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ABSTRACT ARTICLE HISTORY

The Canindé Domain is crucial for understanding the pre-collisional events in Sergipano Belt, Borborema Received 18 November 2021
Province, especially during the Late Stenian/Early Tonian (740-680 Ma). We present thermobarometric, Accepted 12 March 2022
geochronology, and isotopic studies of the metavolcanosedimentary rocks of the Novo Gosto unit. The

calculated metamorphic conditions resulted in a range of T: 600-740°C and P: 3.5-10.0 kbar for non- ?:r;?’:::giilt; pre-
mylonitic amphibolites and values of T: 636-808°C and P: 7.0-12.0 kbar for mylonites, both of amphi- collisional rocks;

bolite facies. The minimum metamorphic conditions imprint in these rocks are T: 390°C and P: 2.5 kbar, metamorphic conditions; Nd
indicating retrometamorphism in greenschist facies. The probable age of the peak metamorphic event isotopes; U-Pb ages

was obtained in zircon rims from a quartzite at 692 + 8.5 Ma. U-Pb detrital zircon and Nd model ages of
the metasedimentary rocks point out Early Tonian as primary source rocks. Subordinate contributions of
Mesoproterozoic, Paleoproterozoic, and Neoarchean sources were also recognized. These primary
sources are related to Cariris Velhos event rocks, whereas the subordinate sources are from the
Pernambuco-Alagoas superterrane. Early Tonian and Late Stenian ages were recognized for the first
time in the Canindé Domain, with U-Pb zircon ages of 1005 + 3 and 989 + 6 Ma in amphibolites and
mylonitized granites, mostly outcropping at the southwestern limit of the area. New ages were also
obtained in the Novo Gosto surrounding intrusions: Canindé Layered Gabbroic Intrusion (~718 Ma),
Garrote (~715 Ma) and Curralinho/Boa Esperanca (~708 Ma) metagranites, and Gentileza metavolcanic
rock (~700), which integrate the early pre-collisional magmatism of the Sergipano Belt (~740-680 Ma).
Finally, U-Pb zircon ages were obtained in the Poco Redondo Domain, potential source area of the Novo
Gosto metasedimentary rocks, resulting in ages of 957 + 11 and 988 + 15 Ma. The new data bring
perspective to future correlations with adjacent belts and the understanding of the structuration of West
Gondwana during the Brasiliano-Pan-African Orogeny.
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1. Introduction

The study of Neoproterozoic orogenic belts is of funda-
mental importance to understand the evolution of litho-
spheric pieces that were once part of the Gondwana
continent. In the Borborema Province (NE Brazil), several
accretionary and collisional events have been documen-
ted along these fragments, being mostly attributed to
the Brasiliano-Pan African Orogeny (e.g. Brito Neves et al.
2014; Caxito et al. 2020; Santos et al. 2021).

This province is mostly composed of Paleoproterozoic
basement domains that were overlain and/or intruded
by Neoproterozoic metamorphic and magmatic rocks,
also including local Archean nuclei (Brito Neves et al.
2001). Its orogenic record has been intensively debated,
pointing out to accretionary, collisional, and intraconti-
nental deformation styles (e.g. Kozuch 2003; Oliveira
et al. 2010; Amaral et al. 2012; Caxito et al. 2014, 2021;
Lima et al. 2015, 2017, 2018; Santos et al. 2015; Lages and
Dantas 2016; Padilha et al. 2016). Evidence for oceanic
crust consumption and collisional tectonics that took
place during the assembly of Western Gondwana in
the province is marked by magmatic arc associations,
disrupted ophiolite preserved remnants and high-grade
metamorphic rock sequences (Santos and Caxito 2021).

The Sergipano Belt occupies part of the southern
Borborema Province and has received major attention
due to the wide exposition of magmatic and metavolca-
nosedimentary rocks that were generated via distinct
stages of the Wilson Cycle during the Neoproterozoic
(Oliveira et al. 2010). In addition, a substantial amount of
published geochemical and isotopic data has provided
clues for a record of the orogenic history of the region,
including the primitive arc-related rocks aged at ca.
740 Ma (Passos et al. 2021), bringing a new perspective
for early stages of the Brasiliano Orogeny.

In this research, we studied early Tonian rocks within
the metavolcanosedimentary Canindé domain of the
Sergipano Fold Belt, presenting new petrographic data
and exploring the P-T constraints in metavolcanic rocks
locally known as Novo Gosto Unit. We also present new
U-Pb zircon ages and Sm-Nd data, providing essential
information about the source area, metamorphic peak
and crystallization ages of related intrusive rocks, adding
a contribution about the early development of accre-
tionary phases of the Southern Borborema Province and
correlations along Western Gondwana.

2. Geological setting

The Sergipano Belt is an E-SE to W-NW trending fold and
thrust belt (Figure 1A,B), cropping out between the Sdo
Francisco-Congo Craton and the Pernambuco-Alagoas

superterrane of the Borborema Province (Oliveira et al.
2010; Brito Neves and Silva Filho 2019). It was formed
due to collisional episodes between the cratonic area
and smaller blocks that now form the basement of the
Borborema Province (Brito Neves et al. 1977; Del-rey
Silva 1995). The belt stratigraphy comprises five
domains, from north to south, named as Canindé, Poco
Redondo-Marancd, Macururé, Vaza Barris and Estancia,
which are bounded by late Neoproterozoic to Cambrian
regional-scale shear zones (Davison and Santos 1989;
Silva Filho 1998) (Figure 1B).

The Canindé domain occupies the northernmost part
of the Sergipano Belt (Figure 1B,C) and it is limited with
the Poco Redondo-Marancé domain by the Mulungu-
Alto Bonito Shear Zone (Figure 1B). It is composed of (i)
the Canindé Complex rocks (metavolcanic-sedimentary
rocks of the Novo Gosto unit and bimodal hypabyssal
rocks of the Gentileza unit), (i) Canindé layered gabbroic
intrusion, and (iii) pre-, syn- and post-collisional late
Neoproterozoic intrusive granitic suites. The Novo
Gosto unit consists of amphibolites, feldspathic quart-
zites, metarythmites, metapelites, marbles, and calc-
silicate rocks. So far, the available geochronological
data of the Novo Gosto unit rocks are restricted to
a marble sample aged at 963 + 20 Ma (**’Pb/?°°Pb)
and interpreted by Nascimento (2005) as the maximum
depositional age of the sedimentary pile, whilst Oliveira
et al. (2015) obtained a maximum deposition age of
approximately 650 Ma (U-Pb SHRIMP zircon) in a meta-
graywacke sample. Lastly, Passos et al. (2021) reported
a zircon U-Pb age (LA-ICPMS) of 743 + 3 Ma for a meta-
volcanic rock sample, interpreted as the crystallization
age of the rock and the single magmatic age obtained of
the metavolcanosedimentary sequence.

