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A B S T R A C T

The Borborema Province is an important Precambrian orogenic system in Northeastern Brazil. It was formed
during the assembly of Western Gondwana in the Brasiliano-Pan-African Orogeny. The Neoproterozoic
Sergipano Belt is part of the Province and occupies a large area of its southern portion. Investigation of pro-
venance and tectonic environment of the metavolcanic-sedimentary complexes in this belt are of regional am-
plitude and may reveal important aspects of the evolution of the province. In this study new whole-rock geo-
chemistry, isotope Nd data and U-Pb geochronological data on detrital zircon of the metavolcanic-sedimentary
Araticum Complex within the northeastern part of the Sergipano Belt, in order to contribute to the under-
standing the role of the Sergipano Belt in amalgamation of Western Gondwana. The related data indicate pro-
venance from eroded island arcs and back-arc-relate settings during the Neoproterozoic. Detrital zircon grains
indicate populations of Ediacaran-Cryogenian (ca. 660-620 Ma) and Tonian-Stenian ages (around ca. 1047 Ma)
suggesting that source areas represent extinct volcanic arcs of the Pernambuco-Alagoas Domain to the north.
Based on this study, it is suggested that sediments of the Araticum paleobasin were deposited in an oceanic
environment during the arc exhumation over the Brasiliano-Pan African Orogeny, but also with strong con-
tributions from Stenian island arcs, which are attributed to the Cariris Velhos Orogeny. Our results support that
major supracrustal sequences of the Sergipano Fold Belt were deposited in the Neoproterozoic, such as indicated
by previous studies.

1. Introduction

The understanding of Precambrian supracrustal sequences demands
integrated studies, including field work combined with isotope geo-
chemistry and elemental geochemical tools which are instrumental to
access tectonic and sedimentological parameters and to constrain the
geological record of the precursor basins (McLennan et al., 1993;
Cawood et al., 1999; Košler et al., 2002). Nd isotopic and geochemical
data are useful to investigate the tectonic setting of the sediment
sources (Gu et al., 2002; Košler et al., 2002).

The Borborema Province (BP) in NE Brazil comprises an important
segment of Western Gondwana, being characterized by Neoproterozoic
fold belts and a mosaic of terranes/domains, that are dominated by
major supracrustal sequences, that are host rocks for numerous granitic
intrusions, marking the final assembly of Western Gondwana (Brito
Neves et al., 2000). Therefore, a major correlation with the Borborema

Province and western African sequences records major continental de-
formation, metamorphic and tectonic events (e.g. Santos et al., 2004;
Hollanda et al., 2015; Oliveira et al., 2015; Neves et al., 2009, 2017).

Several supracrustal sequences are exposed within the Sergipano
Fold Belt. They have been strongly affected by transpressional tectonics
related to the final oblique convergence of older domains of the
Borborema and Benin-Nigeria provinces with the São Francisco-Congo
Craton (Caby, 1989; D'el-Rey Silva, 1999; Brito Neves et al., 2002). In
addition, major crustal shear zones limit such sequences and they may
be correlated with the Yaoundé Fold Belt in the Cameroon, Africa
(Oliveira et al., 2006, 2015; Mendes et al., 2011).

In Western Gondwana, little is known from the role of metasedi-
mentary complexes in its mobile belts. In the BP, such sequences
strongly vary in age, covering Paleoproterozoic migmatized sequences
(Santos et al., 2004) and Neoproterozoic pelitic and psamitic units
(Neves and Alcantara, 2010). However, the precise geochronological
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and stratigraphic aspects of such rocks is still problematic, mainly due
the influence of regional deformation. In this sense, our paper aims to
investigate the nature and sources of metasedimentary and meta-
volcanic rocks of the Araticum Complex (ATC), which is one of the
largest occurrences of metavolcanic-sedimentary sequences in the Ser-
gipano Belt, as well as to suggest possible correlatives (i.e. Macururé or
Marancó-Poço Redondo Domains, Carvalho, 2005; Oliveira et al.,
2015), once that the origin of such rocks, including its major geotec-
tonic related domains are still unknown.

The study is based on U-Pb detrital zircon dating combined with Nd
systematics and whole-rock geochemistry. Our goals are: (i) to assess
the depositional age of this sequence contributing to its stratigraphic
significance, (ii) obtain information on its original tectonic setting and

demonstrate the implications of our results for Sergipano Fold Belt
evolution, specially based on the South America-Africa connection.

2. Geological setting

The Borborema Province comprises several Neoproterozoic fold
belts, domain, massifs and terranes, that are limited my major shear
zones Brito Neves et al., 2000; Van Schmus et al., 2008; Ganade de
Araujo et al., 2014). It is widely accepted that the province resulted
from the convergence between the Amazonian, São Luis-West Africa
and São Francisco-Congo cratons during the Brasiliano-Pan African
orogeny (Trompette, 1994; Van Schmus et al., 2008, 2011).

It is connected to Africa via several tectonic provinces, including the

Fig. 1. a) Schematic geological map displaying the main tectonic units of the Borborema Province (modified from Brito Neves et al., 2000). b) General geologic
context of the Sergipano Belt, with the study area highlighted by the blue open rectangle (modified from D’el-Rey Silva, 1999 and Oliveira et al., 2006). (For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Trans-Sahara, Benin-Nigeria, Oubanguides and Yaoundé (Caby, 1989;
Castaing et al., 1993; Toteu et al., 2001; Brito Neves et al., 2002;
Oliveira et al., 2006; Arthaud et al., 2008; Van Schmus et al., 2008).
Several authors interpret its evolution as a polycyclic regime, involving
accretionary processes developed during two orogenies: Cariris Velhos
(920–1000 Ma) and Brasiliano/Pan-Africano (650-580 Ma, Santos,
1996; Brito Neves et al., 2000; Santos et al., 2010; Padilha et al., 2016;
Santos et al., 2018a). In addition, recent papers from Santos et al.
(2018b), Neves et al. (2015), among others, has also demonstrated a
significant role of Paleoproterozoic and Archean crustal accretion.

The Patos and Pernambuco lineaments are the most expressive
boundaries between domains, separating major subprovinces:
Northern, Central and Southern (Van Schmus et al., 1995, Fig. 1a). The
southern sub province is the area of interest of the present study. This is
divided as follows: Pernambuco-Alagoas Terrane/Domain and Riacho
do Pontal, Rio Preto and Sergipano fold belts (Brito Neves et al., 2000;
Oliveira et al., 2010; Caxito and Uhlein, 2013; Caxito et al., 2016). The
Sergipano Fold Belt (Fig. 1b) has a triangular shape, limited by the
Pernambuco-Alagoas Terrane in the north (TPEAL) and the São Fran-
cisco Craton in the south (D’el-Rey Silva, 1999).

It is has been suggested that the origin of the Sergipano Fold Belt is
related to the oblique collision between the Borborema-Benin-Nigeria-
Cameroon provinces and the São Francisco-Congo paleoplate, during
the late Neoproterozoic (D’el-Rey Silva et al., 2007; Silva et al., 2008).
Some authors (e.g Trompette, 1994) suggested that the Sergipano Belt
is connected with the Oubanguides Belt in West Africa (Toteu et al.,
2001; Oliveira et al., 2006). The Sergipano Belt is divided into five
distinct domains, which are limited by regional shear zones: Canindé,
Poço Redondo-Marancó, Macururé, Vaza Barris and Estância domains
(Davison and Santos, 1989; D'el-Rey Silva, 1999; Carvalho, 2005;
Oliveira et al., 2010, 2015, Fig. 1b). Several metavolcanic-sedimentary
sequences, including the ATC occur in the Macururé Domain (NE of the
Sergipano Fold Belt), which are structurally controlled by transpression
shear zones, and present variable geochemical characteristics (Mendes
et al., 2009).

