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RESUMO

Dados geofisicos, estruturais, termobarométricos e mapas de raio-X foram combinados para
melhor compreensdo sobre a evolucdo tectonometamorfica da regido de Feira Nova, porcéao
leste da Provincia Borborema. A regido é dominada por biotita xistos e granada-biotita xistos e
paragnaisses com sillimanita do Complexo Surubim, localmente migmatizados, e é limitada por
ortognaisses do embasamento representados pelos complexos Vertentes e Salgadinho e pelo
Complexo Metagabro-Anortositico de Passira. Na porcéo sul da area, afloram os ortognaisses
Acudinho e Terra Nova, considerados pré-transcorrentes, e uma porcdo do Complexo
Vertentes, ambos desenhados por um par sinforme-antiforme macroscépico. Todas essas
unidades foram afetadas por foliagdo de baixo angulo (S2) com transporte para NW, associada
a zonas de cisalhamento contracionais. Uma foliacdo prévia desenha dobras intra-Sz. S, €
transposta por foliagdo de alto angulo (Ss) associada a zonas de cisalhamento transcorrentes
sinistrais. Relacionadas a Sz, ocorrem dobras fechadas inclinadas e o par sinforme-antiforme.
Encurvamento dos tracos axiais dessas dobras sugere redobramento, constituindo padrdo de
interferéncia do tipo 3. Localmente, bandas de cisalhamento contracionais resultantes da
tectdnica transpressiva cortam Sz. Os dados sugerem uma deformagdo progressiva com
transicdo entre um regime contracional e um regime transpressivo. Mapas de raios-X obtidos
para 0 Complexo Surubim mostram alto contetdo de Ca e Mg em nucleos de granada e de Ti
em biotita, os quais sugerem condicdes de alta temperatura. Essas composic¢des foram atribuidas
ao pico do metamorfismo Brasiliano e sincrdnicas ao desenvolvimento da foliacao regional Sa.
A diminuicdo desses contetdos em direcdo as bordas desses minerais sugere esfriamento e
descompressdo. Os termOmetros granada-biotita e o bardmetro granada-Al>SiOs-quartzo-
plagioclasio (GASP) forneceram alta temperatura (~650-760°C) e média pressdo (~0,6-0,9
GPa) para o pico metamérfico, e minimas de ~590-520°C e 0,4-0,3 GPa para o
retrometamorfismo. Os dados sugerem que as rochas atingiram profundidades entre ~23 e 34
km durante o regime compressivo e foram exumadas a ~11-19 km durante o regime
transpressivo. A auséncia de tramas extensionais favorece exumagdo por erosdao em vez de
colapso extensional. Baseado na ocorréncia de cianita na regido, é inferida uma trajetoria
pressdo-temperatura-tempo (P-T-t) do tipo horaria, relacionada a espessamento em um
ambiente predominantemente intracontinental, seguido por exumacdo sob baixas taxas de

erosao e esfriamento.



Palavras-chave: Regido de Feira Nova. Termobarometria. Tectonica transpressiva. Zona de
cisalhamento Paudalho.



ABSTRACT

Geophysical and structural data, thermobarometric estimation and X-ray maps were combined
to better understand the tectono-metamorphic evolution of the Feira Nova region, eastern
Borborema Province. The region is dominated by sillimanite bearing biotite schist and garnet-
biotite schist and paragneisses, locally migmatized, and is bounded by basement orthogneisses
of the Vertentes and Salgadinho complexes, and by the Passira Metagabro-Anorthositic
Complex. Southern of the study area, the Acudinho and Terra Nova orthogneisses crop out,
considered pre-transcurrent, and a portion of the Vertentes Complex, both delineated by a
macroscopic synformal-antiformal pair. All these units were affected by a gently dipping
foliation (S2) related to top-to-the-northwest transport and contracional shear zones. A previous
foliation delineates intra-S; folds. S; is locally transposed by steep foliation (S3) related to
transcurrent sinistral shear zones. Folds related to Ss comprise tight inclined folds and the
synformal-antiformal pair. Bending of these folds axial traces suggests refolding, which
produced a type 3 interference fold pattern. Locally, contractional shear bands resulting from
the transpressive tectonics crosscut Ss. The data suggest a progressive deformation with
transition between contraction and a transpression. X-ray maps obtained for the Surubim
Complex show high Ca and Mg contents for garnet core compositions and of Ti for biotite,
which suggest high grade conditions. These compositions were attributed to Brasiliano peak
metamorphism and considered synchronous to development of the regional S foliation. The
rimward depletion of these contents suggest cooling and decompression. The garnet-biotite
thermometer and the garnet-Al>SiOs-quartz-plagioclase barometer yielded high temperature
(~650-760°C) and moderate pressure (~0.6-0.9 GPa) for peak conditions and up to ~590-520°C
e 0.4-0.3 GPa for the retrometamorphism. The data suggest that the rocks reached ~23-34 km
depths during the compressive regime and were exhumed to ~11-19 km during transpressive
regime. Lack of extensional fabrics favors erosional unroofing rather than extensional collapse.
Based on the occurrence of kyanite in the region, we infer a clockwise pressure-temperature-
time path (P-T-t), related to thickening mostly in an intracontinental setting, followed by

exhumation under low erosional and cooling rates.

Keywords: Feira Nova region. Thermobarometry. Transpressional tectonics. Paudalho shear

Zone.
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1 INTRODUCAO

A determinacdo do tipo de orogénese e dos diferentes ambientes tectbnicos em um
sistema orogénico é feita, a principio, com base em associa¢@es petrotectdnicas, mas no caso
de ordgenos antigos, submetidos a erosdo intensa, e/ou areas de alto grau metamorfico, tais
associacOes de rochas podem ndo ser preservadas, sendo necessario metodos mais sofisticados
que permitam a quantificacdo dos processos envolvidos na sua geracdo. Nos Ultimos anos, a
reconstrucdo de trajetorias P-T-t (Pressdo-Temperatura-tempo) em ordgenos antigos por meio
de estudos geocronolégicos e termobarométricos muito tém contribuido para a nossa
compreensdo acerca da evolucdo de ordgenos. Na literatura, porém, poucos trabalhos séo
dedicados a avaliacdo quantitativa do metamorfismo Brasiliano e proposicdo de trajetorias P-
T-t para a Provincia Borborema. Com o objetivo de contribuir com o conhecimento sobre a
evolucdo tectbnica da provincia no Neoproterozoico, o presente trabalho compreende uma
analise estrutural e de metamorfismo da regido de Feira Nova, Dominio Rio Capibaribe.

1.1 AREA DE ESTUDO E VIAS DE ACESSO

A érea de estudo esta localizada na porgdo leste do estado de Pernambuco (figura
1), abrangendo os municipios de Feira Nova, Lagoa do Carro e Lagoa do Itaenga, situados
préximo aos municipios de Carpina e Limoeiro. O trajeto de Recife a Limoeiro é feito utilizando
as rodovias BR-232, BR-408, e a PE-053, em um percurso de
87 km. De Limoeiro, pode-se acessar a area de estudo através da rodovia PE-50, em um
percurso de 6 km.



Figura 1 - Localizacdo da &rea de estudo

Fonte: a autora, 2019.
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2 RESULTADOS

Os resultados obtidos no presente trabalho sdo apresentados na forma de dois artigos
cientificos. O primeiro ¢ intitulado “Transition from contractional to transpressive tectonics:
evidence from the Feira Nova region, Rio Capibaribe Domain, Borborema Province, NE
Brazil ”, aceito para publicagdo na revista Brazilian Journal of Geology (figura 2), e utiliza
dados geofisicos e estruturais interpretados como indicativos de uma deformacao progressiva
na area de estudo, com transi¢ao entre um regime compressivo e um regime transpressivo. O
segundo artigo € intitulado “Metamorphic evolution of metasedimentary rocks of the Feira
Nova region: Tectonic implications for the Brasiliano Orogeny in eastern Borborema Province,
Northeast Brazil ”, publicado na revista Journal of South American Earth Sciences (figura 3), e
utiliza dados petrogréaficos, termobarométricos e mapas de raio-X do Complexo Surubim para
estimar a evolucdo metamorfica dessas rochas através de uma trajetdria pressao-temperatura-
tempo (P-T-t).

Figura 2 - E-mail de aceite para publicacdo do Artigo |
Brazilian Journal of Geology - Decision on Manuscript & &
ID BJGEO-2020-0049.R2 © Caixa de entrada x

Claudio Riccomini <onbehalfof@manuscriptcentral. . gua, 7 de out. 12:10 (hé 2 dias) 7y 4=

]

para mim, valdielly-larisse, secretaria -

®p inglés + » portuguéds =  Traduzir mensagem Desativar para: inglés
07-Cct-2020
Dear Ms. Silva:

It is a pleasure to accept your manuscript entitled "TRANSITION FROM CONTRACTIONAL TO
TRANSPRESSIVE TECTONICS: EVIDENCE FROM THE FEIRANOVA REGION, RIO CAFIBARIEE
DOMAIM, BORBEOREMA PROVINCE, NE BRAZIL" in its current form for publication in the Brazilian Journal
of Geology. The comments of the reviewer(s) who reviewed your manuscript are included at the foot of this
|etter.

Thank you for your fine contribution. On behalf of the Editors of the Brazilian Journal of Geology, we look
forward to your continued contributions to the Journal.

Sincerely,
Dr. Claudio Riccomini
Editor-in-Chief, Brazilian Journal of Geology

Fonte: a autora, 2019.
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Figura 3 - Publicacdo do Artigo Il

Journal of South American Earth Sciences 100 (2020) 102590

Contents lists available at ScienceDirect

Journal of South American Earth Sciences

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

Metamorphic evolution of metasedimentary rocks of the Feira Nova region: M)
Tectonic implications for the Brasiliano Orogeny in eastern Borborema S
Province, Northeast Brazil

Valdielly L. Silva®, Salviano Pereira, Andres Bustamante, Sérgio P. Neves

Departamento de Geologia, Universidade Federal de Pernambuco, 50740-530, Recife, Brazil

https://doi.org/10.1016/j.jsames.2020.102590

Received 4 November 2019; Received in revised form 17 March 2020; Accepted 28 March 2020
Available online 05 April 2020

0895-9811/ © 2020 Elsevier Ltd. All rights reserved.

Fonte: a autora, 2019.
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ABSTRACT

Differences in tectonic style and kinematics in orogenic belts can result from either multiphase
or progressive deformation. In eastern Borborema Province, a regional shallow dipping
foliation is multiply folded and crosscut by transcurrent shear zones. Here, we investigate if
these fabrics resulted from diachronous deformational events or from a single-phase
progressive deformation. The study area, the Feira Nova region, mostly comprises
metasedimentary rocks from the Surubim Complex, and is bounded by the NE-trending sinistral
Gloria do Goita (GGSZ) and the sinistral contractional Paudalho (PSZ) shear zones, which
separate it from Paleoproterozoic basement rocks. Structures can be grouped into a
contractional and a transpressional stage, both related to the Brasiliano Orogeny. The
contraction-related structures are represented by a gently dipping foliation (S>) related to a top-
to-the-NW tectonic transport. The contact between the metasedimentary and basement rocks is
parallel to Sy, indicating the fabrics in both lithotypes are of Brasiliano age, with strain
localization having produced the PSZ. NW-verging macroscopic folds are consistent with this
regime. The following transpression generated steep mylonitic foliation (S3) mainly along the
GGSZ, and caused refolding. The data here presented are consistent with a progressive

deformation history comprising a gradual transition from contraction to transpression.

Keywords: Feira Nova Fold Region, Transpressional Tectonics, Magnetometry, Paudalho

Shear Zone, Gléria do Goita Shear Zone

1. INTRODUCTION

In protracted tectonic events, the transposition of structures formed during progressive
deformation is common (e.g. Gray and Mitra, 1999; Baird and Shrady, 2011). Strain
partitioning into pure and simple shear components in orogenic belts may result in domains

with flat-lying fabrics alternating with domains with steep fabrics in transpressive or
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transtensive regimes (e.g. Tikoff & Greene, 1997; Goscombe et al., 2008). Curvatures or
geometric irregularities in transcurrent faults and shear zones may also produce local
components of extension or shortening, depending on the kinematics of these structures.
Alternatively, transcurrent shear zones may develop later in the orogenic evolution,
representing a separate deformation phase from that responsible for the development of a
regional flat-lying foliation. In the Borborema Province (Figure 1a), formed during the
Brasiliano Orogeny (650-550 Ma), a flat-lying foliation related to thrusting precedes
development of a transcurrent shear zone system (e.g. Guimarées et al., 2004; Neves et al.,
2006a; Viegas et al., 2014; Araujo et al., 2014). In the Central Subprovince (Figure 1b), the
latter reflects the accommodation and partitioning of regional strain into E-W-striking dextral
and NE-SW striking sinistral conjugate pairs (Vauchez et al., 1995). Folds, which may occur
in several phases and produce interference patterns (e.g. Dantas et al., 2003; Neves et al., 2017;
2018), are usually ascribed to transpression during the development of the Borborema shear
zone system (e.g. Archanjo et al., 2002; 2013; Santos et al., 2004; Lima et al., 2017). Whether
there is partial overlap of the contractional and transpressional regimes or if they resulted from
separate deformation phases is a major issue in the tectonic evolution of the region (Neves et
al., 2005), and constitutes the aim of the present study.