3. Methodology
3.1 Mineral chemistry and geothermobarometry

Mineral chemistry of the amphibolites was carried out in
two laboratories: I-In the Laboratory of Electron
Microprobe (LASON) of the Universidade de Brasilia
(DMLH-10A, DMLH-10B, DMLH-10C, DMLH-16), with
a JEOL JXA-8230 probe with five WDS spectrometers
and an EDS. The analyzer crystals available in the probe
(TAPJ, LIF, LIFH, PETJ, PETH, LDE1, and LDE2) allow the
measurement of all chemical elements with an atomic
number larger than 4. The probe was calibrated with an
acceleration voltage of 15 kV and a current of 10 nA. Il -
The remaining samples were analyzed at the Electron
Microprobe Laboratory of the Institute of Geosciences of
the Universidade Federal do Rio Grande do Sul (CPGg-
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Figure 1. (A) Paleogeographic reconstruction showing the Neoproterozoic connection between the Borborema Province (BP, NE
Brazil) and the Trans-Saharan belt (TSB, NW Africa). SB (Sergipano Belt), SFC (Sdo Francisco craton). (B) Geological map of the
Sergipano Belt. MSZ (Macururé Shear Zone), BMJSZ (Belo Monte-Jeremoabo Shear Zone), SMASZ (Sao Miguel do Aleixo Shear Zone),
ISZ (Itaporanga Shear Zone). (C) Geological map of the central Canindé domain with the location of studied samples (Supp. Table 1).
Modified by Passos et al. (2021) from D’el-rey Silva (1995) and Santos et al. (1998).

IGEO-UFRGS). The laboratory is equipped with a CAMECA
SXFive micro-analyzer, which performed the analyses with
operation conditions of 15 keV accelerating voltage and
20 nA beam current.

In both laboratories, crystals of feldspar, amphibole,
titanite, chlorite, and opaque minerals were analyzed,
and the contents of SiO,, TiO,, Al,05, FeO, MnO, MgO,
Ca0, K,O, Na,O, V,03 NiO, Cr,0;, and OH were

determined. The results were processed in the
WinAmptb (Yavuz and Doéner 2017), WinCcac (Yavuz
et al. 2015), and Microsoft Excel software, and were
then plotted on classification diagrams for the analyzed
minerals.

The amphibole was chosen to calculate the
P-T conditions and the data were plotted in the
WinAmptb software (Yavuz and Doner 2017) which is
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built to perform thermobarometry calculations. The cal-
culation methods are those adopted by Ernst and Liu
(1998) (Al-in-amp barometer — kbars; amp-only thermo-
meter - °C) and the results were plotted on
a P-T diagram with the metamorphic facies fields.

3.2 Whole-rock Nd isotope analyses

Fifteen samples of metasedimentary rocks (Supp.
Table 1) were selected and pulverized for Sm-Nd
analyses at the Geochronology Laboratory of
Universidade de Brasilia and followed the methodol-
ogy described in Gioia and Pimentel (2000). About
50 mg of whole-rock powder was mixed with
95m-""°Nd spike solution and dissolved in Savillex
capsules. The extractions of Sm and Nd were carried
out on Teflon columns containing LN-Spec resin
(HDEHP - Di-(2-Ethylhexyl) phosphoric acid supported
by polytetrafluorethylene powder). The Sm and Nd
fractions were placed into double rhenium filament
arrays and the isotopic measurements were done in
a Finnigan TRITON multi-collector mass spectrometer
in static mode. The uncertainties for Sm/Nd and
"3Nd/"**Nd are better than +0.5% (20) and +0.005%
(20), respectively, based on repeated analyses of the
BHVO-2 and BCR-1 rock standards. The '**Nd/'**Nd
ratios are normalized to '*°*Nd/'**Nd of 0.7219 and
the decay constant (\) used was 6.54 x 1072 Data
were processed in the GCDKit 5.0 package used as
a complement to the R 3.5.3 software (Janousek et al.
2019). Enqy(t) values were calculated using the U-Pb
ages defined from zircon grains or estimated ages
based on the regional and current results from
nearby samples. 1-stage and 2-stage Nd model ages
are calculated after Goldstein et al. (1984).

3.3 U-Pb zircon geochronology

Fifteen samples were collected, including rocks repre-
sentative of the units considered as older and rocks of
undetermined origin exposed within the limits of the
Canindé domain (Supp. Tables 1, 2). The samples were
crushed and milled using a jaw crusher and swing mill.
Heavy minerals were separated by conventional proce-
dures using a magnetic separator and heavy liquids.
Zircon was concentrated by handpicking, mounted in
epoxy resin and polished. The U-Pb isotopic analyses
were performed using the Laser Ablation Multi-
Collector  Inductively Coupled Plasma  Mass
Spectrometry (LA-MC-ICP-MS) at Universidade de
Brasilia (UnB), Laser Ablation Sector Field Inductively
Coupled Plasma Mass Spectrometry (LA-SF-ICP-MS) at

Universidade Federal de Ouro Preto (UFOP), and
Sensitive High-Resolution lon Microprobe (SHRIMP) at
the Australian National University (ANU).

Isotopic data obtained by the LA-MC-ICP-MS were
acquired using static mode with 25 pym spot size. Data
acquisition occurred in 40 cycles of 1.048 s of integration
time, and the 202, 204, 206, 207, 208, 232, and 238
masses were collected simultaneously, 202, 204, 206,
207, and 208 measured with multiplier ion counting
and 232 and 238 with Faraday cups. Laser-induced ele-
mental fractional and instrumental mass discrimination
were corrected using the GJ-1 reference zircon (Jackson
et al. 2004). During the analytical sessions, the zircon
standard 91,500 (Wiedenbeck et al., 1995; 2004)" was
also analyzed as an external standard. U-Th-Pb data
reduction was calculated in an Excel spreadsheet
(Chemale et al. 2012) and details of instrumental operat-
ing conditions followed Biihn et al. (2009).

