
Abstract
The Capela, Dores, Aquidabã, Camará, Campo Grande, and Pedra Branca stocks constitute the Macururé Mafic Suite of the Sergipano 
Orogenic System, Southern Borborema Province. These bodies have elongated and tabular forms, which are concordant with the metasedi-
mentary host rocks foliation. Most primitive terms are hornblendites, gabbros, and diorites, with minor monzonites, granodiorites, and  gran-
ites. U-Pb SHRIMP zircon ages for Capela (631 ± 3 Ma), Aquidabã (636 ± 4 Ma) and Campo Grande (629 ± 9 Ma) stocks indicate the coeval 
emplacement of the intrusions. Geochemical data show that these rocks are metaluminous to slightly peraluminous, magnesian and have 
high-K calc-alkaline to shoshonitic affinities. Rare earth elements (REE) patterns are fractionated and multielement diagrams display deple-
tions at Nb, Ta, and Ti, indicating subduction-related magmatism. Trace elements data suggest that the gabbros and diorites were generated 
by partial melting of an enriched subcontinental lithospheric mantle in the spinel stability field, which has probably been metasomatized by 
the interaction with sediments during previous subduction events. Field and petrographic evidence, associated with geochemical and geo-
chronological data support that the magmas of the Macururé Mafic Suite were emplaced in early- to syn-collisional stage during the build-up 
of a continental arc in the Sergipano Orogenic System, at ca. 630 Ma.
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INTRODUCTION
Potassic igneous rocks, such as high-K calc-alkaline and 

shoshonitic ones, have been described in tectonic settings of 
continental and oceanic arcs, and within-plate (Müller et al. 
1992, Turner et al. 1996, Pe-Piper et al. 2009), assuming a signif-
icant role in the reconstruction of ancient terrenes. Shoshonitic 
series rocks are difficult to classify because they share features 
common to both calc-alkaline and alkaline series, character-
ized by high alkalis total, strong enrichment in incompatible 
trace elements and depletion in Nb, Ta, and Ti (e.g., Morrison 
1980). Most authors attribute these features to a subcontinen-
tal lithospheric mantle or asthenospheric mantle, which has 
been enriched in incompatible elements during earlier sub-
duction (Aldanmaz et al. 2000, Mariano et al. 2001, Hollanda 
et al. 2003). Therefore, the study of potassic mantle-derived 
rocks may yield important insights about the nature of the 
mantle reservoirs.

High-K calc-alkaline to shoshonite plutonic rocks related 
to Brasiliano Orogeny are widely distributed in the Sergipano 
Orogenic System (SOS), Southern Borborema Province. 
Available U-Pb crystallization ages range from 625 to 588 Ma 
(Long et al. 2005, Silva 2014, Conceição et al. 2017, Lisboa 
et al. 2019, Santos et al. 2019, Soares et al. 2019, Sousa et al. 
2019), comprising plutons emplaced under different tectonic 
regimes. Gabbroic and dioritic microgranular enclaves with 
shoshonitic to ultrapotassic affinities hosted in granites, gran-
odiorites, and monzonites have also been described (Oliveira 
2014, Conceição et al. 2016, Fontes et al. 2018). However, 
the petrogenetic and tectonic significances of these rock asso-
ciations in the SOS are not well understood.

The present work focuses on a potassic association of ultra-
basic-basic-intermediate-acidic rocks, denominated Macururé 
Mafic Suite. These bodies have been intruded along the east 
margin of the SOS and were previously mapped as part of a 
metasedimentary sequence (Silva Filho et al. 1979, Santos et al. 
1998). New whole-rock geochemical and U-Pb SHRIMP data 
are presented and discussed here in order to infer the possi-
ble magma sources, the petrogenetic processes and the role of 
this magmatism in the geotectonic evolution of the Southern 
Borborema Province.

GEOLOGICAL SETTING
The Borborema Province, located in northeastern Brazil, 

is a geotectonic unit resulting from the convergence of the 
Amazonian, West Africa-São Luís and São Francisco-Congo 
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MSZ: Macururé shear zone; BMJSZ: Belo Monte-Jeremoabo shear zone; SMASZ: São Miguel do Aleixo shear zone; ISZ: Itaporanga shear zone.
Figure 1. Geological context. (A) Pre-drift reconstruction of South America-Africa showing the location of Borborema Province (BP) and 
Amazonian (AC), West-Africa (WSC) and São Francisco-Congo cratons (SFC). (B) Subdivision of Borborema Province in Northern (NS), 
Central (SC) and Southern (SS) subprovinces, limited by the shear zones systems Patos (PSZ) and Pernambuco (PESZ), according to Van 
Schmus et al. (2008). (C) Simplified geological map of the area outlined in (B) showing the tectonic compartmentation of the Sergipano 
Orogenic System according to Davison and Santos (1989). The rectangle shows the location of the study area. 
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cratons (Fig. 1A) during the assembly of Western Gondwana. 
It is constituted of an essentially Paleoproterozoic gneissic 
and migmatitic basement (2.5–2.0 Ga) and isolated Archean 
blocks (3.4–2.7 Ga), partially covered by Mesoproterozoic and 
Neoproterozoic supracrustal sequences (Brito Neves et al. 2000, 
Van Schmus et al. 2008, Guimarães et al. 2011). In addition, 
the province was affected by the Cariris Velhos (~1.0 Ga) and 
Brasiliano/Pan-African (~0.6 Ga) events, this last one being 
responsible for low- to high-grade metamorphism, emplace-
ment of abundant granites and development of an expressive 
system of continental-scale shear zones.

The E-W Patos and Pernambuco shear zones divide the 
Borborema Province in the Northern, Central, and Southern 

subprovinces (Van Schmus et al. 2008). The Southern 
Subprovince is situated between the Pernambuco Lineament 
and the São Francisco Craton and comprises the Pernambuco-
Alagoas Superterrane (PEAL), Sergipano and Riacho do 
Pontal belts (Fig. 1B).

The SOS shows a triangular outline with WNW-ESE ori-
entation (Fig. 1C). The SOS resulted from closure of an ocean 
basin along the northern margin of the São Francisco Craton and, 
in pre-drift reconstructions, represents the western extension 
of the Oubanguides Orogen, in NW Africa (Trompette 1997).

Different models have been proposed to explain the tec-
tonic evolution of the SOS. It was initially interpreted as a geo-
syncline (Humphrey & Allard 1969, Silva Filho et al. 1979), 
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as a collage of allochthonous tectonostratigraphic terrains 
(Davison & Santos 1989) and as a belts of folds and thrust 
belt developed by the inversion of a passive margin in the 
northeastern edge of the São Francisco paleoplate (D’el-Rey 
Silva 1999). More recent models proposed that the SOS cor-
responds to the result of a continental collision between the 
PEAL and the ancient São Francisco plate, during the Brasiliano/
Pan-African Orogeny (Oliveira et al. 2010, 2015a) or else as a 
product of large scale lithospheric extension and subsequent 
basin inversion (Neves et al. 2016).

Davison and Santos (1989) recognized six tectonic domains 
in the SOS: Estância, Vaza-Barris, Macururé, Marancó, Poço 
Redondo, and Canindé (Fig. 1C). These domains, with dis-
tinct sedimentation history and tectonic evolution, are mutu-
ally separated by regional shear zones and occur interspersed 
by inliers and basement domes (Simão Dias, Itabaiana and 
Jirau do Ponciano).

The Macururé Domain is limited to the south by the 
Vaza-Barris Domain and to the north by the Marancó, Poço 
Redondo, and Canindé domains by the São Miguel do Aleixo 
and Belo Monte-Jeremoabo sinistral shear zones, respectively 
(Fig. 1C). This domain is composed of the Macururé Group, 
the Juá Formation and a suite of collisional granites.

The Macururé Group is constituted of granatiferous biotite 
schists, phyllites, metarenites, and quartzites, with subordinate 
occurrences of metagreywacke, volcanic rocks, and amphibo-
lite lenses, interspersed with centimeter-tick levels of marble, 
calc-silicate rocks, and banded iron formations (Santos et al. 
1998, Oliveira et al. 2010). These rocks rest on the Jirau do 
Ponciano Dome (2063 ± 9 Ma; Spalletta & Oliveira 2017), 
which outcrops in southeastern Alagoas and is considered as 
the basement of the domain.

The sedimentary sequence of the Macururé Group was 
interpreted as a Neoproterozoic turbiditic wedge (D’el-Rey Silva 
1999, Oliveira et al. 2017), based on the presence of structures 
indicative of deepwater deposition (Davison & Santos 1989). 
Whole-rock geochemical data indicate that clastic sedimenta-
tion has been related to the erosion of intermediate to acidic 
sources with magmatic arc signature (Lima et al. 2014), pos-
sibly derived from the Borborema Province. Regional meta-
morphism reached intermediate P and high T in amphibolite 
facies (Davison & Santos 1989, Silva et al. 1995), although 
equivalent granulites are recognized in the northernmost part 
of the domain (Oliveira et al. 2006). A two-point Sm-Nd iso-
chron for a garnet micaschist provides an age of 573 ± 1 Ma, 
which is interpreted as the age of the last metamorphic event 
affecting the Macururé Domain (Oliveira et al. 2010).

The Juá Formation is constituted of undeformed to weakly 
deformed polymictic conglomerates, greywacke, and coarse 
sandstones (Silva Filho et al. 1979, Menezes Filho et al. 1988), 
which fill a graben structured on the Macururé Group rocks 
and associated granites (Fig. 1C). These clastic sediments are 
interpreted as alluvial fan deposits formed from the erosion of 
the Marancó Domain rocks during the evolution of the SOS 
(Menezes Filho et al. 1988).