According to preliminary studies, these rocks seem to be in tectonic
contact with granitic rocks of the Águas Belas-Canindé batholith in the

Pernambuco-Alagoas Terrane through the transpressional Jacaré dos
Homens Shear Zone, and in the south, it is limited by the Belo Monte-
Jeremoabo Thrust Shear Zone (Fig. 1b, Medeiros, 2000; Brito et al.,
2008; Mendes et al., 2009; Brito and Mendes, 2011).

3. Field relationships

The ATC is in contact, to the north, with the Águas Belas-Canindé
Batholith of the Pernambuco-Alagoas Domain along the Jacaré dos
Homens transpressional shear zone. The batholith comprises the
Carneiros, Itaporanga, Serra do Catú and Major Isidoro plutons (Mendes
et al., 2009). It comprises paragneisses, schists, and felsic to inter-
mediate metavolcanic rocks, which are interlayered with amphibolites
and marbles (Fig. 2).

Felsic to intermediate metavolcanic rocks occur as lenses affected by
regional deformation, forming lenticular bodies of metavulcanoclastic
rocks associated with metasedimentary rocks. The mafic metavolcanic
rocks are represented by amphibolite lenses intercalated in the schists
and paragneisses. Within the metasedimentary rocks, dark gray co-
lored, fine to medium-grained sillimanite-garnet-muscovite-biotite
schists with mm-sized garnet porphyroblasts, high obliquity lineation
and low angle foliation are observed (Fig. 3a, c). Coarse-grained garnet-
biotite paragneisses are banded and locally display folded quartz-feld-
spar lenses (Fig. 3b). They may be associated with metagraywacke.

The marbles are white to cream-colored, granoblastic texture, and
may present muscovite and local incipient foliation (Fig. 3d). The
diopside-bearing calc-silicate rocks are exposed as small lenses con-
cordant with clastic metasedimentary rocks, and present fine to
medium grain, light greenish color, (Fig. 3e). The mafic metavolcanic
rocks are represented by amphibolite lenses associated with micaschists
and paragneisses. The amphibolites show strong foliation formed by the
orientation of medium-grained prismatic crystals. A discrete banded
structure is also observed (Fig. 3f).

The garnet-biotite paragneisses have granoblastic texture and are
composed of quartz, plagioclase, K-feldspar, biotite, garnet, titanite,
apatite, zircon and opaque minerals. The quartz crystals have dimen-
sions around 0.5–1mm, are usually anhedral and deformed in the shear

Fig. 2. Simplified geological map of the study area, emphasizing the Araticum metavolcanic-sedimentary Complex and location of two samples collected for U-Pb
geochronology in detrital zircon.
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zones presenting ribbons and dynamic recrystallization by migration of
grain boundaries. Plagioclase has dimensions between 0.5 and 1mm, is
subhedral to anhedral and exhibits, in some rocks, low degree of
saussuritization. K-feldspar has dimension of about 0.5 mm and is
subhedral to anhedral, being represented by microcline and orthoclase.
Biotite and muscovite occur as lamellae oriented in the sillimanite-
garnet-muscovite-biotite schists and biotite paragneisses and are de-
formed by ductile regime.

Zircon occurs in significant amounts, dispersed in the matrix as well
as in the biotite lamellae (Fig. 4a). The presence of sillimanite (fi-
brolite), was also observed in some sillimanite-garnet-muscovite-biotite
schists (Fig. 4b). The garnet crystals have dimensions between 0.2 and
2mm across and show signs of alteration to chlorite and iron oxides in

the fractures. Garnet is a subhedral form with a porphyroblastic aspect
and sometimes occurs surrounded by biotite lamellae (Fig. 4c and d).
Amphibolites present nematoblastic texture conferred by hornblende
and plagioclase crystals (Fig. 4e and f). The amphibolites can be sub-
divided into three groups: common amphibolites, diopside-bearing
amphibolites and garnet-bearing amphibolites. Common amphibolites
include hornblende, plagioclase, chlorite, epidote, titanite and opaque
minerals. Epidote exhibit dimensions between 1 and 2mm and titanite
around 1mm (Fig. 4e and f).

The diopside-bearing amphibolites are composed of hornblende,
plagioclase, diopside, epidote, titanite, quartz and opaque minerals.
Epidote is granular with dimensions of 1mm and crystals of titanite are
anhedral with dimensions of 0.5mm. Diopside is anhedral with sizes

Fig. 3. Field features of the Araticum Complex. a) garnet-biotite gneiss quartzo-feldspar with 35° low angle foliation exhibiting tangential tectonics with dip to NW.
b) biotite paragneisse with quartz-feldspar folded layers in the transpressional Jacaré dos Homens shear zone c) sillimanite-garnet-muscovite-biotite schist with high
angle foliation 65°/NW. d) Marble lens concordant to the structure of the garnet-muscovite-biotite schists and biotite paragneiss of the Araticum Complex. e)
Diopside-bearing calc-silicate rock lens. f) Lens of banded amphibolite (mafic metavolcanic rock) concordant with the metasedimentary rocks of the Araticum
Complex.
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between 1 and 3mm and elongated along the main foliation. Garnet-
bearing amphibolites are formed by hornblende, plagioclase, garnet,
titanite and opaque minerals. Garnet crystals are anhedral, 1–2mm in
size, and are fractured with inclusions of opaque minerals.

4. Analytical procedures

Eighteen representative samples of metavolcanic-sedimentary rocks
were selected for whole-rock geochemistry analysis in ALS Minerals
laboratory. Major and trace elements were analyzed on ICP-AES with
detection limit of 0.01% and ICP-MS with detection limit between 0.01
and 0.5 ppm after fusion using Li meta- and tetraborate and digestion
with nitric acid. The average percentage of ignition loss in meta-
volcanic-sedimentary rocks (LOI) is 2.29% and is determined by the
difference in sample weight before and after heating at 1000 °C for 1 h.

Elements analyzed by ICP-AES include SiO2, Al2O3, Fe2O3 (Total
iron), CaO, MgO, Na2O, K2O, MnO and P2O5. ICP-MS was used to de-
termine Ba, Ce, Cr, Cs, Dy, Er, Eu, Ga, Gd, Hf, Ho, La, Lu, Nb, Nd, Pr, Rb,
Sm, Sn, Sr, Ta, Tb, Th, Tm, U, V, W, Y, Yb and Zr concentrations. Co, Cu,
Li, Mo, Ni, Pb, Sc, and Zn concentrations were obtained by multi-acid
digestion (four acids) and analyzed by ICP-AES with detection limits
between 1 and 10 ppm (Tables 1 and 2). Data processing and diagrams
construction were performed with the help of Petrograph software
(Petrelli et al., 2005), Geochemical Data Toolkit (GCDKIT) and Excel
sheets (Janousek et al., 2011). Sm-Nd isotopic analyses were performed
on eighteen samples in the Geochronology laboratory of the University
of Brasília following the procedure proposed by Gioia and Pimentel

(2000, Table 3). Total rock samples (ca. 50mg) were mixed with a
combined 149Sm-150Nd spike solution and dissolved in Savillex cap-
sules. Extraction of Sm and Nd from whole-rock samples followed
conventional cation exchange techniques, using Teflon columns con-
taining LN-Spec resin (HDEHP–diethylhexyl phosphoric acid supported
on PTFE powder).

