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ABSTRACT: The Paramirim Corridor represents the maximum 
inversion zone of the Paramirim Aulacogen. Reverse-to-reverse dex-
tral shear zones and various types of folds dominate such corridor. 
 These structures reflect a stress field that is WSW-ENE oriented, de-
veloped in units of Aulacogen basement, as well as in the Lagoa Real 
Intrusive Suite, of Statherian age, in Espinhaço and São Francisco 
supergroups, of Statherian-Tonian and Cryogenian ages, respecti-
vely, and in the Macaúbas-Santo Onofre Group, of Tonian age at the 
most. A rich collection of extensional structures truncate compres-
sional structures of the Paramirim Corridor, characterized by normal 
shear zones and foliation, which is sometimes mylonitic, down-dip 
stretching lineation, drag folds, traction fractures and S/C structures. 
In these shear zones, quartz occurs truncated by the foliation, while 
feldspars are fractured and altered to white mica. Distribution of the 
quartz c-axes is at a maximum of 14° from the Z-axis. Thus, it suggests 
that the deformation activated mainly the basal glide planes in the 
<a> direction. The paleostress study using the Win-Tensor software 
demonstrated that the regimen ranged between radial and pure dis-
tention. The S1 direction oscillated around a vertical trend, while s3 
was sub-horizontal, with a predominant N230-050° direction. Ar-Ar 
ages in biotite obtained from the extensional shear zones ranged from 
480 and 490 Ma. Together, data obtained for the structures associated 
with the late extensional regimen described in the present study sug-
gest that its nucleation is associated with distal and brittle-ductile sec-
tors of the gravitational collapse zone of Araçuaí-West Congo Orogen.
KEYWORDS: Shear Zone; Paramirim Corridor; Gravitational 
Collapse.

RESUMO: O Corredor do Paramirim representa a zona de máxima 
inversão do Aulacógeno do Paramirim, no qual predominam zonas de 
cisalhamento reversas-reversas destrais e vários tipos de dobras. Essas es-
truturas refletem um campo de tensão segundo WSW-ENE, os quais se 
desenvolvem nas unidades de embasamento do Aulacógeno, assim como 
na Suíte Intrusiva Lagoa Real, de idade estateriana, nos supergrupos 
 Espinhaço e São Francisco, de idades estateriana-toniana e criogeniana, 
respectivamente, bem como no grupo Macaúbas-Santo Onofre, de idade 
máxima toniana. Um rico acervo de estruturas extensionais truncam as 
estruturas compressionais do Corredor do Paramirim, sendo caracteriza-
do por zonas de cisalhamento normais e foliação, por vezes milonítica, 
lineação de estiramento down dip, dobras de arrasto, fraturas de tração 
e estruturas S/C. Nessas zonas de cisalhamento, o quartzo ocorre trunca-
do pela foliação, enquanto o feldspato apresenta-se fraturado e alterado 
para mica branca. A distribuição dos eixos-c de quartzo encontra-se no 
máximo a 14º do eixo Z. Portanto, isso sugere que a deformação ativa 
os planos basais <a>. O estudo de paleotensão utilizando o programa 
Win-Tensor demonstrou que o regime variou entre a distensão radial 
e a pura. A direção de s1 oscilou ao redor da vertical, enquanto que s3 
é sub-horizontal, com predominância da direção N230-050º. Idades 
 Ar-Ar em biotita obtidas nas zonas de cisalhamento extensionais variou 
entre 480 e 490 Ma. Em conjunto, os dados obtidos para as estruturas as-
sociadas com o regime extensional tardio descrito neste trabalho sugerem 
que a sua nucleação está relacionada com os setores distais, rúptil-dúcteis, 
da zona de colapso gravitacional do Orógeno Araçuaí-Oeste Congo.
PALAVRAS-CHAVE: Zonas de Cisalhamento; Corredor do 
Paramirim; Colapso Gravitacional.
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INTRODUCTION 

Most deformation imprinted on old continental blocks 
is accommodated with reactivation of pre-existing structures 
(Charrier et al. 2002, Butler et al. 2006, Cunningham 2005, 
2013, among others). One of the clearest examples of tectonic 
reactivation is the nucleation of reverse fault from existing 
normal faults in continental margins, which is known as the 
process of positive tectonic inversion (Letouzey 1990). The 
inversion of deformational structures has been recognized 
in intracontinental domains (for example Ziegler 1983, 
Letouzey 1990, Charrier et al. 2002, Cunningham 2005, 
2013), in active continental margins, and in collisional 
environments (Ziegler 1983, Butler et al. 2006, Dhahri 
& Boukadi 2010). This process is well recorded in sectors 
that undergo several superimposed subsidence pulses, in 
areas where compression has affected a stratigraphic pile 
deposited in an extensional environment or even in reverse 
shear zones that were reactivated as normal ones (negative 
inversion) (Allmendinger et al. 1983, Jolivet et al. 1991, 
Faccenna et al. 1995).

Aulacogens are failed rifts developed in internal portions 
of continents (Burke & Whiteman 1973, Burke & Dewey 
1973, Dewey & Burke 1974, Hoffman et al. 1974, Sengör 
et al. 1978). According to such authors, their infilling is 
marked by the presence of thick sequences of sedimen-
tary rocks, which are often associated with volcanic rocks. 
Their lateral limits are marked by deep fault zones that con-
trol sedimentation. Due to their position near orogenic belts, 
a great number of aulacogens is partially inverted.

The Paramirim Aulacogen (Figs. 1 and 2), located in 
the center-eastern portion of the state of Bahia, in Brazil, 
corresponds to a succession of rifts that were developed 
between 1.7 and 0.65 Ma (Pedrosa-Soares & Alkmim 
2011). During the Neoproterozoic, extensional structures 
were partially inverted. Moreover, the Paramirim Aulacogen 
zone of maximum positive inversion, denominated as 
Paramirim Corridor (Alkmim et al. 1993) (Figs. 1 and 2), 
presents a general NNW-SSE orientation. It is comprised 
of Chapada Diamantina Ocidental Fold Thrust Belt, east-
wards, and Northern Espinhaço Setentrional Fold Thrust 
Belt, westwards. These belts signalize the evolution of an 
Intracontinental Orogen, similar to what was described by 
Cunningham (2005, 2013).

From a tectonic point of view, two sectors can be sepa-
rated in the Paramirim Corridor: the northern and southern 
(Cruz & Alkmim 2006), as seen in Figure 1. The northern 
sector includes the region of interaction between Paramirim 
Aulacogen and Rio Preto-Riacho do Pontal orogenic belt 
(Fig. 1), as well as the portion of the aulacogen in which the 
normal faults of the basement were spared from inversion 

processes (Danderfer Filho 2000). The southern sector (Figs. 1 
and 2) comprises the region of the Paramirim Aulacogen that 
was inverted in response to the collisions of Brasília Orogen 
and the counter-clockwise rotation of São Francisco-Congo 
Plate, culminating in the structure of the confined Araçuaí-
West Congo Orogen (Alkmim et al. 2006) and the Rio 
Pardo Salient (Cruz & Alkmim 2006). According to these 
authors, in this sector, dextral transpressional shear zones 
were nucleated and these structures were responsible for 
juxtaposing the basement units over the Proterozoic cover 
units of the aulacogen.