Plutonic igneous rocks make up to 25% of the Macururé 
Domain area (Davison & Santos 1989) and have been studied 

by several researchers. Based on field evidence and U-Pb 
dating, Bueno et al. (2009) divided the granitoids from 
Macururé Domain in pre- (628–625 Ma) and syn-collisional 
(580–570 Ma), taking as reference the main deformational 
event that affected this SOS sector (D2). The granitoids of the 
first group show evidence of solid-state deformation related 
to D2, while the granitoids of the second group preserve their 
magmatic structures paralleling to the host rocks foliation. 
Oliveira et al. (2010, 2015b) proposed that the oldest granit-
oids were formed in a continental arc environment, while the 
youngest ones have crustal derivation and were generated 
during the collisional event.

The Brasiliano intrusive magmatism in the eastern part of 
the Macururé Domain was divided by Conceição et al. (2017) 
into five groups: 

 • (G1) basic-ultrabasic, tholeiitic to calc-alkaline; 
 • (G2) intermediate to basic, with high-K calc-alkaline affinity; 
 • (G3) high-K calc-alkaline granodiorite; 
 • (G4) high-K calc-alkaline leucogranite; 
 • (G5) shoshonite monzonite.

The Macururé Mafic Suite (Fig. 2), which is the object of 
this study, occurs in the eastern segment of the SOS and cor-
responds to magmatic G1 and G2 groups. These bodies com-
prise diorites, gabbros, and hornblendites, with minor felsic 
terms. They are small dimension bodies (1–20 km2), with occur 
with elongated and tabular shapes concordant to the host rocks 
regional foliation, sometimes associated with shear zones.

The main exponents of granodiorite magmatism (G3) are 
the Coronel João Sá (625 ± 2 Ma; Long et al. 2005) and Lagoa 
do Roçado (618 ± 4 Ma; Silva 2014) plutons. These rocks 

*SHRIMP in zircon; †ID-TIMS in titanite; SMASZ: São Miguel do Aleixo 
shear zone; VBD: Vaza Barris Domain.
Figure 2. Simplified geological map of study area indicating the 
location of the Dores (1), Capela (2), Aquidabã (3), Campo Grande 
(4), Camará (5), and Pedra Branca (6) stocks. Presented U-Pb 
crystallization ages from Bueno et al. (2009) and Santos et al. (2019).
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have a typical volcanic arc signature and exhibit a magmatic 
foliation marked by the orientation of plagioclase phenocrysts 
and mafic enclaves.

Biotite granites and biotite-muscovite granites (G4) occur 
as stocks and sheets which were emplaced along the axial plane 
foliation or in hinge zones of folds related to the main deforma-
tional event in Macururé Domain (Bueno et al. 2009, Conceição 
et al. 2016, Pereira et al. 2017a). These rocks are high-K calc-al-
kaline and record the collisional and crustal thickening epi-
sode in the SOS. Available U-Pb titanite ages for this group 
vary between 571 ± 9 and 584 ± 10 Ma (Bueno et al. 2009).

Monzonite magmatism (G5) is mainly represented by 
Glória Norte pluton, with U-Pb SHRIMP crystallization age 
in zircon of 588 ± 4 Ma (Lisboa et al. 2019). This intrusion 
truncate regional structures and exhibit no evidence of defor-
mation related to D2, marking the post-collisional stage in the 
Macururé Domain. This magmatic group differs from the others 
by the abundance of mafic microgranular and cumulate enclaves 
with shoshonitic-ultrapotassic affinities (Fontes et al. 2018).

FIELD RELATIONSHIPS 
AND PETROGRAPHY 

The studied stocks are intruded within the metasedimentary 
rocks of the Macururé Group along its oriental part. The  host 
rocks are granatiferous biotite schists and fine-grained musco-
vite metarenites, with centimeter-thick quartzite and calc-sil-
icate intercalations. The schists present brownish coloration 
and lepidoblastic texture, defined by the orientation of bio-
tite and muscovite.

The intrusive character of the stocks is marked by grad-
ual contacts with schists, where the mafic magmas intrude 
the host rocks and promote the formation of migmatitic-like 
structures, with varying degrees of partial melting. The pres-
ence of abundant metasedimentary xenoliths and centime-
ter-thick granite apophyses in the host rocks reinforces the 
intrusive character of these bodies.

The studied igneous rocks are deformed, showing a well-de-
fined foliation marked by biotite, amphibole, and feldspar, as well 
as by the major axis of xenoliths and enclaves. The elongated 
shape of the bodies, associated with the presence of flat-lying 
foliation parallel to the host rocks orientation, suggests an early 
to syn-collisional emplacement of these intrusions, similar to 
other plutons identified in the SOS (Bueno et al. 2009, Oliveira 
et al. 2015a) and PEAL (Silva Filho et al. 2016).

Capela stock
The Capela stock (20 km2; Fig. 2) has an elongated NW-SE 

ellipsoidal shape. It is bounded to the north by the Capela 
fault, which is subsidiary to São Miguel do Aleixo shear zone 
(Fig. 2). In the proximity of the shear zone, gabbroic rocks 
exhibit S/C structures and rotated ultramafic blocks indicat-
ing sinistral kinematics.

The Capela stock is essentially constituted of biotite-horn-
blende quartz diorites, biotite-hornblende quartz gabbros, and 
biotite hornblendites (Fig. 3A), with minor biotite-hornblende 
gabbronorites. These rocks are dark grey to black colored 

and exhibit a fine- to medium-grained equigranular texture. 
Some hornblendites are porphyritic, displaying amphibole phe-
nocrysts about 2.0 cm, immersed in a medium-grained matrix. 
Biotite-bearing or two-mica leucogranites may be locally found. 
These felsic granitoids occur as large outcrops, isolated dikes 
or dike swarms. In the first case, the contact between the gran-
ites and the mafic-ultramafic members cannot be observed in 
field. The granites are grey or brown colored, medium-grained 
with equigranular to inequigranular texture, sometimes show-
ing K-feldspar crystals with up to 1.0 cm.

The diorites and hornblendites (Fig. 3B) consist of horn-
blende, plagioclase, and biotite, with subordinate microline, 
quartz and clinopyroxene relicts preserved into amphibole 
crystals. Accessory minerals are titanite, epidote, allanite, apa-
tite, zircon, pyrite, and ilmenite. The gabbros present similar 
mineralogy, differing only in the content of anorthite in pla-
gioclase, the higher volume of augite-diopside and the pres-
ence of enstatite (Pereira et al. 2019). Garnet crystals with up 
to 0.4 cm occur as disseminated grains or in aggregates in dio-
rites and hornblendites. The quartz displays undulose extinc-
tion and chessboard subgrains texture (Fig. 3C). 

Secondary minerals include tremolite-actinolite formed 
from amphibole and saussurite from plagioclase. Biotite is 
replaced by chlorite/muscovite along to cleavage planes and 
sometimes exsolve fine needle-like rutile grains. 

Microgranular mafic enclaves (MME) and cumulate horn-
blendite enclaves (CHE) are common. They have rounded, ellip-
soidal or lenticular shapes and sizes ranging from 5 to 70 cm. 
MME correspond to dark grey quartz dioritic fine-grained 
rocks composed of plagioclase, quartz, biotite, and amphi-
bole. They show sharp or gradual contacts with the host 
rocks, have feldspar inclusions and, sometimes, exhibit thin 
biotite-rich reaction edges. Centimetric biotitic schlieren is 
common in the MME-rich zones. The CHE are of greenish 
coloration, and coarse-grained equigranular or porphyritic 
textures; their contacts with the host rocks are sharp. Pereira 
et al. (2019) interpret the CHE as reworked early cumulates.

Dores stock
The Dores stock (5 km2) corresponds to an NW-SE 

elongated strip which outcrops in Nossa Senhora das Dores 
region (Fig. 2). It is constituted of grey hornblende-biotite 
quartz diorites, which are occasionally garnet-rich (Fig. 3D). 
These rocks are mesocratic to melanocratic, equigranular and 
fine- to medium-grained. They are composed of plagioclase, 
biotite, hornblende, diopside, and garnet, besides accessory 
phases such as epidote, titanite, apatite, zircon, and opaque 
minerals. Plagioclase occurs as hipidiomorphic zoned crystals. 
Reddish-brown subhedral biotite generally occurs in horn-
blende, diopside, titanite, and epidote aggregates (Fig. 3E). 
Some biotite crystals can show undulose extinction and kink 
folds. Green hornblende is subhedral and exhibits simple or 
lamellar twinnings. Diopside occurs as relicts inside horn-
blende. Quartz crystals are anhedral and interstitial, locally 
occurring with subgrains and as polygonal aggregates with 
strong undulose extinction. Garnet is found as disseminated 
subhedral and anhedral crystals (Fig. 3F). Titanite crystals 
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are subhedral and exhibit well-developed lamellar twinning. 
Euhedral magmatic epidote can be identified in aggregates 
with mafic minerals or enclosed by biotite. Apatite exhibits 
acicular habit.

Aquidabã stock
The Aquidabã stock (5 km2, Fig. 2) has NE-SW elongated 

ellipsoidal shape and is constituted of hornblende-biotite 
quartz gabbros. These rocks are dark-colored, exhibit fine to 
medium granulation and equigranular texture rocks (Fig. 3G). 
Their mineralogy comprises plagioclase, biotite, hornblende, 
diopside, and quartz, with opaque minerals, apatite, and zir-
con accessory minerals.