Here we describe the structural evolution of the Feira Nova region, located in the Rio
Capibaribe Domain (Figure 1c). This is a key area to discuss the above issues because previous
studies in its southern portion (Lima et al., 2015a, 2015b) documented the existence of
contractional and transcurrent shear zones and folds. Lima et al. (2015a) suggested the existence
of four deformation phases. D1 would comprise an episode older than 1.7 Ga, represented by
metamafic dikes crosscutting a supposed early gneissic banding. The following deformation
phases (D2 and D3) were attributed to the Brasiliano Orogeny, of Neoproterozoic age. D> would

have generated a flat-lying foliation affecting basement orthogneisses and supracrustal rocks
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and the Paudalho Reverse Shear Zone, with NW tectonic transport. Dz would be of transcurrent
nature comprising subvertical mylonitic foliation, represented by the NNE-SSW-striking
sinistral Gloria do Goita Shear Zone and by a synformal-antiformal pair with axial traces
parallel to this zone. D4 would comprise late tectonic breccias related to younger tectonics.
Through additional structural data and geophysical images, we simplify this complex
polycyclic model and reinterpret the meaning of Neoproterozoic orthogneisses with intraplate
signature present in the region. We characterize the deformation and folding phases of the
region and suggest a new working hypothesis in which foliations and folds were produced
during a single progressive event that transitioned from a contractional to a transpressive

regime.

2. GEOLOGICAL SETTING

2.1 Rio Capibaribe Domain

The Rio Capibaribe Domain is located in the eastern portion of the Central Subprovince
of the Borborema Province (Almeida et al., 1981) (Figure 1b). To the south, the domain is
limited by the dextral East Pernambuco Shear Zone, which separates it from the Pernambuco-
Alagoas Domain. To the west, it is bounded by the sinistral Congo Shear Zone, which separates
it from the Alto Moxotdé Domain. A large portion of the Paleoproterozoic basement of the Rio
Capibaribe Domain comprises orthogneissic-migmatitic rocks from the Vertentes and
Salgadinho complexes (2.18-2.04 Ga) (Neves et al, 2005, 2015). Statherian and Calymmian
units (1.7-1.5 Ga) comprise the Serra de Taquaritinga Orthogneisses (Sa et al., 2002) and the
Passira Metagabbro-Anorthositic Complex (Accioly, 2000). Supracrustal sequences are
dominated by paragneiss and micaschist, with subordinate quartzite, marble, and metavolcanic

rocks of the Neoproterozoic Surubim Complex (Neves et al., 2006, 2008). Syn-orogenic
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plutonism is represented by the Caruaru-Arcoverde granitic batholith (Neves and Mariano,
1999) and the Timbauba and Bom Jardim plutons (Guimardes, 1989, 1992).

Neves et al. (2005; 2006) documented ESE-trending stretching lineations related to the
flat-lying foliation with kinematic indicators pointing to top-to-the-NW transport. According to
Neves et al. (2005), the main foliation present in the basement and supracrustal rocks of the Rio
Capibaribe Domain was affected by three generations of meso- and macroscopic folds: Fs -
south-verging inclined to recumbent, sometimes with axial plane foliation; F4 - gentle to open
NE-SW upright- coeval with transcurrent shear zones; Fs - NW-SE upright gentle, which bent
the axial planes of the previous folds. These latter generations were considered to result from a
component of NE-SW shortening coeval to Fs, or the result of late deformation. Intra- and
synfolial folds were interpreted as earlier folding episodes (F1, F2). Phases of similar geometry
were described in the Alto Moxotd Domain (Neves et al., 2017; 2018), but with inverted axial

planes between F4 and Fs, and lack of macroscopic expression for Fs.

2.2 Feira Nova Region

The study area comprises the region defined as Feira Nova Fold Belt by Accioly et al.
(2003) and Lima et al. (2015a, b), which is located in the eastern Rio Capibaribe Domain
(Figure 1b). It is limited by the Gloria do Goita and Paudalho shear zones, which separate the
so-called Carpina and Sdo Lourengo gneissic-migmatitic blocks, respectively. Outcrops are
scarce in the region and frequently moderate to highly weathered. Western basement rocks
include the Vertentes and Salgadinho complexes (Neves et al., 2015) and the Passira
Metagabbro-Anorthositic Complex (Accioly et al., 2003), while the supracrustal rocks are
dominated by locally migmatized pelitic to semi-pelitic paragneiss and schist, and to a lesser
extent, quartzite. Some authors (e.g. Lima et al., 2015a, b) attribute these rocks (or part of their
occurrence area) to the Vertentes Complex using the original definition of this unit: sequences

of mafic to intermediary metavolcanic rocks and pelitic paragneisses (Santos and Medeiros,
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1999). Due to the absence of metavolcanic rocks, we consider the metasedimentary rocks to
belong to the Surubim Complex (Melo and Siqueira, 1971; Neves et al., 2006b).

The most remarkable structure of the region is an overturned synformal-antiformal pair,
located in the southern portion of the study area and highlighted by folding of the Agudinho
and Terra Nova orthogneisses (Lima et al., 2015a, b). The Acudinho Orthogneiss comprises
garnet and muscovite-bearing peraluminous leuco-orthogneisses, and the Terra Nova
Orthogneiss is a riebeckite-, aegirine-augite- and magnetite-bearing orthogneiss, both of which
were interpreted as folded tabular intrusions (Lima et al., 2015a, b). The Terra Nova
Orthogneiss is peralkaline to slightly peraluminous and with a geochemical signature
suggesting a post-collisional to an intraplate setting (Lima et al., 2015b). These authors obtained
a U-Pb zircon age of 617 + 8.8 Ma from a syenitic sample, which they interpreted as suggesting

crystallization of the protolith during a transtensional event.
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Figure 1: Geological map of the Feira Nova region and its location in the Rio Capibaribe Domain and

Central Subprovince of the Borborema Province. NS: Northern Subprovince; CS: Central Subprovince;

SS: Southern Subprovince; AP: Alto Pajetl Domain; AM: Alto Moxoté Domain; RC: Rio Capibaribe

Domain; PASZ: Patos Shear Zone; PESZ: Pernambuco Shear Zone (modified from Silva et al., 2020).
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3. MATERIAL AND METHODS

Aeromagnetic data used in this work are from the Projeto Aerogeofisico Borda Leste do
Planalto da Borborema (code 1079), made by Lasa Engenharia e Prospeccdes through a
partnership between Servi¢o Geoldgico do Brasil - CPRM and Ministério de Minas e Energia.
The acquisition was made in 2008 and has N-S flight lines, 100 m of nominal high and 500 m
of spacing. Control lines are E-W and have 5 km of spacing. The obtained data were processed
by CPRM and by Votorantim Metais Ltda-MMG, including the application of the Reduction to

Pole and Vertical Derivative filters to the Total Magnetic Field Anomaly image (Figure 2).

Some anomalies are too gentle to be noticed in an anomaly map, which requires their
amplification by filtering. The Vertical Derivative Anomaly Filter (DZ) (Milligan and Gunn,
1997) aims at amplifying, in the vertical direction, the boundaries of anomaly sources and
boundaries related to faults and other shallow features, being largely used in geological
mapping to identify structural features. The Reduction to Pole filter (Baranov and Naudy,
1964), in its turn, approximately relocates the anomalies over their sources, converting bipolar
asymmetrical anomalies into monopolar symmetrical ones, which are usually simpler and easier
to interpret. The application of this filter commonly produces instabilities at low latitude
regions, but the results for the study area are satisfactory.

In terms of structural geology, we integrate field observations and mapping features
from the existing literature and newly collected data (foliation, lineation, and folding axes), as

well as additional macro-, meso- and microstructural observations.

4. RESULTS
4.1 Aeromagnetometry
Five magnetic domains were individualized using the Reduction to Pole Map (Figure

2b) and correlated to field and literature data:
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Domain A generally exhibits high magnetic intensity and is separated from Domain B
by a well-defined magnetic lineament related to the Paudalho Shear Zone. It comprises
basement orthogneisses (Vertentes and Salgadinho complexes). Although
aeromagnetometry did not allow us to distinguish between them, magnetic susceptibility
measures using a KT-10 kappameter showed higher values for Salgadinho Complex.
The extreme south of this domain, where intensity values are relatively low, corresponds
to the Passira Gabbro-Anorthositic Complex and Bengala Orthogneiss.

Domain B has a less rough texture than Domain A, with low values of magnetic
intensity; it corresponds to the Surubim-Caroalina Complex.

Domains C and D are domains of rough texture, with high values of magnetic intensity
and anomalies with sigmoidal geometry. Domain C comprises the Surubim Complex,
with rocks locally affected by an unnamed sinistral shear zone. Domain D comprises
basement orthogneisses and is related to the Gléria do Goita Shear Zone.

Domain E also shows rough magnetic texture and high values of magnetic intensity. It
comprises the Acudinho and Terra Nova orthogneisses and the Vertentes Complex. It
also outlines a synformal-antiformal pair which presents NE-SW axial traces gently

bent.
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Figure 2: Magnetometric Maps: (a) Total Magnetic Field Anomaly Map; (b) Reduction to Pole Map
with magnetic domains and inferred sigmoidal magnetic anomalies; c) Vertical Derivative Map with
inferred magnetic lineaments; d) Total Magnetic Field Anomaly Map in the south of the study area
showing the inferred fold axial traces and its relationship with the Gléria do Goita Shear Zone. The star
indicates an outcrop where reverse shear bands of top-to-the-SW transport were found. The sketch

shows the possible thrusting related to transcurrent shear zones with such geometry and kinematics.

Magnetic lineaments traced from the Vertical Derivative Map (Figure 2c) suggest NE-
SW-striking features, sometimes sigmoidal, that can be related to field structures. Most of these
features are also seen in other magnetometric maps. The Total Magnetic Field Anomaly and

Reduction to Pole maps show NE-SW sigmoidal anomalies suggesting sinistral movement
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(Figures 2a,b) which are mainly coincident with the shear zones. The folding of Domain E is
better observed in the Total Magnetic Field Map, where it is more continuous and shows an
apparent inflection of its axial traces. The continuity between domains D and E suggests that
these folds and the Gloria do Goita Shear Zone are genetically associated, as pointed out by

Lima et al. (2015a), and define a horse-tail ending for the latter (Figure 2d).

4.2 Structural Geology

4.2.1 THRUST TECTONICS

Contour plots of poles to foliation in the study area indicate the prevalence of a flat-
lying to SE-moderately-dipping foliation (principal foliation/Sp) in the Brasiliano-age
Acudinho and Terra Nova orthogneisses, metasedimentary rocks, and basement orthogneisses,
being more systematic in the latter (Figure 3a-c). In basement rocks, a local previous
metamorphic foliation delineates intrafolial folds, which allows naming S, as S> (Figure 3d).
This previous foliation is also observed petrographically in micaschist and paragneiss, being
defined by rare kink biotite porphyroblasts and biotite inclusions in garnet that are orthogonal
or oblique to Sy (Silva et al., 2020). Stretching mineral lineations have dominantly low plunge
and medium to high rake and are marked by quartz, feldspar, sillimanite, amphibole, and
pressure shadows around garnet (figure 3f). The lineations are less scattered in basement rocks,

where they are southeast-plunging, and, locally, south-plunging (Figure 3b).
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Vertentes
Complex

Figure 3: (a) Lower hemisphere, equal area projection of poles to foliation (S, Ss) in the study area (n
= 126); (b) Contour plots of poles to foliation (Sz, Ss) in basement rocks (h = 38; circles) and lineation
plots (n = 9; triangles); (c) Contour plots of poles to foliation (S, Ss) in metasedimentary rocks (n = 81)
and lineation plots (n = 14; triangles); “x” indicates the approximate pole to a small circle defined by
the contour plots of poles to foliation; the B axis was calculated from the great circle defined by
lineations. Yellow plots correspond to poles to foliation from Ac¢udinho and Terra Nova orthogneisses;
(d) Older foliation defining a tight to isoclinal intrafolial fold (profile view) with an axial plane parallel
to S, (Vertentes Complex); (e) Contact between Vertentes and Surubim complexes along with the
Paudalho Shear Zone (profile view); (f) Surubim Complex paragneiss with stretching lineation (azimuth,

plunge) in plain view marked by pressure shadows in garnet (right upper corner); (g) Surubim Complex
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paragneiss with shear bands (132°/16°(dip direction, dip) indicating a top-to-the-northwest sense of

shear.