The present study had the main objective of describing 
and interpreting the extensional structures that followed the 
compressional evolution of the Paramirim Corridor south-
ern sector. The Paramirim Aulacogen represents an import-
ant natural laboratory in which the structures of its positive 
inversion are very well preserved, as well as those coeval with 
late extensional reactivations. Since it is located within the 
intracontinental domain of a confined orogen, the Araçuaí 
Orogen, this is placed in a peculiar tectonic context, making 
this study widely interesting to the international literature.

MATERIALS AND METHODS

The present research involved fieldwork, during which 
geological mapping was performed at scales of 1:1,000; 
1:25,000; 1:50,000 and 1:100,000. Moreover, descriptions 
of geological sections, microstructural analysis, and crystal-
lographic fabric (quartz C-axis) and paleostress studies were 
carried out. Tectonite samples were collected from sites that 
are not illustrated in Fig. 2, but consisting in normal shear 
zones that either truncate or are parallel to Neoproterozoic 
compressional structures, especially tectonites generated by 
the deformation of Lagoa Real Intrusive Suite. This unit was 
chosen for the present study due to its Statherian age and 
because it presents only one deformation episode, which hap-
pened during the Ediacaran Period (Cruz & Alkmim 2006). 
Microstructural and crystallographic fabric (C-axis) analyses 
were performed on the XZ plane of the finite strain ellipsoid 
of the normal shear zones. The quartz C-axis was determined 
through a U-stage available at the Microanalysis Laboratory 
(Microlab) of the Universidade Federal de Ouro Preto.

The paleostress analysis was conducted on six outcrops 
located in abandoned quarries (Fig. 2). There are extensional 
shear zones that reactivate compressional inversion struc-
tures of the Paramirim Aulacogen outcrop in these sites. 
Data were gathered in these quarries regarding the shear 
plane, the mineral stretching lineation and movement indi-
cation, in this case, suggested by the presence of S/C struc-
tures and slickensides. The direction determination of the 
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main stress tensor was performed through the Win-Tensor 
software developed by Delvaux (2012).

For the 40Ar/39Ar analyses, samples were irradiated with 
the GA-1550 standard (McDougall & Harrison 1999) and 
then they were applied to the nuclear reactor of the Instituto 

de Pesquisas Energéticas (IPEN) of Universidade de São Paulo 
(USP), IPEN/CNEN IEA-R1, operating at 2 megawatts. 
Sample irradiation was performed in combination with an 
international standard (Fish Canyon – sanidine) to moni-
tor the flow of neutrons, with a complementary control of 
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Figure 1. (A) Upper left inset locating the Sâo Francisco Craton at South American continent. (B) Simplified geological map 
of the São Francisco Craton showing the location of the Paramirim Aulacogen, Paramirim Corridor and Araçuaí Orogen 
(Modified from Alkmim et al. 1993). The rectangle indicates the position of Fig. 2. ES: Serra do Espinhaço Setentrional 
Fold Thrust Belt; CD: Chapada Diamantina Fold Thrust Belt. 
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other international standards (GA-1550 – biotite, AC – san-
idine, Hb 3gr – hornblende). The 40Ar/39Ar laboratory used 
a coherent argon laser source (480–540 ηm) with 6 watts of 

nominal power, Innova 90, for extraction by either step heat-
ing or total fusion of the irradiated samples. Measurements 
were taken through an argon extraction and purification 
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Figure 2. Simplified geological map of the Paramirim Aulacogen, emphasizing the main geological units and the 
tectonic structures of Ediacaran age (Cruz & Alkmim 2006). Figures 3 and 7 are located herein.

BG: Gavião Block, JB: jequié Block, ES: Northern Espinhaço Fold Thrust Belt, CD: Chapada Diamantina Fold Thrust Belt, RPO: Rio Preto Oregon, 
SRP: Rio Pardo Salient, VRP: Valley of the Paramirim Rivewr and SG: General range.
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system with ultra-high-vacuum capacity connected to a high 
sensitivity mass spectrometer, MAP-215-50 Mass Analyser 
Products (England), as described in Vasconcelos et al. (2002).

REGIONAL GEOLOGICAL CONTEXT

The Paramirim Aulacogen (Pedrosa-Soares et al. 2001) 
is a large morphostructural feature located on the São 
Francisco-Congo Paleoplate that includes the Northern 
Serra do Espinhaço mountain range, Paramirim and São 
Francisco valleys, and Chapada Diamantina (Fig. 2).

Generated from a succession of rift/syneclise stages that 
took place between 1.75 and 0.67 Ma (Pedrosa-Soares & 
Alkmim 2011), the Paramirim Aulacogen experienced a pro-
nounced inversion during the Ediacaran (Danderfer Filho 
2000, Cruz & Alkmim 2006, Guimarães et al. 2005, 2012, 
Cruz et al. 2012). The aulacogen substrate is composed of 
Archean granitoids, which were gneissified and migmatized, 
Paleoproterozoic metavolcanossedimentary sequences and 
Siderian, Rhyacian and Orosirian granitoids (Santos-Pinto 
et al. 1998, Bastos Leal et al. 1998, 2000).

The Lagoa Real Intrusive Suite represents the alkaline and 
anorogenic granitoids of this aulacogen (Teixeira 2000). This 
intrusive suite includes predominantly syenites, syenogran-
ites and alkali-feldspar granites, which are leucocratic and 
mostly either porphyritic or medium phaneritic in their 
texture (Cruz et al. 2007b). The crystallization age of these 
rocks is around 1.7 Ga (Turpin et al. 1988, Cordani et al. 
1992, Cruz et al. 2007b).

The aulacogen infilling units are Espinhaço, São 
Francisco Supergroups and the Macaúbas-Santo Onofre 
Group (Fig. 2). The Espinhaço Supergroup is represented 
by a sequence of siliciclastic rocks with acid metavolca-
nic rocks, including the deposition age varying between 
1.75 and 0.9 Ga (Chemale-Júnior et al. 2012, Guadagnin 
et al. 2015). The São Francisco Group of Cryogenian age 
(Misi et al. 2011) comprises diamictites, quartz-sand-
stones, greywackes, arkoses and pelites on its base, which 
is covered of carbonate lithofacies (Guimarães et al. 2012). 
In turn, the Santo Onofre-Macaúbas Group, with max-
imum age of 0.9 Ga (Babinsky et al. 2011), includes 
feldspar metasandstones and metaquartz sandstones, 
oligomictic metaconglomerates, phyllites and hematite 
metapelites, which are rich in graphite, manganese or 
sericites (Guimarães et al. 2012).

The rocks from Espinhaço Supergroup are cut by mafic 
and tholeiitic dikes and sills from the continental intraplate 
environment (Teixeira 2005, 2008, among others), with ages 
between 1.4 – 1.6 and 0.8 – 0.9 Ga (Guimarães et al. 2005, 
Danderfer Filho et al. 2009, among others).