Sm and Nd samples were deposited on double Re filaments and
isotopic measurements were performed on a Triton multicollector
thermal ionization mass spectrometer, Thermo Scientific. Uncertainties
in Sm/Nd and 143Nd/144Nd ratios are around 0.4% (1σ) and± 0.005%
(1σ), respectively, based on repeated analyses of BHVO-1 and BCR-1
international rock standards. 143Nd/144Nd was normalized to
146Nd/144Nd of 0.7219 and the decay constant (λ) used was
6.54×10−12. TDM models were calculated using DePaolo (1988)
model.

U-Pb isotopic analysis of detrital zircon was limited for only two
samples, and were performed at the Geochronology Laboratory of the
University of Brasília. The main reason for this is the lack of good
outcrop exposures, especially to fits with the necessary volume to
concentrate zircon grains. The samples were initially crushed and
sieved, and then the heavy minerals were separated using conventional
gravimetric and magnetic methods. Zircon grains were separated using
a binocular microscope and mounted on epoxy resin for isotopic de-
termination by Laser Ablation Inductively Coupled Plasma Mass
Spectrometry LA-MC-ICP-MS (Neptune). The mounts were imaged
using backscatter electron (BS. The international standard GJ1 and sub-
standard 91500 measured following the order of 1 blank, 1 sample and

Fig. 4. Mineralogical and textural aspects of
metavolcanic-sedimentary rocks of the
Araticum Complex: a) Zircon grains in-
cluded in biotite lamellae in micaschist. b)
Lepidogranoblastic texture with sillimanite
(fibrolite) generated from biotite in a
quartz-feldspar matrix of the garnet-biotite
paragneiss c) Porphyroclast of fractured
garnet surrounded by lamellae of biotite in
paragneiss. d) garnet grains included in
biotite in metagraywacke. e)
Nematogranoblastic texture and anhedral
epidote crystals associated with hornblende
in amphibolite. f) Plagioclase and titanite
crystals on the hornblende border in ortho-
derived amphibolite. Qz-quartz, Bt-biotite,
Pl-plagioclase, Zrn-zircon, Fi (Sil)-fibrolite
(sillimanite), Grt-garnet, Hbl-hornblende,
Ep-epidote, Ttn-titanite.
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1 standard were used (Jackson et al., 2004). These data were reduced
on excel sheets following Bühn et al. (2009) and Chemale et al. (2012)
and age calculations used Isoplot 4.15 (Ludwig, 2008).

5. Lithogeochemistry

5.1. Metasedimentary rocks

Whole-rock geochemistry of major, trace and rare earth elements
give information on tectonic environment of paleobasins and prove-
nance of sedimentary rocks (Bhatia, 1983; Armstrong-Altrin et al.,
2004). Sillimanite-garnet-biotite schist and garnet-biotite paragneiss
were selected because they were more abundant in the region. The
analyzed rocks show intermediate concentrations of SiO2 (61–65 wt%),
high Al2O3 (14–15wt%), K2O (2.6–3.2 wt%) and SiO2/Al2O3 ratios
ranging between 3.9 and 4.5. Fe2O3/K2O ratios range between 9.85 and
11.38. In order to quantify the weathering effect of metasedimentary
rocks of the Araticum Complex, CIA and PIA indexes were used, since
they show higher values with progressive weathering (Nesbitt and
Young, 1982; Fedo et al., 1995). Plagioclase Index of Alteration -PIA
(Al2O3-K2O/Al2O3+CaO + Na2O-K2O) varies from 50 for fresh rocks
and close to 100 for clay minerals such as kaolinite, illite and gibbsite
(Fedo et al., 1995).

Chemical Index of Alteration CIA (Al2O3/
(Al2O3+CaO*+Na2O + K2O)*100 for the metasedimentary sequence
of the Araticum Complex suggest that rocks in the source area suffered
from mild or short-term chemical weathering. (Al2O3-K2O/
Al2O3 + CaO + Na2O-K2O) varies from 50 for fresh rocks and close to
100 for clay minerals such as kaolinite, illite and gibbsite (Fedo et al.,
1995).

In the diagram TiO2 vs. Fe2O3T + MgO proposed by Bhatia (1983,
Fig. 5a) and used to discriminate tectonic environments, the ATC rocks
are plotted exclusively in the field of oceanic islands. Similar behavior
occurs in the log diagram (K2O/Na2O) vs. SiO2 from Roser and Korsch
(1986, Fig. 5b). Based on the content of SiO2/Al2O3 vs. Log (K2O/
Na2O), the samples indicate andesitic and basaltic sources from island
arcs (Fig. 5c). Roser and Korsch (1988) proposed the use of dis-
criminant functions in sedimentary rocks using major elements. In the
F1 vs. F2 diagram of Roser and Korsch (1988), the samples studied here
are distributed predominantly in the field of sources from felsic igneous
rocks (Fig. 5d). ΣREE values (195–256, average 218) are compared to
the global average for the ES (ΣREE=230-European Shale, Haskin and
Haskin, 1966) and PAAS (ΣREE=212-Post-Archean Australian Shale,
Table 4). REE diagram normalized for the North American Shale
Composite-NASC, Haskin et al., 1966) shows subhorizontal spectrum
with small fractionation of LREE relative to HREE (LaN/YbN=1.22).
Compared to the average upper continental crust (UCC, Rudnick and
Gao, 2003) the samples show similar average pattern with (Eu/
Eu* = 0.95), characteristic of post-archean sedimentary rocks (Fig. 5e).
The spiderdiagram shows fractionation of Sr, Nb, U and enrichment of
Rb, Th, La, Nd, La, Ce and Hf (Fig. 5f).

5.2. Amphibolites

These rocks exhibit SiO2 contents between 46 and 50wt% and low
Al2O3 contents (13–14 wt%). High SiO2 values, 50 wt% average, cor-
respond to samples made of plagioclase, diopside and quartz. They have
high CaO (11 wt%), medium MgO (6wt%) contents and low K2O
(0.30 wt%). On the SiO2 vs. Zr/TiO2 (Winchester e Floyd,1977) dia-
gram the amphibolites plot in the subalkaline basaltic field (Fig. 6a),
whereas on the Th vs. Co diagram Hastie et al. (2007), suggested for
altered and metamorphosed rocks, they share similarities with island
arc tholeiitic to calc-alkaline basalts (Fig. 6b). The V vs. Ti/1000 dia-
gram (Shervais, 1982) as well as the MnO - TiO2 - P2O5 diagram of
Mullen (1983), suggest that they correspond to island arc to back-arc
related basalts (Fig. 6c and d). They can also be classified as iron-richTa
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tholeiites (Fig. 6e). Additionally, the ternary La/10-Y/15-Nb/8 diagram
(Cabanis and Lecolle, 1989) suggests that these rocks correspond to
tholeiite magmas generated in a compressive tectonic setting (Fig. 6f).

On the spiderdiagram normalized to the primitive mantle, the am-
phibolites show high contents of LILE and low HFSE. In general, the
analyzed samples show strong similarities to the pattern of classic OIB
and IAB magmas with depletion of Tb, Th, Nb and P and enrichment of
Cs, Ba, K and Sr (Fig. 7a). Trace element contents of these rocks com-
pared to the average values of OIB and IAB from Sun and McDonough
(1989) and Dorendorf et al. (2000) indicate strong similarities with
island arc basalts (IAB), with depleted Rb, Th, Nb and P and enriched
Cs, Ba, K, Sr, Pb (Fig. 7a). Such pattern with depleted HFSE is generally
interpreted as the result of mantle wedge melting in subduction en-
vironments, (Sun and McDonough, 1989; Ulmer, 2001). REE values
normalized to chondrite are characterized by high La/Nb (2–3) and Zr/
Y (average 2.3) ratios. These rocks show low LREE fractionation in
relation to HREE (LaN/YbN = 1.1–1.2) displaying subhorizontal pat-
terns. Eu/Eu* = 0.8–1 ratios suggest fractional crystallization of pla-
gioclase (Fig. 7b).