Strain localization during S> development is represented by the Paudalho Shear Zone
(PSZ), which is marked by mylonites and protomylonites. The contact between the basement
and metasedimentary rocks observed across the PSZ shows that the banding of the basement
orthogneiss and the mylonitic foliation of the metasedimentary rocks (S>) are parallel to each
other and to the contact (Figure 3e). The PSZ also has a sinistral component, which is detailed
in section 4.2.2. Kinematic indicators in metasedimentary rocks and along with the
aforementioned contact indicate a top-to-the-northwest sense of shear, pointing out a
contractional regime (figure 3g). Basement rocks present strong planar fabric and kinematic
indicators were not found. Mylonitic foliation related to Sz is also observed in the west limb of
the major synform, along with the Brasiliano orthogneisses and metasedimentary rocks,
suggesting that its development started during the thrusting.

In all mapped units, microstructures related to the regional foliation include quartz
grains showing dynamic recrystallization by grain boundary migration (Figure 4a), including
chessboard extinction (Figure 4b), overlapped by subgrain rotation and bulging recrystallization
(Figure 4c, d.) Undulose extinction and deformation bands are ubiquitous. Feldspar show
subgrain formation (locally), flame perthite, myrmekite intergrowth in the edges of the grains,

undulose extinction, deformation twins, and kink bands.
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Figure 4: Deformation mechanisms in the study area. (a), (b), (c), and (d) are related to the flat-lying
foliation; (a) Quartz chessboard extinction (arrow) in the Terra Nova Orthogneiss. (b) Grain boundary
migration in the Salgadinho Complex. (c) Bulging recrystallization (arrow) in the Terra Nova
orthogneiss; (d) Bulging recrystallization (arrow) overlapping grain boundary migration in the Acudinho
Orthogneiss; (e) Mica fish (red arrow) and quartz chessboard extinction (yellow arrow) in protomylonite
from the Gloria do Goitd Shear Zone. Qtz = quartz; Bt = biotite; Kfs = K-feldspar; Fds = feldspar; Pl =

plagioclase; Hbl = hornblende.
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4.2.2 STRIKE-SLIP TECTONICS

Steep mylonitic foliation characterizes the Gloria do Goita Shear Zone (GGSZ) (Figure
5a) and an unnamed smaller shear zone in the north of the study area (Figure 5b). Sinistral sense
of shear in both of them is indicated by S-C fabrics and shear bands in mylonites (Figure 5c¢)
together with regional sigmoidal magnetic anomalies (Figure 2).

Previous works (Accioly, 2000; Lima et al., 2015a,b) defined the PSZ only as a thrust
shear zone, though, a sinistral component was also documented in this study. At the northern
portion of the structure, a moderate to steep foliation predominates (30-70°) (Figure 1).
Additionally, subhorizontal low rake lineations occur locally across the PSZ. These
observations allow classifying the PSZ as a thrust (or thrust sinistral) shear zone at the south
portion, and as a sinistral thrust at the north portion of the study area.

Brittle-ductile shear zones and pseudotachylyte veins occur in the northern portion of
the PSZ and in unnamed shear zones (Figure 5d), indicating late reactivation of these structures.
This is further supported by cataclastic microstructures and mesoscopic cataclastic zones.

Microstructural data for the GGSZ are scarce, due to intense weathering of most
outcrops or to smooth paving slabs in others, making too hard to sample by hammering. A
protomylonite sample from the GGSZ shows features such as feldspar porphyroclasts wrapped
by mica, stretching of some quartz grains, and mica fish. Grain boundary migration mechanisms
predominate in quartz grains, including chessboard extinction (figure 4e), and are overlapped
by bulging recrystallization and cataclasis. Feldspar crystals show local bulging and common

deformation twins, and biotite shows strong undulose extinction and local kink bands.

4.2.3 FOLDS

The macroscopic synformal-antiformal pair, which comprises a NW-verging tight fold

(synform) and an upright tight fold (antiform), both SW-plunging, is the most remarkable
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structural feature in the study area (Fig. 2c). The bending of their NE-SW axial traces (Figure
1c), especially of the synform, indicates refolding by a subsequent folding phase (Lima et al.,
2015a; this work), featuring a type 3 interference pattern (Ramsay, 1967). Mesoscopic tight
inclined folds, locally with gently curved axial planes (Figure 5e), and open upright folds
(Figure 5f) probably are related to these two folding phases.

In the eastern limb of the macroscopic antiform, decimeter-scale reverse shear bands
with a top-to-the-SW sense of shear occur locally, cutting across Ss (Figure 5g). These bands

are in accordance with the horsetail termination suggested for the GGSZ.

5. DISCUSSION

We interpret foliations and folds in the Feira Nova region to have formed during two
ductile deformation stages that together represent a progressive tectonic evolution rather than a
polycyclic one. The parallelism between the gneissic banding in basement orthogneisses, the
schistosity in metasedimentary rocks, and of their contact across the PSZ (Figure 3c) support
that these fabrics (S2) were produced during the same tectonic event. Contour plots of pole to
foliation also show comparable attitudes for the two lithotypes and for Neoproterozoic
orthogneisses (Acudinho and Terra Nova) (Figure 3a,c), supporting that these structures
nucleated during the Brasiliano Orogeny. Lima et al. (2015a), on the other hand, suggests that
the gneissic banding belongs to a distinct former deformation phase (older than 1.7 Ga), based
on metamafic dikes that cut across the banding and were correlated with the 1.7 Ga-old Passira

Complex (Accioly, 2000).
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120/80°

Figure 5: Structures related to the transpressional regime. (a) Subvertical foliation in mylonitic
paragneiss from Surubim Complex related to the Gléria do Goita Shear Zone; (b) sinistral shear band

related to the Paudalho Shear Zone (Salgadinho Complex; plain view); (c) plain view of stretched quartz
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veins in mylonitic paragneiss (Surubim Complex) related to the northern shear zone (Silva et al., 2020);
(d) Pseudotachylytes (arrow) in mylonitic paragneiss (Surubim Complex; plain view); (e) Inclined tight
fold with a gently curved axial plane (Vertentes Complex; profile view); (f) Open upright fold with the
projection of limbs indicating a subhorizontal NW axis (Surubim Complex); (g) Reverse shear bands

with top-to-the-SW transport cutting across steep foliation (S3) (Surubim Complex; profile view).

For these authors, the flat-lying fabric would have been acquired later, sometime between 1.7
and 0.6 Ga. In this work, structures prior to S are limited to a local isoclinally folded foliation
present in basement rocks (Figure 3b) and seen petrographically in both basement and
Neoproterozoic supracrustal units (Silva et al., 2020). Therefore, this foliation also belongs to
the contractional regime and the mentioned dikes may be actually younger than what Accioly
(2000) proposed, being related to the late stages of the Brasiliano Orogeny.

As well as the regional fabric, both Terra Nova and Agudinho orthogneisses show a flat-
lying to gently dipping foliation (although affected by folding) (Figure 1c), which indicates that
these units are older or coeval to the contractional regime, and thus, pre-transcurrent at least.
Also, the age of Terra Nova Orthogneiss (617+8,8 Ma) (Lima et al., 2015b) is within the
regional time span attributed to pre-transcurrent plutons (630-590 Ma) (e.g. Guimarées et al.,
2004; Neves et al., 2006a, 2020; Van Schmus et al., 2011; Araujo et al., 2014). Lima et al.
(2015a) interpreted the Terra Nova Orthogneiss as a marker of a contractional phase with a top-
to-the-NW sense of shear. Lima et al. (2015b), on the other hand, interpreted the Terra Nova
Orthogneiss as indicating a syn-orogenic transtensional event based on its relationship with the
GGSZ and geochemical signature suggestive of an extensional setting. However, the
geochemistry may be reflecting the nature of the source and not the tectonic setting of intrusion.
This inference about the influence of the source is consistent with the nearby occurrence of the
Passira metagabbro-anorthositic Complex (Accioly, 2000), indicating that sources with

intraplate characteristics may be present at depth. Along with the absence of structural data



32

suggesting syn-orogenic extension (or transtension), it is therefore more likely that the Terra
Nova Orthogneiss intruded Surubim Complex as sheets along its foliation in the contractional
regime (as previously suggested by Lima et al.,, 2015a), and was later affected by
transcurrent/transpressive deformation.

The microstructures related to both flat-lying and steep foliation (Figure 4) suggest that
temperature conditions were high during thrusting, remained high during strike-slip
deformation (e.g. chessboard extinction in quartz), and then migrated to lower ones (e.g.
bulging recrystallization in quartz). Using conventional garnet-biotite geothermometer, garnet-
Al>SiOs-quartz-plagioclase (GASP) geobarometer, and X-ray maps, Silva et al. (2020)
estimated metamorphic peak conditions of 650-760 °C and ~0.6-0.9 GPa for the Surubim
Complex in the study area, coeval with the development of flat-lying foliation and local
anatexis. Garnet rims indicated 590-520 °C and 0.4-0.3 GPa, which was interpreted as
exhumation with low erosional and cooling rates. In the study area, a mean age of 592+2 Ma
yielded by monazite grains from the Surubim Complex (Teixeira et al., in preparation) is
consistent with regional early- to syn-transcurrent ages, also suggesting the persistence of high-
temperature conditions.

Nucleation of the antiformal-synformal pair probably represents the transition from a
contractional to a transpressive regime. Shearing of pre-existing folds, regardless of their initial
orientation, tend to rotate them towards parallelism with the shear direction (e.g. Escher and
Waterson, 1974; Carreras et al., 2005; Carreras and Druguet, 2019). The accordance between
the vergence of these folds and the regional transport (northwest) suggests they nucleated
during the contractional regime. This inference is also supported by the occurrence of a small
reverse shear zone in the western limb of the synform (Figure 1c), which was possibly formed
by limb disruption. Subsequent rotation and steepening of the folds axial planes can be

attributed to transpression coeval with the development of the GGSZ.
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The orientation of the fold axes that caused the refolding observed at map scale can be
inferred through the analysis of contour plots of poles to foliation and lineations (Figure 3c). In
the first case, they define a small circle centered at 307%51° (trend, plunge). In the second,
lineations define a great circle, probably resulting from the dispersion of originally SE-plunging
lineations (e.g. Duebendorfer, 2003), with a NW-plunging pole (312°/75°). Refolding may be
explained by a local SW-NE shortening component developed to accommodate ductile strain
at the GGSZ termination, once shear-related folds tend to nucleate at a high angle to the shear
direction (Carreras et al., 2005). So, the formation of the late folds would not have required
changing the orientation of regional stress axes (e.g. Neves et al., 2018) and most likely
constitutes part of the same progressive deformation. Indeed, type 3 interference patterns have
been described as a product of progressive or even coeval deformation (e.g. Forbes et al., 2004;
Baird & Shrady, 2011; Fossen et al., 2013; Carreras and Druguet, 2019) and explained by limbs
that steepened enough to shorten and buckle transversally (Fossen et al., 2013) or by curving

of axial surfaces due to instabilities in them (Carreras and Druguet, 2019).

In synthesis, the results of this study indicate that the structural evolution of the Feira
Nova region resulted from a progressive sequence of events (Fig. 6): (1) Thrusting produced a
regional flat-lying foliation associated with non-coaxial shear with top-to-the-northwest
tectonic transport. Strain localization along the contact of the Surubim Complex with basement
rocks gave rise to the PSZ. (2) Probably due to rheological contrasts resulting from intercalation
of orthogneisses with metasedimentary rocks, folds were developed at the advanced stages of
this contractional phase, producing northwest-verging macroscopic folds. (3) Crustal
thickening resulting from shortening may have induced escape tectonics and development of
the GGSZ. The transition from thrusting to transpression is supported by the local steepening
of the PSZ and of the axial plane of the macroscopic antiformal fold. (4) The growing of the

GGSZ induced development of NW-trending folds and reverse shear bands at its terminations.
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The proposed evolution is in line with propositions that multiple deformation fabrics can be
explained by progressive deformation rather than by several temporarily separated events (i.e.,
polycyclic deformation) (e.g. Holdsworth, 1990; Connors and Lister, 1995; Forster and Lister,

2008; Fossen et al., 2019; Fossen, 2019; Bhattacharya et al., 2019).