The Paramirim Aulacogen presents the following four 
sets of deformation structures:

 ■ structures that are exclusive to the aulacogen basement, 
which comprises gneissic banding, folds and gneissic 
domes observed especially in the Rhyacian-Orosirian units;

 ■ extensional structures that are associated with the aulaco-
gen formation from the Statherian to the Tonian period, 
and were preserved to the north from parallel 12° 45’ 
S and south from parallel 12° 15’ S. This set comprises 
normal-to-normal dextral shear zones that outcrop north 
from the municipality of Macaúbas (Fig. 2);

 ■ structures that reflect its positive inversion (Fig. 2), rep-
resented, in general, by reverse to transpressional shear 
zones and regional folds, distributed along the north-
ern and southern sectors of the Paramirim Corridor 
(Fig. 2); and

 ■ late extensional structures that reflect its negative inver-
sion (Cruz & Alkmim 2006), especially in its southern 
sector, and which are the subject of the present study.

The collection of available geochronological data for the 
Neoproterozoic shear zones of Paramirim Corridor (Fig. 2) 
are detailed in Table 1.

COMPRESSIONAL DEFORMATION 
STRUCTURES ASSOCIATED WITH 

THE POSITIVE INVERSION OF 
PARAMIRIM AULACOGEN

This group of structures has been extensively described by 
Danderfer Filho (2000), Lagoeiro (1990), Cruz and Alkmim 
(2006, 2007a), Guimarães et al. (2005, 2012), Cruz et al. 
(2007b, c, 2012) and Borge et al. (2015), among others. It 
reflects a regional stress field oriented WSW-ENE (Cruz & 
Alkmim 2006). In the southern portion of the Aulacogen, 
two sets of older deformation structures were hierarchized 
by Cruz and Alkmim (2006) as Da and Dp, respectively. The 
Da structures are represented by schistosity (sensu Fettes & 
Desmons 2007) and gneissic banding, which are parallel to 
each other and positioned at a low dipping angle, as well as 
by high rake stretching lineation and sheath folds that mark 
the Rio Pardo Salient (Cruz & Alkmim 2006). Based on 
such investigators, these structures are developed predom-
inantly in units of the Archean-Paleoproterozoic basement 
of the aulacogen, as well as in those of the Macaúbas Group.

The Dp structures are related to the aulacogen frontal 
inversion (Cruz & Alkmim 2006). This dominant set trun-
cates Da structures and is associated with the generation of 
Paramirim Corridor (Alkmim et al. 1993). Southwards, 
entering the state of Minas Gerais, these structures get 
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connected to the shear zones that were mapped by Silva 
(2010). They are present in the rocks of the aulacogen sub-
strate, where they truncate deformation structures older than 
1.8 Ga in Lagoa Real Intrusive Suite and in Proterozoic 
units (Cruz & Alkmim 2006, 2007a, Cruz et al. 2007b,c, 
2012). This deformation phase was responsible for nucle-
ating the Espinhaço Setentrional and Chapada Diamantina 
Fold Thrust Belts.

In the basement rocks of Paramirim Aulacogen and 
in Lagoa Real Intrusive Suite, the Dp structures are either 
reverse or reverse-dextral, ductile to ductile-brittle, shear 
zones (Figs. 2, 3, 4A, 5A-B, 6A-B, 7, 8A-B), with NNW/
SSE orientation (Fig. 9A), and also pop-up structures (Cruz 
2004, Borge et al. 2015). The shear-sense indicators in these 
zones are S/C structures. Intrafolial isoclinal folds integrate 
the structural framework (Fig. 6B). Folds with asymmetrical 
and symmetrical enveloping are associated with such defor-
mation phase in the metavolcanossedimentary sequences 
of the basement (Borge et al. 2015), as seen in Figures 6A 
and 6C. Moreover, a prominent mylonitic foliation was 
formed in Lagoa Real Intrusive Suite, parallel to a gneissic 
banding (Fig. 5B).

Southwards from parallel 12° 45’ S (Fig. 2), the Dp shear 
zones caused thrusting of Archean and Paleoproterozoic 
units over Proterozoic cover units. Examples are the occur-
rences of reverse shear zones of Chapada Diamantina Fold 
Thrust Belt between the municipalities of Rio do Pires and 
Itanajé (Figs. 2, 7, 8A-C), and the Espinhaço Setentrional 
Fold Thrust Belts in the region of the municipality of Caetité 
(Figs. 2, 4C). Sinistral wrench shear zones with high plung-
ing angles and general E-W orientation form this framework. 

In the region of Ibitira municipality, these shear zones 
were in charge of thrusting the Statherian rocks of Lagoa 
Real Intrusive Suite over the basement units of Paramirim 
Aulacogen (Figs. 5A-C), which are Archean-Paleoproterozoic.

In turn, the Proterozoic aulacogen cover units (Espinhaço 
and São Francisco Supergroups, in addition to Santo Onofre 
Group) absorbed the deformation through the development 
of regional folds (Fig. 8D), with general NNW-SSE orien-
tation, open to closed enveloping surfaces, symmetrical or 
asymmetrical geometry, parasitic folds in S, Z, M or W, and 
a high dipping angle for the axial foliation plane (Danderfer 
Filho 2000, Cruz & Alkmim 2006, Cruz et al. 2012). Inter 
and intra-strata shear zones, which are either reverse or 
thrusting, besides duplexes and imbricate fans preceded the 
formation of regional folds in Chapada Diamantina Fold 
Thrust Belt (Cruz & Alkmim 2006, Cruz et al. 2007c). 
Stratigraphic inversions can be observed in the units of 
Espinhaço Supergroup that are outcropped on the western 
margin of Chapada Diamantina (Água Quente Synclinal, 
Cruz et al. 2007a,b,c) and on the eastern border of Northern 
Espinhaço (southwards from Caetité municipality).

In the Northern Espinhaço Fold Thrust Belt, the top 
structure is oriented WNW (Cruz & Alkmim 2006) (Figs. 2, 
5 to 7), while in the Chapada Diamantina Fold Thrust Belt 
(Figs. 2 to 4), the tectonic transport associated with the 
structures of the Dp family is, in general, oriented towards 
ENE (Cruz 2004, Cruz et al. 2007c).

Figure 9A illustrates the general orientation of phase Dp 
shear zones nucleated in the Lagoa Real Intrusive Suite and 
in the infilling units of Paramirim Aulacogen. Figure 9B 
shows the distribution of the stretching lineation identified 

Table 1. Synthesis of the geochronological data available for the shear zones of Paramirim Corridor.

Author
Method

K-Ar Ar-Ar U-Pb (TIMS)

Jardim de Sá et al. (1976) 492 ± 25 Ma

Pimentel et al. (1994) 961 ± 21 Ma

Cordani et al. (1992)
491 to 514 (Anf)

538 and 573 (Bt)

Turpin et al. (1988) 487 ± 7 Ma (Zr)

Bastos Leal (1998)

507 ± 6 Ma (Bt)

1064 ± 12 Ma (Bt)

551± 6 Ma (Bt)

490 ± 12 Ma (Bt)

483 ± 5 (Bt)

Guimarães et al. (2008)

484± 2 to 487 ± 2 Ma (Sr)

513 ± 2 to 515 ± 2 Ma (Sr)

586 ± 2 Ma (Sr)

Bt: biotite.
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in these zones. Structures with high obliquity are predom-
inant, although lineation with medium to low rake angles 
can be found, especially to the south of Caetité and Itanajé 
municipalities (Cruz & Alkmim 2006).