Plagioclase is subhedral and presents albite and albite-Carls-
bad twinnings. Some crystals present patchy zoning character-
ized by corroded calcic cores surrounded by sodic plagioclase. 
The boundary between zones is usually marked by apatite and 
biotite inclusion trails (Fig. 3H). Occasionally kink-folded 
plagioclase crystals are observed. Amphibole crystals exhibit 
compositional zoning, with brownish cores and green borders, 

simple or lamellar twinning and usually occur in aggregates 
with biotite. The amphibole is replaced by biotite, mainly across 
the cleavage plans (Fig. 3I). Biotite is anhedral, with exsolved 
needles of sagenitic rutile and is replaced by chlorite. Quartz is 
interstitial with strong undulose extinction. The largest crys-
tals generally contain subgrains while the smallest ones tend 
to occur as polygonal grain aggregates. Opaque minerals crys-
tals are hypidiomorphic and show square or tabular grains 
included in biotite and amphibole crystals.

Camará association
The Camará association consists of the Campo Grande 

(4 km2), Camará (10 km2), and Pedra Branca (1 km2) stocks, 
which outcrop in the boundaries of the Itabi town (Fig. 2). 
The most important intrusion of this group is the Camará 
stock, which has a U-Pb SHRIMP zircon age of 628 ± 12 Ma 
(Bueno et al. 2009).

These bodies present a rounded to elliptical geometry 
and consist of biotite-hornblende quartz diorites (Fig. 3J), 
with subordinate biotite-hornblende quartz gabbro and biotite 

Amp: amphibole; Bt: biotite; Cpx: clinopyroxene; Grt: garnet; mEp: magmatic epidote; Pl: plagioclase; Qz: quartz.
Figure 3. Field and petrographic aspects. (A) Macroscopic texture of plagioclase-bearing biotite hornblendite. (B) Cumulate texture 
in hornblendite, with plagioclase into interstices between amphibole and biotite crystals. (C) Chessboard subgrains texture in quartz. 
(D)  Equigranular garnet-bearing hornblende-biotite quartz diorite. (E) Mafic clots composed of biotite, amphibole, and clinopyroxene. 
(F) Subhedral garnet showing inclusions of biotite. (G) Equigranular biotite-hornblende quartz gabbro. (H) Plagioclase displaying inclusion 
trails between different zones. (I) Secondary substitution of hornblende by biotite along to cleavage planes. ( J) Inequigranular biotite-
hornblende quartz diorite. (K) Biotite crystal with kink bands. (L) Subhedral magmatic epidote with allanite core, partially reabsorbed in 
contact zone with quartz. 
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granodiorites. These rocks are dark grey to black, have medium 
granulation and equigranular or inequigranular texture, show-
ing plagioclase and microcline crystals of up to 1.0 cm in size. 
The mineralogy is mainly composed of plagioclase, biotite, 
and hornblende, with smaller amounts of quartz, microcline, 
and diopside. The common accessory minerals are epidote, 
titanite, allanite, apatite, zircon and opaque minerals.

Plagioclase is hypidiomorphic, zoned, with kink folds. Biotite 
is reddish-brown, anhedral, and exhibits undulose extinction 
and kink bands (Fig. 3K). Hornblende has a subhedral, zoned 
and occurs dispersed or in aggregates with biotite and epidote. 
Diopside occurs mainly as relicts in hornblende nuclei. Quartz is 
interstitial with pronounced undulose extinction. In some sam-
ples, quartz is stretched and recrystallized in ribbons, which are 
oriented parallel to a high-dip mylonitic foliation. The crystals 
contain subgrains but locally form polygonal aggregates. In the 
granodiorites, microcline crystals are perthitic and present 
multiple compositional zoning. Magmatic epidote is common, 
especially in the Pedra Branca stock, forming euhedral to subhe-
dral zoned crystals that are enclosed in biotite, with or without 
metamict allanite cores (Fig. 3L). Some epidote grains present 

corroded edges in contact with felsic minerals. Apatite often has 
an acicular habit. Zircon and allanite present concentric zoning.

Microgranular dioritic and gabbroic enclaves (MME) 
and metasedimentary xenoliths are common, especially in 
the Camará stock, where these structures are deformed along 
with their host mafic rocks.

U-PB SHRIMP GEOCHRONOLOGY 
Representative samples of the Capela (SOS 696F), Aquidabã 

(SOS 700), and Campo Grande (SOS 624) stocks were selected 
for U-Pb dating. Zircon grains used for geochronological anal-
yses were concentrated by conventional techniques of crush-
ing, grinding, and screening in a Wilfley table and dense liq-
uids. The crystals were manually selected, mounted in epoxy 
resin along with the TEMORA 2 reference zircon and polished 
until the cores were exposed. The grains were photographed 
in reflected and transmitted light. They were coated with gold 
and imaged by cathodoluminescence (Fig. 4) so that the inter-
nal structures could be investigated, facilitating the selection 
of crystals and zones to be analyzed.

Figure 4. Cathodoluminescence images and 206Pb/238U ages for analyzed zircon crystals from Capela, Aquidabã and Campo Grande stocks. 
Red circles indicate the spot location and have about 30 µm.
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The SHRIMP IIe/MC (Sensitive High Resolution Ion 
Microprobe) from the High Resolution Geochronology 
Laboratory of the University of São Paulo was used to dose 
the U-Th-Pb isotopic ratios of zircon crystals. Uranium con-
centrations were determined based on SL13 zircon (238 ppm; 
Williams 1997) and the U/Pb ratios were normalized in rela-
tion to the reference age equivalent value or TEMORA 2 zir-
con (416.8 ± 0.2 Ma; Black et al. 2004). The analytical proce-
dures are detailed in Sato et al. (2014).

The reduction of raw isotopic data was performed by the 
SQUID program (Ludwig 2009a). Uncertainty in individual 
analysis in the data table is reported at 1σ level (Tab. 1). Of the 
selected spots, only the ones with a degree of discordance lesser 
than 5% were used to calculate the age. Concordia diagrams 
were made by using Isoplot/Excel software (Ludwig 2009b), 
with error ellipses reflecting 2σ of uncertainty. 

Capela age
The zircons analyzed were obtained from biotite horn-

blendite with plagioclase (SOS 696F) collected from a 
quarry located on the northern edge of the Capela stock 
(37º04’07”W/10º26’28”S). Twelve zircon crystals were ana-
lyzed, comprising twelve spots. The results of the analysis are 
presented in Table 1.

The crystals analyzed are pale brown to colorless. They are 
anhedral and occasionally exhibit subhedral prismatic forms, 
with pyramidal endings (Fig. 4). The sizes range from 114 to 
302 µm, with length/width ratios ranging from 1:1 to 3:1. 
All crystals show oscillatory zoning and varying Th/U ratios 
from 0.35 to 1.14, typical features of magmatic zircons (Williams 
& Claesson 1987, Corfu et al. 2003).

A set of eleven spots provided a Concordia age of 631 ± 3 Ma 
(MSWD = 1.8; Fig. 5A), which is interpreted as the crystalli-
zation age of the Capela stock.

Aquidabã age
The sample selected corresponds to an equigranular bio-

tite-hornblende gabbro (SOS 700), collected at the edge of 
the Aquidabã stock (37º01’23”W/10º15’30”S). Ten zircon 
crystals were analyzed, totaling eleven spots. The results are 
shown in Table 1.

The zircon crystals are pale brown to colorless and free 
of inclusions or fractures. They exhibit euhedral and subhe-
dral prismatic forms, with usually elongated and bipyrami-
dal types (Fig. 4). Sizes vary from 152 to 220 µm, while the 
length/width ratios range from 3:1 to 5:1. All crystals exhibit 
cathodoluminescence oscillatory zoning and Th/U ratios 
between 0.70 and 1.02, which are typical of magmatic zircons 
(Williams & Claesson 1987). Inherited cores and overgrowths 
were not identified.

The eleven concordant analyses define a Concordia age of 
636 ± 4 Ma (MSWD = 0.80; Fig. 5B), which is interpreted as 
the crystallization age of the Aquidabã stock.

Campo Grande age
The sample corresponds to an equigranular biotite quartz 

monzodiorite (SOS 624), collected in the central portion of 

the stock (37º08’19”W/10º04’29”S). Eleven zircon crystals 
were analyzed, totaling twelve spots. Isotopic U-Pb data are 
shown in Table 1.

The dated grains are pale pink to colorless, contain rare 
inclusions and are fracture-free. They are usually euhedral, with 
elongated prismatic forms and bipyramidal endings (Fig. 4). 
Sizes range from 141 to 279 µm, with length/width ratios 
ranging between 2:1 and 5:1. The crystals display oscillatory 
zoning in cathodoluminescence images and Th/U ratios vary 
from 0.19 to 0.61, marking their magmatic character (Williams 
& Claesson 1987).

Except for three spots (3.1, 8.1, 11.1), the analyzed zircons 
have concordant 206Pb/238U and 207Pb/206Pb ages. A set of seven 
data defines a Concordia age of 629 ± 9 Ma (MSWD  = 0.013; 
Fig. 5C), which is interpreted as the crystallization age of the 
Campo Grande stock.

The presence of crystals with inherited core is common. 
Some cores are homogeneous and non-zoned, while others 
exhibit oscillatory zoning. The core-rim limit is frequently 
irregular and marked by a thin bright zone in cathodolumines-
cence images. The 206Pb/238U subconcordant 788 and 769 Ma, 
and discordant 2236 Ma ages were obtained in three inherited 
cores (5.1, 6.1, 11.1). Igneous rocks of these ages are not reg-
istered in the Macururé Domain. However, Paleoproterozoic 
and Tonian ages like those obtained in this study are reported 
in metasedimentary rocks from SOS (Oliveira et al. 2015b, 
Neves et al. 2016) and PEAL (Silva Filho et al. 2014). Igneous 
rocks with crystallization age around 700 Ma in SOS are rec-
ognized only in the Canindé Domain (Oliveira et al. 2010).