6. Detrital zircon U-Pb geochronology

Two representative samples were selected for detrital zircon U-Pb
analyses sillimanite-garnet muscovite-biotite schist (AC05) and garnet-
biotite paragneisse (AC15). The results are in Table 4. BSE images and
Th/U ratios define two major zircon populations: i) recrystallized an-
gular to sub-angular micro fractured grains with low Th/U ratios
(< 0.1), and ii) igneous prismatic grains with oscillatory zoning, with
sizes varying between 50 and 100 μm and higher Th/U ratios > 0.2
(Fig. 8a and c). The morphology of zircon grains suggest that both
populations represents metamorphic and igneous zircons with low re-
working due to weathering. In general, such crystals are mostly frac-
tured and exhibit patterns that reflects metamictization, indicating
disorders in the Zr-O bonds, resulted from substitution of Zr by Th or U.
In the most critical cases, concordance and quality of the data might be
influenced by such features. The obtained ages for sample AC05 and
AC15 ranges from Ediacaran to Cryogenian, with the younger grains
around 597 Ma, being considered as the maximum age of deposition of
the Araticum sequence (Fig. 8b, d). The most prominent peaks in the

Table 2
Trace element (ppm) concentrations of Araticum Complex. n.d.- not detected.

Sample Garnet-biotite paragneisses and sillimanite-garnet-muscovite-biotite schists Amphibolites

AC5 AC9 AC10 AC11 AC12 AC13 AC14 AC15 AC16 AC17 AC29 AC30 AC31 AC32 AC33 AC34 AC35 AC36

Sc 20 20 20 20 20 20 20 20 22 21 51 50 49 49 50 48 50 49
V 147 149 149 144 138 141 137 137 139 144 374 351 343 373 359 373 370 381
Cr 170 160 150 160 160 160 150 160 190 210 200 180 170 200 180 190 210 190
Co 19 20 20 20 20 19 20 20 38 24 43 43 42 41 42 42 42 42
Li 50 50 50 50 50 50 50 50 60 60 30 30 30 30 30 30 30 30
Mo 1 2 n.d. 1 1 2 2 n.d. n.d. n.d. n.d. n.d. n.d. 1 1 1 1 n.d.
Ni 48 50 48 48 46 52 47 49 63 59 47 49 46 43 45 46 47 45
Cu 18 18 20 18 18 19 18 21 54 62 120 128 129 130 134 127 100 127
Zn 138 139 137 141 142 145 137 140 115 114 106 103 101 102 104 102 102 103
Ga 25 25.1 24.7 24.3 24.3 23.6 23.7 23.9 22.9 24.8 22.4 20.8 20.2 21.3 20.7 22 22 21.6
Rb 167.5 167.5 168.5 164 157.5 157.5 160 160.5 124.5 129 6.3 6 6 6.4 6.2 6.6 6.1 6.6
Sn 3 3 3 2 2 3 2 3 2 4 1 1 n.d. 1 1 1 1 1
W 6 6 4 5 6 6 4 5 5 8 8 6 4 4 4 5 6 4
Zr 201 213 209 198 208 210 213 208 286 307 61 57 54 64 58 61 61 60
Nb 15.1 17 15.7 15.1 14.7 14.3 21.4 15.6 17.4 18.2 1.4 1.5 1.2 1.6 1.5 1.6 1.7 1.4
Cs 7.38 7.65 7.38 7.09 7.18 6.96 7.09 7.12 8.24 8.65 0.19 0.15 0.17 0.21 0.18 0.2 0.14 0.2
Ba 821 833 822 769 772 774 784 791 575 592 128 115.5 112.5 121.5 117 127 140.5 118
La 37.9 41.7 37.4 38 38.1 37.3 35.2 44.2 44.8 42.1 4.7 4.5 4.4 4.7 4.6 4.8 4.7 4.8
Ce 73.8 81.1 71.8 73.2 71.2 72.2 67.9 83.9 89.6 83.2 11.5 11 10.4 11.1 10.6 11.5 11 11.3
Pr 8.35 9.01 8.12 8.45 8.17 8.19 7.55 9.51 10.45 9.73 1.65 1.53 1.52 1.6 1.52 1.59 1.56 1.57
Nd 33 34.2 30.4 32.3 30.8 31.4 28.6 35.6 39.1 37.1 8.4 7.6 7.3 7.8 7.8 8 7.7 8
Sm 6.65 6.82 5.97 6.13 5.94 6.02 6.06 6.78 7.73 7.37 2.7 2.48 2.23 2.53 2.35 2.56 2.5 2.47
Eu 1.29 1.28 1.28 1.37 1.4 1.34 1.33 1.34 1.52 1.56 0.98 0.9 0.95 0.81 0.89 0.97 0.99 1
Gd 5.75 5.97 5.93 5.98 6.05 5.67 5.99 6.79 7.48 7.52 3.79 3.66 3.85 3.62 4.08 3.86 3.67 3.71
Tb 0.81 0.91 0.86 0.89 0.87 0.79 0.89 0.93 1.16 1.14 0.67 0.63 0.63 0.63 0.63 0.61 0.69 0.66
Dy 5.08 5.17 4.98 5.06 5.08 5.08 4.85 5.43 6.44 6.67 4.18 4.3 3.94 4.05 4.17 3.81 4.2 4.23
Ho 1.02 1.06 1.05 1.08 1.04 0.95 1.13 1.14 1.42 1.31 0.96 1 0.92 0.92 0.93 0.9 1 0.92
Er 3.09 3.33 3.32 3.17 2.99 3.03 3.34 3.29 4.56 4.34 3.01 2.88 2.71 2.67 2.81 2.63 3.04 3.11
Tm 0.46 0.47 0.43 0.43 0.5 0.41 0.47 0.52 0.56 0.61 0.43 0.44 0.37 0.44 0.39 0.44 0.45 0.4
Yb 3.01 3.17 2.93 2.96 2.89 2.94 3.05 3.23 3.92 3.66 2.74 3.05 2.53 2.88 2.99 2.46 2.92 2.8
Lu 0.42 0.48 0.46 0.47 0.45 0.44 0.5 0.44 0.58 0.56 0.45 0.43 0.44 0.39 0.48 0.41 0.42 0.45
Y 27.6 29.8 29.2 27.5 27.4 26.6 28.2 29.1 36.5 37.3 26.2 24.7 23.5 26.3 25.8 26 25.9 25.4
Hf 5.8 6.2 6.1 5.9 6.4 6.4 6.3 6.2 8.7 9 1.8 1.9 1.6 1.7 1.6 1.6 1.9 1.8
Ta 0.9 0.9 0.9 0.8 0.9 0.8 1.4 1 1.1 1.1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Pb 19 20 17 16 19 18 22 20 48 18 n.d. n.d. 3 5 3 n.d. 2 n.d.
Th 11.6 12.5 11.35 11.1 11.65 11 10.7 13.15 14.45 12.45 0.46 0.52 0.51 0.45 0.54 0.54 0.58 0.51
U 1.52 1.77 1.6 1.39 1.47 1.53 1.37 1.87 2.96 2.78 0.13 0.13 0.1 0.09 0.09 0.11 0.1 0.11
ΣRΕΕ 208 224 204 207 203 202 195 232 256 244 72 70 66 70 70 70.5 71 71
Eu/Eu* 0.90 0.88 0.94 0.99 1.02 1.01 0.97 0.87 0.92 0.88 0.94 0.91 0.98 0.82 0.87 0.94 1.00 1.01
(La/Yb)N 1.22 1.27 1.24 1.24 1.28 1.23 1.12 1.33 1.22 1.27 1.23 1.06 1.25 1.17 1.10 1.40 1.15 1.23
(La/Sm)N 1.02 1.09 1.12 1.10 1.14 1.10 1.03 1.16 1.02 1.09 1.12 1.17 1.27 1.20 1.26 1.21 1.21 1.25
(Gd/Yb)N 1.14 1.12 1.20 1.20 1.25 1.15 1.17 1.25 1.14 1.12 1.14 0.99 1.26 1.04 1.13 1.30 1.04 1.10

