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RESUMO

A area de estudo desta pesquisa localiza-se na porcao central da maior feigdo tectonica do estado
da Bahia, o Craton do S&o Francisco (CSF). Mais especificamente nos limites entre dois dos
principais blocos que comp&em o referido craton, os Blocos Jequié e Itabuna-Salvador-Curaca. A
pesquisa objetivou principalmente a reavaliacdo do limite entre os referidos blocos, utilizando
mapas aerogeofisicos e dados geologicos, estruturais, caracteristicas petrograficas, geoquimicas e
dados bibliograficos de geocronologia U-Pb de rochas que afloram nesta regido, de modo a
contribuir com o conhecimento da evolucdo geotecténica que moldou as rochas ali aflorantes. Os
mapas aerogeofisicos utilizados foram dos métodos radiométrico e magnetométricos, que
permitiram a individualizacdo de cinco dominios radiométricos e seis zonas magnetométricas. A
andlise estrutural identificou quatro fases de deformacdo, caracteristicas de uma zona
transpressional. A descricdo petrogréfica verificou-se que a mineralogia dos litotipos € bastante
similar, tendo como caracteristicas discriminantes os graus de deformacao e a presenca de alguns
minerais indices da facies granulito. Os estudos litogeoquimicos mostraram que as rochas
intrusivas na regido da zona de sutura entre 0 BJ e BISC sdo de caracteristica calcioalcalinas
peraluminosas a metaluminosas com alto K e provenientes de ambiente tectonico de arco
magmatico. A geocronologia U-Pb utilizou dados bibliograficos de idades de cristalizacdo para
realizar interpretacdes a respeito as rochas do embasamento e estimar a data das intrusées. As
idades utilizadas foram em torno de 2,7-2,6 Ga (U-Pb em zircdo) e pico do metamorfismo em
2,07-2,06 Ga (U-Pb em zircdo), com diferenca de idade entre borda e centro dos zircGes com um
intervalo de 40-30 Ma, interpretados como o periodo entre o pico metamorfico e o colapso
orogenético. O presente estudo propde uma modificacdo do limite entre os blocos, baseando-se

no conjunto de dados obtidos por esses métodos.

Palavras-chave: Zona de Sutura, Craton do S&o Francisco, Petrografia, Litogeoquimica,

Aerogeofisica



ABSTRACT

The study area of this research is located in the central portion of the largest tectonic feature of
the state of Bahia, the S&o Francisco Craton (SFC). More specifically on the boundaries between
two of the main blocks that make up the craton, the Jequié, and Itabuna-Salvador-Curaca blocks.
The research mainly aimed at the reevaluation of the boundary between these blocks, using
airborne geophysical maps and geological, structural, petrographic, geochemical and U-Pb
geochronology data of rocks that occur in this region, to contribute to the knowledge of the
geotectonic evolution that shaped the rocks in this location. The airborne geophysical maps used
were the radiometric and magnetometric methods, which allowed the individualization of five
radiometric domains and six magnetometric zones. Structural analysis identified four phases of
deformation characteristic of a transpressional zone. The petrographic description showed that
the lithology mineralogy is very similar, having as discriminating characteristics the degrees of
deformation and the presence of some index minerals of the granulite facies. The
lithogeochemical studies showed that the intrusive rocks of the studied area are of high-K
peraluminous to high-alumina calcine characteristic and classified as VAG. The U-Pb
geochronology used bibliographic data of crystallization ages to perform interpretations about the
basement rocks and to estipulate the ages of the intrusive granites. The ages used were around
2.7-2.6 Ga (Zircon U-Pb) and metamorphic peak at 2.07-2.06 Ga (Zircon U-Pb), with age
difference between border and center of the zircons with a range of 40-30 Ma, interpreted as the
period between the metamorphic peak and orogenetic collapse. The present study proposes a

modification of the boundary between blocks, based on the data set obtained by these methods.

