Journal of South American Earth Sciences 90 (2019) 54-69

Contents lists available at ScienceDirect

Earth Sciences

Journal of South American Earth Sciences

journal homepage: www.elsevier.com/locate/jsames

Isotopic and geochemical characterization of the metavolcano-sedimentary = R)

rocks of the Jirau do Ponciano Dome: A structural window to a Spdtes’
Paleoproterozoic continental arc root within the Southern Borborema

Province, Northeast Brazil

Haroldo M. Lima®*, Méarcio M. Pimentel™, Lauro Cézar M. de Lira Santos®, Elton L. Dantas”

2 Universidade Federal do Ceard, Campus do Pici, 912, CEP 60440-554, Fortaleza, Ceard, Brazil
bPrograma de Pés-graduagdo em Geologia, Universidade de Brasilia, Campus Universitdrio Darcy Ribeiro ICC, Asa Central, CEP 70919-970, Brasilia, DF, Brazil
¢ Universidade Federal de Pernambuco, Departamento de Geologia, Av. da Arquitetura, Cidade Universitdria, CEP 50740-540, Recife, PE, Brazil

ARTICLE INFO ABSTRACT

The Sergipano Fold Belt is a Neoproterozoic orogen exposed in the southern Borborema Province (Northeast
Brazil), which is interpreted as the result of the oblique convergence process between the Sdo Francisco-Congo
block and smaller crustal fragments. The Nicolau-Campo Grande Complex is the metavolcanic-sedimentary
portion of the Jirau do Ponciano Dome, an important basement inlier within this collisional belt. Whole-rock-
geochemical major and trace-element data of major and trace elements from the metavolcanic rocks of the
Nicolau-Campo Grande Complex indicate basaltic-andesite, andesitic, rhyodacitic, and rhyolitic compositions.
Rare earth element and trace elements show the typical signature of magmatic arc rocks with negative Nb, Ta, P,
and Ti anomalies. New U-Pb zircon data from amphibolite and hornblende-biotite paragneiss samples from the
complex confirm the existence of a Paleoproterozoic zircon population of a Paleoproterozoic age of approxi-
mately ca. 2054 Ma with Archean inheritance ranging in age between 2779 and 3324 Ma. A maximum sedi-
mentation age of 2028 Ma is constrained by the youngest zircon grain in the hornblende-biotite paragneiss.
Zircon U-Pb data from the metarhyolite and rhyodacites indicate Paleoproterozoic ages of ca. 2061 and 2074 Ma,
respectively, interpreted as their crystallization age. Nd isotopic data in the metarhyolite and rhyodacites in-
dicate Nd Tpy, ages between 2.54 and 3.07 Ga and 7Sr/%6Sr (3061ma) Values from 0.71396 to 0.72351. Based on
these data, we suggest that the probable source area of the metavolcanic-sedimentary complex is a
Paleoproterozoic magmatic arc that was exhumed and covered by the paleobasins of the Macururé Domain in the
northeast portion of the Sergipano Fold Belt.
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1. Introduction

The understanding of the formation and significance of gneissic-
migmatitic domes is a prerequisite to investigate the roots of con-
tinental arcs as well as crust melting processes during convergent plate
motions (Burg et al., 2004). Collisional tectonics are characterized by
intense crustal growth and reworking in response to deformation, me-
tamorphism, and magmatism (Whitney et al., 2004) followed by crustal
exhumation that might expose ancient high-grade rocks from the
middle-lower crust through structural windows, such as dome struc-
tures (Yin, 2004). In the southern Borborema Province (BP), Northeast
Brazil, metavolcanic-sedimentary sequences are grouped in the
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Sergipano Fold Belt, which consists of a Brasiliano/Pan-African colli-
sional orogen that resulted from the oblique convergence between the
S3o Francisco Craton and smaller crustal fragments (Oliveira et al.,
2010; Lima et al., 2018).

Basement rocks within the belt are exposed in the Jirau do
Ponciano, Itabaiana, and Simdo Dias domes, which are partially cov-
ered by supracrustal rocks (Amorim, 1995; D'el Rey Silva and McClay,
1995; D'el Rey Silva, 1999; Oliveira et al., 2015). The Jirau do Ponciano
Dome (JPD) represents an inverted anticline and consists mainly of
tonalite to granodiorite high-grade orthogneisses interleaved with me-
tavolcanic-sedimentary rocks of the Nicolau-Campo Grande Complex
(NCCG; Brito and Mendes, 2011, Fig. 1a). This dome is confined by
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Fig. 1. a) Schematic map of Borborema Province showing the three sub-provinces with emphasis on the Sergipano Fold Belt (modified from Brito Neves et al., 2000).
b) Map of the Sergipano Fold Belt showing the main Paleoproterozoic gneiss domes (modified from D'el-Rey Silva, 1999; Oliveira et al., 2010, 2015).

thrust faults that are interpreted as being responsible for its uplift and
exposure. Supracrustal rocks of the NCGC consist of metapelitic to
metapsammitic rocks as well as felsic, intermediate, and mafic meta-
volcanic members.

The genetic relationship between this and other domes of the
Sergipano Fold Belt, which also host supracrustal sequences, as well as
their significance to the BP origin remain poorly understood, except for
studies at a very regional scale (e.g., D'el Rey Silva, 1999; Oliveira et al.,
2010, 2015). In this work, whole rock geochemical, Nd-Sr isotopic, and
U-Pb geochronologic data are presented for the NCGC metavolcanic
rocks. The provenance of the metasedimentary rocks of this sequence is
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also discussed. The results include clues on the nature, age, and tectonic
setting of pre-Borborema crustal evolution as well as insights on the
nature of the basement domains of Western Gondwana, as the supra-
crustal sequences associated with the gneissic domes represent unique
structural window exposures to investigate the early crust of the Neo-
proterozoic mobile belts. Lastly, the definitions of NGCC geochemical
and geochronological parameters are compared to other abundant
Transamazonian-Eburnean (2.0-2.2Ga) supracrustal sequences of
Northeast Brazil and West Africa to contribute to our knowledge of the
Gondwana basement evolution.
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Fig. 2. Simplified geological map of the Jirau do Ponciano Dome displaying the Nicolau-Campo Grande Complex and location of zircon U-Pb Geochronology samples.

2. Geological setting

The BP represents a complex Neoproterozoic orogenic system
characterized by crustal rocks of the Archean-Paleoproterozoic base-
ment, covered by Meso-to Neoproterozoic sequences that are largely
intruded by numerous granitic plutons (Almeida et al., 1981; Brito
Neves et al., 2000, 2014). Its tectonic framework is interpreted to be a
result of a crustal collage that formed during the assembly of Western
Gondwana during the early to late Neoproterozoic (Brito Neves et al.,
1995; Santos, 1995; Santos et al., 2010, 2017, 2018). Intracontinental
inverted rifts that occurred at ca. 640-630 Ma are also a possible in-
terpretation for BP evolution (Neves et al., 2015). The province com-
prises three sub-provinces bounded by the Patos and Pernambuco
lineaments: northern, central, and southern (Van Schmus et al., 1995,
2011; Brito Neves et al., 2014; see Fig. 1a).

In the southern sub-province, the Sergipano Fold Belt is interpreted
as a Brasiliano/Pan-African collisional orogen, formed by the oblique
collision of the Sdo Francisco Craton and the Pernambuco-Alagoas
Domain (D'el Rey Silva, 1999; Oliveira et al., 2010; Lima et al., 2017;
see Fig. 1b). Nevertheless, the crustal boundary between the Sergipano
Fold Belt and the Pernambuco-Alagoas domain remains unclear. The
Sergipano Fold Belt includes five lithotectonic domains from south to
north as follows: Estincia, Vaza-Barris, Macururé, Marancé-Poco Re-
dondo, and Canindé (Oliveira et al., 2006, Fig. 1b). They are composed
of Neoproterozoic metavolcanic and metasedimentary sequences;
granitic intrusions; and three major exposed gneiss-migmatite domes:
Simdo Dias and Itabaiana in the Vaza Barris Domain and Jirau do
Ponciano in the Macururé Domain (Santos et al., 1998; D'el Rey Silva,
1999, Fig. 1b).