Eu/Eu* = EuN/Eu* Eu*=(Sm + Gd)N/2
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frequency diagram are at 642 Ma and 1047 Ma (Fig. 8b). A minor
amount of grains is Tonian-Stenian with a major peak at 1047 Ma. In
addition, sample AC15 shows the majority of ages around 634 Ma, with
a younger crystal with the age of 607 Ma (Fig. 8c and d) (see Table 5).

7. Nd isotopic composition

Sm-Nd analyses were performed on eighteen representative samples
of metasedimentary and mafic metavolcanic rocks of the Araticum
Complex.

Amphibolites intercalated in metasedimentary rocks exhibit
147Sm/144Nd ratios around 0.2 suggesting derivation from juvenile
sources which may reflect the input from island arcs and back-arc
which is also suggested by positive εNd (600Ma and 900Ma) values
between 3.79 and 4.19 (Table 3).

Eight samples of garnet-biotite gneiss indicated TDM ages between
1.37 and 1.85 and seven samples of sillimanite-garnet-muscovite-biotite
schists with TDM values between 1.44 and 1.80 as shown in Table 3.
147Sm/144Nd ratios fluctuate between 0.11 and 0.14. The spectrum of
TDM ages compared to other lithotectonic domains of the southern PB is
shown in the histogram of Fig. 9. εNd (600Ma and 900Ma) parameter
for metasedimentary rocks reflect the input immature nature source
with juvenile contribution varying between negative and positive va-
lues −14.53 to 10.50.

Marbles samples (AC49 to AC54) intercalated in metasedimentary
rocks indicated TDM values between 1.60 and 1.66 Ga and a calc-silicate
rock (AC21 to AC24) showed TDM between 0.96 and 1.30 Ga.

8. Discussion

8.1. Geochemistry and source area weathering

The metasedimentary rocks show high values of SiO2/Al2O3 and low
K2O/Na2O (1–1.2) indicating presence of feldspar in the source rock.
(Roser et al., 1996). All samples show low CaO (2 wt%) and TiO2

(0.9 wt%). Al2O3/K2O ratios are high with values ranging from 4.7 to
5.6 corroborating the high concentration of alumina-rich minerals also
verified in the petrography. CIA and PIA indexes used as parameters to
quantify the chemical weathering in the protolith (Nesbitt and Young,
1982, 1996; Fedo et al., 1995) show little chemical weathering and
moderate presence of clay minerals in the source area.

The chemical alteration index (CIA) applied to metasedimentary
rock of the Araticum Complex presents values between 57 and 60 and
suggests that rocks from the source area underwent chemical weath-
ering that was not severe since uplift and exposure in their present
outcrops. In addition, PIA values ranging between 60 and 64 for these
rocks indicate source area with significant presence of clay minerals.

Major and trace elements behavior on discriminant diagrams

Fig. 5. Discriminant diagrams of tectonic environ-
ment (REE and multielement for sedimentary rocks
of the Araticum Complex). a) Diagram of Bhatia
(1983). b) Diagram of Roser and Korsch (1986). c)
Diagram Maynard et al., 1982. d) Diagram of Roser
and Korsch (1988). e) NASC-normalized REE dia-
gram (North American Shale Composite, Haskin
et al., 1966), UCC data from Rudnick and Gao
(2003). f) UCC-normalized multielement diagram,
data from Taylor and McLennan (1985). Abbrevia-
tions: OIA-oceanic island arc. CIA-continental island
arc. ACM-active continental margins. PM-passive
margins. A1-detritic sediments of andesitic and ba-
saltic rocks deposited in oceanic island arcs. A2 -
detritic sediments of felsic plutonic rocks deposited
in oceanic island arcs. P1-provenance of mafic ig-
neous rocks. P2-origin of intermediate igneous rocks.
P3-origin of felsic igneous rocks. P4-provenance of
quartz-rich sedimentary rocks.
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suggest that the sedimentary sequence was deposited in an oceanic
volcanic arc environment with material derived from erosion of ande-
sitic and basaltic sources. REE contents in metasedimentary rocks of the
Araticum Complex are similar to the ES (European Shale) and PASS
(Post-Archean Australian Shale) and present slight LREE fractionation
compared to HREE when normalized to the North American Shale
Composite.

REE contents in metasedimentary rocks of the Araticum Complex
are similar to the ES (European Shale) and PASS (Post-Archean
Australian Shale) and present slight LREE fractionation compared to
HREE when normalized to the North American Shale Composite.

Normalized trace elements with respect to UCC showed depletion in
Sr, Nb and U and enrichment in Rb, La, Th Nd, Ce and Hf, suggesting
weathering of feldspars generating a high content of clay minerals.

Amphibolites of the ATC, present chemical features similar to
magmatic arc-related tholeiitic and calc-alkaline basalts. Also, our
geochemical data suggest the influence of island arcs and back-arc basin
components associated with the collision process (Fitton, 1971;
Arculus, 2004). REE contents in the amphibolites (mafic metavolcanic
rock) normalized to the chondrite show low fractionation of LREE in
relation to HREE with subhorizontal pattern and very slight negative Eu
anomaly, confirming the primitive origin of these rocks. Trace elements
in amphibolites normalized with respect to the primitive mantle exhibit
strong similarity with the pattern of oceanic volcanic arc basalts.

8.2. Detrital zircon U-Pb

Detrital zircon U-Pb analysis for LA-MC-ICP-MS from the meta-
volcanic-sedimentary Araticum Complex ranges from Stenian to

Cambrian, with major peaks at 642 Ma and 1047 Ma (AC-05) and 634
Ma (AC-15).

Detrital zircon data from sillimanite-garnet-biotite schist (AC05)
and garnet-biotite paragneiss (AC-15) indicated age spectrum between
1047 and 634 Ma with maximum age of deposition of the protoliths
around 634 Ma. This result is consistent with ages of protoliths derived
from magmatic arcs in the southern portion of the Pernambuco-Alagoas
block north of the Brasiliano/Pan-African Sergipano Fold Belt which
have ages around 630-570 Ma (Carvalho, 2005; Oliveira et al., 2014;
Silva Filho et al., 2014). Carvalho (2005) and Oliveira et al. (2006,
2015) obtained on garnet-mica schists (FS-68) and quartzites (FS-89)
ages ranging from 985 to 920 Ma. No zircon grains younger than 900
Ma were observed in both samples. Such ages (AC05 and AC15) suggest
that rocks from the Macururé Domain were deposited before the Bra-
siliano orogeny.

On the other hand, Oliveira et al. (2015), also documented Paleo-
proterozoic grains, ranging from 2000 to 2150 Ma, which is not present
on rocks of the ATC. Paleoproterozoic zircon grains might indicate an
older source, which can be attributed to gneissic-migmatitic domes,
such as the Jirau do Ponciano (Brito et al., 2009).