Keywords: Suture Zone, S&o Francisco Craton, Petrography, Geochemistry, Airborne
Geophysical Maps.
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CAPITULO 1
INTRODUCAO GERAL

As zonas de sutura possuem grande importancia em estudos geoldgicos, uma vez que
sdo representantes da tectonica colisional em determinadas regifes. Além da sua importancia
geoldgica/cientifica, também sdo potenciais areas de mineralizacGes, devido a possibilidade
de ocorréncia de ofiolitos e pela intensa atividade metassomatica associada quando servem de

conduto para remobilizacdo de elementos maéveis e formacao de depdsitos minerais.

Esta pesquisa buscou estudar uma significativa area na zona de sutura dos terrenos
metamorficos de alto grau do sul da Bahia, a qual constitui uma das mais importantes
provincias em facies granulito e anfibolito aflorantes no mundo. Esses terrenos foram e sdo
objeto de estudos petroquimicos, de quimica mineral e geocronoldgicos desde a década de
1980 e, em consequéncia, novas discussdes sobre sua génese, protolitos, condigdes
termobarométricas e ambientes metamorficos atuantes, sdo amplamente estimuladas. Esses
metamorfitos aflorantes no estado da Bahia fazem parte do Craton do S&o Francisco (CSF)
(ALMEIDA, 1977) onde ocorreu a colisdo de quatro segmentos crustais, de idades arqueana e
paleoproterozoica: i) Bloco Gavido (BG); ii) Bloco Jequié (BJ); Bloco Itabuna-Salvador-
Curaca (BISC); e iv) Bloco Serrinha (BS) (BARBOSA e SABATE, 2002, 2004). A
geotectdnica responsavel pela aglutinacdo destes blocos ocorreu no Paleoproterozoico, em
torno de 2,08 Ga, que resultou na formacdo do Ordgeno Itabuna-Salvador-Curaca (OISC)
(BARBOSA e SABATE, 2002, 2004) (Figura 1).

O objeto principal desta tese é o estudo da estratégica por¢do da zona da sutura entre 0s
Blocos Jequié e Itabuna-Salvador-Curaca, na regido de Milagres (BA), buscando auxiliar no
entendimento da evolucdo tectonica Paleoproterozoica e reavaliando os limites destas
unidades tectdnicas, buscando definir como aconteceu a colisdo entre os Blocos Itabuna-
Salvador-Curacé e Jequié e contribuindo para o entendimento da Orogenia paleoproterozoica
responsavel pelo aglutinamento desses blocos que compdem parte importante do Craton do
Sdo Francisco. Os artigos foram/serdo submetidos na revista Journal of South American Earth
Sciences. Tem-se como objetivos especificos: (i) individualizar zonas radiométricas e
magnetométricas com os mapas aerogeofisicos e utiliza-los na interpretacdo da localiza¢éo da
zona de sutura; (ii) observar os padrGes estruturais e determinar como ocorrem as
deformacdes dessas rochas na zona de sutura; (iii) caracterizar os litotipos locias, através da

petrografia e identificar as paragéneses minerais das rochas intrusivas; e, (iv) determinar as
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caracteristicas geoquimicas das rochas das intrusivas e interpretar as condicdes em que

ocorreram essas intrusoes.

O projeto se torna importante visto que a area selecionada ndo possui trabalhos
anteriores dentro do tema proposto, de forma que foram obtidas informacdes inéditas que
contribuiram para o entendimento geoldgico associado ao estudo de zonas de sutura e
reavaliando o limite entre duas unidades geotectbnicas que constituem de um dos sistemas
cratbnicos mais importantes no territério brasileiro e mundial. Essa pesquisa trouxe também
importantes contribuicdes cientificas com a utilizacdo de dados geofisicos, estruturais e
litologicos no estudo de zonas de alta taxa de deformacdo, metamorfismo e atividade

magmatica.