GEOCHEMISTRY
Whole-rock geochemical data were obtained for 66 sam-

ples of six mafic stocks. Major elements were dosed in pressed 
pellets at the Laboratório de Geociências da Universidade 
Federal de Sergipe (CLGeo-UFS) using a Shimadzu XRF-
1800 X-ray fluorescence. The pellets were prepared by mix-
ing the pulverized samples and boric acid in a 3:1 proportion 
(3 parts of samples to 1 of acid), whose mixture was then 
pressed into a hydraulic press. Certified reference materials 
(e.g. AVG-1, DTS-1, QLO-1) were prepared using the same 
procedure to monitor analytical precision. The analytical 
precision is generally better than 0.5 wt.% for all elements. 
Three samples were analyzed in duplicate aiming to moni-
tor the accuracy of the measures. The discrepancy among 
duplicates is less than 0.5 wt.%. To determine loss on igni-
tion, the samples were heated at a constant temperature of 
1,000ºC in a muffle furnace for 2 h.

Trace elements were analyzed by Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS) at the ALS Laboratories 
in the United States. Chemical data of representative samples 
are listed in Table 2. Geochemical diagrams were drawn by using 
of Geochemical Data Toolkit (GCDkit) ( Janoušek et al. 2006).

Most of the rocks show their original igneous textures; 
however, they were subjected to varying degrees of deforma-
tion and weathering, evidenced mainly by transformations of 
the primary paragenesis. Thus, the evaluation of the mobility 
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ID 
Spot %206Pba U 

(ppm)
Th 

(ppm)
232Th/238Ub

Isotope ratiosc Ages (Ma)

207Pb/206Pb 1σ 
(%)

207Pb/235U 1σ 
(%)

206Pb/238U 1σ 
(%)

Rhod
206Pb/238U 

(1σ)

207Pb/206Pb 
(1σ) %Disce

Capela stock

1.1 0.03 677 231 0.35 0.06044 0.9 0.86570 1.3 0.10388 1.0 0.735 637 ± 6 619 ± 19 -3

2.1 0.00 353 150 0.44 0.06063 0.7 0.86454 1.3 0.10342 1.0 0.823 634 ± 6 626 ± 15 -1

3.1 0.03 147 90 0.63 0.06007 1.2 0.85572 1.7 0.10332 1.3 0.734 634 ± 8 606 ± 26 -5

4.1 0.12 308 157 0.53 0.06019 1.0 0.83352 1.6 0.10044 1.2 0.783 617 ± 7 610 ± 21 -1

5.1† 0.04 236 155 0.68 0.05940 0.9 0.83701 1.2 0.10220 0.8 0.678 627 ± 5 582 ± 20 -8

6.1 0.00 418 314 0.78 0.05993 0.7 0.84057 1.2 0.10173 1.0 0.839 625 ± 6 601 ± 14 -4

7.1 0.05 198 69 0.36 0.06068 1.1 0.86526 1.4 0.10342 0.9 0.635 634 ± 5 628 ± 23 -1

8.1 0.04 397 221 0.58 0.06059 0.7 0.86709 1.1 0.10380 0.8 0.743 637 ± 5 625 ± 16 -2

9.1 0.06 221 154 0.72 0.06029 1.0 0.84742 1.5 0.10194 1.2 0.748 626 ± 7 614 ± 22 -2

10.1 0.04 491 544 1.14 0.06095 0.6 0.86434 1.0 0.10284 0.8 0.785 631 ± 5 638 ± 14 1

11.1 0.03 170 97 0.59 0.06189 1.1 0.88786 1.7 0.10404 1.3 0.755 638 ± 8 670 ± 24 5

12.1 0.03 281 219 0.80 0.06100 0.9 0.86949 1.2 0.10338 0.8 0.695 634 ± 5 639 ± 19 1

Aquidabã stock

1.1 0.07 124 102 0.85 0.06066 1.3 0.87963 1.6 0.10518 1.0 0.586 645 ± 6 627 ± 28 -3

2.1 0.02 204 201 1.02 0.06054 0.9 0.86972 1.3 0.10419 0.9 0.672 639 ± 5 623 ± 20 -3

3.1 0.04 103 80 0.81 0.06107 1.4 0.86382 2.0 0.10258 1.4 0.722 630 ± 9 642 ± 29 2

3.2 0.07 120 95 0.81 0.06082 2.0 0.88101 2.4 0.10506 1.2 0.494 644 ± 7 633 ± 44 -2

4.1 0.10 143 124 0.89 0.06063 1.3 0.86710 1.6 0.10373 0.9 0.560 636 ± 5 626 ± 29 -2

5.1 0.09 101 77 0.78 0.06108 1.6 0.85720 2.0 0.10179 1.2 0.610 625 ± 7 642 ± 34 3

6.1 0.06 215 211 1.02 0.06061 1.0 0.86537 1.3 0.10356 0.9 0.652 635 ± 5 625 ± 21 -2

7.1 0.10 196 183 0.96 0.06052 1.2 0.86048 1.5 0.10312 0.9 0.592 633 ± 5 622 ± 26 -2

8.1 0.09 157 147 0.97 0.06069 1.3 0.86100 1.6 0.10289 0.9 0.571 631 ± 5 628 ± 27 -1

9.1 0.13 70 48 0.70 0.06065 2.0 0.86344 2.2 0.10325 1.0 0.460 633 ± 6 627 ± 43 -1

10.1 0.04 112 96 0.89 0.06116 2.1 0.89487 2.3 0.10612 1.0 0.423 650 ± 6 645 ± 46 -1

Campo Grande stock

1.1 0.14 573 231 0.42 0.06053 1.8 0.85672 2.1 0.10266 1.1 0.515 630 ± 6 622 ± 39 -1

2.1 0.94 320 58 0.19 0.06030 2.9 0.82719 3.1 0.09949 1.0 0.318 611 ± 6 614 ± 63 1

3.1† 0.50 1097 328 0.31 0.06115 0.9 0.73117 2.3 0.08672 2.1 0.918 536 ± 11 644 ± 20 18

4.1 0.03 1029 195 0.20 0.06081 0.7 0.88809 1.3 0.10593 1.1 0.843 649 ± 7 632 ± 15 -3

5.1† 0.34 669 210 0.32 0.06535 1.1 1.17154 2.5 0.13002 2.2 0.894 788 ± 16 786 ± 23 0

6.1† 0.14 387 90 0.24 0.06560 1.0 1.14537 1.9 0.12664 1.6 0.846 769 ± 12 794 ± 22 3

7.1 0.01 2595 526 0.21 0.06023 0.4 0.84084 1.2 0.10126 1.1 0.932 622 ± 7 612 ± 9 -2

7.2 0.06 443 225 0.53 0.06108 1.1 0.87712 1.6 0.10415 1.1 0.716 639 ± 7 642 ± 24 1

8.1† 0.34 2248 418 0.19 0.05907 1.1 0.68542 2.0 0.08415 1.7 0.835 521 ± 8 570 ± 24 9

9.1 0.12 476 283 0.61 0.06158 1.2 0.93284 3.6 0.10986 3.3 0.939 672 ± 21 660 ± 26 -2

10.1 0.05 596 188 0.33 0.06066 0.9 0.87327 1.4 0.10441 1.1 0.796 640 ± 7 627 ± 18 -2

11.1† 6.52 176 70 0.41 0.18801 0.9 10.74883 2.6 0.41466 2.5 0.946 2,236 ± 47 2,725 ± 14 21

Table 1. SHRIMP U-Pb zircon data from Capela, Aquidabã, and Campo Grande stocks. 

aPercentage of non-radiogenic 206Pb in the analyzed zircon spot, where %206Pb = 100 × (206Pb/204Pb)c / (206Pb/204Pb)s (c = common; s = sample); bTh/U ratio 
and concentration of U, Th and Pb are calculated relative to the SL13 reference zircon; cisotope ratios corrected for mass-bias by normalizing to TEMORA 
2 reference zircon and common Pb corrected by using the model of Stacey and Kramers (1975); derror correlation defined as the quotient of the propagated 
errors of 206Pb/238U and 207Pb/235U ratios; edegree of discordance = 100 × [1- (206Pb/238U age) / (207Pb/206Pb age)]; †rejected analyses from the age calculations.

of elements is necessary before performing interferences on 
the petrogenesis of these rocks.

The values of the chemical index of alteration (CIA = molec-
ular [Al2O3 / Al2O3 + CaO + Na2O + K2O] × 100) range 

between 27 (hornblendite) and 55 (granite), similar to those 
reported by Nesbitt and Young (1982) for basic igneous rocks 
and non-weathered acidic ones. Low loss on ignition values 
(LOI < 1.7 wt.%) indicate none or incipient hydrothermal 
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alteration. Absence of significant cerium anomalies (Ce/Ce* 
= 0.87–1.21) in relation to La and Pr (Tab. 2) indicates that 
any interaction that may have occurred with oxidizing fluids 
did not significantly affect the primary compositions of the 
rocks. Therefore, the abundance of these elements can be used 
to evaluate the petrogenesis of rocks.

The hornblendites, gabbros, and diorites have SiO2 con-
tents ranging from 40.2 to 61.8%, with magnesium number 

(Mg# = MgO / [MgO + FeOt]) between 0.41 and 0.65. 
The highest contents of Al2O3 (9.23–19.40 wt.%), CaO (5.50–
12.26 wt.%), MgO (5.16–12.99 wt.%), and Fe2O3 (12.17–
19.37 wt.%) occur in these rocks. They are metaluminous (A/
CNK = 0.37–0.98) except for garnet-rich diorites from Capela 
stock, which are weakly peraluminous (A/CNK = 1.02–1.03), 
with normative corundum reaching 2.5%.