LA-SF-ICP-MS data were acquired in peak jumping
mode during 20s background measurement followed
by 20s sample ablation with a spot size of 20 um, laser
energy of 15%, shot frequency of 10 Hz, and shutter
delay of 15s. To evaluate the accuracy and precision of
the laser-ablation results, we analyzed BB-1 zircon
(562.58 + 0.26 Ma; Santos et al. 2017), PleSovice zircon
(337 £ 1 Ma; Sldama et al. 2008), GJ-1 zircon
(608.5 £ 1.5 Ma; Jackson et al. 2004). The obtained ages
were concordant with the experimental errors, where
the obtained concordant ages were 562.64 + 1.20 Ma
(n =15, 2s.) for BB-1, 337.30 + 0.56 Ma (n = 25, 2s.) for
Pleisovice, and 601.44 + 4.72 Ma (n = 60, 95% conf.) for
GJ-1. For both methods, raw data were corrected for
background signal, and laser-induced elemental fractio-
nation and instrumental mass discrimination were cor-
rected with reference to zircon GJ-1 (Jackson et al. 2004).
Common Pb correction was based on the Pb composi-
tion model (Stacey and Kramer 1975). Data were cor-
rected and reduced using software Glitter (Van
Achterbergh et al. 2001).

The Poco Redondo domain samples were analyzed
by the U-Pb SHRIMP (Sensitive High-Resolution lon
Microprobe) zircon geochronology, at the Research
School of Earth Sciences, Australian National
University using SHRIMP Il equipment. Handpicked zir-
con grains were mounted in epoxy discs along with
zircon standards, ground and polished, microphoto-
graphed in transmitted and reflected light, and their
internal zoning imaged by cathodoluminescence (CL)
using a scanning electron microscope. The mounts
were then cleaned and gold-coated in preparation for
SHRIMP analysis. Analytical methods and data

“Wiedenbeck et al., 1995, 2004 is cited in the references



treatment can be found elsewhere (Compston et al.
1984; Williams 1998). Zircon grains were analysed with
a 2-3nA, 10kV primary O, beam focused to a ~ 25 to
~20 um diameter spot. At mass resolution ~5500 the
Pb, Th, and U isotopes were resolved from all significant
interferences. Reduction of raw data and age calcula-
tion were carried out using Squid 2.02 and Isoplot-Ex
(Ludwig 2003). U and Th concentrations were deter-
mined relative to those measured in the RSES standard
SL13.

The U-Pb Concordia diagrams and histograms were
processed using IsoplotR 2.4 (Vermeesch 2018). We used
206ppy /238 _ 207pp/299pp age cutoff of 1000 Ma for the
detrital zircon grains with a 100 = 10% concordance. The
U-Pb zircon data are presented in the supplementary
material (Supp. Material 1).

4, Results
4.1 Field relationships and petrography

The Novo Gosto unit metavolcanic rocks are mostly
amphibolites and are found as isolated bodies or
interleaved with metasedimentary rocks (Figures 2A,
B). These rocks occur preferentially and more continu-
ously in the southernmost part of the Canindé
domain. They are fine-grained rocks, with mostly
greenish black to lighter greenish colours with mod-
erate weathering (Figure 2F). Due to deformation and
metamorphism, igneous (protolith) textural evidence
is not commonly observed in mesoscopic scale.
However, punctual porphyroclasts of ancient feldspar
phenocrysts can be identified, in addition to sinuous
contacts and reaction rims with the neighbouring
metasedimentary rocks, which we suggest that reflect
intrusive contacts.

Depending on the distance from the shear zones, the
rocks show variable deformation degrees. For instance,
in the vicinity of these structures, amphibolites show
well-developed mylonitic foliation (Figure 2C). In con-
trast, away from these zones the rocks tend to have
poor-developed to incipient foliation planes and lack of
evident deformation markers. In the southern region of
the domain, contacts with the surrounding rocks are
dominantly tectonic due to the shear zones influence
(Figure 2F). Xenoliths of the Novo Gosto unit are also
widespread within the Garrote granite and in the
Canindé layered gabbroic intrusion (Figure 2E).

In microscale, the amphibolites are fine to very fine-
grained (Figure 3). They show mm- to cm mylonitic folia-
tion or deformed magmatic bands, alternating amphibole-
rich and plagioclase-rich bands, but slightly deformed
samples are present. The dominant texture is
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nematoblastic, defined by the preferred orientation of
elongated amphibole crystals (Figures 3A,B,C,E) and plagi-
oclase-dominated aggregates. These rocks mineralogy
include hornblende (30-83%), plagioclase (7-45%) and
opague minerals (trace-15%). Other phases include titanite
(trace-14%), epidote (trace-8%), chlorite (up to 13%), ser-
icite (trace), quartz (up to 3%), K-feldspar (trace), carbonate
(trace-2%), apatite (trace) and zircon (trace) (Supp. Table 3).

Amphibole occurs with brownish-green, green, and
bluish-green colours, anhedral to subhedral crystalline
habits, with straight to irregular contacts with the adja-
cent phases. The deformed members present several
markers of ductile deformation (Figure 3D), including
the formation of small sub-grains at the edges of larger
crystals with some edge migration, SC structures
(Figure 3D), augen-like fabrics with ilmenite crystals
developing pressure shadows, undulose extinction, crys-
tals with fish-like structure. When aligned fabric is not
evident, polygonal granoblastic texture predominate.
Some crystals contain inclusions of opaque minerals,
plagioclase, quartz, apatite, and zircon forming poikilo-
blastic textures. In some samples, amphibole occurs with
bluish-green edges, possibly related to compositional
changes due to retrometamorphism. Amphibole miner-
als are also replaced by chlorite and epidote, which are
interpreted as the main secondary phases in these rocks.

