) that preserve clear evidence of an original idio-
Interlayered with terrigenous metasedimentary sequence  morphic shape (Figure 2) set in a fine-grained matrix with
from Boturuna Formation, the silicic metavolcanic rocks  small quartz, feldspar and abundant secondary minerals

- B % % e
Qtz: quartz; Bt: biotite; PI: plagioclase; Chl: chlorite; Mt: magnetite.
Figure 2. Representative field occurrences (A and B) and photomicrographs (C and D) of meta-trachydacite from lower
unit of Sao Roque Group (right, crossed polarizers; left, parallel polarizers).
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(mostly white mica, epidote and carbonate). Bulk-rock
analyses of four samples from Henrique-Pinto and Janasi
(2010) indicate relatively homogeneous compositions, with
67-69 wt% SiO, (at the trachydacite field in the TAS dia-
gram), high K, O (up to 5-6 wt%), moderate Na,O (2.2-3.4
wt%), low Mg# (13-23) and dominantly metaluminous
character. High Zr (570-720 ppm) contents are indica-
tive of high magmatic temperatures (T Zr_ = 900-915°C;
model from Watson and Harrison, 1983), within the same
range indicated by apatite saturation (T Ap_, = 870-925°C;

sat

model from Harrison and Watson, 1984).

HV WD det |mag B
15.00 kV[17.0 mm|PMD| 200 x

Figure 3. Cathodoluminescence picture of representative zircon crystals from meta-trachydacite of the Sdo Roque Group.
Red circles indicate the locals of spot-laser from U-Pb dating and yellow circles the spot-laser of Hf isotope analyses.

ZIRCON STRUCTURE BY CL

The small to medium (100 to 200 um) grain size zir-
cons from the meta-trachydacite have euhedral elongated
aspect ratio crystals and dominant oscillatory zoning in
Cathodoluminescence (Figure 3). These features are com-
monly found in zircons derived from hydrous granitic mag-
mas (e.g., Pupin, 1980), contrasting with zircon crystallized
in high-grade metamorphic rocks with typically rounded
shapes and irregular compositional zoning (e.g., Rubatto
et al., 2009).

CPgeo
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Apatite inclusions are common and some crystals
have U-depleted cores surrounded by U-rich overgrows
(Figure 3; grain 4.1), while others show just the oppo-
site feature (Figure 3; grain 1.1). No inherited crystals
were identified, suggesting local co-magmatic composi-
tional changes.

U-PB DATING

Thirteen points were analyzed for U-Pb dating, and the
results are shown in Table 1 and Figure 4. All points
are close to concordia (10 are > 95% concordant),
and no signals of inheritance were found. Using the
routines for weighted average of the 2°’Pb/**Pb ages
from Ludwig (2012), an age of 1765 £ 45 Ma (95%

confidence; internal errors only) is obtained; much lower
uncertainty is obtained when using the Tukey’s biweight
routine, which ignores the assigned errors and weigh
them according to their scatter from the mean (1761 =
14 Ma). A concordia age can be obtained using the 7
most concordant results, and yields a nearly identical
value (1760 = 17 Ma; MSWD = 0.29, probability of
concordance = 0.59; Figure 4).

LU-HF ISOTOPES IN ZIRCON

Lu-Hf isotope determination was made on 11 points pre-
viously dated. Results are presented in Table 2. Since the
grains were large, we could position the 80 um large
points for Lu-Hf analyses avoiding overlapping with the

Table 1. LA-MC-ICPMS U-Pb isotope data for zircons from meta-trachydacite of the Sdo Roque Group.

RATIOS
UTM N
UTME 2408756 207/235 1sigma 206/238 | %" 23806 1 2077206 ' 208/206 '
313394 spot sigma corr igma sigma sigma
MD-06 21 47639 0,688 0321 00048 06 3,153 00461 01076 0,004 02439 00117
MD-06 41 47227 01656 083177 00047 0022 31473 00463 01078 00041 02203 0,0095
MD-06 81 47509 02314 03193 00065 055 3,318 00642 01081 0006 02427 00216
MD-06 74 45879 01202 03089 00033 0,65 32374 00849 01077 00029 02756 0,0103
MD-06 11 46149 0,808 03089 00051 069 3,237 00532 01083 0,047 02271 0,0273
MD-06 102 47739 02496 03069 00071 045 3258 0075 01128 0007 0,1939 0,0152
MD-06 91 46358 01879 03173 00054 0,55 31515 00533 0106 00048 02409 0,0187
MD-06 51 4259 02576 02915 00072 047 34304 00853 0106 00074 0,951 0,0186
MD-06 61 43562 01433 02956 0004 083 38834 00463 01069 00037 02458 0,0099
MD-06 111 44462 0,244 02977 00034 08 3,3596 00388 0,1083 0,0031 02082 0,0071
MD-06 121 45063 0,756 03008 0,049 089 3,3245 00544 01087 0,048 02181 00174
MD-06 31 4636 01544 08064 00043 0,88 32637 00459 01097 00039 02506 0,0115
MD-06 101 39699 02325 0273 00067 091 3,6629 00894 01055 00073 0,145 0,0184
RATIOS AGES