Figure 6. Simplified schematic block diagrams depicting the structural evolution of the study area. 1.
Distributed non-coaxial shear with top-to-the-NW tectonic transport and intrusion of the Terra Nova
orthogneiss during the development of a flat-lying foliation; 2. nucleation of the PSZ along with the
contact between the basement and supracrustal rocks; 3. development of folds induced by the top-to-
the-NW tectonics; 4. transition to transpressive tectonics with nucleation of GGSZ and local steepening
of PSZ and antiform limbs; 5. Refolding related to local SW-NE shortening developed to accommodate
ductile strain at the shear zone termination.

An alternative interpretation compatible with the observed structures in the study area
would involve contemporaneous development of the PSZ and GCSZ. In this case, strain
partitioning would have resulted in dip-slip-dominated transpression in the west and strike-slip-
dominated transpression in the east. We consider this possibility unlikely given the regional

context. Indeed, U-Pb dating of regional deformation and metamorphism and of pre-



35

transcurrent plutons has consistently yielded ages older than 600 Ma whereas syntranscurrent
plutons are usually younger than 590 Ma (Guimaraes et al., 2004; Neves et al., 2006a, 2006b,
2008, 2020; Archanjo et al., 2008; Van Schmus et al., 2011). So, it is more likely that the GGSZ

post-dates development of the PSZ.

6. CONCLUSIONS

Structural and geophysical data suggest two ductile deformation stages for the Feira
Nova region, both related to the Brasiliano Orogeny. The first is a contractional stage that
produced flat-lying foliation (S2) with a top-to-the-NW sense of shear and localization of
deformation represented by the reverse component of Paudalho Shear Zone (PSZ). S
transposed a previous local foliation, also belonging to this regime, and which locally define
isoclinal folds. NW-verging folds were nucleated later during this deformation event and
steepened during the subsequent transpression. Transpression produced a steep mylonitic
foliation associated with sinistral transcurrent shear zones, including Gléria do Goita Shear
Zone (GGSZ) and a sinistral component of PSZ. As the GGSZ developed, local shortening was
yielded on its SW termination leading to nucleation of NW-trending open folds that refolded
the earlier formed folds and produced a type 3 interference pattern. The data are consistent with
transition from a contractional to a transpressive regime, related to progressive rather than

polycyclic deformation.
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Abstract

Thermobarometric estimations and X-ray maps were combined to evaluate the metamorphic
evolution of metasedimentary rocks (Surubim Complex) in the Feira Nova region, eastern
Borborema Province (NE Brazil). Sillimanite-bearing biotite schists, garnet-biotite schists and
gneisses were studied. X-ray maps show different
growing phases and retrograde zoning patterns for biotite and garnet. High Ca and Mg contents
in garnet cores along with high Ti in biotite are interpreted as equilibrium compositions at peak
metamorphism. Lower contents of Ca and Mg at garnet rims and of Ti in biotite rims suggest
cooling and decompression. Garnet-biotite geothermometer and garnet-Al2SiO5-quartz-
plagioclase (GASP) geobarometer constrain high temperature
(~650-760 °C) and medium pressure (~0.6-0.9 GPa; burial to ~23-34 km) conditions for the
metamorphic peak, which was synchronous to development of a flat-lying foliation and local
anatexis. Garnet rims indicate exhumation to ~19-11 km (~0.4-0.3 GPa) at ~590-520 °C,
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probably during a transpressional regime. The data points to low exhumation and cooling rates.
The lack of extensional fabrics in the region right after the Brasiliano Orogeny supports
erosional unroofing rather than extensional collapse. Based on kyanite occurrences nearby, we
infer a clockwise P-T path related to thickening in a predominant intracontinental setting,
followed by exhumation with low erosional and cooling rates.

1. Introduction

Thermobarometric estimates of successive mineral assemblages - demonstrated by
pressure-temperature-time (P-T-t) paths - are useful for describing tectonic settings and
orogenic processes. In some cases, obliteration of previous metamorphic assemblages at peak
metamorphism only allow definition of partial P-T-t paths, provided by retrograde assemblages
and mineral zoning (e.g. Spear and Selverstone, 1983; Hodges and Royden, 1984; Florence and
Spear, 1995). These paths can yield important information on the late tectonic history of
orogens. They depend mostly on occurrence or not of late-to post-orogenic extension, rates of
erosion, magmatism, and radioactive heating (e.g. England and Richardson, 1977; England and
Thompson, 1984; Ruppel and Hodges, 1994). The slopes of these paths may define isobaric or
near-isobaric cooling (e.g. Halpin et al., 2007; Liu et al., 2016), isothermal decompression (e.g.
Ernst, 1988; Sommer et al., 2008), or a combination of these processes.

The Borborema Province (Almeida et al., 1981) is known to have been formed as a
result of convergence of old crustal blocks (Amazonian, West-African and Sdo Francisco-
Congo cratons) during the Neoproterozoic Brasiliano-Pan African event (e.g. Van Schmus et
al., 2008). In this context, local high-P/low-T assemblages have been interpreted either as
resulting from long-lived subduction of large oceans (e.g. Caby et al., 2009; Brito Neves et al.,
2016) or as short-lived subduction of proto-oceans (e.g. Neves and Mariano, 2003; Neves,
2018).

Few works have provided a quantitative evaluation of the Brasiliano metamorphism in
the Borborema Province. Most of them give information on peak metamorphic conditions (e.g.
Leite et al., 2000; Neves et al., 2000, 2012; Amaral et al., 2012), while others place constraints
on the cooling history of the province (e.g. Corsini et al., 1998; Neves et al., 2000, 2012;
Dhuime et al., 2003; Hollanda et al., 2010). Only a few provide P-T-t paths (Castro, 2004;
Santos et al., 2009, 2018a) that can give information on orogenic processes (from burial,
attainment of peak metamorphism and uplift and erosion), which have been long used to
distinguish tectonic settings (e.g. England and Thompson, 1984; Wakabayashi, 2004).
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In eastern Borborema Province, preliminary thermobarometric estimates for
metamorphism of metasedimentary rocks are limited to only one work (Neves et al., 2012). In
order to fill this general lack of information, in this work, we present detailed petrographic and
mineral chemistry data (thermobarometry and X-ray maps) to provide a quantitative estimate
of the P-T trajectory of the Feira Nova region in eastern Borborema Province (Fig. 1) during
peak and post-peak metamorphic conditions. Together with literature data, we discuss on the

tectonothermal evolution of the region and place constraints on regional tectonics.

2. Geological setting
2.1.  Regional geology

The Borborema Province (Almeida et al., 1981) is usually subdivided into several
domains and three major subprovinces: Northern, Central and Southern (Fig. 1a), which are
separated by the E-W striking Patos and Pernambuco Shear Zone systems (e.g. Brito Neves et
al., 2000; Van Schmus et al., 2011). The Central Subprovince is dominated by a gneissic and
migmatitic basement of Paleoproterozoic age and by Neoproterozoic supracrustal associations
and granitic to syenitic plutons, all affected by or related to the Brasiliano Orogeny (e.g., Van
Schmus et al., 2011). Deformation featured by this event includes widespread flat-lying
foliation related to thrusting (650-600 Ma) and
major transcurrent shear zones (590-560 Ma) (e.g., Guimaraes et al., 2004; Neves et al., 2006,
2020; Arautjo et al., 2014). A system of NE-SW striking shear zones divides the Central
Subprovince into four main domains, from east to west: Rio Capibaribe, Alto-Moxotd, Alto-
Pajeu and Pianc6-Alto Brigida (e.g., Van Schmus et al., 2011). Some researchers also point to
the Sdo Pedro and Sao José de Caiana segments in the westernmost portion (eg. Brito Neves et
al., 2016; Basto et al., 2019).

Most of the metasedimentary rocks of the Alto-Moxoto and the Rio Capibaribe domains
have been classified into the Sertania and Surubim complexes, respectively (e.g., Santos et al.,
2004; Neves et al., 2006, 2009, 2017). Both comprise garnet-biotite gneiss, muscovite-biotite
gneiss, micaschist, quartzite, marble and minor metamafic and calc-silicate rocks. Sillimanite-
bearing gneisses and schists are common, and along with migmatization, attest to the high-
grade metamorphism (Neves et al., 2017). The depositional age of the Surubim complex from
the Rio Capibaribe Domain is well defined in the Cryogenian (< 670 Ma) (Neves et al., 2006,
2009; Brito Neves et al., 2013; Da Silva Filho et al., 2014; Teixeira, 2015), while its age of

metamorphism is attributed to the Ediacaran (~630-620 Ma) by the dating of leucosome of a
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migmatite and zircon overgrowths (Neves et al., 2006; Brito Neves et al., 2013). Neves et al.
(2006, 2009; 2017) and Neves and Alcantara (2010) point out to resemblances of lithotypes,
metamorphic grade, depositional ages and geochemical signatures of the Surubim Complex
and Sertania Complex from the Alto Moxoté Domain, indicating that they were deposited on a

once contiguous tract of continental crust.

2.2.  Study area

In the eastern portion of the Rio Capibaribe Domain, metasedimentary rocks related to
the Surubim Complex occur in a sigmoidal belt limited by the NE-SW-striking Gloria do Goita
(GGSZ) and Paudalho (PSZ) shear zones, respectively (Fig. 1c), which has been named Feira
Nova Fold Belt (Accioly, 2000) (Fig. 1b). Basement rocks of this region comprise the Vertentes,
Salgadinho and Passira complexes. The ca. 2.1 Ga Vertentes Complex (Neves et al., 2006,
2015; Brito Neves et al., 2013) comprises locally migmatized and regularly banded garnet
bearing hornblende-biotite orthogneisses of quartz-dioritic to monzodioritic composition. The
ca. 2.05 Ga Salgadinho Complex (Neves et al., 2015) comprises migmatized and magnetite-
bearing hornblende biotite orthogneisses of granodioritic to syenogranitic composition, with
local magma mixing with quartz-diorite. The ca. 1.7 Ga Passira Complex is formed by massive
meta anorthosites associated with metagabbros (Accioly, 2000; Accioly et al., 2003).

The Feira Nova region is dominated by locally migmatized paragneiss, pelitic to semi
pelitic schist, and subordinated quartzite. These rocks are intercalated with sheets of the
peraluminous Acudinho Orthogneiss and the peralkaline Terra Nova Orthogneiss (Lima et al.,
2015). The  Acudinho  Orthogneiss  comprises  finely  banded  two-mica
orthogneisses of syenogranitic composition, containing magnetite and garnet. The Terra Nova
orthogneiss has alkali-feldspar syenitic to alkali feldspar granitic composition, containing
aegirine-augite, arfvedsonite, riebeckite and magnetite, and has been dated at 617 + 8.8 Ma
(Lima et al., 2015). Basement rocks of the Vertentes Complex also crop out in the central

portion of the study area.



