
Abstract
Differences in tectonic style and kinematics in orogenic belts can result from either multiphase or progressive deformation. In eastern Bor-
borema 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 Goitá 
(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 (S2) related to a top-to-the-NW tectonic transport. The contact between the metasedimentary 
and basement rocks is parallel to S2, 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. 
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INTRODUCTION
In protracted tectonic events, the transposition of struc-

tures formed during progressive deformation is common (e.g., 
Gray and Mitra 1999, Baird and Shrady 2011). Strain parti-
tioning 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 transtensive 
regimes (e.g., Tikoff and Greene 1997, Goscombe and Gray 
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 sepa-
rate deformation phase from that responsible for the devel-
opment of a regional flat-lying foliation. In the Borborema 
Province (Fig. 1A), formed during the Brasiliano Orogeny 
(650–550 Ma), a flat-lying foliation related to thrusting pre-
cedes development of a transcurrent shear zone system (e.g., 
Guimarães et al. 2004, Neves et al. 2006b, Viegas et al. 2014, 
Araújo et al. 2014). In the Central Subprovince (Fig. 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 con-
tractional 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. 

The structural evolution of the Feira Nova region, located 
in the Rio Capibaribe Domain, was described here (Fig. 1C). 
This is a key area to discuss the issues above since previous 
studies in its southern portion (Lima et al. 2015a, 2015b) doc-
umented the existence of contractional and transcurrent shear 
zones and folds. Lima et al. (2015b) suggested the existence 
of four deformation phases. D1 would comprise an episode 
older than 1.7 Ga, represented by metamafic dikes crosscut-
ting a supposed early gneissic banding. The following defor-
mation phases (D2 and D3) were attributed to the Brasiliano 
Orogeny, of Neoproterozoic age. D2 would have generated 
a flat-lying foliation affecting basement orthogneisses and 
supracrustal rocks and the Paudalho Reverse Shear Zone, 
with NW tectonic transport. D3 would be of transcurrent 
nature comprising subvertical mylonitic foliation, repre-
sented by the NNE-SSW-striking sinistral Gloria do Goitá 
Shear Zone and by a synformal-antiformal pair with axial 
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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.

NS: Northern Subprovince; CS: Central Subprovince; SS: Southern Subprovince; AP: Alto Pajeú Domain; AM: Alto Moxotó Domain; RC: Rio Capibaribe 
Domain; PASZ: Patos Shear Zone; PESZ: Pernambuco Shear Zone
Source: modified from Silva et al. (2020).
Figure 1. Geological map of the Feira Nova region and its location in the Rio Capibaribe Domain and Central Subprovince of the Borborema 
Province. 
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GEOLOGICAL SETTING

Rio Capibaribe Domain
The Rio Capibaribe Domain is located in the eastern por-

tion of the Central Subprovince of the Borborema Province 
(Almeida et al. 1981) (Fig. 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 Moxotó 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 (Sá et al. 2002) and 
the Passira Metagabbro-Anorthositic Complex (Accioly et al. 
2000). Supracrustal sequences are dominated by paragneiss and 
micaschist, with subordinate quartzite, marble, and metavol-
canic rocks of the Neoproterozoic Surubim Complex (Neves 
et al. 2006a, 2008). Syn-orogenic plutonism is represented by 
the Caruaru-Arcoverde granitic batholith (Neves and Mariano 
1999) and the Timbaúba and Bom Jardim plutons (Guimarães 
1989, Guimarães and Silva Filho 1992).

Neves et al. (2005, 2006a) 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 mac-
roscopic folds: 
F3: south-verging inclined to recumbent, sometimes with axial 

plane foliation; 
F4: gentle to open NE-SW upright- coeval with transcurrent 

shear zones; 
F5: 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 F4, or the result 
of late deformation. Intra- and synfolial folds were interpreted 
as earlier folding episodes (F1, F2). Phases of similar geome-
try were described in the Alto Moxotó Domain (Neves et al. 
2017, 2018), but with inverted axial planes between F4 and 
F5, and lack of macroscopic expression for F3.