Pb total Conc.
comum  Fprad Th U Th/U  T206/238 1sigma T207/206 1sigma  206/238
% ppm ppm ppm 207/206
0,35 1073 2506 2458 1,019 1795 0,023 176 0,068 101

0 541 137,1 1800 1,047 1779 0,023 1763 0,071 100
2.6 29,8 53,8 69,1 0,779 1786 0,032 1768 0,101 101
0,14 144,1 0883 3379 0853 1785 0016 1761 0,049 98
13,34 37,8 62,8 90,6 0,693 1785 0,025 1772 0,08 97
116 248 32,4 62,7 0,516 1726 0,035 1845 0,113 93
0.6 47,3 86,9 112 0,776 1777 0,026 1731 0,082 102
3,22 20,6 33,4 55,3 0,605 1649 0,036 1731 0,127 95
0,36 60,7 1293 1448 0893 1669 0,02 1747 0,065 95
0,31 761 133 1946 0683 168 0,017 1772 0,053 94
145 30,7 46 79,4 0,579 1605 0,024 1777 0,08 95
0,74 712 1449 1663 0871 1723 0,021 1795 0,065 95
0,44 21,5 04,8 58,4 0,425 1556 0,034 1722 0129 90
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holes previously generated by U-Pb dating, but for the
majority of grains, still in the same morphological zone.
The results are highly uniform, and 10 points have aver-
age "7Hf/'7°Hf = 0.281535 + 0.000030 and '""Lu/!"Hf =
0.00099 £ 0.000099. Corresponding values of ¢Hf at the
magmatic crystallization age (1760 Ma) vary from -4 to
-7, with an average of -5.7 £ 1.1. Hf model ages calcu-
lated for an “average crust” ""Lu/!°Hf = 0.015 (Vervoort
and Patchett, 1996) are 2640-2830 Ma (Figure 5). Point
8.1 has slightly lower 7Hf/'"*Hf and higher '"Lu/'7°Hf,
and corresponding less negative ¢Hf (-1.4) and younger
Hf T, (2475 Ma); it should be noted, however, that the
associated errors in measured ""Hf/'*Hf are about twice
the ones obtained in the remaining analyses.

data-point error ellipses are 2s

1900,
034 MD - 06
Polvilho meta- !
rhyolite
0.32
empty ellipses - rejected
o pty ellips )
]
g 0.30
o]
o
©
=]
N 0.28
" Concordia Age = 1760 £ 17 Ma
0.26 - MSWD (of concordance) = 0.29,
Probability (of concordance) = 0.59
0.24 : — .
238 3.2 3.6 4.0 4.4 4.8 5.2 5.6

207Pb/235U

Figure 4. Concordia diagram of zircons from the Morro do
Polvilho meta-trachydacite.

ZIRCON TRACE ELEMENTS

In situ trace-element analyses by LA-Q-ICPMS were
performed in zircons from the same crystals analyzed
for U-Pb and Lu-Hf. Results are presented in Table 3.
Five determinations have high La contents, which are
accompanied by anomalously high Ba and Sr contents,
and are suggested to correspond to portions affected by
late hydrothermal alterations and/or to have tiny inclu-
sions of other minerals, being excluded from the follow-
ing discussion. The other analyses have quite uniform
behavior in terms of element ratios, although absolute
contents may vary. Average Th/U (0.7) ratio is typical
of magmatic zircons and the U/Yb (0.24) ratio is char-
acteristic of zircons crystallized from magmas derived
from continental sources (Grimes et al., 2007). Rare-earth
elements (REE) patterns are fractionated (Lu/Sm), = 35,
with pronounced negative Eu anomalies (Eu/Eu * =
0.14) and moderate positive Ce anomalies (Ce /Ce * =
5.8), suggesting a crystallization from relatively reduced
magmas. Compared to the REE patterns of zircons from
nearby Neoproterozoic granites (Andrade, 2016), they con-
trast sharply with those of oxidized high-K calc-alkaline
granites, and are similar to those of reduced, fractionated
peraluminous granites with “A-type” signature such as
the Tico-tico leucogranite (Figure 6).