47

244\000 250\000
Cls V7R A
S )
¥ A {g
\ oy 4 2 o
< N ‘ g
ol % & N\ =2
(= © . -
2 / B, gk ‘ ig. a >
™ L O | \ b‘g
~ Gy D<o
Fhe xo*
g2 L2002 de tagg),
- i L~ 2 y
A B/ °
bl s AN S S
S&o Francisco : : _ . VAL =
craton 7 q) " ~A\g 5
o) PR A T
200 km g AY : .\r—v,\g X :
S (LA ¢ )
o & ; : >
Q % FeiraNova  peo, <(/(
b S Fig.26_ &N &5\» I
‘ 6»4\\ \pe e ?
. ) = )(lz s
) / / y < { ) \.‘ 5 b=
Qo \ S * / { 1 N
" Pell \ s \ b ’E
. f oP—Aer Y T 3
DI X By > &
t&) - A % N W \
o & Pl RaL- L)
P=] ) & y
2 PR {
\ .
ﬁ & ¥ ‘:zqin
-Neoproter020|c plutons
[ ]Phanerozoic cover Y
K :
7
9112000 9106000
Colluvial Deposits - Bengala Orthogneiss 40om® - aessy
Barreiras Group ==2— Mylonitic foliation zoow
@8 syrubim-Caroalina Complex ——=4— Foliation O™ N ESE
I Acudinho Orthogneiss —4— Vertical foliation —4— Overturned antiform @ Figure 2
I Terra Nova Orthogneiss = }{J?iraﬁt?:rt mylonitic —— Structural lines —— River
| Vertentes Complex _+_ Horizontal foliation - L’I%’;?Czuor;%"t sinistral  —— Acess roads
- Salgadinho Complex 5 Lingat o Thrusting sinistral Urban area
P g.r Met thJ: Iinsation - shearzo%e
- SagIe Ve mas I —#4+— Overturned synform O  Mineral chemistry :] Water

Anorthositic Complex

Fig. 1. Sketches showing the subdivision of the Borborema Province in Northern (NS), Central (CS)
and Southern (SS) subprovinces (a), and of the Central subprovince in the Rio Capibaribe (RC), Alto
Moxoté (AM), Alto Pajeu (AP) and Piancé-Alto Brigida (PAB) domains (b). PASZ = Patos Shear Zone;
PESZ = Pernambuco Shear Zone. (c) Geological map of the study area (modified from Santos et al.,
2018b; Lima et al., 2015). Location shown in (b). PSZ = Paudalho Shear Zone; GGSZ = Gléria do Goita

Shear Zone; USZ = unnamed shear zone.
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3. Field relationships

The studied rocks comprise locally migmatized biotite schist and garnet-biotite schist
and gneiss of the Surubim Complex (Fig. 2a). They are usually medium-grained tourmaline-
and sillimanite-bearing rocks, with the last one occurring as fibrous, and more rarely, as
prismatic crystals. Sillimanite is also more common in the central and south portions of the
area, around the Acudinho and Terra Nova orthogneisses. Garnet crystals are usually
millimeter-sized (Fig. 2b) but may reach up to 3.5 cm in diameter, where they define
porphyroblastic texture or are elongate due to mimetic growth (Fig. 2c). Quartz and quartz-
feldspathic veins of millimetric to decimetric size are common, sometimes defining intrafolial
folds. Migmatitic paragneisses and schists (Fig. 2d) occur mainly around Lagoa do Itaenga city
(Fig. 1c), in outcrops where sillimanite and tourmaline are incipient. They are usually stromatic,
with a sometimes boudinaged medium-to coarse grained leucosome composed of quartz and
feldspar, and a biotite-rich melanosome. Leucosome also occurs as quartz-feldspathic pressure
shadows around garnet crystals.

The main foliation in the study area is NE-trending, flat-lying, affected by macroscopic
inclined folds in the south, and crosscut by strike-slip shear zones (Fig. 1c). The contact between
the Surubim and the Vertentes complexes is tectonic, marked by the sinistral thrusting PSZ,
with both units occurring as mylonites and protomylonites. Strike-slip shear zones comprise the
sinistral GGSZ, along which the rocks are mylonitized and/or crosscut by shear bands, and a
smaller and unnamed shear zone (USZ) occurring in the north-central portion. The structural
data suggest the region was affected by a progressive deformation, with transition between a
compressional and a transpressional regime, marked by an initial phase of NW-directed
thrusting and strain localization along the PSZ, followed by folding of the main foliation and

development of transcurrent shear zones (Silva et al., in preparation).

4. Petrography

Biotite schist, garnet-biotite schist and gneiss were studied, with modal compositions
comprising quartz (20-44%), biotite (23-39%), plagioclase (21-38%), microcline (<7%), and
garnet (<8%). These last two also occur as accessory minerals, along with sillimanite,
tourmaline, muscovite, apatite, zircon, monazite, graphite, magnetite, ilmenite, and rutile. The
sum of these latter may reach up to 7%. Quartz and feldspar are usually segregated from mica

into microbands, defining the main foliation (S2). When not elongated/subidioblastic, quartz
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and feldspar dominance over mica defines a lepidogranoblastic texture, and garnet grains are
occasionally porphyroblastic. Mylonites present an S-C fabric locally overprinted by cataclastic

bands.

Fig. 2. Field aspects of the Surubim-Caroalina Complex. (a) Flat-lying foliation in garnet-biotite schist.
(b) Garnet porphyroblast with corona composed of biotite, quartz, and feldspar in schist. (c) Stretched

quartz veins in mylonitic gneiss. d) Migmatite with stromatic structure and a biotite-rich melanosome.

Quartz usually occurs as fine to medium-grained grains and, occasionally, as coarse
xenoblastic grains (< 6 mm). In mylonites, lens shaped crystals and aggregates along with
plagioclase are common, sometimes forming large sigmoids (< 2 cm). Undulose extinction
and/or deformation bands occur in quartz grains from all samples. Most of them show dynamic
recrystallization by grain boundary migration, including chessboard extinction (Fig. 3a),
overlapped by subgrain rotation and, sometimes, bulging recrystallization.

Plagioclase occurs as fine-to medium-grained (< 4 mm) subidioblastic to xenoblastic
crystals, sometimes with anti-perthitic texture. Deformation twins, kink bands and undulose
extinction are common. Inclusions of quartz, mainly globular, and biotite are occasional, with

some rare poikiloblastic crystals. In some mylonites, plagioclase also occurs with a core-and-
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mantle texture. Neoformed K-feldspar occurs in gneisses and schists associated with or near
migmatites, the latter consisting of microcline-rich (< 60%) leucosome. K feldspar comprises
xenoblastic, fine-to medium-grained (< 2 mm) and sometimes perthitic microcline (Fig. 3b).
Myrmekite intergrowth is common on the edges of the grains. Bulging and subgrain formation
are local. Sericitization and argilization are common processes in both feldspars.

Biotite usually occurs as fine-to medium subidioblastic lamellae (< 3 mm). Inclusions
comprise apatite, opaque minerals, zircon, and monazite. The main foliation (S;) is defined by
biotite along with quartz, feldspar, sillimanite, and graphite. Biotite occurs with or without
undulose extinction - and more rarely, folded, or kinked. It commonly wraps around garnet,
tourmaline, quartz, and feldspar, which thus represent early-S, crystals. Straight biotite
inclusions in plagioclase and garnet, and commonly Kkinked biotite lamellae are
orthogonal/oblique to S or define microfolds inside it. It thus suggests an earlier foliation (Sz)
(Fig. 3c). Graphite generally occurs as straight or folded lamellae adjacent to biotite or included
within it. In mylonites, the Sz foliation is defined by biotite lamellae that show strong undulose
extinction and commonly occur as mica fish or kinked, suggesting that they resulted from
reorientation of the S foliation. Nucleation of new biotite grains occurs locally, crosscutting
biotite lamellae that define S> (Fig. 3d). Later crystallized biotite occurs as clusters that form
radial or decussate microstructures (Fig. 3e), and possibly fine biotite lamellae intergrown with
plagioclase (Fig. 3d). Occasionally, biotite retrogrades to chlorite, and more rarely, presents
white mica rims. This latter mostly occurs as short lamellae or interstitial masses associated
with sericitized feldspar, and in less extent, as lamellae intergrown with biotite along S».

Sillimanite is almost always fibrolite (Fig. 3f), mostly defining S> and occurring
adjacent to or inside biotite lamellae. Occasionally, fibrolite partially replaces garnet crystals
or forms masses of what seems to be pseudomorphs after this mineral. In some mylonites,
sillimanite occurs either straight and along with Ss, or as bent prisms (syn-Sz). Occasionally,

fibrolite retrogrades to white mica.



51

Fig. 3. Petrographic aspects of the Surubim Complex. (a) Quartz chessboard extinction (arrow). (b)

Neoformed microcline grains in biotite schist. (c) Kinked biotite porphyroblast defining S1 in a matrix
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defined by the shape preferred orientation of biotite (S2). (d) Fine biotite flakes intergrown with
plagioclase (center) and new biotite lamellae (arrow) crosscutting S foliation. (e) Chlorite stripes in
biotite (arrow), and decussate biotite lamellae (center). (f) Skeletal garnet and fibrolite aggregate in
biotite gneiss; tourmaline crystal (arrow). (g) Mimetic garnet grains and graphite lamellae in
protomylonite; garnet fractures are filled with iron oxides/ hydroxides. (h) Garnet grain with corona
composed of fine-grained and decussate biotite, quartz, and plagioclase (arrow). Qtz = quartz; Bt =
biotite; Kfs = K-feldspar; Pl = plagioclase; Grt = garnet; Sil = sillimanite; Tur = tourmaline; Gr =

graphite.
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Fig. 4. Diagram showing microstructural relationships for paragneisses and schists of the Surubim

Complex in the Feira Nova region.

Garnet mostly comprises early-S, xenoblastic to subidioblastic grains of millimetric
size, equidimensional to elongated, with irregular, embayed rims, and commonly skeletal and
highly fractured. Some grains are poikiloblastic, comprising random biotite, plagioclase, quartz,
and opaque inclusions. Locally, early-S> garnet also presents a symplectitic corona composed
of fine-grained and decussate biotite, feldspar, and quartz crystals along with a coarser biotite-
rich matrix (Fig. 3h). In most mylonite samples, garnet also occurs as elongated, fine-to coarse-
grained (< 0.6 mm) grains, locally with biotite and opaque inclusion trails defining an internal

curved foliation (S2). Some grains also present & and ¢ porphyroclast shapes, suggesting
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mimetic growth (Fig. 3g). In addition, fibrolite replacement by quartz, plagioclase and biotite
IS common in garnet grains associated with Sz and Sz, with some decussate biotite clusters
probably representing pseudomorphs. The mineral association diagram is presented in Fig. 4.
The textural relationships suggest that garnet + biotite + quartz + plagioclase + sillimanite +
muscovite + tourmaline, and garnet + K-feldspar + plagioclase + quartz + biotite comprise peak

mineral assemblages in the studied area, and are simultaneous to S» development.

5. Mineral chemistry

Spot analyses of mineral chemistry and elemental X-ray maps (such as the ones
presented in Fig. 6) were obtained using a JEOL JXA8230 Electron Microprobe of the
Department of Petrology and Metalogeny, Universidade Estadual Paulista - UNESP. The spot
analyses were made in garnet (rim-to-rim), biotite, plagioclase, and K-feldspar of four samples
with operating conditions at 15 keV and ~20 nA. The samples comprise garnet- and sillimanite-
bearing biotite schists (samples VALO1, VALO08 and VAL20) and a garnet-bearing biotite schist
(VALG8). Ti in quartz analyses were carried out for one sample (VALO8), following Watson et
al. (2006). The operating conditions were set at 15 keV and 200 nA, with synthetic rutile and
quartz crystals used as calibration standards. The rutile calibration was set at 20 nA to avoid
pulse-height analyzer peak shifts. The limit of detection, considering the matrix correction
(ZAF) is 14 ppm (3 o).

5.1.  Spot analyses

Garnet of the analyzed samples is characterized by high almandine (XAlm = 0.68-0.77)
with minor pyrope, grossular, and spessartine contents. Average variations in the main end-
members almandine, pyrope and grossular are XAlm+Sps ~0.71-0.90, XPyp ~0.07-0.19, and
XGrs ~0.04-0.18 (Fig. 5a). Zoning profiles show irregular patterns in most samples, but pyrope
display lower contents in rims when compared with cores (Fig. 5b), and spessartine, higher
contents. Most of the distribution patterns observed in the analyzed garnet grains are also
detected in the X-ray map obtained for two samples. This distribution is evidence of crystal
growth under decreasing pressure and temperature conditions, compatible with the other

obtained mineral data. Representative mineral analyses are summarized in Tables 1-6.

5.2.  Elemental X-Ray maps
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X-ray maps were obtained for samples VAL20 and VALG68, with operating conditions
at 15 keV and 250 nA, a focused beam, step (pixel) size of 3 um, and a counting time of 15
ms/pixel. Diopside (Mg), wollastonite (Si), anorthite (Al), ilmenite (Fe), rodonite (Mn),
wollastonite (Ca), ilmenite (Ti), zircon (Zr) and apatite (P) were used as calibration standards.

The images were processed using the XMapTools software (Lanari et al., 2014).

5.2.1. Sample VAL68

The VAL68 X-ray maps (Fig. 6a—f) show a complex zoning history of garnet,
suggesting three growth stages. Stage | is characterized by several cores with low contents of
Fe and high Ca and Mg. It is noteworthy that the Ca contents decrease near plagioclase
inclusions. Garnet grains grown during stage Il envelop those of the first stage and exhibit an
inverted zoning pattern with low contents of Ca and Mg and high Fe, which match the Ca rise
of the matrix plagioclase. Stage Il is characterized by thin rims displaying a decrease of Ca
and Mg contents. Fe and Ti contents suggest two biotite growth stages: stage I, found as
inclusions in garnet, displays high Fe and low Ti as compared with stage I, which is present in
the matrix. Also, stage Il biotite has a core with higher contents of Mg than rims, which is

confirmed by the spot analyses.