Quartz and K-feldspar crystals may be present but are
not common. They are generally associated with plagi-
oclase in felsic bands following the major foliation orien-
tations. They occur as anhedral to euhedral crystals, with
irregular to straight contacts, exhibiting well-developed
polygonal texture. Epidote can also fill fractures, prob-
ably associated with hydrothermal remobilization
(Figure 3F). In some samples, reddish chlorite was iden-
tified as an alteration of amphibole, most frequently
occurring along fractures possibly related to hydrother-
mal alteration either. Carbonate is found in mylonitic
amphibolites forming discordant venules with respect
to the rock foliation. Carbonate concentrations in oval
fabrics might be present, possibly representing old cal-
cium plagioclase microlites.

4.2 Mineral chemistry and geothermobarometry

Mineral chemistry was acquired in phases that we inter-
preted as the record of the metamorphic assemblage.
Chemistry was used, at first, to determine the classifica-
tion and structural formulas in feldspar (n = 109), amphi-
bole (n =99), opaque minerals (n = 47), chlorite (h =8) and
titanite (n = 14) (supplementary materials SP2, 3, 4, 5, 6).

Data for plagioclase (Supp. Material 2) show albite,
oligoclase, and andesine (Figure 4A) and rarely labra-
dorite field on the An-Ab-Or diagram of Deer et al.



532 (&) L.H.PASSOS ET AL.

Figure 2. Rocks from the Canindé domain of the Sergipano belt. (A) Amphibolite with incipient foliation, far from the Mulungu-Alto
Bonito shear zone; (B) Amphibolite interleaved with metasedimentary rock; (C) Mylonitic amphibolite in the Mulungu-Alto Bonito
shear zone; (D) Amphibolite with sinistral NE fault, related to late ruptile deformation that affected the Canindé domain; (E) Xenoliths
of the Novo Gosto unit in the Canindé layered gabbroic intrusion; (F) Epidotized amphibolites from the Novo Gosto unit in tectonic
contact with the Garrote granite in a shear zone.

(1992). When present, K-feldspar is a minor phase, compositional variation of calcium-rich plagioclase
whose dominant chemical composition points to crystals for more sodium-rich crystals can be related

Figure 3. Mineralogical and textural aspects of the amphibolites from the Novo Gosto unit. Samples (A) (DDLH-27), (B) (DMLH-16) and
(C) are amphibolites with nematoblastic to polygonal texture, less foliated and coarser-grained ones (V-11); (D) Mylonitic amphibolite
with S-C foliation bands (DMLH-10A); (E) Foliated and very fine-grained amphibolite (DDLH-11B); (F) Foliated amphibolite with altered
feldspar crystals (DDLH-9C).

anorthoclase and orthoclase (Figure 4A). The  to the variation of P-T conditions in the rock.
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et al. 1992); (B) Amphibole classification diagram of analyzed amphiboles (Leake et al. (1997); Mg, Fe2+, Si are per formula. Samples
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In general, the analyzed amphibole crystals were
classified as calcium amphiboles. The analyses (Supp.
Material 3) plotted on the Si x Mg/(Mg+Fe®") diagram
of Leake et al. (1997) form an alignment starting from
the actinolite field and passing through the magnesio-
hornblende field, partially corresponding to tscherma-
kite,  ferrotschermakite, and  ferrohornblende
(Figure 4B). In some samples, the amphibole crystals
show zonation, switching to actinolite at the edges,
which can be an effect of the retrometamorphism that
affected the rock.

Analyses of titanite crystals (Supp. Material 4) in the Fe
versus Al cations per formula unit diagram (Ling et al.
2015) plot mostly in the metamorphic origin field
(Figure 5A). The chlorite crystals (Supp. Material 5) were
plotted in the Al + vacancy - Mg - Fe ternary diagram
(Zane and Weiss 1998) and mostly plot in the field of
trioctahedral chlorites, with variations between the fields
of chamosite and clinochlore (Figure 5B). Only one sample
plotted in the field of dioctahedral aluminous chlorites.

Analyses of opaque mineral crystals (Supp.
Material 6), plotted in the TiO, - FeO - Fe,05 ternary
diagram (Cerny et al. 2016; after Piper 1987; Cornell
and Schwertmann 2003) show that ilmenite is the
dominant phase in the amphibolites (Figure 5C). It
was generated by the breaking of ilmenite, possibly
due to the influence of hydrothermal fluids in the
shear zones.

The P and T values were estimated using the method
described in section 4. A wide range of P-T conditions
were obtained, with a variation in P between 2.5 and
12.0 kbar and in T between 390°C and 808°C (the com-
plete data can be found in Supp. Table 4 and summar-
ized in Supp. Table 5). Pressure conditions vary mostly
between 4.0 and 10.0. Temperature conditions vary
mostly between 550°C and 750°C.

Mylonitic amphibolites show the highest P and
T conditions, which is consistent with the identified
textures in the microscale. In the non-mylonitized
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samples, P-T values achieve a maximum T of 808°C and
P of 12 kbars, which is similar to those from the mylonitic
samples.

4.3 U-Pb zircon ages

U-Pb ages (Supp. Table 2, Supp. Material 1) from zircon
grains are from four metasedimentary samples from the
Novo Gosto unit. Intrusive rocks were investigated, with
three samples dated in the Canindé Gabbroic Layered
Intrusion and one sample each in the Garrote metagra-
nite, Curralinho/Boa Esperanca metagranite, and
Gentileza amphibolite. Finally, four samples of the base-
ment (Poco Redondo domain) were also analyzed, of

which two are exposed in the Poco Redondo domain
and two are exposed as tectonic slices in the Novo
Gosto unit.

4.3.1 Novo gosto unit detrital zircon grains

Detrital zircon grains from metasedimentary rocks of the
Novo Gosto unit were investigated to establish their
maximum depositional age and provenance (Supp.
Table 2, Supp. Material 1).

Sixty-seven zircon analyses of quartzite sample DDLH-
9A resulted in three peaks of detrital zircon grains at
895 + 5.1 Ma (50.1%), 962.2 + 5.6 Ma (48.4%),

2100 + 36 Ma (1%) (Figure 6A). The age at
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Figure 6. Frequency of occurrence of detrital zircon ages in metasedimentary samples from the Novo Gosto unit. A) Sample DDLH-9A
(quartzite); B) Sample DDLH-11A (phyllite); C) Sample DMLH-15A (quartz-feldspar paragneiss); D e E) Sample DDLH-9B (quartzite).