DISCUSSION

The LA-ICPMS U-Pb zircon concordia age of 1760 +
17 Ma obtained for the Polvilho meta-trachydacite in this
study confirms previous determinations by ID-TIMS U-Pb
in two slightly discordant zircon fractions dated by van

Table 2. LA-MC-ICPMS Lu-Hf isotope data for zircons from meta-trachydacite of the Sdo Roque Group.

Grain Age +2se +2se 176Hf/A77Hf Hf T(DM
fomot W 176HINTTHE 0 176LUATTHE - E o EHf(0)  EHf (1) (G(a) )
11 1760  0,281565 24 0,000526 2 0281547 42,69 4,11 0648

2.1 1760  0,281528 08 0,000967 17 0281496 43,98  -5,92 0763

3,1 1760  0,281504 47 0,001048 48 0281469 44,85  -6,90 0825

4,1 1760  0,281521 31 0,000728 13 0281497  -4424  -590 0762

5,1 1760  0,281505 33 0,001066 6 0281469 44,82  -6,88 0824

6,1 1760  0,281497 08 0,000935 4 0281465  -4511 7,02 0832

7.1 1760  0,281534 31 0,000818 7 0281507  -43,77  -5,53 0739

8.1 1760  0,281678 78 0,001607 47 0281624 3870  -1,39 0475

9.1 1760  0,281547 40 0,001382 18 0281500  -43,33  -577 0753
10.1 1760  0,281588 36 0,001071 08 0281552 41,88  -3,94 0637
11.1 1760 0,281563 40 0,001336 o7 0281518 42,77  -5,15 2714
average 0,281548 38 0,001044 20 0281513 4329 532 0725

1 sigma 0,000052 15 0,000309 16 0,000047 1,8 1,7 105
Geol. USP, Sér. cient., Séo Paulo, v. 18, n. 2, p. 45-56, Junho 2018 -51 -
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Schums et al. (1986) and defines the age of deposition
of the associated metaconglomerate-metarkose sequence
of the Sdo Roque Group. Field evidence favors an origin as
rhyolitic deposits of effusive or pyroclastic nature interlay-
ered with metaconglomerates bearing granite pebbles dated
at 2.2 Ga (Henrique-Pinto et al., 2012). As direct observa-
tion of contacts is not possible, the alternative interpretation
that the rhyolites are concordant intrusive bodies cannot
be totally ruled out. In this case, the 1.76 Ga age would
constitute an upper limit for deposition of the metasedi-
mentary sequence. The presence of detrital zircons with
similar age in the associated metarenites and metarkoses
(Henrique-Pinto et al., 2015b), constrains the lower limit
of deposition to be close to the upper limit, and therefore
the meta-trachydacite U-Pb zircon age is also conclusively
dating the depositional age at least to the basal units of the
sequence (Boturuna Formation).

The Polvilho meta-trachydacite zircons have slightly
negative ¢Hf(t), indicating that the parent melts had a crustal
component. These values are on average less negative than
the detrital zircons of the same age found in the associated
metasedimentary sources [author’s unpublished data; see

Polvilho zircon x Neoproterozoic granites

10000.0

1000.0

100.0

10.0

1.0

0.1
la Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

—@—Tico-tico ==@==Polvilho —O—Taipas

Figure 6. Chondrite-normalized REE patterns of the
median of 11 analyses of zircon from the Morro do Polvilho
meta-trachydacite (this work) compared to typical high-K
calc-alkaline (Taipas) and fractionated “A-type” (Tico-tico)
Neoproterozoic granites from the Sdo Roque Domain (data
from Andrade, 2016).
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Table 3. Representative trace element LA-ICPMS analyses of zircons from meta-trachydacite of the Sdo Roque Group.