5.2.2. Sample VAL20

The analyzed garnet of this sample is characterized by two growth
stages registered in the garnet zoning. Stage | presents a Mg/Ca-rich and Fe-poor core, and
stage Il, a remarkable inversion of Mg and Fe contents toward the rims coupled with the
decrease of the Ca contents. This is buffed by the presence of plagioclase, which is in
accordance with the zoning pattern of the mineral. It is noteworthy a decrease of Mg contents
in garnet around biotite inclusions and fractures. Three biotite growth stages can be observed
in this sample. Biotite inclusions in garnet exhibit lower Ti contents in cores (stage I) when
compared to rims (stage Il). In the matrix, biotite displays a zoning pattern with Ti-rich cores
(stage Il) and Ti-poor rims (stage I1), with a noteworthy decrease of Mg and an increase of Fe

contents in biotite close to the garnet.
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6. Geothermobarometry

The temperatures estimated for the studied samples (VALO1, 08, 20, 68) were obtained
from Ti in quartz (Thomas et al., 2010) and garnet-biotite conventional geothermometers. For
these latter, we used the GPT Excel spreadsheet (Reche and Martinez, 1996), which allows
simultaneously obtaining temperature and pressure through successive interactions. The
calibration models proposed by Perchuk and Lavrent’eva (1983) (PL83), Bhattacharya et al.
(1992) (BT92) and Holdaway and Lee (1977) (HL77) yielded concordant temperature values.
Perchuk and Lavrent'eva models use volume changes of 0.0577 (a) and 0.0246 (b) cal.bar-1.
Bhattacharya et al. (1992) use Hacker and Wood (1989) mixing parameters. Pressure values
were calculated for samples VALO1, VAL20 and VALG68 using Koziol (1989) recalibration of
the garnet-sillimanite-plagioclase-quartz (GASP) geobarometer. For the other samples,
pressure was fixed based on these results and according to their temperature intervals. For
temperatures over 570 °C, the PL83 and BT92 models were considered, which yielded

variations of less than 29 °C. For this interval, the HL77 model yielded temperatures up to ~70
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°C higher, probably due to the pressure limit of this model (<0.4 GPa). The BT92 and HL77
models yielded concordant values for temperatures below 570 °C, with variations of less than
30 °C. The PL83 models were not considered for this interval due to the limit of their
temperature range (575-950 °C). Core compositions of not-contacting garnet, biotite and
plagioclase were combined, assumed to be the least modified from the peak conditions (e.g.,
Florence and Spear, 1995). Exceptionally, cores of matrix biotite in contact with garnet were
combined with garnet cores. Rim compositions of contacting garnet and matrix biotite (and
exceptionally, rims of not-contacting biotite) were paired with rims of not-contacting
plagioclase.

The garnet crystals show retrograde zoning patterns, with some showing distinctly
higher temperatures for core compositions (lowest Fe/(Fe + Mg) ratios) compared to rims
(variations up to 110 °C). These higher temperatures were not always obtained from the middle
of the grains. As most of them are xenoblastic, we interpreted those as core temperatures, with
rims and part of the mantles probably affected by resorption. Both rim and core compositions
yielded relatively uniform temperatures and pressures within individual samples, suggesting
(re) equilibrium was attained at peak and retrograde conditions at least on the thin section scale.
The garnet-cores yielded minimum and maximum values of ~620 °C and 650 °C for sample
VALO1L; ~630 °C and ~650 °C for sample VALO08; ~630 °C and ~690 °C for sample VALZ20;
and ~720 °C and ~760 °C for sample VALG68. Garnet-rims yielded temperatures between ~520
°C and ~560 °C for sample VALOL1; ~570 °C for sample VALO08; 590 °C and 650 °C for sample
VALZ20; and ~630 °C and ~680 °C for sample VALG68 (Table 8). For core compositions at
sample VALOL, pressure values range from ~0.58 to ~0.60 GPa (~620-650 °C), and for rim
compositions, from ~0.28 to ~0.34 GPa (~520-560 °C). For sample VALZ20, we obtained
between ~0.74 and 0.80 GPa for core compositions (670-690 °C), and 0.4 GPa for a rim
composition (~590 °C). For sample VALG68, rim compositions yielded 0.72 GPa (~660-670
°C), and a core composition, 0.91 GPa (~730 °C). Accounting for these results, we estimate
pressure conditions higher than 0.9 GPa for the highest temperature obtained for this sample
(~760 °C). The Ti in quartz model was applied to sample VAL 08 and yielded temperatures
between ~515 and ~600 °C (Table 7). We fixed the pressure at 0.65 GPa based on the garnet
core temperatures obtained for this sample (~630-650 °C) and GASP pressures obtained for
sample VALOL and VALZ20 at this interval. Accounting the uncertainty of the Ti in quartz
method ( = 20 °C for pressures constrained to within £ 1 kbar), the highest result (~600 °C) is
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in close agreement with the core temperatures estimated through the garnet-biotite

geothermometers.
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Fig. 6. X-ray element maps and phase masks of the studied samples. (a), (b), (c) Fe, Mg and Ti maps of
garnet and biotite from sample VALG68. (d) Ca map of garnet and plagioclase from sample VALG8. (),
(f) Ca and Mg maps of garnet with increased contrast from sample VAL 68. (g), (h), (i) Fe, Mg and Ti
maps of garnet and biotite from sample VALZ20. (j) Ca map of garnet and plagioclase from sample
VALZ20. (k), (I) Caand Mg maps of garnet with increased contrast from sample VALZ20. (m), (n) Phase
masks from samples VAL68 and VAL20, respectively. Hem = hematite; Pl = plagioclase; Mnz =

monazite; Qtz = quartz; Bt = biotite; Grt = garnet; Sil = sillimanite.

7. Discussion
7.1.  Metamorphic evolution

Field aspects and detailed petrographic and mineral analyses data reported in this work
enable a better understanding of the metamorphic evolution of the Brasiliano Orogeny in the
Feira Nova region, allowing us to place constraints on regional tectonic models. Mineral
assemblages comprising (muscovite)-(rutile)-sillimanite tourmaline-garnet-biotite-plagioclase-
quartz (Fig. 3f) and garnet-K-feldspar-plagioclase-quartz-biotite (Fig. 3b) along with high
temperature microstructures such as chessboard quartz extinction (Fig. 3a) and local anatexis
suggest peak temperatures under upper amphibolite facies conditions [e.g., Passchier and Trow
(2005); Spear and Cheney (1989)].

The compositional maps patterns agree with the microstructural data, suggesting an
early metamorphic evolution characterized by a prograde phase with both temperature and
pressure increase. This phase is indicated by the prograde zoning of biotite inclusions in garnet,
which shows low Ti contents in biotite cores and their enrichment in biotite rims (Fig. 6i). The
high Ca and Mg contents in garnet cores (stage | garnet) (Fig. 6e, f, k, I) and the high Ti content
in biotite (rims of biotite inclusions and cores of matrix biotite) (Fig. 6c¢, i) probably reflect the
peak high-grade conditions. The relatively flat pattern of this garnet stage (1) suggest re-
equilibrium/homogenization during peak metamorphism, which therefore erased the prograde
compositions of this mineral and allowed the recording of only a partial P-T loop. The increase
of Ti content in biotite may reflect the consumption of a Ti-rich phase (e.g., ilmenite or rutile)
by net transfer reactions (e.g., Meinhold, 2010 and references therein). The textural
relationships suggest that prograde and peak conditions are synchronous with the development
of the regional flat-lying foliation (Sz), as indicated by early- and syn-S, mineral phases (Fig.
3b, f).
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Fig. 7 shows the calculated P-T plots for garnet core and rim compositions for individual
samples, which together define a partial P-T loop that reflects the peak and post-peak conditions
of metamorphism. The calculated peak P-T values (630-760 °C; 0.6- > 0.9 GPa) agree with the
coexistence of primary muscovite and sillimanite (i.e., above the first sillimanite isograd) in
most of the studied rocks. However, the presence of neoformed microcline (syn-S) (Fig. 3b)
spatially associated with migmatites indicates local conditions over the second sillimanite
isograd. The Sy-related and probably anatetic Acudinho Orthogneiss also suggests that melting
was synchronous to peak high-grade metamorphism. Migmatites crossed by the Sz foliation
along the GGSZ confirms the early nature of the melt in the studied area.

A decompression phase coupled with cooling is suggested by Ca and Mg decrease
towards garnet rims (Fig. 6e, f, k, 1) and by Ti decrease towards the rims of matrix biotite
(bottom of Fig. 6¢; left side of Fig. 6i). In sample VAL20, the relatively uniform zoning with
minor Ca changes near plagioclase inclusions (Fig. 6k) may reflect diffusional relaxation at
decreasing T conditions (e.g., Ague and Carlson, 2013) of the previously homogenized garnet
nuclei. The garnet growth history of sample VALG68 is more complex. Here, the second stage
(11) of garnet formation may be due to a coalescent growth of the garnet previous nuclei (stage
1) (e.g., Spiess et al., 2001) during post-peak conditions. The reduction of Ca contents around
plagioclase inclusions (Fig. 6d and e) and of Mg contents around biotite inclusions in garnet
(Fig. 6b, h) suggests cation exchanges through volume diffusion between garnet-plagioclase
and garnet-biotite. The reduction of Mg around fractures (Fig. 6b) in garnet probably reflects
late diffusion through exchange reactions between garnet and biotite. The presence of
plagioclase may have decreased the Ca availability of the system, suggesting a low mobility of
this element. Syn-S; and syn-Ss sillimanite and the P-T plots suggest protracted time spent in
the sillimanite stability field. This inference is supported by existing geochronological data
showing that regional high-grade metamorphism lasted from c. 630 to 600 Ma (Neves et al.,
2006, 2012, 2020) and was followed by development of high temperature transcurrent shear
zones at ¢. 600-570 Ma (Archanjo et al., 2008; Neves et al., 2012, 2020).

Common reactions such as minor feldspar sericitization and more local ones such as
biotite chloritization (and probably, the garnet breakdown to a biotite, quartz and feldspar
aggregate) (Fig. 3e) point to retrograde metamorphism under greenschist facies conditions,
which is also indicated by the overprinting of high-temperature microstructures by low-
temperature microstructures such as quartz bulging recrystallization. These textures are in
accordance with the lowest rim P-T values (~520 °C; 0.3 GPa) (Fig. 7), which indicate

conditions near the epidote-amphibolite-greenschist facies transition. The highest rim
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temperature recorded for sample VAL20 (~650 °C), which is within the core temperature
interval of this sample (630-690 °C), may reflect resorption of actual rims. Rimward increase
of Fe in both garnet and biotite (and in biotite nearest to garnet), and of Mn in garnet may be
explained by partial retrograde resorption of this mineral through net transfer reactions (e.g.,
Kohn and Spear, 2000), which is locally evidenced by the coronas.

The post-peak conditions are represented by the transition of compressional to
transpressional regime as indicated by post Sz (thus post-peak) and syn-Sz mineral phases (Fig.
4). Lack of textural relationships prevent to constrain the end of the transpressional regime

along with the retrograde path.

7.2.  Tectonic implications

Obtained peak temperatures are consistent with the few thermobarometric estimates
available for the Rio Capibaribe Domain. Accioly et al. (2003) obtained 675 °C and 0.13 GPa
from metagabros of the Passira Complex using Ernst and Liu (1988) calibration of the Ti and
Al in amphibole geothermobarometer, and 640-770 °C from metagabbros, metadiorites and
metanorthosites using amphibole-plagioclase geothermometry (Blundy and Holland, 1990) at
estimated pressures of 0.10-0.15 GPa. Barreto (2008) obtained peak temperatures between 610
and 690 °C for marbles of the Surubim Complex, calculated by multi-reaction methods
provided by THERMOCALC and using simulated pressures up to 0.8 GPa. Neves et al. (2000,
2012) reported similar pressures here obtained (~0.6-0.9 GPa) to equivalent temperatures
(650-730 °C) to the northwest of the study area (multi-reaction method from THERMOCALC;
Powell and Holland, 1988), suggesting burial to 20-30 km depth. Kyanite occurrences in the
Surubim Complex are reported by several authors [e.g., Barbosa (1990), Rocha (1990), Silva
et al. (2005) and Neves et al. (2005, 2012)] and specifically research driven by Silva et al.
(2005) described sillimanite after kyanite, which is probably placed somewhere between the
prograde and the peak stage and allowed the inference of a clockwise P-T path (Fig. 7).
Cordierite garnet-biotite and sillimanite-cordierite-garnet-biotite associations in the eastern
RCD are mentioned by Barbosa (1990) and Rocha (1990), which suggest high temperature and
low to medium pressure conditions, probably related to the retrograde path. The rim
temperatures and pressures here obtained (520-590 °C; 0.3-0.4 GPa) (Fig. 7) are consistent
with P-T conditions obtained from post-S; and syn-Ss assemblages (550-605 °C; 0.5-0.6 GPa)
at the northwest of the study area (Silva et al., 2005). The pressures suggest burial of the rocks

to ~23-34 km depths. Considering the regional time span between peak metamorphism (630-
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600 Ma) and the transcurrent regime (590- 550 Ma) (e.g. Neves et al., 2012), the temperature
variation between the first stage (760-650 °C) and the end of the second one (600-500 °C)
suggests that slow cooling has prevailed in the area. The lowest temperatures (~520 °C) may
be placed on a large time span of slow cooling indicated by amphibole Ar-Ar ages (~590-550
Ma) from nearby orthogneisses and plutons (Neves et al., 2000, 2012). The retrograde P/T slope
here obtained (Fig. 6) is in accordance with erosional unroofing (e.g. Ruppel and Hodges, 1994;
Wernert et al., 2016) rather than with tectonic-related exhumation (e.g. Rey et al., 2001;
Skrzypek et al., 2011; Pefia-Alonso et al., 2017) since there is no evidence for late orogenic
extensional deformation in the study area and in eastern Borborema Province (Neves et al.,
2005, 2012).
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Fig. 7. P-T plot showing the estimated path of the studied rocks. Blue, green and orange markers refer
to garnet-biotite temperatures along with GASP pressures from samples VALO1, VAL20 and VALG68,
respectively. Yellow markers refer to obtained garnet-biotite temperatures along with inferred pressures
from sample VALOS. Circles refer to core, and triangles, to rim values. The high-pressure portion of the
path is based on the presence of kyanite in samples northwest of the studied area (Silva et al., 2005;
Neves et al., 2012).