The Sim&o Dias and Itabaiana domes are interpreted as uplifts of the
Sao Francisco Craton basement to the north (D'el-Rey Silva and McClay,
1995; Oliveira et al., 2015; Lima et al., 2018). However, the tectonic
link between the craton and the Jirau do Ponciano Dome (JPD) has not
yet been proven and its significance for the Southern BP evolution re-
mains unknown.

Local structural studies suggest that rocks from Jirau do Ponciano
Dome form a large-scale anticline with an E-W axis, slightly inflecting
to the NW-SE with the axial surface dipping to the S/SW (Brito and
Mendes, 2011). The dome has an elliptical form, outcropping within the
Neoproterozoic Macururé Domain. Isotope data from the dome is scarce
and inconclusive. Early geochronological determinations obtained by
the Rb-Sr method for the orthogneisses of the JPD suggest a 2500-Ma
crystallization age of the rock protolith (Amorim et al., 1993). Such
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studies suggest that the major gneisses corresponds to a typical TTG
association, corresponding to part of the basement of the Sergipano
Fold Belt.

The dome is mainly composed of gray orthogneisses with granitic,
granodioritic, and tonalitic protolith compositions. In addition, these
rocks show a variety of migmatitic structures on well-developed me-
tatexites, including stromatic to strongly folded fabrics. Such rocks
compose the major core, which is surrounded and partially covered by
the NCGC supracrustal rocks that form slightly to highly deformed
metapelitic and metapsammitic members as well as metavolcanic li-
thotypes, the main focus of this study (Fig. 2).

3. Field aspects

The NCGC consists of metasedimentary members dominated by
hornblende-biotite paragneisses, biotite schists, biotite-chlorite schists,
quartzites, and minor biotitites in addition to metavolcanic rocks re-
presented by metarhyolites-rhyodacites and amphibolites. These rocks
cross-cut and surround tonalitic and granodioritic gneisses of the JPD.
Elongated xenoliths of these metaplutonic rocks may occur in deformed
volcanoclastic rocks of the NCGC, indicating that they must be older
than the rocks from the studied supracrustal sequence.

The hornblende-biotite paragneisses are medium-to fine-grained
and show discrete banding, alternating between mafic bands consisting
of hornblende and biotite and quartz-feldspar felsic bands or even
showing mylonitic structure (Fig. 3a and b). The biotite-chlorite schists
occur as interleaved lenses in the hornblende-biotite paragneisses and
are intensely deformed and weathered showing centimetric plagioclase
segregations (Fig. 3c).

Quartzite subordinately occurs, forming metric lenses interleaved
with biotite-chlorite schists. These rocks show some hematite con-
centrations, whereas biotites are restricted and associated with local
low-angle shear zones resulting from an anomalous concentration of
secondary biotite. Biotites might also be characterized by punctual
occurrences of phlogopite lamellae, suggesting metasomatic processes
in the region (Fig. 3d).

Metarhyolite and metarhyodacite members are leucocratic and
occur as metric sheets, showing variable stages of ductile deformation.
They show strong foliation near the low-angle shear zones (Fig. 3e), as
well as slightly blue quartz phenocrysts in a fine-grained matrix of
quartz, feldspar, and biotite. The amphibolites are mostly mesocratic,
deformed, and weathered, occurring interleaved with schists and
paragneisses (Fig. 3f). Their foliated structure is marked by the
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Fig. 3. Field features of the Nicolau-Campo Grande metavolcano-sedimentary complex: a) Banded hornblende-biotite paragneiss and deformed intensely in high-
angle tectonics with southern dip b) Folded hornblende-biotite paragneiss with incipient migmatization in low-angle shear zone. c) Biotite-chlorite schist deformed in
strike-slip shear zone. d) Biotitite. €) Metarhyodacite showing low-angle foliation dipping 35° to the south. f) Amphibolite lens interleaved in biotite schists.

orientation of amphiboles and segregation of plagioclase constituting
centimetric felsic bands and minor venules with concentrations of
biotite cross-cutting the main rock structure.

3.1. Petrography

3.1.1. Metasedimentary rocks

Samples of hornblende-biotite paragneisses show a medium-to fine-
grained granoblastic texture, and consist of quartz (40%), potassium
feldspar (5-20%), plagioclase (10-25%), hornblende (15-30%), biotite
(20-25%), chlorite (2-10%), apatite (1-2%), sillimanite (1-5%), and
minor zircon and opaque grains (1%). The quartz crystals show grain
border migration-type recrystallization and undulating extinction and
form 0.5-2-mm ribbons oriented along the foliation. Subhedral 1-3-
mm-long hornblende crystals are commonly altered to biotite and
chlorite. Plagioclase crystals are 1-2 mm in length and show deforma-
tion and undulose extinction. Potassium feldspar is represented by
microcline and occurs as 2-5-mm-long rotated porphyroclasts.
Subhedral biotite lamellae with opaque inclusions are oriented along
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the regional foliation and rarely show equilibrium texture with the
amphibole.

Biotite schists and biotite-chlorite schists correspond to the medium-
grained rocks, showing a lepidoblastic texture, and are composed of
quartz (40-55%), plagioclase (40-50%), chlorite (20-25%), biotite
(30%), sillimanite (5%), and accessory minerals such as zircon and
opaque minerals (1%) and to lesser extent garnet, muscovite, apatite,
and monazite (< 5%). In these rocks, probable hydrothermal alteration
led to the formation of plagioclase and biotite venules cutting through
the schistosity (Fig. 4a). The biotitization process is confirmed by the
presence of secondary biotite comprising more than 95% of the rock
(Fig. 4b). Quartzite shows modal composition including quartz (95%)
and muscovite (5-10%). Some samples contain up to 2% hematite.

3.1.2. Metavolcanic rocks

The metarhyolites and metarhyodacites are composed of anhedral
quartz (35-40%), subhedral to anhedral (25-40%) plagioclase, sub-
hedral to anhedral potassium feldspar (30-40%), subhedral biotite
(1%), and anhedral chlorite (1%). Opaque minerals and sericite are
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Fig. 4. Mineralogical features and textures of metavolcanic and metasedimentary rocks: a) Biotite-chlorite schist showing plagioclase and chlorite crystals. b)
Biotitite with ductile deformation of biotite and some opaque minerals. ¢c) Metarhyolite with inequigranular, granoblastic texture and dominant plagioclase and
quartz. d) Metarhyolite exhibiting subhedral to euhedral biotite in quartz-feldspar matrix. e) Amphibolite texture with venules of biotitization cutting hornblende and
plagioclase. f) Banded amphibolite with alteration of hornblende to biotite. Qz-quartz, Bt-biotite, Pl-plagioclase, Hbl-hornblende, Chl-chlorite, Phl-phlogopite.

Table 1
Composition of major elements (wt %) in intermediate to acidic metavolcanic rocks and amphibolites from Nicolau-Campo Grande Complex (NCGC).

Sample Metarhyolite-metarhyodacites Amphibolite (basaltic andesite and andesite)

NCG16 NCG17 NCG18 NCG19 NCG20 NCG21 NCG22 NCG28 NCG3 NCG4 NCG5 NCG6 NCG7 NCG8 NCG9 NCG10 NCGI1 NCG12

SiO, 74.6 76.1 75.2 76.1 75.6 73.7 74.9 74.7 53.4 542 57.7 50.4 51.5 514 53 53.5 51.8 51.2
TiO, 0.17 0.13 0.15 0.12 0.17 0.14 0.14 0.16 0.8 0.79  0.79 0.99 098 092 1.01 0.97 0.92 0.92
Al,O3 14.5 14.1 14.8 1415 148 14.1 13.55 14.7 13.8 1315 1295 134 137 137 13.85 1405 13.65 13.65
Fe,O5(total)  1.41 1.15 1.15 1.11 1.4 1.2 1.13 1.19 11.85 114 11.35 13.15 134 132 131 1295 126 13
MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.12 012 0.12 0.15 015 0.15 0.13 0.13 0.13 0.14
MgO 0.43 0.34 0.28 0.32 0.43 0.26 0.26 0.29 477 494 49 5.7 5.85 573 581 5.75 5.6 5.69
CaO 2.11 2.03 2.01 2 2.13 1.93 1.83 1.99 6.5 6.73  6.69 8.06 823 7.83 842 8.06 7.78 7.62
NaO 4.9 4.48 5.07 4.47 5.02 4.86 4.67 5.06 2.6 2,66  2.64 236 243 247 258 2.68 2.63 2.52
K,0 1.19 1.78 2.16 1.79 1.12 2.06 1.98 2.18 039 04 0.39 043 045 041 041 0.39 0.37 0.4
P05 N.d N.d 0.17 N.d N.d 0.19 0.18 0.17 0.04 0.08 0.06 0.09 0.1 0.1 0.1 0.11 0.11 0.09
LOI 0.92 0.8 0.58 0.89 0.93 0.47 0.52 0.54 372 393 3.66 342 341 331 3.12 3.17 3.18 3.35
Total 99.32  100.12 100.83 100.07 100.68 98.26 98.47 100.29 98 98.4 101.25 98.15 100.2 99.22 101.53 101.76 98.77  98.58
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Composition of trace and rare earths elements (ppm) of metavolcanic rocks from Nicolau-Campo Grande Complex (NCGC).
N.d.-No detected. * REE normalized for the primitive mantle of McDonough and Sun (1995).