The felsic granitoids have SiO2 ranging from 62.7 to 
70.5 wt.% and K2O from 2.20 to 5.32 wt.%, with K2O/Na2O 
ratios between 0.61 and 1.51. They are metaluminous to weakly 
peraluminous, with A/CNK index ranging from 0.89 to 1.08.

Most samples have a transitional character between the 
subalkaline and alkaline series in the total alkalis versus silica 
diagram (Fig. 6A). Among the primitive members, gabbros and 
diorites compositions are dominant. The hornblendite of the 
Capela stock plot within the alkali gabbro and foidolite fields. 
MME are gabbroic, dioritic, and monzodioritic in composition, 
whereas the CHE are essentially gabbroic. Compositions of 
felsic rocks are allocated within the fields of the granodiorite, 
quartz monzonite, and granite.

In the modified alkali-lime index (MALI) diagram (Frost 
et al. 2001), most samples plot mainly in the calc-alkaline and 
alkali-calcic fields (Fig. 6C). The low FeOt / (FeOt + MgO) 
values (0.55–0.68) indicate affinity with magnesian series 
rocks, except for three samples that trespass the ferroan series 
limit (Fig. 6D). In both diagrams, the compositions of the 
studied rocks are similar to Cordilleran granites, according 
to Frost et al. (2001).

When plotted in the AFM diagram, the hornblendites, gab-
bros, diorites, MME, and CHE lie in the field of mafic-ultra-
mafic suites related to arc environments (Beard 1986; Fig. 6B). 
In this diagram, the data set presents a trend of alkali enrichment 
followed by the decrease of FeOt and MgO, typical of calc-al-
kaline series rocks (Irvine & Baragar 1971). According to the 
classification of Peccerillo and Taylor (1976), the felsic and 
mafic rocks are high-K calc-alkaline to shoshonitic (Fig. 7). 
In the Na2O versus K2O (Turner et al. 1996) and Ta/Yb versus 
Ce/Yb (Pearce 1982) diagrams, these same rocks are located 
in the shoshonite field (Figs. 6E and 6F). The high total alkalis 
(Na2O+K2O > 5 wt.%), K2O/Na2O (0.6–1.9) and low TiO2 
(~1.1 wt.%) also indicate affinity with shoshonite association 
(Morrison 1980). 

The rocks of different intrusions show coherent trends in 
the Harker diagrams, from hornblendites to granites (Fig. 7). 
Negative correlations with MgO, Fe2O3, CaO, Na2O, TiO2, 
and P2O5 indicate fractionation of amphibole, pyroxene, bio-
tite, plagioclase, Fe-Ti oxides, and apatite.

The Macururé Mafic Suite rocks are characterized by mod-
erate to high Ba (363–1,405 ppm), Rb (42–125 ppm), and Sr 
(144–730 ppm) contents. The Zr, Hf, Nb, and Y concentra-
tions are low and compatible with the calc-alkaline nature of 
this magmatism. The transition metals contents are variable 
(e.g. Cr = 60–870 ppm; V = 12–551 ppm), decreasing with 
the increase of SiO2.

The sum of rare earth elements (REE) ranges between 34 
and 423 ppm, decreasing from the hornblendites, gabbros, 
and diorites toward the granitoids. Chondrite-normalized 

A

B

C

Figure 5. Concordia diagrams showing the U-Pb ages for Capela 
(A), Aquidabã (B), and Campo Grande (C) stocks.
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Sample
Unit

AVG-
1a ± AVG-

1b ± abs 
errorc

910 913 696F 919B 930B 940 700 624 504A 593 591B 633

1 1 2 2 2 2 3 4 5 5 5 6

Major elements (wt.%) by XRF

SiO2 58.84 0.58 59.32 0.34 0.48 59.54 58.46 41.47 55.09 45.28 50.66 54.30 59.30 50.95 59.30 68.58 57.10

TiO2 1.05 0.05 1.05 0.05 0.00 0.80 0.81 2.29 0.62 1.61 1.35 1.17 0.72 1.46 0.88 0.58 0.80

Al2O3 17.15 0.34 17.61 0.43 0.46 15.54 15.61 13.21 14.13 12.19 15.50 15.50 16.90 18.48 15.06 14.99 15.05

Fe2O3 6.77 0.19 6.57 0.13 0.20 7.21 7.65 18.28 9.33 17.67 10.94 9.63 5.80 10.35 7.07 3.67 6.50

MnO 0.09 0.006 0.09 0.008 0.00 0.08 0.09 0.16 0.13 0.18 0.15 0.12 0.09 0.13 0.11 0.04 0.11

MgO 1.53 0.093 1.34 0.096 0.19 3.69 4.24 9.75 8.77 9.95 5.51 7.44 2.58 4.06 5.24 1.94 4.99

CaO 4.94 0.14 5.07 0.21 0.13 5.56 5.40 10.23 6.68 8.35 7.12 5.50 4.92 6.46 5.05 3.23 5.00

Na2O 4.26 0.12 4.13 0.23 0.13 2.69 2.70 1.78 2.08 1.17 2.48 2.90 3.78 3.27 3.05 3.59 3.26

K2O 2.92 0.37 3.07 0.40 0.15 3.26 3.44 2.15 2.44 2.46 3.01 2.67 2.75 3.02 2.75 2.20 2.29

P2O5 0.50 0.03 0.59 0.06 0.09 0.33 0.35 0.70 0.30 1.19 0.62 0.36 0.29 0.55 0.21 0.17 0.22

LOI - - - - - 0.48 0.34 1.34 0.77 0.94 0.29 1.16 1.25 - - - 1.32

Total 98.05 - 98.84 - - 99.18 99.09 101.36 100.34 100.99 97.63 100.75 98.38 98.73 98.72 98.99 96.64

Trace elements (ppm) by ICP-MS

Ba 844 1105 693 363 816 1145 642 1140 1327 991 588 873

Rb 101.5 99.9 42.6 64.7 64.4 73.5 75.9 99.5 118.8 92.9 94.6 81.8

Sr 411 432 315 567 145 522 435 719 730 424 421 464

Cs 3.55 5.43 2.26 2.47 1.83 2.89 4.37 2.76 3.60 3.70 3.10 3.78

Ga 25.2 24.1 24.2 23.2 26.3 22.6 23.1 23.2 26.7 21.0 19.1 23.4

U 1.81 1.67 0.67 1.20 0.89 1.35 2.06 2.37 2.30 1.20 2.70 1.51

Th 12.20 10.15 2.73 5.08 3.83 5.69 8.67 15.95 19.20 7.80 34.10 6.17

Nb 14.2 11.5 9.0 8.7 11.9 13.1 7.4 10.2 13.6 8.6 11.0 7.3

Ta 0.9 0.8 0.5 0.6 0.5 0.8 0.5 0.6 0.4 0.6 0.5 0.4

Zr 243 239 173 171 55 239 176 273 397 205 301 173

Hf 7.1 6.9 5.7 4.9 2.7 6.0 4.6 8.1 9.9 5.6 9.0 5.0

V 118 143 418 187 551 235 163 89 172 139 64 128

Cr 60 200 160 870 590 250 540 200 - - - 430

La 42.9 42.0 22.2 28.8 32.0 38.9 25.7 52.6 87.7 32.0 86.9 29.1

Ce 85.5 95.1 67.8 64.5 95.0 84.2 62.2 105.5 204.3 69.4 170.9 59.7

Pr 9.54 9.68 10.15 7.81 14.45 10.00 6.75 11.25 20.17 7.69 17.33 7.56

Nd 34.7 36.6 48.7 31.8 70.9 39.8 27.7 40.1 76.2 30.6 58.9 29.5

Sm 6.97 6.78 12.45 6.48 17.65 8.86 5.82 7.62 11.93 5.30 7.22 5.68

Eu 1.39 1.56 2.98 1.57 3.16 1.97 1.27 1.68 2.58 1.27 1.26 1.29

Gd 5.32 5.48 11.05 5.01 15.30 7.30 4.07 4.57 7.55 4.23 4.02 4.78

Tb 0.75 0.77 1.57 0.68 1.98 1.09 0.62 0.65 1.11 0.61 0.50 0.66

Dy 4.77 4.60 8.69 4.14 9.19 6.94 4.07 3.32 5.24 3.07 2.27 3.63

Ho 0.80 0.90 1.41 0.75 1.49 1.33 0.77 0.63 0.95 0.58 0.36 0.68

Er 1.99 2.33 3.40 2.17 3.35 3.41 2.30 1.72 2.43 1.55 1.02 1.75

Tm 0.28 0.32 0.45 0.30 0.34 0.53 0.33 0.23 0.37 0.24 0.16 0.26

Yb 1.61 2.16 2.44 1.99 1.54 3.24 1.87 1.45 2.27 1.52 1.05 1.49

Lu 0.23 0.30 0.32 0.26 0.17 0.42 0.27 0.21 0.33 0.22 0.18 0.22

Y 19.3 23.1 33.4 20.4 36.6 31.9 18.8 14.6 27.4 16.7 11.3 16.4

∑REE 196.8 208.6 193.6 156.3 266.5 208.0 143.7 231.5 423.1 158.3 352.1 146.3

Eu/Eu*d 0.70 0.79 0.78 0.85 0.59 0.75 0.80 0.88 0.84 0.82 0.72 0.76

Ce/Ce*d 0.94 1.05 1.00 0.96 0.98 0.95 1.05 0.96 1.08 0.98 0.98 0.89

(Ce/Yb)N
d 13.5 11.2 7.1 8.2 15.7 6.6 8.5 18.5 22.9 11.6 41.4 10.2

Table 2. Major and trace elements of representative samples from Dores (1), Capela (2), Aquidabã (3), Campo Grande (4), Camará (5), 
and Pedra Branca (6) stocks.