The Irecê region (Fig. 2) comprises a set of folds and thrust 
faults with general E-W direction, formed through mass 
movements that occurred from north to south, which were 
originated from Riacho do Pontal Fold Thrust Belt (Lagoeiro 
1990), and that follow the structure family of phase Dp.

RECORD OF THE LATE 
EXTENSIONAL DEFORMATION OF 

PARAMIRIM AULACOGEN: RESULTS

Main macroscopic structures of phase De
The characteristic elements regarding the De deforma-

tion phase comprises: normal, planar or anastomotic shear 
zones (sensu Passchier & Trouw 2005), with thickness vary-
ing between 1 cm and 1 m (Figs. 5D-E; 6D; 8E-F), which 
were identified in several outcrops in the area, but occur 
subordinately in relation to the compressional structures, 
making mapping difficult in a regional scale.; one foliation, 

at times mylonitic, and one down dip stretching lineation; 
asymmetrical, parasitic, inclined, reclined with plunge folds 
(sensu Fleuty 1964) (Figs. 4D, 5D, 10A) or recumbent ones, 
with the possibility of crenulation; traction fractures that are, 
in general, either vertical or in a high angle (Figs.  10B-C); 
and S/C structures (Fig. 8E).

In essence, the formation of De structures occurred 
through extensional reactivation of Dp structures, i.e. 
either through their negative inversion or by the develop-
ment of normal shear zones that truncate the structures 
of phase Dp (Figs. 4 to 6 and 8). In the first case, since the 
structures are the product of reactivation, it is common 
to observe reverse and normal movement domains in the 
same outcrop, which alternate longitudinally and trans-
versally (Figs. 8E-F). In the second case, parasitic folds are 
seen (Figs. 5D-E).

Extensional De structures can be observed in the gneis-
sified rocks of Lagoa Real Intrusive Suite, which truncate 
the mylonitic and compressional, Dp, foliation of these 
rocks. For example, normal shear zones were found east-
wards from this belt, in the region near the municipality of 
Caetité (Fig. 5D), as well as in Cachoeira Mine (Fig. 10A).

In the Northern Espinhaço Setentrional Fold Thrust 
Belt, eastwards from the municipality of Caetité (Fig. 2), 
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Figure 4. (A) Schematic profile of the structures of the Northern Espinhaço Fold Thrust Belt southwards from 
the municipality of Caetité. (B, C) Structures of the Dp phase present in the Lagoa Real Intrusive Suite and in the 
Espinhaço Supergroup, respectively. (D) Folds developed during De in metasandstones of the Espinhaço Supergroup.
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the reverse shear zones of phase Dp presented tectonic 
transport towards SW and were responsible for thrust-
ing rocks of Lagoa Real Intrusive Suite over rocks from 
the basement of Paramirim Aulacogen, and then over the 

units of the Espinhaço Supergroup (Figs. 3 and 4A-B). 
Thus, a prominent deformation foliation is developed in 
metasandstones of Espinhaço Supergroup, while S/C struc-
tures suggest tectonic transport towards SW (Fig. 4B). 

Foliation (Sp)

A

B’
E W

B

B C

D

Axial plane (phase De)

Espinhaço
supergroup

Se - foliation developed during the De

Sp - foliation developed during the Dp phase

Lagoa Real intrusive suite
Basement of the
Paramirim aulacogen

Figure 5. (A) Geological profile positioned eastwards from the municipality of Caetité (see location in Fig. 3). (B, C) 
Deformations of phase Dp in the metavolcanossedimentary rocks of the basement of Paramirim Aulacogen and in 
the Lagoa Real Intrusive Suite, respectively. (D) Parasitic folds of phase De developed in Lagoa Real Intrusive Suite.
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Figure 6. (A) Geological profile positioned southwards from the municipality of Caetité (see location in Fig. 3). 
(B, C) Intrafolial isoclinal folds and folds from phase Dp in the metavolcanossedimentary sequence of the 
basement of the Paramirim Aulacogen. (D) Normal shear zones and negative flower structure from phase De in 
the metavolcanossedimentary sequence of the basement of Paramirim Aulacogen.

In this same outcrop, De elements, such as asymmetri-
cal kink shear folds, which are moderately inclined (sensu 
Fleuty 1964) and with vergence directed towards NE (Fig. 
4C-D), fold the Sp foliation. This is opposed to the struc-
tural top of phase Dp, which is directed towards SW. Folds 

and crenulation cleavage are observable in the axial plane 
of these folds. Still within this same belt, not only are the 
Espinhaço Supergroup units deformed by the De structures, 
but they also present normal shear zones and recumbent 
chevron folds (sensu Fleuty 1964), and a negative flower 
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Figure 7. Schematic geological map and profile of the western margin of Chapada Diamantina Fold Thrust Belt in 
the Paramirim region. Note the position of profiles D-D’ and E-E’. Modified from Cruz et al. (2007c).

structure in the basement units of the aulacogen (Fig. 6). 
These extensional structures truncate shear zones and folds 
from phase Dp, which were responsible for thrusting the 
basement units over Espinhaço Supergroup units.

In turn, along the profile between the municipalities 
of Paramirim and Érico Cardoso (Figs. 7 and 8), Chapada 
Diamantina Fold Thrust Belt shows extensional shear zones, 
which have their structural top directed towards SW, while the 
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Figure 8. (A) Schematic geological profile of the region between Paramirim and Érico Cardoso municipalitiesshowing 
structures of the Dp phase. (B) Imbricate fans of phase Dp in basement rocks of the Paramirim Aulacogen. (C) 
Panoramic photo of the shear zone that thrusts the basement units of Paramirim Aulacogen over the rocks of 
Espinhaço Supergroup. (D) Folds from phase Dp in the rocks of Espinhaço  Supergroup. (E) S/C structure in an 
extensional shear zone developed in the rocks of Espinhaço Supergroup. (F) Refolding developed during De in the 
rocks of Espinhaço Supergroup.

tectonic transport associated with the compressional structures 
of phase Dp is towards NE. Moreover, non-coaxial refolding 
features generating recumbent folds are also seen (Fig. 8F).

Quartz veins are found in normal shear zones and, 
in general, are oriented with a high dipping angle 
(Figs. 10B-C and 11).
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Figure 9. Synoptic stereographic diagrams (lower hemisphere) of the mylonitic foliation poles (A, C) and stretching 
lineation (B, D) of the shear zones of Paramirim Corridor. Values calculated for 1% of the circle area.

Cutting and superposition relationships between Dp and De 
structures are frequently observed and very clear. Undoubtedly, De ele-
ments affect the characteristic elements of phase Dp in all situations.

Microstructural analysis 
and quartz C-axis fabric analysis

In the De shear zones, quartz, which is the main compo-
nent of supracrustal units and is also present in the Lagoa 

Real Intrusive Suite, accommodates deformation in a plas-
tic deformational process, developing undulatory extinction 
and deformation bands, besides forming subgrains. By out-
lining porphyroclasts of this mineral, new polygonal grains 
can be found. This suggests the action of a recrystallization 
mechanism by means of subgrain rotation (sensu Poirier & 
Guillopé 1979). However, the main deformation mecha-
nism among the metasandstones and felsic metavolcanic 
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Figure 10. (A) Folds from phase De in the rocks of Lagoa Real suite; (B, C) Quartz veins in normal shear zones.

assemblage associated with the extensional shear zones is 
formed by epidote, muscovite, chlorite, quartz, and calcite.