Sample Metarhyolite-metarhyodacites Amphibolite (basaltic andesite and andesite)
NCG16 NCG17 NCG18 NCG19 NCG20 NCG21 NCG22 NCG28 NCG3 NCG4 NCG5 NCG6 NCG7 NCG8 NCG9 NCG10 NCGll NCG12
Sc 2 2 1 2 2 1 1 1 31 32 31 40 40 41 39 39 40 42
A% 19 23 14 19 17 14 15 16 224 227 218 264 259 267 226 224 237 277
Cr 10 10 10 10 10 10 20 10 260 250 240 180 190 190 160 160 170 190
Co 28 38 21 37 28 33 32 21 42 43 42 48 46 48 56 54 55 51
Li 10 N.d 10 10 10 10 10 10 N.d N.d N.d N.d N.d N.d N.d N.d N.d N.d
Mo 0.43 0.34 0.28 0.32 0.43 0.26 0.26 0.29 4.77 4.94 4.9 5.7 5.85 5.73 5.81 5.75 5.6 5.69
Ni 3 3 2 3 4 4 2 2 88 91 92 106 105 108 99 98 100 112
Cu 4 6 13 4 6 17 17 13 54 56 56 51 50 51 61 60 62 54
Zn 12 12 14 10 12 15 15 14 122 125 124 135 137 137 141 141 141 145
Ga 17.6 16.1 21.1 16 17.6 21 21.5 20.2 231 227 233 214 211 208 204 209 22 20.2
Rb 35.6 35.2 60.1 35 34.8 61.4 58.2 58.1 4.7 4.5 4.4 2.5 2.7 2.5 2.1 21 2.3 2.4
Sn 1 2 3 1 2 3 3 3 2 2 3 2 2 2 2 3 2 2
Sr 299 240 272 241 300 269 264 256 211 212 217 193.5 203 191.5 184.5 188 196 192
w 223 328 179 324 221 290 282 187 40 44 40 32 32 32 64 64 66 32
Zr 97 132 96 117 187 85 81 94 155 146 154 100 75 88 129 131 138 85
Nb 11.1 5.2 6.3 5.3 11.2 6.1 5.8 6 29.2 27.2 30.1 245 26.9 25,3 42,1 42,2 39,2 24,9
Cs 1,6 1,43 2,35 1,45 1,71 2,26 2 2,14 014 018 016 006 011 017 021 0,22 0,2 0,03
Ba 445 608 574 603 446 557 523 543 240 248 247 208 219 228 145,5 148 149 202
La 30.5 37.8 23.5 39.2 32.1 22.7 21.1 21.2 15.5 15.5 15.4 9.9 12 12 14.5 15.4 15.9 11.4
Ce 43.4 54.6 46.9 53.3 44.6 44.4 43.9 415 233 237 251 154 178 183 212 219 22.5 16.9
Pr 4.69 5.64 5.34 5.79 4.7 5.19 4.57 4.7 3.21 3.28 3.38 2.44 3 2.99 3.43 3.6 3.62 2.94
Nd 14.3 16.8 18.7 16.8 14.2 17.8 18.5 17.1 15.4 16 15.6 11.9 121 13.2 14.1 15.4 16.3 12.1
Sm 2.25 2.49 3.92 2.53 2.29 3.95 4.03 3.69 4.28 4.21 4.89 3.2 3.74 3.66 4.93 4.73 4.78 3.33
Eu 0.64 0.69 0.52 0.66 0.65 0.5 0.57 0.51 1.31 1.33 1.28 1.22 1.18 1.22 1.39 1.39 1.48 1.09
Gd 1.63 1.96 2.55 2.19 1.77 2.72 2.87 2.82 5.94 5.58 5.64 5 5.15 4.96 5.9 5.66 6.56 4.63
Tb 0.28 0.31 0.3 0.3 0.28 0.33 0.33 0.35 1.01 1.02 0.99 0.91 0.98 0.89 1.11 1.16 1.11 0.84
Dy 1.28 1.44 1.55 1.57 1.46 1.82 1.58 1.66 6.65 625 6.1 5.6 581 598 737 7.44 7.15 5.42
Ho 0.26 0.29 0.33 0.29 0.32 0.33 0.32 0.37 1.27 1.27 1.31 1.14 1.35 1.35 1.6 1.54 1.7 1.27
Er 0.64 0.76 0.91 0.79 0.77 0.91 1.01 1 3.85 3.84 3.83 3.31 3.73 3.9 4.37 4.39 4.66 3.58
Tm 0.13 0.1 0.14 0.11 0.14 0.16 0.2 0.13 057 055 054 048 056 054 061 0.67 0.64 0.49
Yb 0.6 0.7 0.96 0.67 0.84 1.08 0.79 0.83 3.54 3.4 3.53 3.19 3.45 3.49 4.22 4.13 4.24 3.35
Lu 0.1 0.12 0.13 0.1 0.13 0.17 0.16 0.19 0.5 0.45 0.45 0.47 0.53 0.52 0.54 0.6 0.62 0.45
Y 5.9 7.7 9.9 7.8 8 10 9.5 9.7 36.5 36 36.5 309 337 31.8 387 392 39.3 30.8
Hf 3 4.1 3.2 3.6 5.7 3 3.1 3.4 4.6 4.3 4.5 3.1 2.4 2.8 3.9 3.7 3.7 2.5
Ta 0.4 0.4 0.7 0.4 0.3 0.9 0.8 0.7 0.5 0.4 0.4 0.3 0.3 0.3 0.4 0.5 0.5 0.3
Pb 20 27 14 24 24 13 11 13 5 9 N.d 5 2 N.d 3 6 N.d N.d
Th 8.95 17.55 1265 17.65 8.97 121 13.3 11.7 1.06 1.04 1.01 059 059 054 064 0.67 0.73 0.51
1) 0.48 0.77 2.42 0.76 0.92 2.38 2.51 2.2 0.2 0.19 0.18 0.16 0.16 0.18 0.23 0.24 0.26 0.11
>REE 100 123 105 124 104 102 99 96 86 86 88 64 71 73 85 88 91 67
EwEu*  1.02 0.95 0.50 0.86 0.99 0.47 0.51 0.48 079 084 074 093 082 087 079 0.82 0.81 0.85
(La/Yb)y  34.59 36.75 16.66 39.82 26.01 14.30 18.18 17.38 2.98 3.10 2.97 211 2.37 2.34 2.34 2.54 2.55 2.32
(La/Sm)y 8.49 9.51 3.76 9.71 8.78 3.60 3.28 3.60 2.27 2.31 1.97 1.94 2.01 2.05 1.84 2.04 2.08 2.14
subordinate. Quartz crystals have dimensions of approximately In general, these rocks present a texture ranging from nematoblastic

1-2 mm, with subgrain formation and dynamic recrystallization (Fig. 4c
and d). Potassium feldspar shows dimensions of approximately 1 mm
and sericitization to white mica. Plagioclase is abundant only in some
samples and ranges in size between 0.2 and 1 mm in diameter with
intense deformation and formation of irregular subgrains. It shows in-
clusions of biotite, zircon, and opaque minerals. The biotite lamellae
are approximately 1-2mm in thickness and occur scattered in the
quartz-feldspar matrix parallel to the rock foliation (Fig. 4d). The mi-
neralogic composition is quite similar to the rhyolitic member; how-
ever, the textures were modified because of the intense deformation
related to regional shear zones.