In our investigated rocks, 14 grains inherited from Meso/
Neoproterozoic sources (1.0–0.92 Ga) suggest partial contribution of
volcanic sources exhumed and eroded from the Cariris Velhos orogenic
rocks. In the AC15 sample, most of the zircon grains present
Neoproterozoic ages around 634 Ma indicating that the deposition
period of the Macururé Domain was not before the Brasiliano Orogeny
as previously suggested by Oliveira et al. (2006). Paleoproterozoic
zircon ages were not recorded in the Araticum Complex, although they
are common in the Macururé Domain (Oliveira et al., 2015, Fig. 1b).

Table 4
U–Pb detrital zircon ages extracted from sillimanite-garnet-muscovite-biotite schist of the Araticum Complex.

Atomic ratios Ages(Ma)

AC5
Spot nº

232Th/238U 207Pb/206Pb 1σ (%) 207Pb/235U 1σ (%) 206Pb/238U 1σ (%) 207Pb/206Pb 1σ (%) 207Pb/235U 1σ (%) Conc. (%)

070-ZR47 0.072 0.07130 0.97 1.747 1.27 1054 14 966 40 1026 16 109.1
065-ZR42 0.072 0.06236 0.51 0.917 0.94 653 9 686 22 661 9 95.2
063-ZR40 0.072 0.06242 3.51 0.853 4.39 609 30 688 146 626 41 88.5
060-ZR39 0.072 0.07435 2.83 1.367 3.68 807 35 1051 112 875 43 76.8
057-ZR36 0.072 0.07222 0.63 1.653 1.11 990 15 992 25 991 14 99.8
054-ZR33 0.072 0.06613 3.24 0.885 4.37 597 33 811 133 643 41 73.6
050-ZR32 0.799 0.07275 1.42 1.659 1.95 986 24 1007 57 993 25 97.9
048-ZR31N 0.392 0.07185 0.84 1.518 1.69 919 24 982 34 938 21 93.6
047-ZR30 0.845 0.07604 0.65 1.659 1.14 947 15 1096 26 993 14 86.4
046-ZR29 0.491 0.07310 0.89 1.646 1.36 975 17 1017 36 988 17 95.9
045-ZR28 0.007 0.06095 0.59 0.853 1.05 623 9 637 25 626 10 97.8
044-ZR27 0.271 0.07293 0.61 1.599 1.05 951 14 1012 25 970 13 94.0
043-ZR26 0.800 0.07823 1.10 1.502 1.55 840 16 1153 43 931 19 72.9
040-ZR25 0.008 0.06023 0.59 0.863 1.01 637 9 612 25 632 9 104.1
037-ZR22B 0.464 0.07288 0.47 1.668 0.86 990 11 1011 19 996 11 97.9
036-R22N 0.609 0.07265 0.80 1.653 1.35 984 17 1004 32 991 16 98.0
029-ZR18B 0.629 0.07374 1.04 1.692 1.06 992 14 1034 42 1006 17 95.9
024-ZR14B 0.003 0.06095 0.59 0.881 1.54 643 10 638 25 642 10 100.8
023-ZR14N 0.748 0.07373 1.03 1.512 3.34 894 18 1034 41 935 19 86.4
020-ZR13 0.209 0.06737 2.23 1.217 1.31 793 37 849 91 808 37 93.4
019-ZR12 0.004 0.06023 0.89 0.860 1.28 635 11 612 38 630 12 103.9
018-ZR11 0.502 0.07428 0.84 1.804 1.79 1046 17 1049 34 1047 17 99.7
016-ZR9 0.026 0.06087 0.89 0.873 3.91 638 18 635 38 637 17 100.5
015-ZR8 0.134 0.06890 1.93 1.005 1.09 648 42 896 79 706 39 72.3
014-ZR7 0.005 0.06099 0.58 0.867 1.21 633 10 639 25 634 10 99.0
013-ZR6 0.897 0.07855 0.73 1.763 2.83 972 16 1161 29 1032 16 83.8
010-ZR5 0.288 0.07643 1.99 1.740 0.90 985 36 1106 78 1023 36 89.0
007-ZR3 0.001 0.06136 0.40 0.887 1.97 643 9 652 17 645 9 98.6
006-ZR2 0.056 0.05972 1.50 0.807 1.35 603 14 594 64 601 18 99.5
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Such results suggest that the major sources of the ATC might be asso-
ciated with the Tonian Cariris Velhos orogeny, which are also described
in the southern part of the Pernambuco-Alagoas Massif to the north
(Silva Filho et al., 2014) and the Neoproterozoic-Cambrian Brasiliano
orogen, that strongly affected the southern portion of the Borborema
Province (Santos et al., 2010; Brito Neves et al., 2014; Oliveira et al.,
2015). Also, very young zircon grains (Ediacaran-Cambrian) found in
sample AT-05 present high Th/U ratio and might be derived from

young magmatic sources, such as several unreformed post-orogenic
granites that occupies the Southern portion of the Pernambuco-Alagoas
Domain (Silva Filho et al., 2014).

8.3. Nd isotopes and depositional setting

The TDM values of sillimanite-garnet-muscovite-biotite schists,
garnet-biotite gneisses, calc-silicate rocks and marbles range between

Fig. 6. Classification diagrams of volcanic rocks and
tectonic environment for amphibolites of the
Araticum Complex. a) Diagram of Winchester and
Floyd (1977). b) Diagram of Hastie et al. (2007). c)
Diagram of Shervais (1982). d) Diagram of Mullen
(1983). e) Diagram of Jensen (1976) modified by
Rickwood (1989). f) Diagram of Cabanis and Lecolle
(1989). Abbreviations: A-B-alkaline basalt. TrAN-
trachiandesite; H-K and SHO- High-K calc-alkaline
and shoshonitic. CA-calc-alkaline. IAT-island arc
tholeiite. CAB- calc-alkaline basalt. MORB - mid
ocean ridge basalt. BAAB- back-arc basin basalts.
CAB- calc-alkaline basalt. OIT - oceanic island tho-
leiitic basalt. Th + CA - tholeiitic and calc-alkaline
basalt; VAT-volcanic arc tholeiitic basalt.

Fig. 7. A) Primitive mantle-normalized multi-ele-
ment (spider) diagram for amphibolites of the
Araticum Complex (Sun and McDonough, 1989 and
b) Chondrite-normalized REE patterns (Sun and
McDonough, 1989) for amphibolites of the Araticum
Complex. OIB-oceanic island basalts and IAB- island
arc basalts; values are from Sun and McDonough
(1989) and Dorendorf et al. (2000).
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1.29 and 1.85 Ga (Table 3) indicating that the Araticum Complex has an
older contribution than the Canindé (1.1–1.6 Ga), and similar to Mar-
ancó (1.18–2.23 Ga) domains. Such data also indicate that the studied
sequence could be part of the Macururé Domain (1.28–1.78 Ga, Oliveira
et al., 2015, Fig. 9).

According to these authors, no sample with TDM ages older than
1.78 Ga was observed in the Macururé Domain. Recent regional iso-
topic investigations of Nd and U-Pb geochronology on detrital zircon
suggest that sediments of the Marancó and Macururé domains were
deposited on the continental margin of the Pernambuco-Alagoas block
before the collision with the São Francisco Craton plate and that the
Canindé domain probably corresponds to an aborted Neoproterozoic
rift association within the southern part of the Pernambuco-Alagoas
block (Oliveira et al., 2015).