895 + 5.1 Ma (91%) and is interpreted as the age of the
main sediment source, which is the probable maximum
sedimentation age of the paleobasin.

Eighty-two zircon analyses of phyllite sample DDLH-11A
resulted in four peaks of detrital zircon grains at
892 + 6.2 Ma (29%), 971 £+ 4.4 Ma (49%), 1974 + 7 Ma
(20%), and 2624 + 25 Ma (2.5%) (Figure 6B). The main peak
is well established at 971 + 4.4 Ma and is related to the

main source of sediments, while the minor peak of
892 + 6.2 Ma is the probable maximum sedimentation
age of the paleobasin.

Fifty-eight zircon analyses of quartz-feldspar para-
gneiss sample DMLH-15A resulted in multiple peaks of
detrital zircon ages at 676.5 = 5.4 Ma, 810 = 9.1 Ma,
920 + 8 Ma, 1095 + 85 Ma, 1144 + 58 Ma,
1215 £+ 5.4 Ma, 1284 + 8.7 Ma, 1386 + 52 and
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1612 + 9 Ma (Figure 6C). Around 77 % of the data fall
between Tonian and Steanian ages. The maximum
depositional age is calculated using two youngest
detrital igneous zircon grains 676.5 £ 5.4 Ma.

Eighty-four zircon analyses in quartzite sample
DDLH-9B resulted in one peak of metamorphic and
two peaks of detrital zircon grains at 692.6 + 8.5 Ma
(19%), 827.6 £ 6.4 Ma (13%), and 972.5 + 2.4 Ma (68%)
(Figure 6D). The main peak is well established at
972.5 £ 2.4 Ma (69%) and is interpreted as the main
sediment source. The two youngest zircon grains yield
an 2°°Pb/?38U age of 763 + 12 Ma, which is interpreted
the maximum depositional age. In contrast, the
younger zircon age population (692.6 + 8.5 Ma,
n = 15) has a particular characteristic, with low Th/U
ratios (between 0.01 and 0.06) (Figure 6E), which we
interpret as the metamorphic age of the studied meta-
sedimentary rock of the Novo Gosto unit.

4.3.2 Canindé domain intrusive rocks
a) Canindé layered gabbroic intrusion

Three samples of the Canindé layered gabbroic intru-
sion were dated: DMLH-2, DMLH-3, and DMLH-6 (Supp.
Material 1). All the 14 highly concordant U-Pb data
obtained for sample DMLH-6 (metadolerite), were used
for the construction of the Concordia diagram, resulting
in an upper intercept age of 717.9 + 23.2 Ma (2 sigma,

MSWD:0.3, Figure 7A). From the 23 analyses obtained in
sample DMLH-2 (dolerite), 20 highly concordant U-Pb
data were used for the construction of the Concordia
diagram, resulting in a Concordia age of
716.03 + 2.65 Ma (2 sigma, MSWD:1.9, Figure 7B). The
three excluded data fall out of the statistical population
and/or have extremely high errors (~71 Ma). All the 38
highly concordant U-Pb data obtained for sample
DMLH-3 (gabbro) were used for the construction of the
Concordia diagram, resulting in a Concordia age of
719.30 + 2.25 Ma (2 sigma, MSWD:1.1, Figure 7C).
b) Garrote metasyenogranite

The sample of mylonitized syenogranite (DMLH-13A),
mapped as part of the Garrote metagranite, was col-
lected in an outcrop showing mingling features with
a fine-grained amphibolite. Twenty-eight U-Pb zircon
data were obtained for this sample (Supp. Material 1),
however, a large dispersion of ages were found, mostly
between 750 and 512 Ma. Three older values (~800-
1000 Ma) are here interpreted as xenocrysts from the
basement, while a group of ages between 512 and 640
show discordance higher than 10%, thus being dis-
carded from the final interpretation. Highly concordant
values (£10%) fall between 750 and 640 Ma, although
these data still have high errors (~20 Ma). Therefore, we
are using for this sample the upper intercept with the
Concordia diagram, which resulted in an upper intercept
age of 720.3 + 29.1 Ma (MSWD: 0.13, Figure 7D).
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Figure 7. Diagrams with U-Pb ages of Canindé domain intrusive rocks. A) Sample DMLH-6 (metadolerite); B) Sample DMLH-2
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¢) Curralinho/Boa Esperanca metagranite

From the Curralinho/Boa Esperanca metagranite, we
collected a metasyenogranite sample (DDLH-21B) with
mingling features with fine-grained ampbhibolite.
Twenty-four U-Pb ages were obtained for this sample
(Supp. Material 1) and the data reveal a group of ages
between 645 and 345, discordance higher than 10%.
Highly concordant values (£10%) fall between 697 and
645 Ma, although with high errors (~35 Ma). Therefore,
we are using for this sample the upper intercept with the
Concordia diagram, which resulted in an upper intercept
age of 708.13 + 8.2 Ma (2 sigma, MSWD: 0.55, Figure 7E).
d) Gentileza metavolcanic rock

A mafic metavolcanic rock sample (DMLH-12A) of the
Gentileza unit, collected in the southern portion of the
Canindé domain and intrusive in rocks from the Novo
Gosto unit was analyzed. Twenty-five concordant U-Pb
ages were obtained for this sample (Supp. Material 1),
resulting in main ages between 732 and 659 Ma. Two
early Tonian ages were interpreted as xenocrysts from
the basement. Twenty-three data were plotted in the
Concordia diagram, resulting in a Concordia age of
701.27 + 4.93 Ma (2 sigma, MSWD: 0.98, Figure 7F).