The modal composition of the amphibolites is defined by anhedral
to subhedral hornblende (75-90%), anhedral to subhedral plagioclase
(20-30%), subhedral biotite (5%), anhedral chlorite, zircon (1%),
opaque minerals (1%), and small amounts of anhedral quartz in a few
samples (2-5%). The 0.5-1 mm-long hornblende crystals show irregular
edges, altered to chlorite and biotite. Plagioclase grains are approxi-
mately 0.5-2mm in length, deformed, and fractured. Biotite and
chlorite are mainly secondary minerals. The rocks are strongly de-
formed, thus the original texture has been largely obliterated.
Nevertheless, relict clinopyroxene, hornblende, and plagioclase mi-
nerals suggest an original basaltic composition.
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to nematogranoblastic and may show alternating mafic (hornblende
and biotite) and felsic bands (plagioclase). The foliation is cut by late
veins of secondary biotite resulting from alteration observed along the
amphibole cleavages (Fig. 4e and f).

4. Analytical procedures
4.1. Whole-rock geochemistry

Eighteen representative samples of metavolcanic rocks (8 me-
tarhyolites with rhyodacite and 10 amphibolites) from the NCGC were
prepared for whole-rock geochemistry. The samples were crushed at the
Geochronology Laboratory of the University of Brasilia and sent to the
ALS Minerals Laboratory in Lima, Peru, for chemical analysis of major
and trace elements, including rare earth elements. Major, trace, and
rare earth elements were analyzed using inductively coupled plasma
atomic emission spectroscopy (ICP-AES) with a detection limit of 0.01%
and inductively coupled plasma mass spectrometer (ICP-MS) with a
detection limit between 0.01 and 0.5 ppm after lithium metaborate/
tetraborate fusion and digestion in nitric acid. The loss on ignition (LOI)
was determined by the weight difference in the sample before and after
heating at 1000 °C for approximately 1 h. Co, Cu, Li, Mo, Ni, Pb, Sc, and
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Table 3

Zircon U-Pb of NCG 07 (amphibolite sample) from LA-ICP-MS.
Grain Isotope ratio Age
Spot

207pb/20%ph  + (10) 2Pb/**°U =+ (10) 2°°Pb/*?*’U =+ (10) 2Pb/?°Pb =+ (10) 2°7Pb/*°U =+ (10) 2°°Pb/**®U =+ (10) Rho Th/U Conc. (%)

051-ZR28 0.12700 0.44 6.401 1.01 0.3655 0.83 2057 16 2032 18 2008 29 0.82 0.284 97.6
045-ZR23 0.13145 1.01 6.902 1.74 0.3808 1.36 2117 35 2099 31 2080 48 0.79 0.815 98.2
039-ZR19 0.13200 1.29 6.659 1.81 0.3659 1.22 2125 45 2067 32 2010 42 0.67 0.374 94.6
030-ZR14B 0,13100 1,58 6719 1,96 0,3719 1,10 2111 55 2075 34 2039 39 0,56 0,324 96,5
015-ZR5B  0,12659 0,38 6282 0,92 0,3599 0,75 2051 13 2016 16 1982 26 0,82 0,650 96,6
010-ZR5 0,12900 0,89 6505 1,43 0,3657 1,05 2084 31 2047 25 2009 36 0,74 0,041 96,4
028-ZR13B 0,12765 0,44 6996 0,97 0,3975 0,78 2066 16 2111 17 2157 29 0,81 0,463 104,4
041-ZR21 0,17661 1,27 10,392 3,14 0,4267 2,85 2621 42 2470 57 2291 110 0,91 0,080 87,4
040-ZR20 0,19170 0,63 12,752 1,06 0,4824 0,77 2757 21 2661 20 2538 32 0,73 0,151 92,1
020-ZR9B 0,19441 0,45 13,001 0,93 0,4850 0,72 2780 15 2680 17 2549 30 0,78 0,097 91,7
018-ZR8 0.18171 0.73 11.089 1.84 0.4426 1.65 2669 24 2531 34 2362 65 0.90 0.212 88.5
009-ZR4B  0.20172 0.78 14.608 1.99 0.5252 1.79 2840 25 2790 37 2721 79 0.90 0.080 95.8
007-ZR3 0.17788 0.38 10.814 0.85 0.4409 0.67 2633 13 2507 16 2355 26 0.78 0.163 89.4
016-ZR6 0.19396 0.43 13.188 1.03 0.4931 0.85 2776 14 2693 19 2584 36 0.83 0.167 93.1
052-ZR29 0.22490 0.47 16.124 1.22 0.5199 1.07 3016 15 2884 23 2699 47 0.87 0.125 89.5
031-ZR15 0.21806 0.86 14.182 2.58 0.4717 2.40 2966 28 2762 48 2491 929 0.93 0.298 84.0
027-ZR13N 0.21372 0.68 11.518 1.88 0.3908 1.71 2934 22 2566 35 2127 62 091 0.205 725
049-ZR27 0.27033 0.54 23.773 0.96 0.6378 0.71 3308 17 3259 19 3180 35 0.73 0.359 96.1
025-ZR11 0.26880 0.42 23.218 0.88 0.6264 0.68 3299 13 3236 17 3135 34 0.77 0.059 95.0
006-ZR2 0.26874 0.52 21.707 1.17 0.5858 0.98 3299 16 3171 23 2972 47 0.84 0.510 90.1
004-ZRIN  0.26026 0.54 20.386 1.25 0.5680 1.06 3248 17 3110 24 2900 50 0.85 2.127 89.3

Table 4

Zircon U-Pb of NCG10 (amphibolite sample) from LA-ICP-MS.
Grain Isotope ratio Age
Spot

207pb/2%%ph  + (10) 27Pb/2*U = (10) 2°°Pb/?*U = (10) 2Pb/**°Pb  + (10) 27Pb/**U =+ (10) 2°°Pb/**U =+ (16) Rho Th/U Conc. (%)

004-ZR1 0.12618 0.43 6.247 1.01 0.3590 0.84 2045 15 2011 18 1978 28 0.83 0.371 96.7
035-ZR23 0.12292 0.52 5.762 1.19 0.3399 1.00 1999 18 1941 20 1886 33 0.84 0.142 94.4
029-ZR19 0.12696 0.72 6.430 1.24 0.3673 0.95 2056 25 2036 22 2017 33 0.76 0.496 98.1
040-ZR28 0.19610 1.14 14.073 1.55 0.5205 0.98 2794 37 2755 29 2701 43 0.64 0.942 96.7
036-ZR24 0.20200 0.47 14.602 0.93 0.5242 0.71 2842 15 2790 18 2717 31 0.76 0.218 95.6
026-ZR17N  0.19199 0.49 13.038 1.27 0.4925 1.11 2759 16 2682 24 2581 47 0.87 0.147 93.6
024-ZR15 0.18817 0.46 12.106 1.12 0.4666 0.95 2726 15 2613 21 2468 39 0.85 0.214 90.5
020-ZR14 0.18353 0.70 11.772 1.28 0.4652 1.00 2685 23 2586 24 2462 41 0.78 1.436 91.7
018-ZR12 0.18344 0.61 11.705 1.08 0.4627 0.81 2684 20 2581 20 2452 33 0.75 0.146 91.3
016-ZR10 0.19117 0.45 12.444 0.97 0.4721 0.78 2752 15 2639 18 2493 32 0.80 0.160 90.6
014-ZRON  0.18480 0.48 11.644 1.07 0.4570 0.88 2696 16 2576 20 2426 36 0.82 0.144 90.0
013-ZR8 0.19690 0.57 13.577 1.20 0.5001 0.99 2801 18 2721 23 2614 43 0.83 0.144 93.3
008-ZR5 0.20103 0.91 14.909 1.52 0.5378 1.16 2835 30 2809 29 2774 52 0.76 0.992 979
039-ZR27 0.22632 0.93 14.548 1.39 0.4662 0.96 3026 30 2786 26 2467 39 0.69 0.075 81.5
019-ZR13 0.30977 1.37 28.903 2.05 0.6767 1.48 3520 42 3450 40 3332 77 0.72 0.366 94.7
028-ZR18 0.25642 0.62 19.095 1.45 0.5401 1.26 3225 20 3047 28 2784 57 0.87 0.485 86.3
025-ZR16 0.29215 0.47 25.983 1.02 0.6450 0.83 3429 15 3346 20 3209 42 0.81 0.394 93.6
010-ZR7 0.23424 1.13 15.310 1.47 0.4740 0.86 3081 36 2835 28 2501 36 0.58 0.147 81.2

Zn concentrations were obtained by multi-acid digestion and analyzed
using ICP-AES with a detection limit between 1 and 10 ppm. Diagrams
were created using the Geochemical Data Toolkit (GCDKIT) software
and Excel sheets. The data are shown in Tables 1 and 2.