Tectonite samples generated by granitoid deformation 
in Lagoa Real Intrusive Suite and located in the normal 
shear zones of phase De showed a quartz C-axis crystallo-
graphic fabric positioned at a high angle with the Se foliation 
(Fig. 13). The distribution of the maximum values demon-
strated that the maximum was at 14° from the Z-axis, thus 
suggesting that deformation mainly activated the basal glide 
planes in the <a> direction.

Dynamic meaning of De structures
The analysis carried out considering only normal shear 

zones and faults with small displacement revealed that the 
active regimen during the De phase varied between radial and 

rocks of Espinhaço Supergroup is associated with pressure 
solution, considering the presence of grains that have been 
truncated at an angle through the foliation connected to 
the extensional shear zones (Fig. 12A).

K-feldspar is intensely fractured when found in the fel-
sic metavolcanic rocks of Espinhaço Supergroup and in the 
tectonites of Lagoa Real Intrusive Suite, which were trun-
cated by shear zones of phase De. Some domains also pres-
ent intense transformation of K-feldspar and amphibolite 
into white mica (Fig. 12B) and chlorite, respectively, result-
ing in the formation of phyllonites. The intensity of hydro-
thermal alteration is variable and, in the domains of greater 
alteration, foliation is developed with variable anastomotic, 
discontinuous, planar or continuous characteristics (sensu 
Passchier & Trouw 2005). The metamorphic mineralogical 
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Figure 11. Stereographic diagrams of planes (A) and polar isodensity of quartz veins (B) lodged in extensional 
shear zones within the Paramirim Corridor. Lower hemisphere. The contour intervals are equal to 1, 2, 3, 4 and 
5% by 1% of area.

pure extensions (Fig. 14). The direction of s1 oscillated near 
the vertical position, while s3 was sub-horizontally, though 
N230-050° was the predominating direction (Tab. 2).

Tensile fractures filled by either quartz or calcite may 
also be used as important indicators for the tectonic history 
of a region, as suggested by Durney and Ramsay (1973), 
Beutner and Diegel (1985), and Etchecopar and Malavieille 
(1987). In their interior, mineral fibers indicate the opening 
trajectory of the fractures that, in turn, is related to the posi-
tion of the finite strain ellipsoid. As shown in the diagram 

of Fig. 13, the preferential direction of the veins in the De 
shear zones occurs as NW-SE. More subordinately, NE-SW 
orientation is also observed among some veins. This radial 
distribution is compatible with the obtained regimens.

39Ar/40Ar Analysis 
In both analyzed samples (SCP 711 and SCP 1351), biotite 

presented pleochroism, varying from brown to greenish-brown 
and was lamellar and subidioblastic, with granulation between 
0.02 and 0.08 mm. Undulating extinction was strong to moderate.

A B

Figure 12. Deformational fabric in extensional shear zones. (A) Quartz (Qtz) aggregates truncated by Se foliation, 
which is rich in muscovite (Ms), in a metavolcanic rock of Espinhaço Supergroup. (B) K-feldspar (Kfs) grain that 
was fractured and altered to muscovite in a rock of Lagoa Real Intrusive Suite.
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Results obtained for the grains of biotite in samples 
SCP 711 and SCP 1351 are expressed in the 39Ar/40Ar dia-
grams. These indicate a weighed age for concordant indi-
vidual errors within the experimental errors (1 SD), using 
five step-heating processes (B; C; D; E and F) and then six 
step-heating processes (B; C; D; E; F and G), respectively 
(Figs. 15A-B; 16A). The plateau ages obtained for sample 
SCP 711 were 489.4 ± 2.0 and 492.3 ± 1.5 Ma (Figs.  15A-B, 
respectively), while it was 484.1 ± 1.3 Ma (Fig. 16A) for 
sample SCP 1351. Still considering sample SCP 1351, but 
for the five step-heating processes (B; C; D; E and F), the 
plateau age was determined as 485.7 ± 1.2 Ma (Fig. 16B).

The softened histogram for age versus probability of 
the two extracted grains offers the possible age of system 
opening. The diagrams built from the analyses performed 
describe well defined plateaus, which indicate a probable 
mean age of 491 ± 2 Ma for sample SCP 711 and 484.9 ± 
1.9 Ma for SCP 1351 (Figs. 15C and 16C). Coherently, 
the weighed means (Figs. 15D and 16D) offer a probable 
age of 491.3 ± 7.0 Ma for sample SCP 711 and 484.9 ± 
5.9 Ma for SCP 1351. Tables 3 and 4 present the analyti-
cal geochronological data obtained from Ar-Ar for samples 
SCP-711 and SCP 1351, respectively.

DISCUSSION 

The Paramirim Aulacogen has an evolution history of 
complex deformation, with the development of successive 
phases associated with its formation (Danderfer Filho 2000, 
Guimarães et al. 2012) and inversion (Cruz & Alkmim 
2006, 2007a; Cruz et al. 2007b,c). Southwards from parallel 
12° 45’ S, in Lagoa Real Intrusive Suite and in Espinhaço 
Setentrional and Chapada Diamantina Fold Thrust Belts, 
compressional deformation structures predominate associ-
ated with a stress field oriented WSW-ENE. The collisions 

Table 2. Synthesis of the results obtained in the paleostress study using the Win-Tensor software and data 
gathered in ornamented shear fractures.

Station 1 2 3 4 5 6

Coordinate 23 L 780009/
8499031

24 L 221668/
8509740

23 L 792842/
8475607

24 L 233149/
8434285

23 L 791509/
8431824 

24 L 270220
8412196

σ1 102/78 076/79 171/67 194/87 140/71 159/70

σ2 321/10 323/04 294/13 323/02 325/18 331/20

σ3 230/07 233/07 025/05 053/01 233/05 062/03

R 0.21 0.03 0.24 0.17 0.37 0.34

Regime Radial
extension

Radial 
extension

Radial 
extension

Radial 
extension

Pure 
extension

Pure 
extension

of the Brasília Orogen would have led to the counter-clock-
wise rotation of São Francisco-Congo plate, forming the 
Araçuaí-West Congo Collisional Orogen (Alkmim et al. 
2006). The northern extremity of Paramirim Aulacogen 
presents reactivation and inversion evidence of its exten-
sional structures and of a mountain range construction 
within the intracontinental domain (sensu Cunningham 
2005, 2013) of Araçuaí-West Congo Orogen, which is 
represented through Espinhaço Setentrional and Chapada 
Diamantina Fold Thrust Belts in the Paramirim Corridor. 
This mountain range was most likely formed as the result 
of a reflex effect related to a regional shortening due to the 
formation of Western Gondwana (Cruz & Alkmim 2006).

In Araçuaí-West Congo Orogen, the greatest thickening 
of the crust is believed to have occurred in the southernmost 
sectors, leading to the development of intense syn- to tar-
di-collisional anatexis between 590 and 530 Ma (Pedrosa-
Soares et al. 2011), followed by post ones between 530 and 
480 Ma. This late granite genesis seems to be associated 
with post-orogenic gravitational collapse. Marshak et al. 
(2006) described the structural collection regarding the late 
extension of this orogen. The set of structures presented in 
this study, and synthesized in Figure 17, either truncates 
or reactivates compressional deformation structures in the 
Paramirim Corridor that were formed during the construc-
tion phase of Araçuaí-West Congo Orogen. A strong struc-
tural control of the Dp compressional structures over the 
De extensional ones can be observed in the comparison of 
modal distribution of these structures.