4.3.3 Basement rocks of the canindé domain

n the Canindé domain, we recognized tectonic slices
of basement rocks represented by the samples DDLH-
10A, DDLH-10B, and DMLH-12B (Supp. Material 1).
The amphibolite sample DDLH-10A is from an out-
crop in tectonic contact with fine-grained mylonitic
granite (sample DDLH-10B). Eight highly concordant
U-Pb zircon ages were obtained for this amphibolite,
resulting in a Concordia age of 1005.68 + 3.75 Ma (2
sigma, MSWD: 0.29, Figure 8A). From the mylonitic
granite sample, fifty-eight zircon ages were obtained,
resulting in scattering between 1072 and 816 Ma.
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A group of younger ages shows discordant values
higher than 10%. The upper intercept of the
Concordia diagram resulted in an age of
989.68 + 6.36 Ma (2 sigma, MSWD: 1.2, Figure 8B).
The sample DMLH-12B is also a fine-grained mylonitic
granite and 48 zircon ages were obtained in this
sample, resulting in ages between 799 and 978 Ma.
All the data were plotted in the Concordia diagram,
resulting in an age of 988.58 + 16.13 Ma (2 sigma,
MSWD: 0.91, Figure 8C). This latter sample occurs in
an outcrop encompassed by a mafic metavolcanic
rock from the Gentileza unit (sample DDLH-12A, see
section referring to the Gentileza unit) in the
Mulungu-Alto Bonito shear zone.

4.3.4 Pogo redondo domain

To compare ages and possible sources of metasedimen-
tary rocks from the Novo Gosto unit, we collected two
samples in the neighbouring domain, the Po¢o Redondo
domain (samples DMLH-1A and DMLH-1B) (Supp.
Material 1). In the orthogneiss sample DMLH-1B (PR-1B,
Figure 9A), we obtained five highly concordant data,
which were plotted on the Concordia diagram, resulting
in an age of 956.72 + 12.08 Ma (2 sigma, MSWD:0.81).
The DMLH-1A (PR-1A) sample is from granite that
intrudes the Poco Redondo gneiss. Thirty-four U-Pb
ages were obtained (Supp. Material 1), however, a large
dispersion of ages between 1017 and 569 Ma was found.
The group of older ages (~766-1017 Ma) is here inter-
preted as xenocrysts from the Poco Redondo basement,
resulting in a Concordia age of 989.52 + 7.4 (n = 7)
(Figure 9B). A statistical population (10 spots), with
highly concordant values (+10%), falls between 670
and 626 Ma and are possibly the zircon ages related to
the granite crystallization. Concordia age of this group
resulted in an age of 636 + 3.76 Ma (Figure 9B). Two
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Figure 9. Diagrams with U-Pb ages of Poco Redondo domain rocks.

younger ages of 569-582 Ma are here interpreted as
recrystallized zircon grains, associated with a re-heating
event (metamorphism?).

4.4 Nd isotopic geochemistry

Whole-rock Sm-Nd isotopes of metasedimentary
rocks from the Novo Gosto unit bring important
information on the nature of the Novo Gosto basin
(Supp. Table 6). Among the analyzed rock samples,
there are metasandstones, metapelites, phyllites,
meta-arkose, and impure metacarbonate. The ratio
values of '"*Sm/"*Nd and '**Nd/'**Nd range from
0.1047 to 0.1553 and 0.511666 to 0.512605, respec-
tively. The values of €yg (o) range from —-18.96 to
—0.64 and the Tpy ages (single-stage) vary from 1.27
to 2.21 Ga. The values of €yg (740 or calculated age)
range from —11.25 to 3.28 and the Tpy ages (dou-
ble-stage) range from 1.10 to 2.24 Ga (Figure 10A,B).
Five samples, mica schist (CRN-210a), metasandstone
(DDLH-6B), metasandstone (DDLH-1), metacarbonate
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A) Sample PR-1B (orthogneiss); B) Sample PR-1A (granite).

(DDLH-14), metapelite (CRN-143a), have model ages
close to 1.3 Ga. Other rocks, meta-arkose, metape-
lites, phyllite, and metasandstones show Tpy ages
between 1.3 and 1.8 Ga. The third group of rocks
(metasandstones and mica schist) displays Tpym ages
in 2.2 Ga.

5. Discussion

5.1 Basement of the novo gosto unit

The observed field relationships in association with the
obtained ages in this research resulted in the identifica-
tion of rocks that represent basement fragments in the
Canindé domain (samples DDLH-10A, 10B, and DMLH-
12B, see section 5.3.3). The studied rocks show ages com-
patible with crystallization during the Cariris Velho event
(early Tonian), which in the region are recognized mainly
in the Poco Redondo-Marancé domain, to the south (crys-
tallization ages between 1000 and 920 Ma, e.g. Carvalho
2005; Oliveira et al. 2010; Caxito et al. 2020) and other
occurrences to the north of the area (e.g. Brito Neves et al.

1.4

1.6 1.8
Tom.2stg (1)

N

22 24

Figure 10. A) Eyq vs. Age diagram showing Nd isotope evolution for metasedimentary rocks from the Novo Gosto unit. B) Histogram

of frequency of Tpm.2stg @ges of the metasedimentary rocks.



1995; Brito et al. 2008; Brito and Freitas 2011; Cruz and
Acciolly 2013; Cruz et al. 2014; Silva Filho et al. 2014;
Guimaraes et al. 2016; Dattoli 2017; Caxito et al. 2020).
The samples DDLH-10A and DDLH-10B were collected in
the vicinity of the limit with the Po¢o Redondo domain
and the Mulungu-Alto Bonito shear zone, suggesting that
these are fragments from the Poco Redondo domain
juxtaposed to the Canindé domain units during the colli-
sion phase. The mylonitic granite (DMLH-12B) of upper
intercept age 988.58 + 16.13 Ma is intruded by the mafic
volcanism of the Gentileza unit (DMLH-12A), which was
dated at Concordia age of 701.27 + 4.93 Ma. Based on the
presence of these basement slices, we suggest that the
basement of the Novo Gosto unit consists of the same
material, which is supported by the new U-Pb detrital
zircon ages and Nd model ages.

5.2 Main source area and maximum depositional
age

U-Pb ages on detrital zircon grains of the three metase-
dimentary rocks show a main peak between 962 and
981 Ma, all of them with a high frequency of occurrence
(>73%), representing a highly probable source area for
the Novo Gosto paleobasin. Besides these source areas,
the same samples show a Paleoproterozoic and
Neoarchean source area (1974, 2624 Ma), although
with a lower frequency (1-20%). One sample shows
a higher range of the main peaks, between 800 and
1200 Ma (77%), being these ages rare in the adjacent
areas.