4.2. Zircon U-Pb geochronology

For U-Pb geochronological analysis of zircon grains at the
Geochronology Laboratory of the University of Brasilia, five samples
were selected, two of amphibolite, one of metarhyolite, one of me-
tarhyodacite, and one of hornblende-biotite paragneiss, for determi-
nation of the provenance of the detrital zircon. Isotopic analysis was
conducted following backscatter electron (BSE) images that were used
to investigate the internal structure of the zircon crystals prior to each
analysis.

The samples were submitted for conventional preparation to sepa-
rate zircon using crushing, gravimetric, and magnetic separation pro-
cesses. Zircon grains were separated by density, using bromoform
(CHBr5. relative density 2.89), and were handpicked using a binocular
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microscope. They were then mounted on epoxy resin for determination
of isotopic ratios using a Thermo Finnigan Neptune multicollector ICP-
MS equipped with a secondary electron multiplier-ion counter. For
analyses of the sessions in the zircon grains the GJ-1 zircon provided by
the ARC National Key Centre for Geochemical Evolution and
Metallogeny of Continents (GEMOC, Jackson et al., 2004) and the
91500 zircon (Wiedenbeck et al., 1995, 2004) were used.

All data were reduced in Excel sheets following Biihn et al. (2009)
and Chemale Jr. et al. (2012) and using the program Isoplot 4.15
(Ludwig, 2008). The results are shown in Table 3 through 7.

4.3. Nd-Sr isotopic composition

Sm-Nd and Rb-Sr analyses were performed on 26 samples at the
Geochronology Laboratory of the University of Brasilia following the
procedures described by Gioia and Pimentel (2000). Whole-rock pow-
ders (ca. 50-100 mg) were mixed with 1499 m-150Nd spike solution and
dissolved in Savillex capsules. Sr, Sm, and Nd extraction of whole-rock
samples followed conventional cation exchange techniques using Teflon
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Table 5

Zircon U-Pb of sample NCG16 (Metarhyolite and metarhyodacites sample) from LA-ICP-MS.
Grain Isotope ratio Age
Spot

207pp/2%%ph k£ (10) Pb/*U = (1o) **°Pb/*?U  +(10) 2Pb/X°Pb  *(1o) *7Pb/?°U  + (10) 2°°Pb/**®U * (10) Rho Th/U Conc.(%)

039-ZR26  0.12706 0.62 6.375 1.06 0.3638 0.78 2058 22 2029 19 2000 27 0.73 1.194 97.2
038-ZR25B 0.12760 0.54 6.138 1.34 0.3488 1.17 2065 19 1996 23 1929 39 0.87 0.904 93.4
033-ZR21 0.11661 0.74 4.265 1.90 0.2653 1.71 1905 26 1687 31 1517 46 0.90 0.334 79.6
030-ZR20  0.12735 0.61 6.502 1.04 0.3703 0.75 2062 22 2046 18 2031 26 0.72 1.075 98.5
029-ZR19  0.12736 0.57 6.313 1.07 0.3595 0.82 2062 20 2020 19 1980 28 0.77 1.164 96.0
028-ZR18  0.12740 0.50 6.689 0.99 0.3808 0.77 2062 17 2071 17 2080 27 0.78 1.283 100.8
026-ZR16  0.12275 0.54 5.023 1.58 0.2967 1.43 1997 19 1823 27 1675 42 0.91 0.786 83.9
025-ZR15  0.12504 0.40 5.901 0.94 0.3422 0.77 2029 14 1961 16 1897 25 0.81 0.244 93.5
024-ZR14B 0.12686 0.43 6.294 1.08 0.3598 0.92 2055 15 2018 19 1981 31 0.85 0.429 96.4
018-ZR12  0.12751 0.48 6.223 1.08 0.3539 0.89 2064 17 2008 19 1953 30 0.83 0.872 94.6
016-ZR10  0.12512 0.41 6.074 0.96 0.3521 0.78 2031 15 1987 17 1944 26 0.81 0.226 95.8
015-ZR9 0.12739 0.46 6.663 1.15 0.3793 0.99 2062 16 2068 20 2073 35 0.86 0.564 100.5
014-ZR8 0.12478 0.51 5.506 1.00 0.3200 0.78 2026 18 1901 17 1790 24 0.78 0.363 88.3
013-ZR7 0.12793 0.54 6.605 1.05 0.3744 0.83 2070 19 2060 19 2050 29 0.78 1.199 99.1
010-ZR6 0.12568 0.66 6.151 1.18 0.3550 0.91 2038 23 1998 21 1958 31 0.77 0.259 96.1
009-ZR5B  0.12091 0.60 4.853 1.37 0.2911 1.17 1970 21 1794 23 1647 34 0.86 0.222 83.6
007-ZR4 0.12718 0.40 6.226 0.99 0.3550 0.83 2059 14 2008 17 1959 28 0.84 0.922 95.1
006-ZR3 0.12602 0.37 6.017 0.86 0.3463 0.68 2043 13 1978 15 1917 22 0.79 0.336 93.8
005-ZR2 0.12699 0.37 6.310 0.84 0.3603 0.65 2057 13 2020 15 1984 22 0.78 0.789 96.5
004-ZR1 0.12597 0.40 6.033 1.04 0.3473 0.89 2042 14 1981 18 1922 30 0.85 0.817 94.1

Table 6

Zircon U-Pb of NCG28 (Metarhyolite and metarhyodacites sample) from LA-ICP-MS.
Grain Isotope ratio Age
Spot

207pp/2%%ph  + (10) 27Pb/*®U = (1o) 2°Pb/**U =+ (1o) 27Pb/*Pb =+ (10) 2Pb/**U =+ (lo) 2°°Pb/***U =+ (1l6) Rho Th/U Conc.(%)