Previous works suggested an intracontinental setting for the tectonic evolution of the
Central Subprovince during the Brasiliano Orogeny (e.g., Neves, 2003; Neves et al., 2012).

Petrographic and thermobarometric data in the RCD are typical of crustal thickening
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(Barrovian) metamorphism. Metamorphic evolution of compressional intracontinental orogens
has been commonly associated with counterclockwise P-T-t paths due to the thermal weakening
of the crust prior to thickening (e.g. Thompson, 1989; Thompson et al., 2001). Still, clockwise
paths for orogens located away from plate boundaries are described in the Arunta region
(Cartwright et al., 1999) and Petermann Orogeny (Raimondo et al., 2010) from Central
Australia, and may occur even in the case of inherited thermal anomalies from previous rifting,

as it is suggested for the Rehamna massif in Marocco (Wernert et al., 2016).

8. Conclusions

The metamorphic evolution of the Surubim Complex in the Feira Nova region is similar
to the overall thermal evolution attributed to the Rio Capibaribe Domain in previous works.
However, this study is the first to present thermobarometric data along with detailed
petrography and to provide constraints through a retrograde P-T path. Mineral assemblages and
local anatexis indicate metamorphism at upper amphibolite facies, coeval to the development
of a flat-lying foliation (S2). Peak metamorphic conditions estimated are ~630-760 °C and
~0.6-0.9 GPa (near amphibolite-granulite-facies transition), suggesting burial to middle-lower
crustal levels (~23-34 km depth). Transition to lower amphibolite to greenschist facies is
mostly shown as retrograde zoning in garnet and biotite crystals, and only locally as
mineralogical changes. This zoning points to decompression and cooling down to ~590-520 °C
and 0.4-0.3 GPa, suggesting unroofing to ~15-10 km depth, and is probably related to a
transpressional regime. The inferred clockwise P-T path is attributed to thickening in a
predominant intracontinental setting followed by exhumation with low erosional and cooling

rates.
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Table 1. Representative chemical analyses of garnet from samples VALO1 and VALOS.

SiO,
TiO,
Al;O3
Cr,03
FeO
MnO
MgO
CaO
Na,O
K20
Total

Si
Ti
Al
Cr
Fe+2
Mn
Mg
Ca
Na
K
Total
Fe/(Fe+Mg)

Prp
Grs
Alm
Sps

70

VALO1
Core Core Core Core Rim Rim Rim Rim Rim
37.48 37.50 36.85 37.77 37.08 36.92 36.79 36.98 36.72
0.00 0.03 0.00 0.02 0.02 0.02 0.00 0.01 0.00
20.88 20.83 20.74 21.21 20.82 20.61 20.26 20.82 20.58
0.02 0.04 0.00 0.02 0.02 0.03 0.02 0.00 0.01
32.08 32.10 31.98 32.50 31.88 31.56 30.83 31.78 31.30
3.67 2.64 4,78 2.22 6.29 6.95 7.32 5.50 6.41
3.77 3.52 3.29 4.02 2.16 2.18 2.11 2.89 2.47
2.26 2.91 1.87 2.86 1.96 1.62 1.51 1.97 1.77
0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.01
0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.01
100.16 99.58 99.53 100.62 100.21 99.92 98.84 99.95 99.28
3.001 3.012 2.986 2.998 3.000 3.001 3.020 2.989 2.997
0.000 0.002 0.000 0.001 0.001 0.001 0.000 0.001 0.000
1.971 1.973 1.981 1.984 1.986 1.975 1.961 1.984 1.979
0.001 0.003 0.000 0.001 0.001 0.002 0.001 0.000 0.001
2.148 2.156 2.167 2.157 2.157 2.146 2.116 2.149 2.136
0.249 0.179 0.328 0.149 0.431 0.479 0.509 0.377 0.443
0.449 0.422 0.398 0.475 0.260 0.264 0.259 0.348 0.301
0.194 0.251 0.162 0.243 0.170 0.141 0.133 0.171 0.154
0.001 0.000 0.003 0.001 0.000 0.002 0.000 0.000 0.002
0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.001
8.014 7.999 8.025 8.009 8.006 8.011 7.999 8.018 8.014
0.827 0.836 0.845 0.819 0.892 0.890 0.891 0.861 0.877
0.150 0.140 0.133 0.159 0.087 0.088 0.086 0.116 0.101
0.065 0.083 0.054 0.081 0.057 0.047 0.044 0.057 0.052
0.703 0.717 0.702 0.710 0.713 0.705 0.702 0.701 0.700
0.083 0.060 0.110 0.050 0.144 0.160 0.169 0.126 0.148

Table 2. Representative chemical analyses of garnet from sample VALZ20.

Core
37.69
0.02
20.92
0.01
32.79
1.27
3.42
4,12
0.00
0.01
100.24

3.007
0.001
1.967
0.001
2.188
0.086
0.407
0.352
0.000
0.001
8.009
0.843

0.135
0.117
0.719
0.028

VALO8
Core
36.77
0.00
20.80
0.02
31.68

5.30
3.20
1.76
0.01
0.02
99.55

2.982
0.000
1.988
0.001
2.149
0.364
0.387
0.153
0.002
0.002
8.026
0.847

0.130
0.051
0.696
0.122

Rim
36.72
0.00
20.42
0.03
31.27
6.91
2.38
1.61
0.00
0.00
99.33

3.001
0.000
1.967
0.002
2.137
0.478
0.290
0.141
0.000
0.000
8.015
0.881

0.097
0.047
0.697
0.159



Core Core Core Core Rim Rim Rim Rim Rim Rim Rim Rim

SiO; 37.75 38.11 38.14 37.90 37.00 37.72 37.34 37.70 37.31 36.89 37.30 37.20
TiO; 0.00 0.00 0.00 0.09 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00
Al,03 21.09 21.31 21.08 21.14 20.80 21.56 20.72 21.35 21.11 20.97 21.12 20.95
Cr203 0.01 0.00 0.02 0.02 0.01 0.03 0.02 0.01 0.02 0.01 0.01 0.04
FeO 31.99 32.25 32.03 32.08 32.72 32.15 32.04 32.38 32.31 31.57 32.27 32.97
MnO 1.80 1.66 1.46 1.48 3.26 3.37 3.15 3.32 3.58 3.26 2.27 3.15
MgO 4.43 4.55 4.84 4.63 3.79 3.38 3.58 3.74 3.20 3.52 3.88 4.00
Ca0o 3.05 3.33 3.21 3.11 211 2.97 2.83 2.28 2.66 3.07 3.25 1.58
Na2O 0.00 0.02 0.00 0.01 0.02 0.00 0.01 0.00 0.01 0.01 0.01 0.00
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00
Total 100.11  101.22 100.77 100.46 99.71 101.19 99.68 100.78 100.20 99.30 100.12 99.88
Si 3.001 2.996 3.006 2.999 2.983 2.987 3.004 2.995 2.992 2.980 2.981 2.988
Ti 0.000 0.000 0.000 0.005 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000
Al 1.976 1.975 1.958 1.971 1.977 2.012 1.965 1.999 1.995 1.997 1.990 1.984
Cr 0.001 0.000 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.002
Fe*2 2.127 2.120 2.111 2.123 2.206 2.129 2.155 2.151 2.167 2.132 2.157 2.215
Mn 0.121 0.110 0.098 0.099 0.223 0.226 0.215 0.223 0.243 0.223 0.154 0.214
Mg 0.524 0.533 0.568 0.547 0.456 0.399 0.429 0.443 0.383 0.423 0.462 0.479
Ca 0.259 0.280 0.271 0.263 0.182 0.252 0.244 0.194 0.228 0.266 0.278 0.136
Na 0.000 0.003 0.000 0.002 0.002 0.000 0.001 0.000 0.001 0.001 0.002 0.000
K 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000
Total 8.010 8.018 8.014 8.010 8.030 8.006 8.014 8.006 8.010 8.022 8.024 8.019
Fe/(Fe+tMg)  0.802 0.799 0.788 0.795 0.829 0.842 0.834 0.829 0.850 0.834 0.824 0.822
Prp 0.175 0.178 0.189 0.182 0.153 0.134 0.143 0.148 0.128 0.142 0.155 0.160
Grs 0.086 0.094 0.090 0.088 0.061 0.084 0.081 0.065 0.076 0.089 0.093 0.046
Alm 0.698 0.691 0.688 0.697 0.711 0.706 0.704 0.713 0.714 0.694 0.700 0.722
Sps 0.040 0.037 0.032 0.033 0.075 0.076 0.072 0.074 0.081 0.075 0.052 0.072

Table 3. Representative chemical analyses of garnet from sample VALG8.

Core Core Core Core Rim Rim Rim Rim Rim Rim
SiO, 38.06 37.63 37.36 37.66 37.22 37.45 36.94 37.45 37.38 37.41
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TiOz 0.06 0.02 0.00 0.01 0.01 0.00 0.02 0.00 0.01 0.01
Al03 21.18 21.07 21.09 21.09 20.77 21.02 20.80 21.09 20.87 20.80
Cr20s3 0.03 0.03 0.02 0.01 0.03 0.01 0.01 0.00 0.00 0.01
FeO 31.82 32.16 32.00 31.80 32.82 32.88 32.41 31.78 32.84 32.64
MnO 1.33 1.34 1.33 1.33 1.81 1.94 2.48 2.34 2.53 2.74
MgO 4.80 4.74 4.60 4.59 3.63 3.90 3.68 3.87 3.46 331
CaO 3.32 3.07 2.98 3.55 2.99 3.00 3.03 2.88 2.88 3.10
NazO 0.00 0.01 0.00 0.00 0.02 0.00 0.02 0.00 0.02 0.01
K20 0.02 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Total 100.63 100.05 99.38 100.03 99.29 100.21 99.40 99.41 99.99 100.03
Si 3.002 2.991 2.989 2.993 3.001 2.991 2.982 3.004 3.000 3.003
Ti 0.004 0.001 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.001
Al 1.969 1.974 1.989 1.975 1.974 1.979 1.979 1.994 1.974 1.968
Cr 0.002 0.002 0.001 0.001 0.002 0.001 0.001 0.000 0.000 0.001
Fe2 2.099 2.138 2.141 2.113 2.213 2.196 2.188 2.132 2.204 2.191
Mn 0.089 0.090 0.090 0.089 0.124 0.131 0.169 0.159 0.172 0.186
Mg 0.564 0.561 0.548 0.544 0.437 0.465 0.443 0.463 0.413 0.396
Ca 0.281 0.261 0.256 0.302 0.258 0.257 0.262 0.247 0.248 0.266
Na 0.000 0.001 0.000 0.000 0.003 0.000 0.002 0.000 0.003 0.001
K 0.002 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.000
Total 8.010 8.020 8.016 8.019 8.012 8.020 8.029 7.999 8.014 8.013
Fe/(Fe+Mg) 0.788 0.792 0.796 0.795 0.835 0.825 0.832 0.822 0.842 0.847
Prp 0.188 0.188 0.184 0.182 0.146 0.155 0.149 0.154 0.138 0.132
Grs 0.093 0.087 0.086 0.101 0.086 0.086 0.088 0.082 0.083 0.089
Alm 0.689 0.695 0.701 0.688 0.727 0.715 0.706 0.710 0.722 0.717
Sps 0.030 0.030 0.030 0.030 0.041 0.044 0.057 0.053 0.057 0.062
Table 4. Representative chemical analyses of biotite from samples VALO1 and VALZ20.
VALO1 VAL20
Core Core Rim Rim Rim Core Core Rim Rim Rim Rim
SiO; 35.17 35.19 35.17 35.44 34.46 36.45 36.49 36.78 35.65 37.18 35.82
TiO 2.10 2.06 2.10 2.12 2.30 1.57 3.02 1.61 2.47 2.89 2.782