aRecommended values to the AVG-1 reference material of the U.S. Geological Survey; bobtained values for the AVG-1 reference material by using the Shimadzu 
XRF-1800 X-ray fluorescence spectrometer of the CLGeo-UFS; cabsolute analytical error defined as abs error (wt.%) = | measured value – recommended value 
|; dratios normalized to the chondrite values (Nakamura 1974), Eu/Eu* = EuN/√(SmNGdN) and Ce/Ce* = CeN/√(LaNPmN).
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REE patterns (Nakamura 1974) of the studied samples are 
enriched in light rare earth elements (LREE) over heavy rare 
earth elements (HREE), with CeN/YbN ratios ranging from 
3.5 to 22.9 (Fig. 8). Discrete to pronounced negative Europium 
anomalies (Eu/Eu* = 0.59–0.93) occur in most of samples. 
Only one sample from Camará stock has a positive Europium 
anomaly (Eu/Eu* = 1.45). The REE patterns of hornblendites 
and gabbros from Capela stock differ from the other intrusions 
by the downward concave morphology and the roughly flat 
LREE profiles (CeN/SmN = 1.1–1.7).

In the multielement diagrams normalized to the chondrite val-
ues (Thompson 1982), all samples show enrichment in large ion 
lithophile elements (LILE) and LREE, and depletion in high field 
strength elements (HFSE) and HREE (Fig. 8), in addition to deep 
troughs in Nb, Ta, and Ti. The geometry of the basic and interme-
diate rocks spectra is similar to the primitive continental arc andes-
ites, differing only for the higher degree of LILE enrichment in the 
studied rocks. The REE patterns for acidic rocks from Capela and 
Dores’ stocks are non-parallel, sometimes showing inverse behav-
ior with respect to the gabbros and diorites that occur associated.

MME: microgranular mafic enclave; CHE: cumulate hornblendite enclave.
Figure 6. Geochemical diagrams applied to studied rocks. (A) Total alkali versus silica (Le Bas et al. 1986) with the demarcation of subalkaline 
and alkaline series according to Irvine and Baragar (1971). (B) AFM diagram (Irvine & Baragar 1971) showing the fields of cumulate and 
non-cumulate mafic-ultramafic rocks related to arc environments (Beard 1986). (C) (Na2O + K2O - CaO) versus SiO2 and (D) FeOt / 
(FeOt + MgO) versus SiO2 with Cordilleran granitoids area defined by Frost et al. (2001). (E) Na2O versus K2O (Turner et al. 1996). (F) Ta/
Yb versus Ce/Yb (Pearce 1982). 

A

C
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Th – Hf/3 – Nb/16 tectonomagmatic diagram (Wood 1980) 
for the gabbros and diorites exhibit composition simi-
lar to calc-alkaline basalts (Fig. 9A). On the other hand, 
the granitoid rocks plot in the field of volcanic arc granites 
(Pearce et al. 1984; Fig.  9B). In the Zr/TiO2 versus Ce/P2O5 
tectonic discriminant diagram for potassic rocks (Müller et al. 
1992), the analyzed samples are essentially located in the con-
tinental arc field (Fig. 9C).

DISCUSSION

Crystallization conditions
The chemical composition of pyroxene, amphibole, and bio-

tite from studied rocks the Macururé Mafic suite is character-
ized by high magnesium content (Pereira et al. 2017b, 2019), 
which is typical of crystallization under high oxygen fugac-
ity (Anderson & Smith 1995, Czamanske & Wones 1973). 

Figure 7. Bivariate diagrams using SiO2 as differentiation index. Fields of tholeiite, calc-alkaline, high-K calc-alkaline, and shoshonite 
series in (E) according to Peccerillo and Taylor (1976). (F) Alumina saturation index of Shand (1943) defined as the molar ratio Al2O3 / 
(CaO + Na2O + K2O) and limit between S- and I-type granites equal to 1.1 (Chappell & White 2001). Isotherms in (G) and (H) are from 
respectively Green and Pearson (1986) and Green and Watson (1982).
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MME: microgranular mafic enclave; CHE: cumulate hornblendite enclave. 
Figure 8. Chondrite-normalized REE (Nakamura 1974) and multielement (Thompson 1982) patterns. Trace elements composition 
of N-MORB, E-MORB, OIB (Sun & McDonough 1989), continental arc andesite (Kelemen et  al. 2007) and post-orogenic shoshonitic 
andesite (Pe-Piper et al. 2009) are displayed as comparison. Square symbols correspond to data from Santos (2014). 

The presence of magmatic epidote in Capela, Pedra Branca, 
and Camará stocks is also compatible with oxidizing condi-
tions, close to the NNO buffer (Pereira et al. 2019, Sial et al. 
1999). Euhedral titanite with well-developed twinning was 
identified in rocks of Capela stock and certainly represent 
early minerals, which suggest that oxidizing conditions were 
reached since the initial stages of crystallization.

Garnet with a high-grossular and low-spessartine con-
tents in assemblages with amphibole and calcic plagioclase, 
such as those reported in Capela and Dores’ stocks by Pereira 
et al. (2019), indicate emplacement pressures greater than 
8.0 kbar (Green 1992, Narduzzi et al. 2017). In addition, 

the presence of magmatic epidote in these rocks suggests 
medium- to high-pressure crystallization and rapid ascension 
rates (Zen & Hammarstrom 1984, Sial et al. 1999). Calcic 
garnet and magmatic epidote are an unusual mineralogical 
assemblage which has been described in I-type metalumi-
nous plutons crystallized at high-pressure in arc settings 
(Narduzzi et al. 2017).

Experiments under hydrous conditions performed by 
Green & Pearson (1986) for mafic, intermediate, and acidic 
compositions show a significant correlation between TiO2 and 
SiO2 contents in magmas which coexist with Ti-rich accessory 
phases. When applying this relationship to the studied rocks, 
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A B C

CAB: calc-alkaline basalt; IAT: island arc tholeiite; N-MORB: normal middle ocean ridge basalt; E-MORB: enriched middle ocean ridge basalt; 
WPT: within plate tholeiite; WPA: within plate alkali basalt; MME: microgranular mafic enclave; CHE: cumulate hornblendite enclave.
Figure 9. Tectonic environments discrimination diagrams. (A) Th – Hf/3 – Nb/16 (Wood 1980) for samples with SiO2 < 52%. (B) Yb versus 
Ta (Pearce et al. 1984) for silica-oversaturated samples. (C) Zr/TiO2 versus Ce/P2O5 for samples within the compositional ranges proposed 
by Müller et al. (1992). 

the temperatures obtained are lower than 900ºC (Fig. 7G), 
reflecting the typical low-titanium content of orogenic magmas.

Green and Watson (1982) demonstrated the dependence 
of apatite saturation on the SiO2 content of the magma, tem-
perature and, in a smaller range, on pressure. Estimated tem-
peratures following the apatite saturation method range from 
800 to 950ºC (Fig. 7H). The scatter distribution for samples 
with SiO2 < 50 wt.% may indicate disequilibrium crystalliza-
tion or apatite accumulation.

Microstructures and 
effects of metamorphism

The rocks from Camará, Capela and Dores’ stocks generally 
show a flat-lying foliation defined by the orientation of mafic 
minerals and feldspars (Figs. 3B and 3E). This foliation is crossed 
by high-angle foliation, which is recorded in Dores and Capela 
stocks. The alignment of primary minerals, besides quartz and 
biotite deformed in ductile regime, suggests that these rocks 
were emplaced synchronously to the tangential deformation 
event in the SOS. The orientation of microgranular enclaves 
and metasedimentary xenoliths relatively parallel to the host 
rock foliation supports this hypothesis. 

Evidence of ductile deformation is also provided by feldspar, 
which exhibits undulose extinction, kink folds, and mechani-
cal twinning. Quartz commonly presents well-marked undu-
lose extinction and subgrains. In this situation, grain boundary 
migration indicated by irregular contacts, with interpenetrat-
ing saw-like morphology between the newly formed crystals. 
Comminution of quartz grains associated with recrystalliza-
tion and elongate leads to the formation of ribbons. Locally, 
quartz crystals exhibit chessboard subgrains texture (Fig. 3C), 
typical of high-temperature deformation (Passchier & Trouw 
2005). Deformation of micas led to orientation, undulose 
extinction, and kink bands (Fig. 3K). The evidence of defor-
mation is compatible with a metamorphic temperature higher 
than 450ºC (Paterson et al. 1989, Passchier & Trouw 2005), 
in amphibolite facies. 

Textures that indicate static recrystallization are observed 
in quartz and feldspar, which locally exhibit polygonal texture. 
Sometimes, this recrystallization occurs in the pressure shadows 
of plagioclase porphyroclasts. In this situation, straight con-
tacts and triple junctions predominate.

Transformations of the primary paragenesis are common. 
Crystals of epidote, carbonate, and sericite replace plagioclase. 
Biotite replaces amphibole along cleavages (Fig. 3I), sometimes 
producing pseudomorphs. The composition of amphibole also 
records late reequilibration, suggested by the composition of 
actinolite-tremolite (Pereira et al. 2019). Biotite is partially 
chloritized and has thin exsolved rutile needles, which are 
typically interpreted as a result of retrograde reactions involv-
ing titanium loss. Granular titanite occurs along cleavages or 
in the edges of altered biotite and amphibolite, indicating its 
secondary character (Paterson et al. 1989).