038-ZR27 0.12686 0.53 6.474 1.04 0.3701 0.81 2055 19 2042 18 2030 28 0.78 0.913 98.8
037-ZR26  0.12660 0.46 6.210 1.01 0.3558 0.82 2051 16 2006 18 1962 28 0.81 0.318 95.6
034-ZR23 0.12808 0.52 6.536 1.09 0.3701 0.89 2072 18 2051 19 2030 31 0.81 0.991 98.0
033-ZR22 0.12832 0.56 6.724 1.23 0.3800 1.03 2075 20 2076 22 2077 36 0.84 1.162 100.1
030-ZR21 0.12728 0.88 6.671 1.45 0.3801 1.08 2061 31 2069 25 2077 38 0.75 1.155 100.8
029-ZR20 0.12647 0.64 6.500 1.18 0.3728 0.93 2049 22 2046 21 2042 32 0.78 0.330 99.7
028-ZR19 0.12636 0.55 6.221 1.03 0.3571 0.79 2048 19 2007 18 1968 27 0.76 0.668 96.1
027-ZR18 0.12658 0.48 6.172 1.03 0.3536 0.83 2051 17 2000 18 1952 28 0.81 0.574 95.2
026-ZR17  0.12492 0.45 6.062 0.92 0.3519 0.71 2028 16 1985 16 1944 24 0.78 0.361 95.9
024-ZR15 0.12647 0.52 6.244 1.22 0.3581 1.03 2049 18 2011 21 1973 35 0.85 0.571 96.3
020-ZR14 0.12689 0.74 6.617 1.33 0.3782 1.05 2055 26 2062 23 2068 37 0.78 0.313 100.6
019-ZR13 0.12624 0.66 6.359 1.34 0.3653 1.11 2046 23 2027 23 2007 38 0.82 0.631 98.1
018-ZR12 0.12720 0.60 6.362 1.29 0.3627 1.09 2060 21 2027 23 1995 37 0.84 0.320 96.9
016-ZR10 0.12366 0.45 5.244 1.42 0.3075 1.30 2010 16 1860 24 1729 39 0.91 0.268 86.0
015-ZR9B 0.12639 0.42 6.151 0.91 0.3529 0.72 2048 15 1998 16 1949 24 0.79 0.900 95.1
013-ZR8 0.12579 0.54 6.096 1.09 0.3515 0.88 2040 19 1990 19 1942 29 0.80 0.556 95.2
010-ZR7 0.12642 0.66 6.268 1.21 0.3596 0.95 2049 23 2014 21 1980 32 0.78 0.868 96.6
009-ZR6  0.12731 0.60 6.408 1.06 0.3650 0.80 2061 21 2033 19 2006 27 0.75 0.871 97.3
008-ZR5 0.12556 0.50 6.254 1.00 0.3612 0.78 2037 18 2012 17 1988 27 0.78 0.502 97.6
007-ZR4  0.12689 0.43 6.414 1.00 0.3666 0.83 2055 15 2034 18 2013 29 0.82 0.870 98.0
006-ZR3  0.12583 0.41 6.194 0.94 0.3570 0.77 2040 14 2004 16 1968 26 0.81 0.480 96.4
005-ZR2 0.12593 0.35 6.173 0.85 0.3555 0.69 2042 12 2001 15 1961 23 0.80 0.615 96.0
004-ZR1 0.12394 0.33 5.710 0.86 0.3341 0.71 2014 12 1933 15 1858 23 0.82 0.193 923

columns containing LN-Spec resin (HDEHP-diethylhexyl phosphoric 5. Results

acid supported on PTFE powder). Sr, Sm, and Nd samples were de-
posited on double Re filaments and isotopic measurements were per-
formed using a Thermo Scientific Triton multi-collector mass spectro-
meter. Uncertainties in the 7Sr/%Sr ratio were better than + 0.01(20)
and for the Sm/Nd and **Nd/'**Nd ratios were approximately 0.4%
(10) and = 0.005% (10) respectively, based on repeated analyses of
international rock patterns BHVO-1 and BCR-1. The **Nd/***Nd ratio
was normalized to *®Nd/***Nd at 0.7219 and the decay constant (\)
6.54 x 10712y~ ! was used. Ty models were calculated using the
DePaolo model (1988). The isotopic analyses of metavolcanic rocks are
shown in Table 8.
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5.1. Whole-rock geochemistry of metavolcanic rocks

Whole-rock chemical analyses were performed for 10 representative
amphibolite and 8 metarhyolite and metarhyodacite samples based on
the selection of those that were the least altered. Because of the inter-
mediate to high metamorphic grades and weathering, the analyzed
rocks were classified using elements, which are considered less mobile.

Metarhyolites and metarhyodacites had high SiO, (73-76 wt%) and
Al,03 (13-15wt%) contents, whereas the amphibolites had SiO» con-
tents ranging between 50 and 57 wt%, MgO 5-6 wt.%, Na,O + K,O
3 wt%, CaO 6-8 wt.%, Fe;O3p 11-13 wt%, TiO, near 1 wt%, and P,Os
0.04-0.1 wt%. In the diagram proposed by Pearce (1982), using high
field strength (HFS) covariant elements such as Ti vs. Zr for basalts, the
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Table 7

Detrital zircon U-Pb of NCG35 (hornblende-biotite paragneiss sample) from LA-ICP-MS.
Grain P2Th/*%U 2Pb/*%°Pb 1o (%)  *YPb/PPU 0 1o (%) *%°Pb/*PU 1o (%) *Pb/%°Pb 1o (%) *Pb/**U 10(%)  Conc. (%)
Spot
068-ZR50 0.117 0.26010 0.62 23.082 1.09 3203 41 3247 20 3230 21 98.6
067-ZR49 0.169 0.25346 0.53 21.052 0.97 3039 35 3207 17 3141 19 94.8
066-ZR48 0.287 0.20830 0.50 15.937 1.15 2845 44 2892 16 2873 22 98.4
065-ZR47 0.167 0.22034 0.91 15.738 1.26 2691 35 2983 29 2861 24 90.2
064-ZR46 0.200 0.12807 1.19 6.363 1.83 1984 46 2072 42 2027 32 95.8
060-ZR45 0.109 0.20364 1.16 14.747 1.84 2721 61 2856 38 2799 35 95.3
059-ZR44 0.489 0.12723 1.93 6.564 2.92 2049 76 2060 67 2055 51 99.5
058-ZR43 0.274 0.21045 0.65 15.625 1.09 2777 36 2909 21 2854 21 95.5
057-ZR42 0.303 0.20323 1.13 15.009 1.67 2765 52 2852 37 2816 32 96.9
056-ZR41 0.152 0.12845 1.14 6.320 1.74 1967 43 2077 40 2021 30 94.7
055-ZR40 0.104 0.15683 2.41 8.745 3.46 2189 91 2422 81 2312 62 90.4
053-ZR38 0.076 0.18188 0.63 11.797 0.98 2485 27 2670 21 2588 18 93.1
050-ZR37 0.038 0.21708 1.02 16.219 1.64 2791 55 2959 33 2890 31 94.3
049-ZR36 0.154 0.19833 0.77 13.603 1.27 2603 40 2813 25 2722 24 92.5
048-ZR35 0.173 0.26339 0.65 22.443 1.12 3102 41 3267 20 3203 22 94.9
047-ZR34 0.226 0.19087 0.50 12.480 0.86 2502 24 2750 16 2641 16 91.0
045-ZR32 0.116 0.18356 1.13 11.804 2.51 2468 90 2685 37 2589 47 91.9
044-ZR31 0.156 0.27347 0.62 23.835 1.09 3158 41 3326 19 3262 21 94.9
040-ZR30 0.002 0.20092 0.76 14.440 117 2704 35 2834 25 2779 22 95.4
038-ZR28 0.241 0.24088 0.93 19.477 1.54 2975 56 3126 30 3066 30 95.2
036-ZR26 0.278 0.27549 0.61 24.762 0.95 3235 31 3338 19 3299 18 96.9
035-ZR25 0.232 0.19548 0.67 13.738 1.05 2655 31 2789 22 2732 20 95.2
034-ZR24 0.209 0.24710 0.65 20.332 1.09 3017 38 3166 20 3107 21 95.3
030-ZR22 0.013 0.19464 0.87 13.410 1.22 2612 33 2782 28 2709 23 93.9
029-ZR21 0.289 0.24960 0.78 19.743 1.13 2923 34 3182 25 3079 22 91.8
027-ZR19 0.126 0.27681 0.44 25.412 0.84 3290 31 3345 14 3324 16 98.3
026-ZR18 0.221 0.19180 0.63 12.457 1.10 2488 34 2758 21 2640 21 90.2
024-ZR16 0.155 0.12603 1.69 6.017 2.37 1917 54 2043 59 1978 41 93.8
020-ZR15 0.007 0.21045 1.50 15.072 2.08 2697 61 2909 48 2820 39 92.7
018-ZR13 0.168 0.18451 0.52 11.780 0.98 2453 30 2694 17 2587 18 91.1
017-ZR12 0.155 0.20937 0.57 15.243 1.11 2733 39 2901 19 2831 21 94.2
016-ZR11 0.210 0.20557 0.85 14.610 1.32 2680 41 2871 28 2790 25 93.3
015-ZR10 0.214 0.26026 0.53 22.803 1.12 3171 46 3248 17 3219 22 97.6
014-ZR9 0.650 0.18467 0.81 12.344 1.53 2548 52 2695 27 2631 29 94.5
013-ZR8 0.348 0.21154 0.78 16.013 1.44 2821 52 2917 25 2878 27 96.7
010-ZR7 0.208 0.12497 1.70 6.148 2.51 1967 61 2028 60 1997 43 97.0
009-ZR6 0.165 0.20377 0.88 14.066 1.34 2616 40 2857 28 2754 25 91.6
008-ZR5 0.262 0.27930 1.70 26.842 3.76 3409 175 3359 53 3378 72 101.5
007-ZR4 0.118 0.22816 0.68 16.901 1.39 2772 52 3039 22 2929 26 91.2
006-ZR3 0.309 0.18120 0.55 11.850 1.09 2502 36 2664 18 2593 20 93.9
004-ZR1 0.156 0.13042 1.00 6.363 1.67 1953 43 2104 35 2027 29 92.8