In the northern portion of Araçuaí Orogen, specifically 
in the interaction zone with the Paramirim Aulacogen, 
there are no reports on the existence of granitoids associ-
ated with orogenic collapse. However, the truncation rela-
tions observed in the field suggest that these structures are 
of the same generation as those associated with the late 
extension of the orogen presented by Marshak et al. (2006). 
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The regimen acting during phase De varied between radial 
extension and pure extensions. In the site where a pure exten-
sion regimen was seen, the extension orientation was the 
same as that interpreted by Alkmim et al. (2006) and Cruz 
and Alkmim (2006) for the regional shortening, but in the 
opposite direction.

Negative inversion of compressional structures has been 
documented in several orogenic domains (Rey et al. 2001, 
Vanderhaeghe & Teyssier 2001, Israel et al. 2013, Wang et al. 
2014, among others). In many situations, they have been 
attributed to the gravitational collapse that affects systems 
in more advanced phases of their evolution. In orogenic 
domains, one of the main factors that contributes to collapse 
is the lateral variation in the accumulation of potential grav-
itational energy (Rey et al. 2001, among others). The effects 
associated with this extension varied since the develop-
ment of faults, in brittle-to-brittle ductile conditions, until 
the development of partial fusions and metamorphic core 
complexes, in ductile conditions (Vanderhaeghe & Teyssier 
2001). The microstructural analysis conducted in the late 
extensional shear zones of Paramirim Corridor revealed that, 

at a microscale, ductile deformation features predominated 
in quartz, while brittle fracturing in K-feldspar. The quartz 
C-axes distribution happens predominantly according to 
the Z-axis of the finite strain ellipsoid, suggesting the acti-
vation of basal planes. Based on the studies by Simpson 
(1986), FitzGerald and Stünitz (1993) and Okudaira et al. 
(1995), these characteristics allow the maximum temperature 
estimation at 550°C for deformation in the studied shear 
zones. This is compatible with the minimum temperature 
required for ductile deformations of K-feldspars, i.e. 550ºC 
(FitzGerald & Stünitz 1993, among others). Microstructural 
and C-axis data suggest that deformations at De shear zones 
are ductile-ruptile and were developed under conditions of 
greenschist facies.

Post-collisional granitoids were found at not only the 
Araçuaí Orogen, but also southwards from this orogen 
at the Ribeira Belt, which were interpreted by Valeriano 
et al. (2011) as being associated with the orogenic collapse 
during the Cambrian. Thus, considering the Ar-Ar ages 
of cooling achieved in this study, which varied between 
480 and 490 Ma, and the ages obtained by Pedrosa-Soares 

A B

C D

Bt 01

Sample SCP - 711

100

8
4
0

8
4
0

12

4
8

0

600

550

500

450

400

350

0.040 530

510

490

470

450

0.020
0.000

1.0

0.8

0.6

0.4

0.2

0.0

0 10

460 470 480 490 500 510 520 530

20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

50
0

100

600

550

500

450

400

350

50
0

SCP - 711

SCP - 711

SCP - 711

SCP - 711

Age (Ma)

Pr
ob

ab
ili

ty
39

 A
r 

(M
ol

s)
A

pp
er

an
ce

 a
ge

 (M
a)

%
R

ad

Ca
/K

Ca
/K

A
pp

er
an

ce
 a

ge
 (M

a)
A

na
ly

ze
s

A
ge

%
R

ad

Integrated Age = 480.8 ± 1.2 Ma

Mean: 491.3 ± 7.0[1.4%] 95% Conf.
MSWD = 0.070, probability = 1.00

489.4 ± 2.0 Ma

A A
B BC CD D

E EF FG

GH

491 ± 2

490

494.1

492.3 ± 1.5 Ma

Integrated Age = 484.3 ± 0.8 Ma

% Cumulative of 39Ar% Cumulative of 39Ar

Bt 02

Figure 15. Results of the Ar-Ar analyses for sample SCP-711.
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Figure 16. Results of the Ar-Ar analyses for sample SCP-1351.

et al. (2011) and Valeriano et al. (2011), for post-colli-
sional granitoids crystallization in the Araçuaí-West Congo 
Orogen and in the Ribeira Belt, respectively, evidence sug-
gest that by the end of the Cambrian, the crustal thicken-
ing generated by the collisions linked to the formation of 
Western Gondwana was followed by a regional extension 
that spread to the continental domains, i.e. to Paramirim 
Corridor (Fig. 18). Hence, the temperature associated 
with the formation of the extensional shear zones and 
with metamorphism, would have progressively decreased 
southwards, after the development of an extensive anatexis, 
directed northwards, and the formation of brittle-ductile 
to ductile-brittle normal shear zones.

CONCLUSIONS

Although compressional structures associated with the 
inversion of Paramirim Aulacogen, which occurred in the 
Ediacaran, predominate in the Paramirim Corridor, normal 

shear zones with a rich array of structures can be described 
reactivating the compressional structures. In these zones, the 
movement indicators are S/C structures, while a down dip 
mineral stretching lineation can also be identified. The struc-
tural framework that was surveyed demonstrated a strong 
control over past structures in the nucleation of the exten-
sional shear zones, which rotated the nucleated elements in 
the compressional phase.

The microstructural analysis demonstrated features that 
suggest the presence of processes involving the plastic defor-
mation and dissolution by quartz pressure, as well as brit-
tle fracturing of K-feldspar and intense transformation of 
K-feldspar and amphibolite into white mica and chlorite, 
respectively. The quartz C-axis distribution and the defor-
mation processes might show metamorphic conditions with 
temperatures below 550°C.

The paleostress studied revealed a regimen varying 
between radial and pure extension. The Ar-Ar ages obtained 
from biotite samples of the extensional shear zones were 
established between 480 and 490 Ma.
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N Power 40Ar* 40Ar ± σ40 39Ar ± σ39 38Ar ± σ38 37Ar ± σ37 36Ar

(W) (moles) (10-9A) (10-9A) (10-9A) (10-9A) (10-9A) (10-9A) (10-9A) (10-12A) (10-13A)

01A - 0.2 1.7E-14 0.888607 0.000731 0.010484 0.000035 0.000167 0.000006 0.000030 0.000012 0.000061

01B - 0.2 1.7E-14 0.875089 0.000561 0.009576 0.000043 0.000149 0.000011 0.000016 0.000010 0.000018

01C - 0.3 1.8E-14 0.954989 0.000461 0.010328 0.000049 0.000155 0.000006 0.000022 0.000008 0.000042

01D - 0.5 1.2E-14 0.614583 0.000491 0.006700 0.000068 0.000096 0.000006 0.000007 0.000011 0.000018

01E - 0.6 6.3E-15 0.328489 0.000282 0.003570 0.000029 0.000071 0.000007 0.000038 0.000011 0.000021

01F - 0.8 8.3E-15 0.438005 0.000352 0.004685 0.000036 0.000073 0.000010 0.000014 0.000008 0.000020

01G - 1.2 2.9E-15 0.151701 0.000163 0.001648 0.000027 0.000002 0.000009 -0.000001 0.000012 -0.000014

01H - 2.8 1.9E-15 0.097732 0.000114 0.001093 0.000014 0.000040 0.000006 0.000016 0.000011 0.000015

Σ 8.3E-14

Plateau Age (steps B; C; D; E e F)