The probable early Tonian source area is well known
in the region, occurring even as a rare basement in the
Canindé domain, as well as in the adjacent Poco
Redondo-Marancé domain and other surrounding
areas in the Pernambuco-Alagoas superterrane and
Southern Borborema Province (e.g. Brito Neves et al.
1995; Brito et al. 2008; Brito and Freitas 2011; Cruz and
Acciolly 2013; Cruz et al. 2014; Silva Filho et al. 2014;
Guimaraes et al. 2016; Dattoli 2017; Caxito et al. 2020).
Adjacent areas with Paleoproterozoic and Neoarchean
rocks occur mostly in restricted areas, like the Jirau do
Ponciano, Nicolau-Campo Grande, Belém do Sao
Francisco complexes and minor granitic occurrences
(Sa et al. 1995; Van Schmus et al. 1995; Accioly et al.
2000; Sa et al. 2002; Silva Filho et al. 2002; Santos et al.
2008b; Hollanda et al. 2011; Santos et al. 2015; Oliveira
et al. 2015; Caxito et al. 2020).

The same source area groups were identified with
Nd isotopes, with a positive Eng (t740) and Tpm 2stage
between 1.10 and 1.35 and a highly negative
End @740) and Tpm 2stage Of 2.2 Ga. Several samples
show values in between these two groups, which can
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be an effect of sedimentary mixture between the two
sources. Oliveira et al. (2015) suggested that the Tpy
ages from the Canindé domain (1.0 to 1.6 Ga) were
mostly younger than the Marancé domain ages (1.2
to 2.2 Ga), the latter domain being mostly provided
by older sources. However, with the new data here
obtained, we identified this older source in the
Canindé domain as well, being the two domains
provided by similar source areas.

The youngest zircon age obtained for the Novo
Gosto metasedimentary rocks, commonly interpreted
as the maximum depositional age of the paleobasin,
is here defined as 676 + 5.4 Ma (four youngest zircon
grains of sample DDLH-15A). This sample may repre-
sent younger sedimentation of the Novo Gosto unit.
Other samples contain older maximum depositional
age of 780 + 6.1, 892 + 6.2, and 895 + 5.1 Ma. The
youngest age zircon population at 692.6 + 8.5 Ma (2s,
n = 15) with Th/U ratios from 0.06 to 0.01, deter-
mined in sample DMLH-9B, is interpreted here as
metamorphic age, imprinted on the detrital zircon
grains. Oliveira et al. (2015) obtained maximum
depositional age for the Novo Gosto unit (metagray-
wacke) of approximately 650 Ma with two significant
peaks at ca. 714 Ma and 995 Ma. These authors also
found one zircon grain with an age of 625 Ma, inter-
preted as a metamorphic zircon.

These maximum depositional ages may reflect a long
period of active sedimentation (~170 Ma) or most likely
to be influenced by different source areas in the paleo-
basin. Nascimento (2005) determined approximately the
depositional age of carbonate rocks from the Novo
Gosto unit at 963 + 20 Ma, which can suggest, together
with the new data, long-term sedimentation for the
Novo Gosto paleobasin.

Regarding the source area, we suggest that the
source area of the Marancé-Poco Redondo and
Canindé domains, in addition to some points of the
Macururé domain, have a dominance of an early
Tonian source, while in the rest of the Macururé, Vaza-
Barris and Estancia domains Paleoproterozoic sources
dominate, implying a probable source area from the
Sao Francisco Craton (Oliveira et al. 2015; Neves et al.
2016).

5.3 Tectono-metamorphic evolution of the novo
gosto unit

Petrographic and geothermobarometric data of amphi-
bolites from the Novo Gosto unit demonstrate that the
unit was affected by clockwise P-T metamorphic condi-
tions. The metamorphic peak occurred at the
Cryogenian age, reaching the sillimanite stability field
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Figure 11. Amphibolite samples from the Novo Gosto Unit are plotted on the metamorphic facies diagram (P-T). (1) Contact (thermal)
metamorphism, (2) Volcanic arc, (3) Collisional mountain belt, (4) Stable continent, (5) Accretionary prism (Redrawn from nelson 2004;

Marshak 2019).

upper amphibolite facies conditions. Some data evi-
denced retrometamorphic P-T conditions in greenschist
facies (Figure 11). The pressure conditions reached
a maximum of 12.0 kbar and the temperature conditions
of 808°C and a minimum of 2.5 kbar and 390°C. These
T and P variations are most probably associated with the
tectonic evolution of the metamorphic terrane, the
higher P-T values associated with progressive meta-
morphism until it reached the metamorphic peak,
while the lower P-T conditions are related to the retro-
gressive metamorphic path, until the complete exposure
of the terrane.

The mylonitic amphibolites show the highest P and
T conditions (7.0-12.0 kbars and 636-808°C). It is con-
sistent with the textures identified in the microscale. The
samples that were not mylonitized were crystallized
under P and T conditions at least lower than those
mylonitic rocks, ranging mainly around 600-740°C and
3.5-10.0 kbars. The calculated P-T conditions, plotted in
Figure 11 have a distribution compatible with volcanic
arc (path 2) evolving to a collisional mountain belt
path (3).

The age of the progressive metamorphic event was
obtained in sample DDLH-9B (Novo Gosto unit/quart-
zite), in which a group of zircon grains with very low
Th/U ratios (0.01 to 0.06) was found, which are classically
associated  with  metamorphic  crystallization.
Alternatively, source area zircons that were meta-
morphic, and then eroded and delivered to the basin.
We do not discard the possibility that this age might
register an uncommon event in the region and further
investigation is needed. This group of zircon grains

provides a *°’Pb/?°°Pb age of 692.6 + 8.5 Ma for the
metamorphic peak, during collision and amalgamation
of the Sergipano Belt. Younger metamorphic ages for
the area were suggested by Oliveira et al. (2015), who
reported age of 625 Ma in a metagraywacke from the
Novo Gosto Unit and interpreted it as a metamorphic
zircon.

Finally, a much younger group of concordant U-Pb
zircon ages is recorded in sample DMLH-1A, with ages
between 582 and 569 Ma. This sample is from the neigh-
bouring Poco Redondo domain, and the younger age
can be related to the D3 deformational event of Oliveira
et al. (2010), suggested being around 581 Ma (Ar-Ar
muscovite age in the Macururé D3 foliation).