amphibolites showed trends compatible with fractional crystallization
in the development of a volcanic arc (Fig. 5a). On the K;O vs. SiO,
diagram after Peccerillo and Taylor (1976), the amphibolites and me-
tarhyolite-rhyodacite plot between the calc-alkaline to tholeiite series
(Fig. 5b). In the diagram of De La Roche et al. (1980), the felsic me-
tavolcanic rocks show the composition of rhyolite, some varying to
rhyodacite, whereas the amphibolites plot in the andesite-basalt and
andesite fields (Fig. 5c). In the rock classification diagram using im-
mobile elements of Winchester and Floyd (1977), the metavolcanic
rocks show a geochemistry compatible with rhyolite-rhyodacite and
basaltic magmas of subalkaline to andesitic composition (Fig. 5d),
which is also reinforced by the Irvine and Baragar (1971) diagram
(Fig. 5e).

In addition, on the Jensen (1976) diagram, the samples are also
compatible with calc-alkaline magma series (Fig. 5f). These inter-
mediate to acidic rocks may be the result of fractional crystallization
product of basalts on the ocean floor as suggested by the trend in
Fig. 5a. In the Zr-Ti/100-3*Y diagram (Pearce and Cann, 1973), the
amphibolites plot between the calc-alkaline (CAB) and ocean floor
(MORB) basalt fields (Fig. 5g). In another petrogenetic indicator after
Wood (1980) using immobile elements such as Ta-Th-Hf/3, the am-
phibolites plot between volcanic arc and MORB, similar to that of the
other diagrams (Fig. 5h). In the primitive mantle-normalized trace
element spider diagram of McDonough and Sun (1995), the me-
tarhyolite-rhyodacites show high fractionation, with high contents of

62

large-ion lithophile elements (LILEs; Cs, Rb, Ba, Th and Sr) and negative
anomalies of high field strength elements (HFSEs; Nb, Ta, P and Ti)
recognized in arc magmas. Basaltic-andesite and andesite are char-
acterized by positive Ba, Nb, La, and Zr peaks and negative Ta, P, Ti, U,
Th, and Rb anomalies (Fig. 6a). In the primitive mantle-normalized rare
earth element (REE) pattern from McDonough and Sun (1995), the
basaltic-andesite and andesite show low light rare earth element (LREE)
fractionation (La/Yby = 0.74-0.93) in relation to heavy rare earth
element (HREE) (La/Smy = 1.84-2.31) and negative Eu anomalies
(Eu/Eu* = 0.74-0.93). In contrast, the metarhyolites and-rhyodacites
show strong LREE fractionation (La/Yby = 14.30-39.82) in relation to
the HREE (La/Smy = 3.28-9.71) and negative Eu anomalies (Eu/Eu
* = 0.47-1.02, Fig. 6b).

5.2. Zircon U-Pb geochronology

5.2.1. Basaltic-andesite and andesite

Sample NCG 07 represents a concordant lens exposed parallel to the
regional foliation (see Fig. 3f). The zircon grains of this sample are
slightly fractured and have dimensions of approximately 50-100 um
(Fig. 7a). Several grains have a prismatic shape with oscillatory zoning,
Th/U ratios varying from 2.12 to 0.026, and a discrete overgrowth
border. The analyzed grains are represented by a discordia (mainly due
to Pb loss) line that points out to Mesoarchean ages (3051 = 13,
2904 + 37, and 2838 + 22Ma, Fig. 8a, b and c) interpreted as
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Fig. 7. BSE images of zircon grains from amphibolite, metarhyolite and me-
tarhyodacites samples. a, b) NCG 07 and NCG 10 are zircon grains of amphi-
bolites that were analyzed using laser spots with their respectively 2°’Pb/2°°Pb
ages indicated by red circles. ¢,d) NCG 16 and NCG 28 are zircon grains of
metarhyolites and metarhyodacites that were analyzed using laser spots and
their respectively 2°”Pb/2°°Pb ages indicated by blue circles. (For interpretation
of the references to colour in this figure legend, the reader is referred to the
Web version of this article.)

initial values varying between 0.7099 and 0.7111 and five samples of
metarhyolite and rhyodacites recalculated to crystallization age
(2061 Ma) varied from 0.7139 to 0.7235 suggesting a strong crustal
contribution for these rocks.

6. Discussion
The Sergipano Fold Belt represents an orogenic system consolidated

in different phases of the Brasiliano/Pan-African orogeny and consists
mainly of metasedimentary and metavolcanic rocks as well as granitic
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intrusions. (D'el Rey Silva, 1999; Oliveira et al., 2015). D'el Rey Silva
(1999) was the first to interpret the Sergipano Fold Belt as the result of
oblique collision between the Sdo Francisco-Congo Craton and the
Pernambuco-Alagoas Domain. In addition, in the belt, gneiss-migmatite
basement domes are also recognized, known as the Jirau do Ponciano,
Simao Dias, and Itabaiana domes.

In most Precambrian belts worldwide, plutonic domes have varied
dimensions and arrangements and their origin is associated mainly with
convergent tectonic environments and subsequent exposure via later
extensional tectonics (Lee et al., 2000; Haris et al., 2002). They are
generally exposed by structural windows in orogenic belts, presenting a
high-grade metamorphic core, which is covered or surrounded by
lower-grade metavolcanic-sedimentary rocks (greenschist to amphibo-
lite facies; Whitney et al., 2004). In evolved collisional settings, such
domes usually exhibit differentiated exhumation in relation to the host
rocks (Teyssier and Whitney, 2002; Whitney et al., 2004; Yin, 2004).
Moreover, older metamorphic domes are of unique importance, as they
may represent deep roots of exhumed continental arcs, which are key
elements for understanding crustal melting and crustal flow processes
during the development of orogenic systems (Kruckenberg et al., 2011).

In this context, this contribution presents geochemical and isotopic
data of the supracrustal rocks of the Nicolau do Campo Grande se-
quence, which is associated with the Jirau do Ponciano Dome. It in-
cludes metarhyolites, metarhyodacites, and amphibolites with metase-
dimentary rocks represented by paragneisses, schists, and quartzites
(Fig. 2). The mafic metavolcanic rocks of the NCGC are represented by
amphibolite lenses that are interleaved with biotite schists and para-
gneisses that are concordant with the regional foliation (Mendes et al.,
2009; Brito and Mendes, 2011, Fig. 3f). The overall geochemical results
presented in this study show that the amphibolites have a volcanic arc
signature, which is compatible with the tholeiitic to calc-alkaline
magmatic series and corresponds to a basaltic-andesite of intermediate
composition (SiO, between 50 and 57 wt%). However, the studied
metarhyolite-rhyodacites are acidic (SiO5 > 65% wt.%) and show a
typical calc-alkaline signature.

The fractionation in the multi-element spider diagram shows that
the metarhyolite/metarhyodacites and amphibolites are poor in Ti, P,
Ta, and Nb, indicating strong contamination from continental crust in
an active continental margin setting (Wilson, 1989). In addition, the
REE contents in the mafic and felsic metavolcanic rocks show a slight to
moderate negative Eu anomaly, which is suggestive of a plagioclase-
bearing source, also common in a continental magmatic arc environ-
ment (Wilson, 1989; Baier et al., 2008). Tectonic discrimination dia-
grams for amphibolites show oceanic floor affinities tending to calc-
alkaline while the metarhyolite and rhyodacites have continental arc
characteristics.