Figura 1 — Principais cratons e sistemas orogenéticos neoproterozoicos do territorio brasileiro e mapa geolégico
simplificado do CSF.
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Os trabalhos se concentraram na folha Milagres (SD-24-V-B-V) onde ha grande

ocorréncia de inselbergs granuliticos ou graniticos, onde os afloramentos sdo de maneira geral
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de féacil acesso devido a BR-116 cortar a area de estudo na dire¢do NE-SW. Detalhes acerca
deste topico sdo discriminados nos capitulos 2 e 3.
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CAPITULO 2

ARTIGO - REINTERPRETATION OF THE SUTURE ZONE
BETWEEN THE ITABUNA-SALVADOR-CURACA AND
JEQUIE BLOCKS, OF THE SAO FRANCISCO CRATON,
BAHIA, BRAZIL, USING STRUCTURAL AND
GEOPHYSICAL DATA
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ARTICLEINFO ABSTRACT

Keywords: The study area is located in the central portion of the S30 Francisco Cratan (SFC), between two of the main
Suture zone blocks that compose this feature: the Jequié and the Itasbuna.Salvador.Curagd hlocks. The mm ubjecﬁve of this
Sio Fandswo Craxa study was & reevaluste the transition zane between both blocks, employing airb geophy geologic and
m structural data. The geophysical dats arerep I by g y spec y and magnetic surveys, which
gealogy showed the structure of the lithotypes mapped and helped in the identification of their limits. The analysis of
these images established five mdi i damains and six ic zones. The geophysical data interpresed
along with mapping survey, with macroscopic description and struchiral data, allowed better identification of
the suture zone between the referred blucks The structural analysis identified four deformation phases, char.
acteristic of a transp zone, i the ISCB anto JB. The present study proposes the modification of
the limits }zwven these blocks 10 3 more hem & and upd. the regional geatectonic understanding
of the central region of the state of Bahis.
1. Introduction The tectonics responsible for the agglutination of these blocks occurred

Suture zones are of great importance in geologic studies since they
represent collisonal tectonics in certain regions. In addition to their
geologic/scientific relevance, they are potentially important for ore
enrichment due to the possibility of ophiolites occurring and the intense
metasomatic activity that is associated with them, which can act as a
duct to remobilize mobile el ts and form mineral deposits

‘The present study aimed to analyze a significant area of high-grade
metamorphic temrains in central-eastern Bahia, Brazil, which represents
one of the most important outcropping high-grade metamorphic pro-
vinces in the word. These terrains were and still are the focus of pet-
rochemical mineral ch Y, and geochronological studies since the
1980s. C quently, new di s on their genesis, protoliths,
thermobarometry conditions, and metamormphic environments in ac-
tivity, are widely stimulated.

These metamorphites are part of the northern portion of the Sao
Francisco Craton (SFC) (Almeida, 1977), where the amalgamation of
four Archean and Paleoproterozoic crustal segments occurred: i) Gaviao
Block (GB), ii) Jequié Block (JB); ItabunaSalvador-Curagd Block
(ISCB); and iv) Serrinha Block (SB) {(Barbosa and Sabate, 2002; 2004).

* Comresponding athor.

E-mail addresses souzat. lucas@gmail com (L. Teixeima de Sowa), locgome s@gmail com (L.C. Co G ), jai

hitpre/ /doiong/10.1016/]. jsames 2019.102353

during the Paleoproterozoic, peaking approximately 2.08 Ga ago
(Barbosa and Sabate, 2002; 2004; Peucat et al,, 2011). This resulted in
the formation of the [tabuna-Salvador-Curagd Orogen (ISCO) (Fig. 1)

The main objective of the present study was to evaluate a strategic
portion located between the Jequié and [tabuna-Salvador-Curacé
blocks, in the region of the municipality of Mihgres state of mhla
(BA). The aim was to improve the und of Paleoprot
tectonic evolution and re-evaluate the limits of these tectonic units.
Therefore, a better definition of the location of the suture zone between
these blocks is expected.