ppm Si Zr Hf Ba Sr Na Mg Al P Sc Fe Ga Y Nb Ta Th U

MO0 161802 478980 9026 0,48 1,04 24.4 344 735 117 629 107 085 1137 236 101 380 812
MI0% 164757 4sta77 8558 001 090 387 12 478 169 631 872 035 993 234 106 384 645
Mo 165285 472781 9026 0,19 0,87 97 26 205 105 659 430 015 583 21,2 091 239 554
MO0 164280 480073 8357 0,96 205 53 167 444 673 683 134 282 1705 240 204 114 148
MO0 153773 476124 8780 7.64 1,77 621 26 649 244 616 215 296 678 249 1,04 299 50,1
MO 162847 480000 8629 3,34 1,14 215 44 138 134 612 872 057 1495 218 1,02 529 700
NOO% 160037 475647 8816 0,16 2,15 128 54 497 219 638 592 126 3243 285 3,10 251 283
M09 162847 472804 8305 0,10 1,96 134 21,0 435 516 619 750 181 2869 238 181 110 140
M20% 163304 486630 12084 1,72 363 118 158 812 405 637 134 806 4136 41,5 842 1098 615
MO 170488 458932 8501 043 076 62 55 173 181 591 449 034 793 222 1,19 822 592
MO0 144200 453201 8491 0,36 0,99 123 29 240 222 588 535 057 1514 240 154 941 106
M2 150504 482810 8477 0,18 098 53 1.6 178 160 619 306 046 1189 224 106 463 622
0% 150082 475160 8658 0,19 0,98 84 1,0 258 140 632 872 038 1256 240 1,08 492 688
MO00" 160087 484720 9360 2,39 132 334 716 210 138 607 210 076 1605 239 120 726 114
MO0O" 150341 498704 8262 082 148 74 73 258 242 635 387 060 2679 224 174 117 136
VP00 149063 484720 8200 0,11 142 205 29 180 168 614 387 072 1987 21,7 125 793 950
ppm _La__Ce Pr _Nd Sm Eu Gd Tb Dy Ho Er _Tm Yb Lu

MO0 007 536 019 218 592 062202 9,17 113 39,78 168 360 844 488

MO0 062 626 028 820 478 051 255 840 984 3500 144 202 278 895

MO 004 866 013 143 248 051 144 521 61,6 2125 898 214 185 254

MO 201 525 669 887 17,7 1,86 61,1 160 177 61,13 243 492 439 597

MO 248 492 489 201 525 049 178 540 62,1 2264 979 212 190 27.9

MO 081 628 051 7,59 1160 129 487 149 166 5482 213 432 377 538

WO 013 206 064 1122 194 072 102 323 355 1203 468 958 786 110

VOO 6e9 253 287 267 21,0 191 821 24,1 267 88,83 345 68,1 574 818

MO 812 669 181 129 187 081 916 830 425 1533 644 1457 1270 202

MO0 004 496 006 1,84 248 0,35 199 6,64 7402670 111 231 243 842

MO0 021 941 027 568 9,26 0,64 482 150 161 53,96 280 444 872 579

MO 013 597 086 544 812 096 87,2 116 128 4394 179 364 820 47.9

oo 022 592 083 580 893 104 406 122 143 4871 193 40,1 352 51,1

MO0 053 960 068 7.69 114 1,02 492 148 170 57,12 241 477 444 603

MPOO 462 119 1,82 18,1 184 147 855 257 200 98,90 385 742 619 93,6

VD09 029 969 052 960 188 150 70,7 20,9 220 73,07 287 557 488 720
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also Janasi et al. (2015)], suggesting that the parent melt
derived from a source with lower crustal residence or that
a “juvenile” component was added to the source, generat-
ing the detrital zircons.

The trace-element chemistry of the zircon is very
characteristic of magmas generated from crustal sources
and, together with the whole-rock chemistry, is consistent
with generation in a within-plate tectonic setting, as it has
clear similarities with high-temperature A-type granites of
reduced character, as indicated by pronounced negative Eu
anomalies (average Eu /Eu* = 0.14) and moderate posi-
tive Ce anomalies.

These results are in accordance with those by Henrique-
Pinto et al. (2015a, 2015b), which suggested an intraplate
environment for the lower Boturuna Formation, deposited
in the Statherian with sources in an old cratonic region.
However, the age of other units from the Sdo Roque
Domain remains to be established through precise dating
by modern techniques. It seems particularly important
to define the stratigraphic status of the Pirapora do Bom
Jesus Formation, interpreted by some authors as part of a
Neoproterozoic back-arc basin (e.g., Hackspacher et al.,
2000) or as an ophiolite slice, in view of the important vol-
ume of mafic magmatic rocks with pillow lavas, MORB-
type chemistry and association with magnetite/chromite-
talc schists (Tassinari et al., 2001).

CONCLUSIONS

The age of the Polvilho meta-trachydacite was firmly
established at 1760 + 17 Ma, and dates the deposition of
the lower terrigenous-metavolcanic Boturuna Formation
of the Sdo Roque Group, confirming that it is older than the
higher-metamorphic grade sequences of the neighboring
Serra do Itaberaba Group. The Hf isotope signature and
chemistry of the zircons indicates that the parent melts
derive from old continental crust. This crust was melted
in a within-plate environment, as indicated by the bimodal
character of volcanism, whole-rock chemistry and trace-
element chemistry of zircon, typical of high-temperature
melts (e.g., zircon saturation temperatures ~ 900°C) derived
from continental sources under reducing conditions.
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