Al,O3
FeO
MnO
MgO
Nazo
K.0
BaO

Cl

Total

Si
Ti
Al
Fe?
Mn
Mg
Na
K
BaO
Cl
Total
Fe/(Fe+Mg)

SiO,
TiO;
Al,O3
FeO
MnO
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20.36 20.52 20.36 19.69 20.03 21.57 18.76 21.97 19.78 18.61 18.74
18.83 18.47 18.83 18.20 19.61 15.37 17.21 15.60 18.30 17.38 17.753
0.12 0.10 0.12 0.13 0.12 0.05 0.08 0.07 0.09 0.09 0.049
8.92 8.98 8.92 8.89 8.19 9.65 9.15 9.67 9.45 8.75 8.702
0.15 0.15 0.15 0.15 0.14 0.14 0.20 0.12 0.23 0.16 0.082
8.76 8.55 8.76 8.36 8.33 8.49 8.23 8.02 7.09 8.06 8.279
0.21 0.15 0.21 0.24 0.25 0.20 0.13 0.20 0.28 0.07 0.139
0.01 0.01 0.01 0.01 0.01 0.03 0.02 0.05 0.04 0.02 0.011
94.62 94.18 94.62 93.22 93.43 93.52 93.28 94.08 93.37 93.21 92.36
2.933 2.925 2.922 2.973 2.911 2.989 3.035 2.989 2.965 3.086 3.022
0.129 0.129 0.131 0.134 0.146 0.097 0.189 0.099 0.155 0.180 0.177
1.988 2.011 1.994 1.947 1.994 2.085 1.839 2.105 1.938 1.821 1.864
1.282 1.285 1.308 1.277 1.386 1.054 1.197 1.060 1.272 1.206 1.253
0.010 0.007 0.008 0.276 0.009 0.003 0.006 0.005 0.006 0.006 0.004
1.116 1.113 1.104 1.111 1.032 1.180 1.134 1.171 1.171 1.083 1.094
0.022 0.024 0.024 0.025 0.022 0.022 0.032 0.020 0.037 0.026 0.013
0.939 0.907 0.928 0.895 0.898 0.889 0.873 0.831 0.752 0.854 0.891
0.007 0.005 0.007 0.008 0.008 0.006 0.004 0.006 0.009 0.002 0.005
0.001 0.002 0.001 0.001 0.002 0.004 0.002 0.006 0.006 0.002 0.002
8.426 8.407 8.427 8.647 8.407 8.330 8.312 8.292 8.312 8.266 8.324
0.535 0.536 0.542 0.535 0.573 0.472 0.514 0.475 0.521 0.527 0.534
VALO8 VALGS
Core Core Rim Core Core Core Rim Rim Rim Rim
34.74 34.96 34.97 34.68 35.20 35.09 34.90 35.26 35.38 35.03
2.52 2.33 2.49 2.60 2.88 2.38 2.66 2.00 2.31 2.10
19.74 20.31 20.54 18.71 19.19 19.92 19.01 19.97 20.05 19.86
19.16 18.74 18.54 19.54 19.51 20.08 20.02 19.88 19.35 19.48
0.18 0.21 0.20 0.09 0.09 0.07 0.12 0.06 0.07 0.07



MgO
Nazo
K20
BaO
Cl
Total

Si
Ti
Al
Fe*?
Mn
Mg
Na
K
BaO
Cl
Total
Fe/(Fe+Mg)

8.24
0.11
8.39
0.17
0.01
93.27

2.932
0.160
1.964
1.352
0.012
1.037
0.018
0.904
0.003
0.002
8.385
0.566

8.59
0.10
9.13
0.04
0.02
94.43

2.915
0.146
1.996
1.306
0.015
1.068
0.017
0.971
0.001
0.003
8.438
0.550

8.22
0.10
9.11
0.18
0.02
94.36

2.916
0.156
2.019
1.293
0.014
1.022
0.016
0.969
0.006
0.002
8.413
0.559

8.97
0.12
8.70
0.13
0.00
93.54

2.934
0.165
1.866
1.383
0.006
1.131
0.020
0.938
0.004
0.000
8.448
0.550

8.59
0.12
8.70
0.15
0.01
94.43

2.942
0.181
1.890
1.364
0.006
1.070
0.020
0.928
0.005
0.001
8.407
0.560

8.09
0.10
8.77
0.20
0.00
94.70

2.931
0.149
1.961
1.402
0.005
1.007
0.017
0.935
0.006
0.000
8.414
0.582

Table 5. Representative chemical analyses of biotite from samples VALO08 and VALG68.

8.57
0.15
8.66
0.22
0.01
94.31

2.933
0.168
1.883
1.407
0.008
1.074
0.025
0.929
0.007
0.001
8.435
0.567

Table 6. Representative chemical analyses of plagioclase from samples VALO1, VAL20 and VALG8.

VALO1

Core Core Rim Rim Core

SiO; 59.93 60.09 61.27 59.41 58.98

Al,Os 25.87 25.45 25.06 25.67 26.07
FeO 0.03 0.07 0.02 0.05 0.01

CaO 6.39 4,58 5.32 6.71 6.91

Na.O 1.77 7.75 8.33 7.61 7.37
K20 0.08 0.87 0.26 0.06 0.12

VAL20
Core Rim
58.28 58.38
25.76 26.29
0.08 0.04
7.04 7.63
7.21 7.11
0.11 0.09

Rim
58.36
26.14

0.07

7.24

7.29

0.13

8.22 8.49 8.78
0.11 0.13 0.13
8.90 8.75 8.64
0.14 0.19 0.22
0.00 0.01 0.01
94.53 94.73 94.31
2.947 2.940 2.930
0.126 0.145 0.132
1.967 1.965 1.958
1.389 1.345 1.362
0.004 0.005 0.005
1.024 1.052 1.095
0.018 0.021 0.021
0.948 0.928 0.921
0.005 0.006 0.007
0.000 0.001 0.001
8.427 8.408 8.431
0.576 0.561 0.554
VALG6S8
Core Rim Rim
59.10 59.45 59.02
25.90 25.69 25.98
0.03 0.03 0.10
6.97 6.69 7.02
7.51 7.65 7.31
0.12 0.11 0.12
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Total 100.08 98.81 100.25 99.50 99.46 98.47 99.55 99.22 99.62 99.62 99.55
Si 2.662 2.697 2.711 2.657 2.640 2.622 2.650 2.624 2.644 2.657 2.641
Al 1.355 1.346 1.307 1.353 1.376 1.387 1.358 1.385 1.366 1.353 1.370
Fe? 0.001 0.003 0.001 0.002 0.000 0.002 0.001 0.002 0.001 0.001 0.004
Ca 0.304 0.220 0.252 0.322 0.332 0.341 0.336 0.349 0.334 0.320 0.336
Na 0.670 0.674 0.714 0.660 0.639 0.633 0.647 0.635 0.651 0.663 0.634
K 0.005 0.050 0.014 0.003 0.007 0.006 0.006 0.007 0.007 0.006 0.007
Total 4.997 4.991 5.000 4.997 4.994 4.991 4.997 5.003 5.002 5.001 4.993
Table 7. Representative chemical analysis of quartz from sample VALOS.
SiO; 101.4815 101.6778 101.5157 100.5493  100.9903  101.2492 101.1945 100.9783 101.0628 100.7641
TiO, 0.0048 0.0039 0.0050 0.0053 0.0022 0.0026 0.0069 0.0052 0.0056 0.0042
Total 101.4863  101.6817 101.5207 100.5546  100.9925  101.2518 101.2014 100.9835 101.0684  100.7683
Ti (ppm) 28.78 23.38 29.98 31.77 13.19 15.59 41.37 31.17 33.57 25.18
Ti in quartz Geothermometry
Temperatures calculated using a pressure of 0.65 GPa
T(°C)
Thomas et al. (2010) 621 603 625 630 - 568 656 629 636 609
Table 8. Calculated P-T values obtained from GPT worksheet (Reche and Martinez,1996).
VALO1 VALO8
Core Core Core Core Rim Rim Rim Rim Rim Core Core Rim
Garnet-Biotite Geothermometry T(°C)
Holdaway and Lee (1977) 666 641 623 678 518 522 555 533 561 634 661 568
Bhattacharya et al. (1992) 646 633 603 663 510 509 529 508 544 608 648 585
Perchuk and Lavrent’eva (1993)a 653 633 619 656 550 553 578 561 579 628 649 571
Perchuk and Lavrent’eva (1993)b 652 633 618 664 528 531 559 541 565 627 659 543
GASP Geobarometry P (GPa)
Koziol (1989) 0.59 0.58 0.28 0.34



VAL20
Core Core Core Core Rim Rim Rim Rim Rim Rim
Garnet-Biotite Geothermometry T(°C)
Holdaway and Lee (1977) 634 692 714 698 613 579 587 604 635 665
Bhattacharya et al. (1992) 636 675 691 680 607 587 590 595 623 653
Perchuk and Lavrent’eva (1993)a 628 663 677 669 614 593 600 607 629 649
Perchuk and Lavrent’eva (1993)b 627 676 693 681 610 580 586 603 628 653
GASP Geobarometry P (GPa)
Koziol (1989) 0.77 0.8 0.74 0.4
VALG68
Core Core Core Core Rim Rim Rim Rim Rim Rim
Garnet-Biotite Geothermometry T(°C)
Holdaway and Lee (1977) 765 761 803 748 668 688 690 706 651 640
Bhattacharya et al. (1992) 734 708 764 723 657 673 665 683 640 632
Perchuk and Lavrent’eva (1993)a 709 731 735 700 647 663 673 673 639 632
Perchuk and Lavrent’eva (1993)b 734 728 764 721 657 672 670 687 641 632
GASP Geobarometry P (GPa)
Koziol (1989) 0.91 0.72 0.72

Rim

668
643
651
655
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3 CONCLUSOES

A Orogénese Brasiliana na regido de Feira Nova imprimiu uma trama estrutural que
sugere transicdo progressiva entre um regime contracional e um regime transpressivo. O
primeiro produziu foliagdo de baixo angulo (Sz) pervasiva, sob condi¢des de pico metamdrfico
estimadas em ~760-650°C e ~0,6-0,9 GPa - proximo a transi¢do anfibolito-granulito - e esta
associada a anatexia local. Lineacdo de alta obliquidade e caimento para SE e critérios
cinematicos indicam transporte tectonico para NW, associado a formacdo de meso- e
macrodobras de mesma vergéncia, e de zonas de cisalhamento contracionais, incluindo a Zona
de Cisalhamento Paudalho (ZCP). Uma foliagdo prévia que localmente desenha dobras
isoclinais intrafoliais a foliacdo regional também pertence a esse regime e pode ser atribuida a
um estagio inicial de espessamento crustal. A transpressdo € representada por foliacdo
milonitica de alto angulo (Ss), constituindo zonas de cisalhamento transcorrentes sinistrais,
incluindo Gléria do Goita (ZCGG) e componente transcorrente sinistral da ZCP. A esse regime,
associam-se dobras suaves a abertas as quais redobram as dobras com vergéncia para NW,
formando padrdes de interferéncia do tipo 3. O redobramento, responsavel pela reorientacdo de
lineacOes nas rochas metassedimentares, pode ser explicado por um componente de sentido SW
produzido pela movimentagdo da ZCGG. Bandas de cisalhamento contracionais locais com
transporte para SW correlacionaveis a uma estrutura do tipo rabo de cavalo para a terminacao
da ZCGG corroboram essa interpretacdo. Zoneamento mineral sugere esfriamento e
descompressao para ~590-520°C e 0,4-0,3 GPa - transicdo anfibolito baixo a xisto verde alto,
provavelmente relacionado aos estagios finais do regime transpressivo. Os dados sugerem que
as rochas da regido atingiram profundidades de até ~23-34 km e foram posteriormente
exumadas para ~19-11 km. Ocorréncia de cianita em regides proximas permite a inferéncia de
uma trajetdria P-T-t horéria, atribuida a espessamento crustal em ambiente predominantemente

intracontinental e exumac&o sob baixas taxas de erosao e resfriamento.
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