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, 
2015b), which is located in the eastern Rio Capibaribe Domain 
(Fig. 1B). It is limited by the Glória do Goitá and Paudalho 
shear zones, which separate the so-called Carpina and São 
Lourenço 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, 2015b) 
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 1999). Due to the 
absence of metavolcanic rocks, we consider the metasedi-
mentary rocks to belong to the Surubim Complex (Melo and 
Siqueira 1971, Neves et al. 2006a). 

The most remarkable structure of the region is an over-
turned synformal-antiformal pair, located in the southern 
portion of the study area and highlighted by folding of the 
Açudinho and Terra Nova orthogneisses (Lima et al. 2015a, 
2015b). The Açudinho Orthogneiss comprises garnet and 
muscovite-bearing peraluminous leuco-orthogneisses, and 
the Terra Nova Orthogneiss is a riebeckite-, aegirine-au-
gite-, and magnetite-bearing orthogneiss, both of which 
were interpreted as folded tabular intrusions (Lima et al. 
2015a, 2015b). 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. 2015a). These authors obtained a U-Pb zircon age 
of 617 ± 8.8 Ma from a syenitic sample, which they inter-
preted as suggesting crystallization of the protolith during 
a transtensional event.

MATERIALS AND METHODS
Aeromagnetic data used in this work come from the Projeto 

Aerogeofísico Borda Leste do Planalto da Borborema (code 1079), 
made by Lasa Engenharia e Prospecções through a partnership 
between the Geological Service of Brazil (Serviço Geológico 
do Brasil – CPRM) and the Ministry of Mines and Energy 
(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 are 5 km apart. The data 
obtained 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 (Fig. 2).

Some anomalies are too gentle to be noticed on 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 the ones 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 turn, approximately reallocates 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.
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RESULTS

Aeromagnetometry
Five magnetic domains were individualized using the 

Reduction to Pole Map (Fig. 2B) and correlated to field and 
literature data:

 • 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 com-
prises 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 the Salgadinho Complex.  The extreme south of this 
domain, where intensity values are relatively low, corre-
sponds 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 Glória do Goitá Shear Zone;

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

Magnetic lineaments traced from the Vertical Derivative Map 
(Fig. 2C) suggest NE-SW-striking features, sometimes sigmoidal, 

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 Glória do Goitá 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.
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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 sig-
moidal anomalies suggesting sinistral movement (Figs. 2A and 
2B) which are mainly coincident with the shear zones. The fold-
ing of Domain E is better observed in the Total Magnetic Field 
Map, where it is more continuous and shows an apparent inflec-
tion of its axial traces. The continuity between domains D and 
E suggests that these folds and the Glória do Goitá Shear Zone 
are genetically associated, as pointed out by Lima et al. (2015b), 
and define a horse-tail ending for the latter (Fig. 2D).

Structural geology

Thrust tectonics
Contour plots of poles to foliation in the study area indicate 

the prevalence of a flat-lying to SE-moderately-dipping foliation 
(main foliation/Sp) in the Brasiliano-age Açudinho and Terra 
Nova orthogneisses, metasedimentary rocks, and basement 
orthogneisses, being more systematic in the latter (Figs. 3A, 3B 
and 3C). In basement rocks, a local previous metamorphic foli-
ation delineates intrafolial folds, which allows naming Sp as S2 
(Fig. 3D). This previous foliation is also observed petrographically 

Figure 3. (A) Lower hemisphere, equal area projection of poles to foliation (S2, S3) in the study area (n = 126); (B) Contour plots of poles 
to foliation (S2, S3) in basement rocks (n = 38; circles) and lineation plots (n = 9; triangles); (C) Contour plots of poles to foliation (S2, S3) 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 β axis was calculated from the great circle defined by lineations. Yellow plots correspond to poles to foliation 
from Açudinho and Terra Nova orthogneisses; (D) Older foliation defining a tight to isoclinal intrafolial fold (profile view) with an axial plane 
parallel to S2 (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 paragneiss with shear bands (132°/16°(dip direction, dip) indicating a top-to-the-northwest sense of shear.