U-Pb zircon ages of the amphibolites (basaltic-andesite and andesite
protoliths) indicate a Paleoproterozoic crystallization age of 2054 Ma
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Fig. 8. Concordia diagram for LA-ICP-MS from am-

data-point error ellipses are 68.3% conf.
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(Rhyacian period) with a strong Mesoarchean inheritance (i.e. between
3051 and 2838 Ma), whereas the metarhyolites and metarhyodacites do
not exhibit an Archean isotopic inheritance and clearly show
Paleoproterozoic crystallization ages of approximately 2061 + 8.6 and
2074 * 7 Ma, respectively (Rhyacian period, Fig. 9a and b). In addi-
tion, detrital zircon grains from a hornblende-biotite paragneiss
(sample NCG 35) show a wide range of ages, mostly Mesoarchean, and
a Paleoproterozoic maximum deposition age (ca. 2027 Ma), which is in
accordance with the obtained age for the metaplutonic members. For
instance, previously obtained Rb-Sr data from Amorim et al. (1993)
indicates the age of orthogneisses from the JPD at ~ 2.5 Ga, which can
be attributed as the source of the detrital material of the NCGC paleo-
basin.

Furthermore, the Nd Ty model ages of the studied samples range
from 2.54 to 3.07 Ga, indicating Archean crust participation in the
evolution of the continental arc. Furthermore, these data are similar to
the ages found in the migmatitic gneisses of the Simdo Dias Dome
(3.00-0.03 Ga) and biotite gneiss and granulite of the Itabaiana Dome
(3.08-4.11 Ga) in the Vaza-Barris Domain and in rocks of the Sdo
Francisco Craton (2.13-3.54 Ga, Oliveira et al., 2015). According to
these authors, the Itabaiana and Vaza Barris domes are likely sources
for the original sediments of the Vaza Barris Domain. The average eNd
values at 2054 Ma for the amphibolites between —5.2 and —19.2
suggest isotopic derivation from a preexisting felsic crust. The presence
of the crustal component is attested to by the eNd at 2061 Ma in the
metarhyolite and metarhyodacites between —11.92 and —2.66. In the
two samples of hornblende-biotite paragneiss, the eNd at 2028 Ma was
—2.22 and —5.02 representing a crustal source for the evolution of the
Nicolau-Campo Grande paleobasin, which covered the plutonic Jirau do
Ponciano Dome.

87Rb-#6Sr isotopic data from previous studies of the orthogneiss of
the Jirau do Ponciano Dome showed ages of approximately 2500 Ma
(Amorim et al., 1993). However, the ’Rb-%Sr ratio is unstable in mi-
nerals as biotite and feldspar tend to be violated in open systems by
thermodynamic events such as metamorphism, providing imprecise
ages or incorrect initial ratios (White, 2015).87Sr/8Sr (5054ma) iSOtopic
data for the mafic metavolcanic rocks of this complex show initial ratio
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values ranging from 0.7099 to 0.7111, which suggest crust reworking
(Allegre, 2008; White, 2015).

Thus far, in the southern BP, recent obtained ages for gneissic-
migmatitic rocks of the domes are Neoarchean (e.g., 2729 Ma, Santiago
et al., 2018), which is in accordance with previous published data from
Oliveira et al. (2010) of ca. 2868 Ma. Such ages led these authors to
interpret the gneissic domes of the Sergipano Fold Belt as part of the
S3o Francisco Craton that were exposed by intense exhumation during
the Neoproterozoic; however, we still do not have sufficient elements to
interpret this for the Jirau do Ponciano Dome. In any case, it seems
clear that continuous continental growth from the Archean to the Pa-
leoproterozoic and subsequent erosion of the dome core led to the de-
position of the supracrustal sequences of the NCGD, which were coeval
to the arc-related volcanism.

Age correlatives with the studied rocks are widespread in the BP and
West Africa. For instance, in the Pernambuco-Alagoas Domain to the
north, Paleoproterozoic rocks occur within the Cabrobré Complex
(2080-1570Ma) and Archean zircons were identified in the Riacho
Seco Sequence (2700 Ma, Cruz et al., 2015). In the central portion of the
province, Paleoproterozoic events are responsible for reworking and
eroding previous Archean crust in the Alto Moxot6 Terrane, forming
Paleoproterozoic calc-alkaline granites and supracrustal sequences
Rhyacian in age (ca. 2.15-2.0 Ga, Santos et al., 2017). Such rocks re-
cord the strong inheritance of Archean zircon grains. Coeval sequences
in Pan-African belts are also associated with continental arcs in the
Eburnean orogenesis (ca. 2100 Ma). Reworking of Archean crust from
gneissic-migmatitic domes and generation of Paleoproterozoic rocks in
the Brasiliano Belts are also recorded in the Adamowa-Yaoundé Domain
in the Central African orogenic belt, counterpart to the Sergipano Fold
Belt (Tchakounté et al., 2017), as well as in the Nyong Group, South-
west Cameroon (Lerounge et al., 2006).

Therefore, based on the presented data, we suggest that the rocks of
the NCGC are coeval to the development of the JPD. A proposed sce-
nario suggest that this dome represents, at least in part, a remnant of a
Paleoproterozoic-Archean continental arc root (TTG?), that was
strongly exhumed by differential erosion. The deep remnants of this
previous formed crust, was probably uplifted along thrust/backthrust
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faults, during the collision of the Pernambuco-Alagoas Domain and the

Sao

Francisco Craton, exposing part of the basement crust of the

Sergipano Fold Belt.

7. Conclusions

Combining geological, whole-rock geochemical, isotopic, and geo-

chronological data of the supracrustal rocks of the NCGC allowed for

the

(@

(b)

following conclusions:

The Nicolau-Campo Grande complex is spatially associated with
gneisses and migmatites of the Jirau do Ponciano Dome. It is
composed of metasedimentary rocks such as hornblende-biotite
paragneiss, biotite-chlorite schist, metarhyolites, and amphibolites.
Whole-rock major and trace-element geochemistry of the meta-
volcanic rocks indicate basaltic-andesite and rhyolitic to rhyoda-
citic protoliths with Ti, P, Ta, and Nb depletion, indicating the ty-
pical signature of a magmatic arc. Hence, chemical diagrams of the
tectonic environment and petrotectonic association suggest a con-
tinental magmatic arc.

Zircon U-Pb data of the metarhyolite and rhyodacites indicate

206Pb/238 U
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Paleoproterozoic crystallization ages of approximately 2061 and
2074 Ma, respectively. However, zircon U-Pb data of the amphi-
bolite samples show Paleoproterozoic ages (2054 Ma) and isotopic
inheritance of Mesoarchean crust (2779-3324 Ma), whereas the U-
Pb analysis of the detrital zircon grains from a hornblende-biotite
paragneiss sample show a maximum deposition age of 2028 Ma and
contributions from Archean sources. The Nd T(pyy model ages of the
metarhyolite and metarhyodacites were 2.61 and 3.04 Ga and with
continental derivation. The average ¢éNd for the metavolcanic-se-
dimentary rocks showed a crustal component with a small con-
tribution of mixing/interaction with a mantle component. The in-
tegration of isotopic data demonstrate the involvement of old crust,
that can be attributed to the basement rocks of the Sergipano Fold
Belt. It is the case of the Jirau do Ponciano Dome, which seems to
represent a crustal TTG association, likewise others described in the
Southern Borborema Province. The presence of Archean crust out-
lined by supracrustal sequences is a typical feature of Domic
structures, exhumed and later exposed by structural windows in
younger fold belts.

The proposed tectonic scenario suggests the development of
Paleoproterozoic magmatic arcs in the BP, thus, a part of the
Gondwana basement. The results support Paleoproterozoic con-
vergent tectonics, which can be attributed to accretionary processes
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between major continents such as Atlantica and/or minor micro-
plates, leading to subsequent continental erosion and deposition of
detritus related to the NCGC. Thus, we interpret that the meta-
volcanic-sedimentary sequence of the Jirau do Ponciano Dome is
related to a magmatic arc root exhumed because of differential
erosion that was later covered by the Neoproterozoic paleobasin
that became the Macururé Domain in the northeast portion of the
Sergipano Fold Belt.
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