In summary, textural observations indicate that the studied 
stocks result from intrusive magmas during early- to syn-colli-
sional stages, based on structures of ductile deformation com-
patible with the metamorphic amphibolite facies conditions. 
Therefore, the magmatic assemblage experienced secondary 
transformations, evidenced by minerals such as actinolite-trem-
olite, chlorite, biotite, sericite, epidote, and titanite.

Crustal contamination
Characterizing the source of mafic magmas is a difficult 

task for the susceptibility of these liquids to interact with the 
host rocks during the rising or the accommodation within 
the crust, modifying its elementary and isotopic composition.

The presence of older zircon cores in the Campo Grande 
sample suggests some contamination or source inheritance. 
In Macururé Group, there are no records of zircon grains 
younger than 900 Ma (Oliveira et al. 2015b) and igneous 
rocks with crystallization age around 700 Ma in the SOS are 
recognized only in Canindé Domain (Oliveira et al. 2010). 
Moreover, the older cores generally show prismatic forms, 
sometimes with bipyramidal endings, which is not expected 
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to grains that survive to the sedimentary cycle (Corfu et al. 
2003). Hence, they are more likely to represent inheritances 
of the source area. Paleoproterozoic ages (~2,2 Ga) also were 
identified by Long et al. (2005) in Coronel João Sá batholith, 
which interpreted them as an inheritance of magma source.

Metapelitic xenoliths partially assimilated occur in Capela 
and Camará stocks, which could suggest some crustal partici-
pation. But these are punctual features that occur in a limited 
area, generally close to borders of these intrusions.

Moderate crustal contamination results in negative Nb-Ta 
and positive Zr-Hf anomalies, considering the greater abun-
dance of the latter elements in crustal rocks (Rudnick & Gao 
2003). The absence of negative Zr-Hf anomalies in the rocks 
of the studied stocks (Fig. 8) suggests that the interaction with 
adjacent rocks was not a significant factor for its composition. 
The Nb and Ta low-contents certainly reflect source heritage, 
since they are present in the most primitive terms, such as in 
hornblendites and gabbros of Capela stock (Fig. 8). Thus, Nb-Ta 
depletions are possibly related to an active or inherited sub-
duction component (Pearce 1983).

The LREE contents are greater than those of continental 
crust (Rudnick & Gao 2003), indicating that the crustal assim-
ilation could not significantly affect the LREE composition of 
these rocks. Furthermore, the absolute concentration of some 
incompatible elements (e.g., Ba, Sr, La) in the studied mafic 
rocks are higher than those observed in the continental crust, 
implying a strongly enriched source. Therefore, the enriched 
character of the hornblendites, gabbros, and diorites is more 
suitable with a heritage of the mantle source.

Nature of the source
High-K diorites enriched in LILE are recognized in many 

plutons of the Borborema Province and the authors attribute 
these characteristics to the incoming of Paleoproterozoic crustal 
material into the mantle during the Transamazonic tectonic cycle 
(Neves & Mariano 1997, Mariano et al. 2001, Hollanda et al. 
2003). Brito et al. (2009) propose that the rocks of the Serra 
do Catu batholith, which is intrusive in the interface between 
the SOS and PEAL terrains, were produced by the interaction 
between a fertile lithospheric mantle and the juvenile igne-
ous rocks of the SOS. Silva Filho et al. (1997) suggested that 
the Brasiliano Orogeny did not add juvenile material to the 
continental crust of the SOS and the high LILE/HFSE ratios 
in granites from this domain is a subduction-related feature 
acquired from previous orogenic cycles. In Macururé Domain, 
Fontes  et al. (2018) and Lisboa et al. (2019) evoke the melt-
ing of a previously metasomatized subcontinental lithospheric 
mantle to explain the genesis of potassic to ultrapotassic mag-
mas from Glória Norte massif. Additionally, many other plu-
tons in the SOS host mafic enclaves with shoshonitic and 
ultrapotassic affinities (Oliveira 2014, Silva 2014, Conceição 
et al. 2016), suggesting the existence of an enriched mantle 
source responsible for the origin of these rocks.

Gabbros and diorites are the most primitive terms of the 
studied intrusions and these rocks are SiO2-poor and MgO-
rich. Oliveira et al. (2015a) suggest that the magmas of Camará 
stock resulted from the mixture between a basaltic component 

from the lower and the upper crusts, being the last one possibly 
represented by the metasedimentary rocks of the Macururé 
Group. However, the compositions of the studied rocks point 
out derivation from a mantle source.

The high CaO and Al2O3 contents in the gabbros and dio-
rites are distinct from those expected during the partial melt-
ing of a refractory peridotite mantle (harzburgitic or dunitic), 
suggesting that the magmas were produced by the melting of 
a fertile lherzolite source. These observations are compatible 
with the strong enrichment in LILE and LREE (such as K, 
Rb, Ba), and depletions in HFSE and HREE (such as Ti, Nb, 
Ta, Y). In addition, their relatively flat HREE (DyN/YbN ~ 
1.5) in chondrite-normalized patterns (Fig. 8) suggests a shal-
low melting, from mantle source in the spinel stability field.

The lithospheric mantle is HFSE-depleted and HREE-
enriched in relation to the asthenospheric mantle (Smith 
et al. 1999). Thus, low Nb/La ratios are features of magmas 
derived from the lithospheric mantle, whereas higher Nb/
La ratios indicate asthenospheric derivation, similar to the 
Ocean Island Basalt (OIB) magmas source. The low Nb/La 
values in diorites and gabbros (Fig. 10A) are consistent with 
a lithospheric mantle derivation. In the Nb/Yb versus Th/
Yb diagram (Pearce 2008), the samples of all the stocks lie 
above the mantle enrichment trend line (MORB-OIB) and 
within the continental arc field (Fig. 10B). The vertical trend 
described for the rocks on this diagram reflects the addition 
of crustal components in the mantle, possibly during a sub-
duction episode.

The compositional variability of the rocks in destructive 
plate limits has been attributed to the enrichment of the sub-
continental lithospheric mantle by the income of hydrous fluids 
derived from the altered oceanic crust, volatile-rich melts or 
subducted sediments (Pearce 1983, Class & Goldstein 1997, 
Elliott 2003). The input of crustal material in the mantle pro-
motes the formation of exotic mineralogy and fertilization in 
incompatible elements. The studied mafic rocks show a decrease 
of the Ba/Nb, K/Nb, Rb/Nb, Cs/Nb, and Rb/Sr ratios with 
the increase of Nb. This behavior is common in alkali basalts 
and has been explained to the control of K-rich residual phases 
in the mantle (Sun & McDonough 1989). Pargasite and phlo-
gopite are the main host minerals of K, Rb, and Ba in the man-
tle. Ba and Rb behave like compatible elements in respect to 
phlogopite, while Rb is moderately compatible with amphi-
bole (Class & Goldstein 1997). Thus, magmas produced in 
equilibrium with residual phlogopite are expected to have ele-
vated Rb/Sr and lower Ba/Rb ratios than those generated from 
amphibole-rich sources. The Ba/Rb (5.61–22.02) and Rb/Sr 
(0.11–0.45) ratios in the studied rocks (Fig. 10C) suggest that 
the diorites and gabbros were generated by partial melting of a 
phlogopite-bearing mantle source (Furman & Graham 1999).

During subduction events, LILE and LREE are transported 
by fluids derived from the altered oceanic crust, while marine 
sediments are more enriched in HREE and HFSE (Hawkesworth 
et al. 1997, Plank 2014). The mafic rocks have Th/Yb and Sr/
Nb ratios suitable with melts produced from sub-arc peridot-
ites that experienced enrichment by interaction with subducted 
sediments (Fig. 10D) (Woodhead et al. 1998). In synthesis, 
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geochemical data suggest that the parental magmas of the 
studied diorites and gabbros could have been generated by 
partial melting of an enriched lithospheric mantle in the spi-
nel stability field, whose metasomatism occurred through the 
interaction with subducted sediments.

Petrogenesis
The rocks of the studied intrusions were emplaced con-

temporaneously (ca. 630 Ma) and show strong correlations 
between major and trace elements, suggesting genetic relations 
between them. The observed compositional variation could 
result from variable degrees of partial melting, fractional crys-
tallization, magma mixing or contamination with host rocks.

Ultrabasic, basic and intermediate rocks
The MgO contents (~6 wt.%), the concentration of tran-

sition metals, and the presence of hornblendite cumulates 
argue that gabbros and diorites do not represent primary 
basaltic/andesitic magmas, but liquids that experienced some 
fractionation. In Capela stock, the highest average values of 
Cr and V occur in the hornblendites (Cr = 160–590 ppm; 
V = 373–551 ppm) and decrease toward the gabbros and 
diorites (Cr = 60–610 ppm; V = 89–286 ppm), suggesting 

that the cumulates extraction was responsible for the deple-
tion of these compatible elements in remaining magmas. 
Pereira et al. (2019) describe normal zoning in crystals of 
plagioclase, amphibole, and garnet from Capela stock, rein-
forcing the importance of the fractional crystallization in its 
magmatic evolution.