According to these authors, the basal units of the Vaza-Barris and
Estância domains are made of sedimentary rocks derived from the
erosion of the São Francisco Craton and are interpreted as passive
margin sequences with exception for Itabaiana quartzites (Vaza-Barris
Domain) and Juetê diamictites (Estância Domain, Oliveira et al., 2015).

Nd isotopes and U-Pb geochronological data for detrital zircon
grains in several key areas of the Sergipano Fold Belt, such as the
Araticum, Arapiraca, Nicolau-Campo Grande and Jirau do Ponciano
complexes are still scarce and only a few regional integration inter-
pretations have been put forward in the last years (Carvalho, 2005;
Nascimento, 2005; Oliveira et al., 2006). The geochronological pattern
obtained in the present work, along with lithogeochemistry, suggests
that the Araticum paleobasin was partially filled by material derived
from the erosion of volcanic arcs exhumed before and during the Bra-
siliano/Pan-African orogeny of the Borborema Province together with

some contribution from the Cariris Velhos crustal sources (1.0–0.6 Ga,
Fig. 10).

Closure of the ocean, took place during successive collisional events
which resulted in the construction of Ediacaran continental arcs with
similar crystallization ages in the northern portion of the Sergipano
Fold Belt (Canindé, Poço Redondo-Marancó and Macururé domains,
630-570 Ma (Bueno et al., 2009; Santos et al., 2004; Oliveira et al.,
2010, 2015) when compared with the southern border of the Pernam-
buco-Alagoas Terrain (Serra do Catu, Cachoeirinhas, Águas Belas,
Santana do Ipanema, Água Branca, Mata Grande and Correntes, 635-
590 Ma, Silva Filho et al., 2014, 2016, Fig. 10). This collisional process
is recorded by the contractional/transpressional tectonics represented
by the main shear zones of the Sergipano Fold Belt developed between
650 and 540 Ma (Carvalho, 2005; Oliveira et al., 2010). We suggest as
possible sources for the Araticum Complex the Neoproterozoic islands
arcs (600-590Ma) that developed in the southern portion of the Per-
nambuco-Alagoas Domain.

These oceanic arcs were probably exhumed and eroded during the
closure of the ocean with deposition of sediments on both sides of the
Sergipano Fold Belt such as extensive layers of marble in the Araticum
Complex.

8.4. Tectonic implications

We consider that the geotectonic model proposed by Oliveira et al.
(2010, 2015) for the evolution of the Sergipano Fold Belt as the most
likely. In this model the break-up of the Paleoproterozoic continent
resulted in the opening of a proto-ocean on the southern coast of the
Pernambuco-Alagoas block followed by subduction of oceanic

Fig. 8. Concordia diagram and histogram for Pb206/U238 ages (best used for young zircons, ≤ca. 1000 Ma, LA-ICP-MS) ages of detrital zircon grains extracted from
sillimanite-garnet-muscovite-biotite schist (AC05) and garnet-biotite paragneiss (AC15) of the Araticum Complex and their respective BSE images.
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lithosphere and ocean closure. The extensional phase conditioned the
deposition of passive margin sediments on both sides of the belt. In-
dications of ocean floor association were recorded in deformed pillow
basalts in the Novo Gosto Unit of the Canindé Domain (Oliveira et al.,
2010) and ultrabasic chlorite schists intercalated within metasedi-
mentary rocks of the Macururé Domain (Bueno et al., 2009). Several
alternative models of tectonic environment have been proposed for

rocks of the Macururé Domain located in the northern portion of the
Sergipano Fold Belt: deep environment (Davison and Santos, 1989),
flysch sequence in continental margin (Jardim de Sá, 1992), forearc
basin (Carvalho, 2005) and continental margin of the old Borborema
plate before collision with the São Francisco Craton (Oliveira et al.,
2015).

Brazil-Africa correlation has a major role in paleogeographic

Table 5
U–Pb detrital zircon ages extracted from garnet-biotite paragneiss of the Araticum Complex.

Atomic ratios Age (Ma)

AC15
Spot nº

232Th/238U 207Pb/206Pb 1σ (%) 207Pb/235U 1σ (%) 206Pb/238U 1σ (%) 207Pb/206Pb 1σ (%) 207Pb/235U 1σ (%) Conc. (%)

080-ZR57 0.766 0.06030 0.82 0.890 1.30 655 12 614 35 646 12 106.7
079-ZR56 0.599 0.06158 0.80 0.884 1.23 639 10 659 34 643 12 96.8
078-ZR55 0.919 0.07062 0.87 1.030 1.28 648 11 947 35 719 13 68.5
077-ZR54 0.243 0.06131 0.78 0.880 1.27 638 11 650 33 641 12 98.2
076-ZR53 0.088 0.05994 0.61 0.854 1.07 634 10 601 26 627 10 105.5
075-ZR52 1.034 0.06191 1.03 0.866 1.55 623 13 671 44 634 15 92.8
074-ZR51 0.154 0.06085 0.67 0.880 1.09 643 9 634 29 641 10 101.5
073-ZR50 0.526 0.06214 0.91 0.885 1.45 634 13 679 39 644 14 93.4
070-ZR49 0.449 0.06372 1.02 0.900 1.49 628 12 732 43 652 14 85.8
069-ZR48 0.428 0.06192 1.16 0.890 1.61 639 13 671 49 646 15 95.2
068-ZR47 0.410 0.06269 1.03 0.871 1.56 619 13 698 44 636 15 88.8
067-ZR46 0.433 0.06306 0.66 0.904 1.07 637 9 710 28 654 10 89.7
066-ZR45 0.439 0.06131 0.90 0.869 1.43 631 13 650 38 635 13 97.0
064-ZR43 0.080 0.06411 0.59 0.900 1.20 625 12 745 25 652 11 83.8
060-ZR42 0.637 0.06465 0.78 0.951 1.17 653 10 763 33 678 12 85.6
059-ZR41 0.528 0.06239 1.05 0.878 1.49 626 12 688 45 640 14 91.1
058-ZR40 0.099 0.06235 0.67 0.883 1.10 630 9 686 29 642 10 91.8
057-ZR39 0.655 0.06486 0.73 0.937 1.17 643 10 770 31 672 11 83.5
056-ZR38 1.014 0.06342 1.24 0.889 1.68 624 13 722 52 646 16 86.4
055-ZR37B 0.560 0.06070 0.81 0.879 1.19 644 10 628 35 641 11 102.5
054-ZR37N 0.798 0.06633 1.27 0.941 2.12 631 20 817 52 673 21 77.3
053-ZR36 0.097 0.06132 0.65 0.853 1.15 620 10 650 28 626 11 95.3
049-ZR34 0.484 0.06129 1.05 0.886 1.47 643 12 650 45 644 14 99.0
048-ZR33 0.528 0.06153 0.65 0.884 1.08 639 10 658 28 643 10 97.1
047-ZR32 0.765 0.06101 0.64 0.856 1.19 625 11 640 27 628 11 97.7
046-ZR31 0.322 0.06037 0.66 0.871 1.01 642 8 617 28 636 10 104.0
045-ZR30 0.156 0.06077 0.73 0.864 1.14 633 10 631 31 632 11 100.2
044-ZR29 0.578 0.06031 0.63 0.893 1.23 658 12 632 27 648 12 107.0
040-ZR28 0.497 0.06078 0.92 0.894 1.28 653 10 691 39 648 12 103.4
039-ZR27 0.323 0.06249 0.76 0.891 1.19 634 10 647 32 647 11 91.8
038-ZR26 0.886 0.06123 1.15 0.859 1.71 625 14 618 49 630 16 96.5
037-ZR25 0.078 0.06041 0.55 0.847 0.97 624 8 633 23 623 9 101.0
036-ZR24 0.475 0.06083 0.69 0.865 1.18 632 11 775 30 633 11 99.8
035-ZR23B 0.560 0.06502 0.83 0.938 1.28 641 11 599 35 672 13 82.7
034-ZR23N 0.500 0.05986 1.49 0.837 1.98 623 15 611 64 617 18 104.0
033-ZR22 0.567 0.06021 1.37 0.853 1.97 630 16 721 59 626 18 103.1
030-ZR21 0.438 0.06337 1.07 0.863 1.58 607 13 653 45 632 15 84.3
029-ZR20B 0.103 0.06140 0.64 0.863 1.08 626 9 781 28 632 10 95.8
027-ZR19 0.596 0.06520 0.66 0.905 1.31 618 13 641 27 654 13 79.2
026-ZR18 0.593 0.06106 0.74 0.869 1.31 633 12 619 32 635 12 98.8
025-ZR17 0.338 0.06043 1.60 0.854 2.01 629 14 691 68 627 19 101.6
024-ZR16 0.538 0.06248 0.53 0.896 1.20 638 12 632 23 650 11 92.4
020-ZR15 0.317 0.06077 0.61 0.905 1.24 653 13 631 26 654 12 104.7
019-ZR14 0.432 0.06077 0.76 0.834 1.56 661 15 631 33 616 14 96.9
017-ZR12 0.590 0.06036 1.34 0.860 2.14 612 20 617 57 630 20 102.8
016-ZR11 0.337 0.06052 0.95 0.882 2.16 634 23 622 41 642 20 104.1
015-ZR10 0.353 0.06823 1.22 0.973 1.52 648 10 876 50 690 15 72.5
014-ZR9 0.120 0.06067 0.55 0.885 1.12 635 11 628 23 643 11 103.2
013-ZR8 0.357 0.05827 1.27 0.887 1.80 648 16 540 55 645 17 125.0
010-ZR7 0.150 0.06015 0.59 0.857 1.16 675 11 609 25 629 11 104.1
009-ZR6 0.640 0.06095 0.54 0.911 1.17 634 12 637 23 658 11 104.1
008-ZR5 0.498 0.06060 0.55 0.913 1.26 663 14 625 24 659 12 107.0
007-ZR4 0.647 0.06061 0.54 0.890 1.07 669 11 626 23 646 10 104.2
006-ZR3 0.897 0.06123 0.73 0.908 1.18 652 11 647 31 656 11 101.8
005-ZR2 0.505 0.06063 0.40 0.892 0.90 659 9 626 17 647 9 104.3