5

Braz. J. Geol. (2021), 51(1): e20200049



in micaschist and paragneiss, being defined by rare kink biotite 
porphyroblasts and biotite inclusions in garnet that are orthog-
onal or oblique to S2 (Silva et al. 2020). Stretching mineral lin-
eations have dominantly low plunge and medium to high rake 
and are marked by quartz, feldspar, sillimanite, amphibole, and 
pressure shadows around garnet (Fig. 3F). The lineations are less 
scattered in basement rocks, where they are southeast-plunging, 
and, locally, south-plunging (Fig. 3B).

Strain localization during S2 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 folia-
tion of the metasedimentary rocks (S2) are parallel to each other 
and to the contact (Fig. 3E). The PSZ also has a sinistral com-
ponent, which is detailed in the following section (Strike-slip 
tectonics). 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 
(Fig. 3G). Basement rocks present strong planar fabric and kine-
matic indicators were not found. Mylonitic foliation related to 
S2 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 recrystalliza-
tion by grain boundary migration (Fig. 4A), including chess-
board extinction (Fig. 4B), overlapped by subgrain rotation 
and bulging recrystallization (Figs. 4C and 4D). 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. 

Strike-slip tectonics
Steep mylonitic foliation characterizes the Glória do Goitá 

Shear Zone (GGSZ) (Fig. 5A) and an unnamed smaller shear 
zone in the north of the study area (Fig. 5B). Sinistral sense 
of shear in both of them is indicated by S-C fabrics and shear 
bands in mylonites (Fig. 5C) together with regional sigmoidal 
magnetic anomalies (Fig. 2).

Previous works (Accioly et al. 2000, Lima et al. 2015a, 
2015b) 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°) (Fig. 1). Additionally, subhorizontal 
low rake lineations occur locally across the PSZ. These obser-
vations allow classifying the PSZ as a thrust (or thrust sinistral) 
shear zone at the southern portion, and as a sinistral thrust at 
the northern 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 (Fig. 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 it 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 chess-
board extinction (Fig. 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.

Folds
The macroscopic synformal-antiformal pair, which com-

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

In the eastern limb of the macroscopic antiform, decime-
ter-scale reverse shear bands with a top-to-the-SW sense of shear 
occur locally, cutting across S3 (Fig. 5G). These bands are in accor-
dance with the horsetail termination suggested for the GGSZ.

DISCUSSION
We interpret foliations and folds in the Feira Nova region 

to having been 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 metased-
imentary rocks, and of their contact across the PSZ (Fig. 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 (Açudinho and Terra Nova) 
(Figs. 3A and 3C), supporting that these structures nucle-
ated during the Brasiliano Orogeny. Lima et al. (2015b), 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 cor-
related with the 1.7 Ga-old Passira Complex (Accioly 2000). 
For these authors, the flat-lying fabric would have been acquired 
later, sometime between 1.7 and 0.6 Ga. In this work, struc-
tures prior to S2 are limited to a local isoclinally folded folia-
tion present in basement rocks (Fig. 3B) and seen petrograph-
ically 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 actually be 
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 Açudinho 
orthogneisses show a flat-lying to gently dipping foliation 
(although affected by folding) (Fig. 1C), which indicates that 
these units are older or coeval to the contractional regime, 
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Qtz: quartz; Bt: biotite; Kfs: K-feldspar; Fds: feldspar; Pl: plagioclase; Hbl: hornblende.
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 Açudinho Orthogneiss; 
(E) Mica fish (red arrow) and quartz chessboard extinction (yellow arrow) in protomylonite from the Gloria do Goitá Shear Zone.

and thus, pre-transcurrent at least. Also, the age of Terra Nova 
Orthogneiss (617 ± 8.8 Ma) (Lima et al. 2015a) is within 
the regional time span attributed to pre-transcurrent plutons 
(630–590 Ma) (e.g., Guimarães et al. 2004, Neves et al. 2006b, 
2020, Van Schmus et al. 2011, Araújo et al. 2014). Lima et al. 
(2015b) interpreted the Terra Nova Orthogneiss as a marker 
of a contractional phase with a top-to-the-NW sense of shear. 