02A - 0.2 2.7E-14 1.426779 0.000711 0.016779 0.000055 0.000224 0.000014 -0.000033 0.000006 0.000006

02B - 0.2 2.9E-14 1.529240 0.001000 0.016814 0.000037 0.000192 0.000014 -0.000035 0.000007 -0.000014

02C - 0.3 3.4E-14 1.773626 0.002000 0.019166 0.000059 0.000247 0.000011 -0.000011 0.000007 0.000018

02D - 0.5 3.0E-14 1.567509 0.000950 0.017051 0.000061 0.000232 0.000015 0.000013 0.000009 0.000002

02E - 0.7 8.7E-15 0.457902 0.000581 0.005072 0.000045 0.000073 0.000010 -0.000010 0.000006 -0.000005

02F - 1.2 3.7E-15 0.194401 0.000163 0.002229 0.000028 0.000002 0.000012 -0.000038 0.000011 -0.000034

02G - 3.2 5.3E-15 0.276311 0.000252 0.003328 0.000031 0.000049 0.000010 -0.000009 0.000010 0.000001

Σ 1.4E-13

Plateau Age (steps B; C; D; E e F)

Standart : 
FCs Lab # : GR-006 Age: 28.02 Ma D1 : 1.0064 ± 0.0025 HEATING: 11 S

Irradiation coordinates: x=0.53 cm; y=0.85 cm; z=0.31 cm

Explanatios

D1: Mass discrimination per AMU based on pawer law

Δt2: Time interval (days) between end of irradiation and beginning of analysis

 Blank Type3. Ave=average; LR=linear regression versus time

Constant used

Atmospheric argon ratios Surces

(40Ar/39Ar)A 296 ± 0.74 Nier (1950)

(38Ar/36Ar)A 0.188 ± 0.0001 Nier (1950)

Interferig isotope production ratios

(40Ar/39Ar)K 0.0007 ± 0.00005 Renne et al. (2009)

(38Ar/39Ar)K (1.22 ± 0.00)E-02 Renne et al. (2005)

(37Ar/39Ar)K (2.24 ± 0.16)E-04 Renne et al. (2005)

(39Ar/37Ar)Ca 0.000662 ± 0.0000047 Renne et al. (2009)

(38Ar/37Ar)Ca (1.96 ± 0.08)E-05 Renne et al. (2005)

(36Ar/37Ar)Ca 0.000262 ± 0.000003 Renne et al. (2009)

(36Cl/38Cl)Cl 263 ± 2

Decay Constants

40K λe (5.81 ± 0.00)E-11 a-1 Steiger and Jäger (1977)

40K λβ (2.58 ± 0.03)E-03 a-1 Steiger and Jäger (1977)

39K (2.58 ± 0.03)E-03 a-1 Stonner et al. (1965)

37Ar (5.4300 ± 0.0063)E-02 a-1 Renne and Norman (2001)

36Cl4 λβ (2.35 40K ± 0.02)E-06 a-1 Endt (1998)    

Table 3. Analytical data for sample SCP-711 in Lagoa Real Intrusive Suite. UTM coordinates (Córrego Alegre 
Datum): 23 L, 794148/8508976.
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N Power ± σ36 %40Ar* 40Ar*/ ± σ 40Ar* 40Ar* Age ± σ

(W) (10-14A)  39Ark  Cumulative % Cumulative (Ma) (Ma)

01A - 0.2 0.000005 2.0E+01 83.39909 0.35571 1.7E-14 2.0E+01 450.8 1.7

01B - 0.2 0.000005 2.0E+01 91.16364 0.46528 3.4E-14 4.1E+01 487.6 2.2

01C - 0.3 0.000006 2.2E+01 91.62115 0.48997 5.2E-14 6.2E+01 489.7 2.3

01D - 0.5 0.000005 1.4E+01 91.24931 0.98370 6.3E-14 7.7E+01 488.0 4.6

01E - 0.6 0.000006 7.6E+00 90.88746 0.90834 7.0E-14 8.4E+01 486.3 4.3

01F - 0.8 0.000006 1.0E+01 92.65694 0.82524 7.8E-14 9.4E+01 494.6 3.9

01G - 1.2 0.000006 3.5E+00 94.80014 1.89882 8.1E-14 9.8E+01 504.6 8.8

01H - 2.8 0.000006 2.2E+00 86.29737 1.96132 8.3E-14 1.0E+02 464.7 9.3

Plateau Age (steps B; C; D; E e F)

02A - 0.2 0.000005 2.0E+01 85.44078 0.33266 2.7E-14 2.0E+01 460.6 1.6

02B - 0.2 0.000005 2.1E+01 91.71756 0.27523 5.6E-14 4.1E+01 490.2 1.3

02C - 0.3 0.000006 2.5E+01 92.81429 0.35111 9.0E-14 6.5E+01 495.3 1.7

02D - 0.5 0.000005 2.2E+01 92.46394 0.37857 1.2E-13 8.7E+01 493.7 1.8

02E - 0.7 0.000005 6.3E+00 91.08495 0.87519 1.3E-13 9.4E+01 487.2 4.1

02F - 1.2 0.000005 2.7E+00 92.04704 1.32553 1.3E-13 9.6E+01 491.7 6.2

02G - 3.2 0.000006 3.8E+00 83.45596 0.93332 1.4E-13 1.0E+02 451.1 4.5

Plateau Age (steps B; C; D; E e F)

Standart : FCs

Explanatios

D1: Mass discrimination per AMU based on pawer law

Δt2: Time interval (days) between end of irradiation and beginning of analysis

 Blank Type3. Ave=average; LR=linear regression versus time

Constant used

Atmospheric 
argon ratios

(40Ar/39Ar)A

(38Ar/36Ar)A

Interferig isotope production ratios

(40Ar/39Ar)K

(38Ar/39Ar)K

(37Ar/39Ar)K

(39Ar/37Ar)Ca

(38Ar/37Ar)Ca

(36Ar/37Ar)Ca

(36Cl/38Cl)Cl

Decay Constants

40K λe

40K λβ

39K

37Ar

36Cl4 λβ         

Table 3. Continuation.
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N Power 40Ar* 40Ar ± σ40 39Ar ± σ39 38Ar ± σ38 37Ar ± σ37 36Ar

(W) (moles) (10-9A) (10-9A) (10-9A) (10-9A) (10-9A) (10-9A) (10-9A) (10-12A) (10-13A)