H.M. Lima et al. Journal of South American Earth Sciences 86 (2018) 176–192

188



reconstructions of Western Gondwana, as shown by several studies
(Caby, 1989; Castaing et al., 1993; Toteu et al., 2001; Brito Neves et al.,
2002; Van Schmus et al., 2008). Recent lithotectonic connections be-
tween the Neoproterozoic Borborema Province in NE Brazil with West
Africa domains, such as Trans-Saharan, Nigerian and Oubanguides
mobile belts were focused on the oceanic paleobasins and proto-oceans
(Van Schmus et al., 2008; Caxito et al., 2012, 2014; 2015; Alcântara
et al., 2017).

In the southern sub-province of Borborema Province, in the
Pernambuco-Alagoas Terrain/Massif, the isotopic data suggest that the
deposition of metasedimentary sequences, generally known as the Rio
Una Complex, on the Paleoproterozoic basement (Rhyacian ca. 2.2–2.0
Ga) occurred during an extensional Cryogenian event between 850 and
631 Ma (Silva Filho et al., 2014). In the Riacho do Pontal Belt the se-
quences of metasedimentary rocks are dominantly of Meso-Neoproter-
ozoic ages (1.0–0.5 Ga) with a collision process similar to the Sergipano
Fold Belt involving a complete tectonic cycle (Oliveira et al., 2015).
Finally, in the Rio Preto Belt, Paleoproterozoic and Neoproterozoic
sources, amphibolite lenses of the Formosa Formation with chemical
signature of island arc environment were described by Caxito et al.
(2014). The age of detrital zircon grains between 920 and 1000 Ma for
sillimanite-garnet-muscovite-biotite schists (AC5, Fig. 8b) are similar
the ages (980–1000 Ma) obtained for the Poço Redondo-Marancó Do-
main and suggests that the Cariris Velhos crust corresponds to the
source region for these rocks (Carvalho, 2005; Santos et al., 2010,
Fig. 1b).

Recent research by modeling has revealed that island arcs con-
tribute more effectively to continental crust construction than con-
tinental arcs (Stern and Scholl, 2010; Jagoutz and Schmidt, 2012).

Tonian and Cryogenian to Ediacaran continental arcs are situated in
the northern portion of the Sergipano Fold Belt and south of the
Pernambuco-Alagoas Domain. In this context we suggest that the is-
lands arcs and back-arc basins contributed as a source area for de-
position of the Araticum complex together with of the these continental

arc contribution. Therefore, the island arcs were exhumed and eroded
during the subduction process during Borborema Province
Neoproterozoic evolution (Fig. 10).

9. Conclusions

Our results provide new insights to understand the provenance of
metasedimentary rocks in the Southern Borborema Province. Rocks that
compose the Araticum metavolcanic sedimentary sequence are exposed
in the NE portion of the Sergipano Fold Belt and comprises Sillimanite-
garnet-biotite-muscovite schists, garnet-biotite paragneisses, meta-
graywackes, marbles, amphibolite and intermediate metavolcanice
rocks, as well as calc-silicate rocks.

Geochemical, isotopic and geochronological data indicate that they
were derived from island arc and back-arc basin settings setting in-
volved in the collision between the São Francisco Craton and the
Borborema Province. Amphibolites show positive εNd values for 900
and 600Ma suggesting juvenile sources such as island arcs. εNd (600-
900Ma) values for metasedimentary rocks are also positive
(1.17–10.50) indicating participation of mantle component in the
source of the Araticum paleobasin. Whole rock geochemical suggest
sources varying from andesites to basalts.

U-Pb zircon data indicate two different source areas associated with
major peaks at ca. 642 and 1047 Ma. The maximum depositional age is
interpreted as 634 Ma, which is compatible with most of granitic
magmatism in the region around 600 Ma (Bueno et al., 2009; Oliveira
et al., 2015), associated with collisional settings. The maximum ob-
tained deposition age of the ATC suggest that the Marururé Domain was
developed during the Brasiliano Orogeny (600 Ma), which is consistent
to the model proposed by Carvalho (2005) and Oliveira et al., 2006,
that suggest a possible correlation between this Domain and the Mar-
ancó Poço-Redondo Domain.

Integration of these data with available models for southern
Borborema Province allow us to conclude that such orogenic complex

Fig. 9. Distribution of TDM model ages for metasedimentary rocks of ATC-Araticum Complex compared to possible source areas of the Sergipano Fold Belt (SFB).
PEAL- Pernambuco-Alagoas Domain and SFC- São Francisco Craton data from (Oliveira et al., 2010, 2015; Silva Filho et al., 2014; Caxito et al., 2014).
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were developed between the convergence of the Pernambuco-Alagoas
Terrane and the São Francisco Craton, that was exhumed and eroded
during or late in the Brasiliano-Pan-African orogeny, contributing to
deposition of the Araticum sediments, coeval with several paleobasins
in Western Africa such as the Lom basin in Cameroon (Toteu et al.,
2006).
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