5.4 Pre-collisional magmatic intrusions

The ages found for the metavolcanic rocks in the
Novo Gosto unit (~743 Ma, Passos et al. 2021)char-
acterize the older post-Cariris Velhos magmatism of
the Canindé domain, followed by the other magmatic
units in order of age: Canindé layered gabbroic intru-
sion, Garrote unit, Curralinho/Boa Esperanga metagra-
nite, and Gentileza unit. New U-Pb ages obtained in
the Canindé layered gabbroic intrusion are
7179 + 232 Ma, 716.03 £ 265 Ma, and
719.30 + 2.25 Ma. These ages are slightly older than
the ages reported by Oliveira et al. (2010) of
701 = 8 Ma and Pinto et al. (2020) of 703 + 1.6 Ma.
The obtained age for the Garrote metasyenogranite is
an upper intercept and has a large error
(720.3 £ 29.1 Ma), although it is similar to the age
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Figure 12. Proposed tectonic evolution model for the Canindé domain, Sergipano Belt. Modified after Passos et al. (2021).

of Van Schmus apud Santos et al. (1998) of 715 Ma.
The Curralinho/Boa Esperanca metagranite obtained
an age of 708.13 + 8.2 Ma (upper intercept) is older
than the age found by Oliveira et al. (2010) of
641 £+ 5 Ma (Boa Esperanca metagranite) and
684 + 7 (Curralinho granite). The new Gentileza meta-
volcanic rock age of 701.27 + 4.93 Ma is, as well,
a little older than the age of 688 + 6 (quartz-
monzodiorite) published by Oliveira et al. (2010).

The metavolcanic rocks of the Novo Gosto unit repre-
sent the first records of a convergence event during the
early Brasiliano orogeny in the Sergipano Belt (Passos
et al. 2021) and together with the other magmatic units
mentioned are assumed as the late Tonian/Cryogenian
(740-680 Ma) pre-collisional magmatism of the Sergipano
Belt.

6. Conclusion

With this research, we conclude that:

(A) Late Stenian/Early Tonian crystallization ages
(989.68 + 6.36, 1005.68 + 3.75 and 988.58 + 16.13)
were for the first time identified in amphibolite and
granitic mylonites of the Canindé domain. These

rocks occur near to the Mulungu-Alto Bonito shear
zone, close to the contact with the Poco Redondo-
Marancé domain, and possibly represent slices of
this unit juxtaposed with the Canindé domain dur-
ing the collisional event (Figure 12C,D).

(B) The main source area was investigated using U-Pb
detrital zircon ages and Nd isotopes. The U-Pb ages
in the Novo Gosto metasedimentary rocks reveal
that the most probable and important source area
for the Novo Gosto paleobasin has ages of 962-
978 Ma. A minor Paleoproterozoic and Neoarchean
source area was identified too (1974-2624 Ma). The
probable Early Tonian source is well known in the
adjacent Poco Redondo-Marancé domain and other
areas of the Pernambuco-Alagoas superterrane and
Southern Borborema Province, but also found as
rare basement slivers within the Canindé domain
(Figure 12A,B). In the Borborema Province, the pre-
sence of Paleoproterozoic and Neoarchean rocks is
more restricted and they occur mainly in domes. Nd
isotopes yielded Mesoproterozoic TDM ages in
between the Paleoproterozoic/Archean ages and
the Neoproterozoic igneous rocks, indicating
a mixture of the two end-members and confirming
that these two sources dominate.
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(C) The maximum depositional age obtained for the
Novo Gosto paleobasin is 676 + 5.4 Ma, deposited
after the main metamorphism of this unit.
However, other samples show values of
895 + 5.1, 892 + 6.2 Ma, and 780.4 = 6.1 Ma,
which can reflect long-term sedimentation of
the paleobasin with different source areas
(Figure 12B).

(D) The tectono-metamorphic evolution of the Novo
Gosto unit is here characterized as a clockwise
P-T path, with metamorphic conditions ranging
mainly around 600-740°C and 3.5-10.0 kbars,
with peak metamorphic compatible with upper
amphibolite facies. And values ranging mainly
around 636-808°C and 7.0-12.0 kbars for mylo-
nites. The minimum metamorphic conditions
imprint in these rocks is T: 390°C and P: 2.5 kbar,
characteristic of greenschist facies, and possibly
related to the uplift of the metamorphic terrane.
The path distribution of the samples is compatible
with a volcanic arc evolving to a collisional moun-
tain belt environment. Age of 692.6 + 8.5 Ma
(*%’Pb/*°Pb zircon age/LA-ICPMS) calculated
from data obtained on zircon rims with a low Th/
U ratio from a quartzite was associated with the
progressive metamorphic peak (Figures 12C,D).
Alternatively, those zircons could have been
eroded from source areas that record this meta-
morphic event and incorporated in the basin

(E) Ages of 740-680 Ma pre-collisional magmatism
are recorded in the Novo Gosto unit, Canindé
layered gabbroic intrusion, Garrote, Gentileza
and Curralinho/Boa Esperanca metagranites
(Figure 12B).

(F) These new results together with those of
Passos et al. (2021) support an accretionary-
collisional evolution to the Sergipano Belt, as
proposed to other sectors of the Borborema
Province (eg, Del-rey Silva 1995; Santos 1995;
Kozuch 2003; Oliveira et al. 2010; Amaral et al.
2012; Caxito et al. 2014, 2020, 2021; Santos
et al. 2014; Lima et al. 2015, 2017, 2018;
Lages and Dantas 2016; Padilha et al. 2016)
and contradict the intracontinental evolution-
ary model for the province (Neves 2003; Neves
et al. 2006, 2015).

(G) These new data and those of Passos et al. (2021)
provide important information about the pre-
collisional phase of the Sergipano Belt, and con-
tribute to possibilities of correlation between the
South Borborema Province and the Central
African Orogen.

Highlights

® Data sets a perspective for future correlations with adjacent
belts

® Data for structuration of West Gondwana, in Brasiliano-Pan
African Orogeny

e New U-Pb zircon ages for Sergipano Belt, Borborema
Province

® |ate Stenian to early Tonian basement for the Canindé
domain
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