In an individual intrusion, Na2O increases while MgO, 
Fe2O3, CaO, TiO2, and P2O5 decrease with the increase of SiO2 
(Fig. 8). The negative correlation of MgO, Fe2O3, and CaO 
with SiO2 reflects the fractionation of mafic minerals, such as 
enstatite, diopside, hornblende, biotite, and garnet. P2O5 and 
TiO2 decreasing with increasing of SiO2 imply fractionation 
of Ti-bearing phases and apatite. Plagioclase fractionation is 
evidenced by CaO decrease toward more evolved samples, 
besides negative Sr and Eu anomalies (Fig. 8). The tendencies 
ascending of Na2O and scatter of K2O, suggest that potassic 
feldspar was a late crystallizing phase. Furthermore, REE 
abundances decrease systematically from hornblendites 
to gabbros and diorites, which is consistent with fractional 
crystallization of mantle-derived basaltic magma, associated 
with the removal of REE-rich phases such as titanite, allanite, 
apatite, and zircon. These are ubiquitous accessory minerals 
in the studied rocks.

Figure 10. Nature of the source. (A) La/Yb versus Nb/La (Smith et al. 1999). (B) Nb/Yb versus Th/Yb (Pearce 2008) showing within-plate 
(WP) and subduction zone (SZ) enrichment vectors. Fields of continental and oceanic arcs are from Pearce (2014). (C) Ba/Rb versus Rb/
Sr (Furman & Graham 1999) with an area of the common lithospheric mantle (CLM). (D) Sr/Nd versus Th/Yb (Woodhead et al. 1998) 
with enrichment tendencies related to sediments and fluids. Values of N-MORB, E-MORB, OIB and primitive mantle (PM) according to 
Sun and McDonough (1989). Global subducting sediment (GLOSS) composition from Plank (2014). In (A), (C) and (D) were used only 
the samples with MgO > 5 wt.%.

A
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According to Cocherie (1986), elements with distinct 
global partition coefficients plotted in logarithmic diagrams 
allow the identification of the main petrogenetic processes 
involved in the genesis of igneous rocks. The high-slope neg-
ative trend shown in the Sr versus Sm diagram (Fig. 11A) 
suggests that the observed compositions were controlled 
by fractional crystallization. Figure 11 illustrates the strong 
control exercised by the fractional crystallization of amphi-
bole, plagioclase, and biotite in the chemical evolution of the 
studied rocks. The genesis of hornblendites can be explained 
by the crystallization and accumulation of amphibole from 
a trachytic basaltic magma. Therefore, variable degrees of 
fractional crystallization of apatite, Fe-Ti oxides, pyroxene, 
amphibole, biotite, and plagioclase would be the main pro-
cess for causing the compositional variations in the differ-
ent intrusions.

Acidic rocks
The felsic granitoids represent a small percentage of the 

outcropping rocks. The multi-elemental diagram shows very 
distinct spectra form granitoids and mafic rocks, which occur 
associated with them, indicating that they were not derived 
from the same source. Additionally, REE patterns of gabbro 
and diorites are characterized by more significant negative 
europium anomalies than those observed in granites, sug-
gesting that the acidic granitoids did not evolve by fractional 
crystallization of the same primary magma. 

The liquidus temperature of basaltic magmas man-
tle-derived (~1,200ºC) is higher than the fusion point of 
most minerals in crustal rocks, implying that the melting 
of host rocks is inevitable (Watson 1982). Bergantz (1989) 
demonstrated that the emplacement of underplating basal-
tic magmas in metapelites may produce great volumes of 
felsic magmas, while granite and tonalite protoliths do not 
provide substantial amounts of magma. Relatively high 
SiO2 and K2O values, allied to the presence of aluminous 
minerals (biotite ± muscovite), suggest the participation 
of metasedimentary rocks (e.g., the mica schists of the 
Macururé Group) in the genesis of these granites. However, 
a purely pelitic source would produce rocks strongly per-
aluminous and depleted in MgO, FeO, and TiO2 (Patiño 
Douce & Harris 1998), a condition which is not verified. 
Also, the melting of amphibolites usually results in per-
aluminous liquids, due to their low alkalis total (Beard & 
Lofgren 1991, Patiño Douce & Beard 1995).

The Na2O and K2O contents in acidic granitoids sam-
ples are similar to those reported for melts of medium- 
to high-K basaltic rocks. In the Al2O3/(FeOt + MgO) 
– 3CaO – 5(K2O / Na2O) ternary diagram proposed 
by Laurent et al. (2014), the acidic rocks from Capela 
stock lie within the field of high-K mafic melts (Fig. 12). 
Experimental data reveal that high-K calc-alkaline I-type 
granites are generated by partial melting of K-rich mafic 
to intermediate metaigneous rocks (Roberts & Clemens 
1993). Therefore, the likely source of these granites 
could be a lower basaltic crust enriched in incompati-
ble elements, whose anatexis may have been triggered by 

A

B

C

MME: microgranular mafic enclave; CHE: cumulate hornblendite enclave.
Figure 11. Fractional crystallization trends of amphibole (Amp), 
biotite (Bt), clinopyroxene (Cpx), orthopyroxene (Opx), 
orthoclase (Or), and plagioclase (Pl). Partition coefficients were 
compiled from Rollinson (1993). Evolutive tendencies by fractional 
crystallization (FC) and partial melting (PM) correspond to red 
dashed arrows in (A). 
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Figure 12. Granite compositions from Capela stock plotted in the 
Al2O3/FeOt+MgO – 3CaO – 5K2O/Na2O diagram (Laurent et al. 
2014). The fields represent the composition of melts derived from 
tonalites, metasediments, low- and high-K mafic protoliths.

the emplacement of mantle-derived magmas during the 
Brasiliano Orogeny in the SOS.

Regional implications 
The Macururé Mafic Suite comprises bodies of little volume 

expression, which were intruded about 630 Ma. These rocks 
exhibit D2 event deformation, characterized by a low angle 
foliation marked by the orientation of mafic minerals, pla-
gioclase, and quartz. These characteristics are similar to those 
reported by Bueno et al. (2009) for the pre- to syn-collisional 
plutons in the Macururé Domain.

According to Basei et al. (2010), the crustal evolution of 
Borborema Province at about 770 Ma was marked by the opening 
of oceanic and proto-oceanic basins of different nature, some of 
them which are recognized in the Ceará Central (Arthaud et al. 
2015), Riacho do Pontal (Caxito et al. 2016), and Sergipano 
(Oliveira et al. 2010) domains. These authors attribute this 
episode to the break-up of the Rodinia continent, before the 
beginning Brasiliano Orogeny. Ages of ca. 780 Ma have been 
registered in zircon crystal core of the Campo Grande stock, 
possibly registering the influence of sources related to this event.

The Macururé Mafic Suite show petrographic and geochem-
ical characteristics of Amphibole-rich Calc-alkaline Granitoids 
(ACG) association, which according to Barbarin (1999) con-
stitute vast elongated batholiths parallel to the trenches in 
active continental margins. They are mostly magnesian, fea-
ture largely related to a subduction environment (Frost et al. 
2001). The K-rich character of the studied rocks, even in the 
most primitive terms, is a remarkable feature. The igneous rocks 
of the SOS are essentially high-K calc-alkaline to shoshonitic, 
with ultrapotassic terms subordinate (Silva Filho et al. 1997, 
Oliveira et al. 2015a, Conceição et al. 2016, Fontes et al. 2018, 
Lisboa et al. 2019, Santos et al. 2019). The potassic magma-
tism is typically associated to post-collisional stages, but also 

occurs widely in active continental margins (Wilson 1989, 
Müller et al. 1992, Barbarin 1999), presenting genetic relation 
with the subduction zones.

For the Southern Borborema Province, Oliveira et al. 
(2015a) proposed that the oldest granitoids from SOS are 
related to the build-up of a continental arc from 630 to 617 Ma, 
resulting from the convergence of the PEAL Domain and the 
São Francisco paleoplate. According to this evolutive model, 
the subduction of the São Francisco oceanic lithosphere was 
followed by slab breakoff, allowing the rising of the astheno-
sphere and the generation of magmas with shoshonitic affin-
ity. This suggests that the generation of Macururé Mafic Suite 
would be related to the breakoff of the subducting ocean plate.

In the PEAL Domain, the span 650–620 Ma is character-
ized by the emplacement of high-K calc-alkaline to shoshonite 
plutons, with characteristics of arc magmatism (Silva Filho et al. 
2016, Silva et al. 2016). In the Riacho do Pontal belt, the period 
between 630 and 620 Ma was marked by subduction, inversion 
of basins, obduction of oceanic crust, and synorogenic sedimen-
tation (Caxito et al. 2016). In the African counterpart, this same 
interval is interpreted as a convergence stage, with high-grade 
metamorphism, associated with the emplacement of calc-alka-
line plutons with ages ranging from 640 to 610 Ma (Toteu et al. 
2001, 2004). These records suggest that the collisional event was 
broadly coeval in adjoining belts to the SOS.

Conclusions
The Capela (631 ± 3 Ma), Dores, Aquidabã (636 ± 4 Ma), 

Campo Grande (629 ± 9 Ma), Camará, and Pedra Branca 
stocks form Macururé Mafic Suite and were contempora-
neously placed at 630 Ma. The intrusions are constituted of 
gabbros, diorites, monzonites, and granites, which exhibit 
evidence of ductile deformation compatible with amphibo-
lite facies metamorphism. These rocks are high-K calc-alka-
line to shoshonite, magnesian and present character of mag-
matism related to continental arc, as other SOS and PEAL 
intrusions. Chemical data suggest that gabbros and diorites 
were produced by partial melting of a sublithospheric fertile 
mantle and evolved by fractional crystallization in oxidizing 
conditions. The granites are not cogenetic and were possi-
bly generated by melting of lower basaltic crust enriched in 
incompatible elements during the emplacement episode of 
the mafic magmas to which they are associated.
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