Lima et al. (2015a), on the other hand, interpreted the Terra 
Nova Orthogneiss as indicating a syn-orogenic transtensional 
event based on its relationship with the GGSZ and a geochem-
ical 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 
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Figure 5. Structures related to the transpressional regime. (A) Subvertical foliation in mylonitic paragneiss from Surubim Complex 
related to the Glória do Goitá Shear Zone; (B) sinistral shear band related to the Paudalho Shear Zone (Salgadinho Complex; plain view); 
(C) plain view of stretched quartz 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).
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of the Passira metagabbro-anorthositic Complex (Accioly et al. 
2000), indicating that sources with intraplate characteristics 
may be present in depth. Along with the absence of structural 
data 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 contrac-
tional regime (as previously suggested by Lima et al. 2015b), and 
was later affected by transcurrent/transpressive deformation.

The microstructures related to both flat-lying and steep 
foliation (Fig. 4) suggest that temperature conditions were 
high during thrusting, remained high during strike-slip defor-
mation (e.g., chessboard extinction in quartz), and then 
migrated to lower ones (e.g., bulging recrystallization in 
quartz). Using conventional garnet-biotite geothermometer, 
garnet-Al2SiO5-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 exhu-
mation 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 (Neves et al., 2021) is consistent with 
regional early- to syn-transcurrent ages, also suggesting the 
persistence of high-temperature conditions.

Nucleation of the antiformal-synformal pair probably rep-
resents the transition from a contractional to a transpressive 
regime. Shearing of pre-existing folds, regardless of their initial 
orientation, tends to rotate them toward 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 (north-
west) 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 (Fig. 1C), 
which was possibly formed by limb disruption. Subsequent rota-
tion and steepening of the folds’ axial planes can be attributed 
to transpression coeval with the development of the GGSZ.

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 (Fig. 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 and Shrady 2011, 
Fossen et al. 2013, Carreras and Druguet 2019) and explained 
by limbs that steepened enough to shorten and buckle trans-
versally (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): 

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.
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 • Thrusting produced a regional flat-lying foliation associ-
ated with non-coaxial shear with top-to-the-northwest tec-
tonic transport. Strain localization along the contact of the 
Surubim Complex with basement rocks gave rise to the PSZ;

 • Probably due to rheological contrasts resulting from inter-
calation of orthogneisses with metasedimentary rocks, folds 
were developed at the advanced stages of this contractional 
phase, producing northwest-verging macroscopic folds;

 • 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; 

 • The growing GGSZ induced the development of NW-trending 
folds and reverse shear bands at its terminations. The evo-
lution proposed is in line with propositions that multiple 
deformation fabrics can be explained by progressive defor-
mation 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).

An alternative interpretation compatible with the struc-
tures observed in the study area would involve contempora-
neous development of the PSZ and GCSZ. In this case, strain 
partitioning would have resulted in dip-slip-dominated trans-
pression in the west and strike-slip-dominated transpression 
in the east. We consider this to be na unlikely possibility, given 
the regional context. Indeed, U-Pb dating of regional deforma-
tion and metamorphism and of pre-transcurrent plutons has 
consistently yielded ages older than 600 Ma whereas syntrans-
current plutons are usually younger than 590 Ma (Guimarães 

et al. 2004, Neves et al. 2006a, 2006b, 2008, 2020, Archanjo 
et al. 2008, Van Schmus et al. 2011). Therefore, it is more 
likely that the GGSZ post-dates the development of the PSZ.

CONCLUSIONS
Structural and geophysical data suggest two ductile deforma-

tion 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 location 
of deformation represented by the reverse component of PSZ. 
S2 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 steep-
ened during the subsequent transpression. Transpression pro-
duced a steep mylonitic foliation associated with sinistral trans-
current shear zones, including 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 tran-
sition from a contractional to a transpressive regime, related to 
progressive rather than polycyclic deformation.
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