01A - 0.2 2.4E-14 1.277534 0.000840 0.014522 0.000070 0.000165 0.000007 -0.000039 0.000010 0.000012

01B - 0.2 2.2E-14 1.157440 0.000681 0.012804 0.000048 0.000149 0.000006 -0.000034 0.000009 0.000003

01C - 0.3 2.9E-14 1.554251 0.000830 0.017340 0.000050 0.000202 0.000007 -0.000010 0.000010 0.000009

01D - 0.5 2.6E-14 1.355744 0.000761 0.014999 0.000055 0.000150 0.000007 -0.000013 0.000009 -0.000008

01E - 0.6 1.2E-14 0.631469 0.000651 0.006975 0.000037 0.000065 0.000007 -0.000036 0.000008 -0.000009

01F - 0.8 1.5E-14 0.775932 0.000651 0.008568 0.000057 0.000088 0.000007 -0.000002 0.000009 0.000010

01G - 1.2 7.7E-15 0.407224 0.000371 0.004530 0.000028 0.000036 0.000007 -0.000023 0.000011 -0.000007

01H - 2.8 1.3E-15 0.072098 0.000391 0.000768 0.000032 0.000016 0.000009 0.000001 0.000009 0.000010

Σ 1.4E-13

Plateau Age (steps B: C; D; E; F e  G):

02A - 0.1 1.5E-14 0.798383 0.000631 0.009152 0.000041 0.000145 0.000006 0.000014 0.000019 0.000061

02B - 0.2 3.5E-14 1.822626 0.001001 0.020093 0.000053 0.000247 0.000007 0.000010 0.000012 0.000017

02C - 0.3 2.3E-14 1.230268 0.000621 0.013574 0.000041 0.000188 0.000007 0.000004 0.000012 0.000021

02D - 0.5 2.8E-14 1.486212 0.000741 0.016448 0.000057 0.000209 0.000008 -0.000005 0.000010 0.000015

02E - 0.7 8.3E-15 0.435802 0.000421 0.004816 0.000057 0.000102 0.000010 0.000021 0.000015 0.000030

02F - 1.1 2.0E-15 0.103051 0.000154 0.001131 0.000019 0.000036 0.000009 -0.000002 0.000010 0.000012

02G - 3.0 8.8E-16 0.046742 0.000089 0.000539 0.000015 0.000005 0.000014 -0.000008 0.000009 0.000009

Σ 1.1E-13

Plateau Age (steps B; C; D; E e F):

Standart : FCs Lab # : GR-006 Age: 28.02 Ma D1 : 1.0064 ± 0.0025 HEATING: 11 S

Irradiation coordinates: x=0.53 cm; y=0.85 cm; z=0.31 cm

Explanatios

D1: Mass discrimination per AMU based on pawer law

Δt2: Time interval (days) between end of irradiation and beginning of analysis

 Blank Type3. Ave=average; LR=linear regression versus time

Constant used

Atmospheric argon ratios Surces

(40Ar/39Ar)A 296 ± 0.74 Nier (1950)

(38Ar/36Ar)A 0.188 ± 0.0001 Nier (1950)

Interferig isotope production ratios

(40Ar/39Ar)K 0.0007 ± 0.00005 Renne et al. (2009)

(38Ar/39Ar)K (1.22 ± 0.00)E-02 Renne et al. (2005)

(37Ar/39Ar)K (2.24 ± 0.16)E-04 Renne et al. (2005)

(39Ar/37Ar)Ca 0.000662 ± 0.0000047 Renne et al. (2009)

(38Ar/37Ar)Ca (1.96 ± 0.08)E-05 Renne et al. (2005)

(36Ar/37Ar)Ca 0.000262 ± 0.000003 Renne et al. (2009)

(36Cl/38Cl)Cl 263 ± 2

Decay Constants

40K λe (5.81 ± 0.00)E-11 a-1 Steiger and Jäger (1977)

40K λβ (2.58 ± 0.03)E-03 a-1 Steiger and Jäger (1977)

39K (2.58 ± 0.03)E-03 a-1 Stonner et al. (1965)

37Ar (5.4300 ± 0.0063)E-02 a-1 Renne and Norman (2001)

36Cl4 λβ (2.35 40K ± 0.02)E-06 a-1 Endt (1998)

Table 4. Analytical data for sample SCP-1351 in the basement of the Paramirim Corridor. UTM coordinates 
(Córrego Alegre Datum): 24 L, 252896/8339686.

Continue...

Brazilian Journal of Geology, 45(4): 541-567, December 2015
562

Late extension in the Paramirim Corridor



Table 4. Continuation.

N Power ± σ36 %40Ar* 40Ar*/ ± σ 40Ar* 40Ar* Age ± σ

(W) (10-14A)  39Ark  Cumulative % Cumulative (Ma) (Ma)

01A - 0.2 0.000006 1.8E+01 88.00687 0.46785 2.4E-14 1.8E+01 472.7 2.2

01B - 0.2 0.000006 1.6E+01 90.61531 0.39749 4.6E-14 3.4E+01 485.0 1.9

01C - 0.3 0.000005 2.1E+01 89.75033 0.31172 7.6E-14 5.5E+01 481.0 1.5

01D - 0.5 0.000005 1.9E+01 90.81448 0.38093 1.0E-13 7.4E+01 486.0 1.8

01E - 0.6 0.000005 8.8E+00 91.18965 0.55434 1.1E-13 8.3E+01 487.7 2.6

01F - 0.8 0.000006 1.1E+01 90.48872 0.65784 1.3E-13 9.3E+01 484.4 3.1

01G - 1.2 0.000006 5.6E+00 90.62318 0.68158 1.4E-13 9.9E+01 485.1 3.2

01H - 2.8 0.000005 9.6E-01 90.51482 4.38713 1.4E-13 1.0E+02 484.6 20.6

Plateau Age (steps B: C; D; E; F e  G):

02A - 0.1 0.000006 1.4E+01 85.88734 0.47223 1.5E-14 1.4E+01 462.7 2.3

02B - 0.2 0.000006 3.1E+01 91.01627 0.30332 5.0E-14 4.4E+01 486.9 1.5

02C - 0.3 0.000005 2.1E+01 90.72214 0.33803 7.3E-14 6.5E+01 485.5 1.6

02D - 0.5 0.000005 2.5E+01 90.63126 0.36414 1.0E-13 9.0E+01 485.1 1.7

02E - 0.7 0.000005 7.4E+00 89.35449 1.13830 1.1E-13 9.7E+01 479.1 5.4

02F - 1.1 0.000006 1.7E+00 88.68401 2.13793 1.1E-13 9.9E+01 475.9 10.1

02G - 3.0 0.000005 7.9E-01 82.46083 3.46516 1.1E-13 1.0E+02 446.3 16.6

Plateau Age (steps B; C; D; E e F):

Standart : FCs

Irradiation coordinates: x=0.53 cm; y=0.85 cm; z=0.31 cm

Explanatios

D1: Mass discrimination per AMU based on pawer law

Δt2: Time interval (days) between end of irradiation and beginning of analysis

 Blank Type3. Ave=average; LR=linear regression versus time

Constant used

Atmospheric 
argon ratios

(40Ar/39Ar)A

(38Ar/36Ar)A

Interferig isotope production ratios

(40Ar/39Ar)K

(38Ar/39Ar)K

(37Ar/39Ar)K

(39Ar/37Ar)Ca

(38Ar/37Ar)Ca

(36Ar/37Ar)Ca

(36Cl/38Cl)Cl

Decay Constants

40K λe

40K λβ

39K

37Ar

36Cl4 λβ
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The field relations and the ages obtained suggest that 
the set of extensional structures described in the pres-
ent study may be associated with the gravitational col-
lapse of the Araçuaí-West Congo Orogen and, region-
ally, may represent the most distal and coldest sector of 
this collapse.
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