In order to achieve this objective, a methodology similar to that
applied by Sampaio et al. (2017) to delimit the same blocks in the
county of Valenca (BA), located southwards from the present study site,
was used. These authors used airbome geophysical data that allowed
the identification of structural patterns and suggested the re-
interpretation of both the geology of the region of Valenca and the
suture zone between the Jequié and Itabuna-Salvador-Curacd blocks,
therefore significantly contributing to the understanding of the Sao
Francisco Craton.

wgmail cam (LS. Souza Oliveira)
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Fig. 1. (A) Main cratons and Neoproteromic arogenic systems of the Bragilian territory; and (B) Simplified geologic map of the SFC.

2. Location of the study area

‘The SFC (Fig. 1A) & located in the South American Platform and is
part of the most important tectonic unitof the central-eastern region of
Brazil (Almeida, 1977). This craton is molded and limited by orogenic
bands called: Riacho do Pontal, to the north; Brasflia, to the west; Rio
Preto, to the northwest; Aracual, to the south; and Sergipana, to the
northeast, of which the largest outcropping extension is located in the
state of Bahia (Fig. 2A).

The analyses concentrated within the limits of the Milagres chart
(SD-?A V-B-V) (Fig. 2B) where there is a large occurrence of intrusive

inselbergs and/or inselbergs that originated from b

coordinate system, which since 2005 is the system used by IBGE
(Brazilian Geography and Statistic Institute). Sample collection, pho-
tographic records, meso- and macroscopic analyses, and geologic sec-
tions were also conducted and, whenever possible, measurements were
taken from structures found ( phic or magmatic foliations,
faults, fractures, and lineations).

Interpretations related to making the geologic-structural map were
treated in a GIS (Geographic Information System) interface using
Arcmap software (version 10.3). The images used to conduct geophy-
sical interpretations were also treated using Aromap software (version
10.3) and were based on data and images provided by CPRM (1976)

using g ray spectrometry and magnetic methods. Combined with

mds, where outcrops are generally easily accessible from the BR- 116
highway that cuts across the study area from NE to SW.

The access from the state capital (Salvador) & via the BR-324
highway, followed by the BR-116 until the municipality of Milagres
(Fig. 2B), main municipality of the chart. Milagres is located 240 km
away from Salvador.

3. Material and methods

‘This paper relied on the ass of data obtained from previous

paigns, incuding str 1 and macroscopic de-
scription of rocks (Barbosa and Sabate, 2002; Macedo, 2006; Nunes and
Melo, 2007; Santiago, 2010; Teixeira, 1997).

The airbome geophysical maps were obtained from the digital li-
brary of the Geological Survey of Brazil (CPRM, 1976), on a single
survey between latitudes —14700° and -12700 and longitudes
~40°00" and ~39°00".

During the field campaign, outcrops were described wsing the
SIRGAS 2000 datum and the UTM (Universal Transverse Mercator)

the geologic mapping and geophysical data, SRTM (Shuttle Radar To-
pography Mission) images were used. These images assisted in the de-
limitation of contacts, especially of intrusive bodies that compose the
inselbergs of the studied region.

Figures and image editing were treated using
CorelDrawGraphicsSuite X7 software (version 7).

4. Regional geology

The present study area is located at the limit of two Archean and
Paleoproterozoic crustal segments that compose the SFC: the Jequié
Block (JB) and the Itabuna-Salvador-Curaci Block (ISCB), respectively
(Figs. 1 and 3).

JB is rebalanced on granulite facies and is mainly composed of
enderbitecharnockite rocks dating approximately 2.7 Ga (U/Pb in zir-
cons). Alternated felsic and mafic (with TDM Sm/Nd model ages of
3.2 Ga) bands that are sometimes migmatized occur associated with
these gmnulites Among the orthoderived granulites are supracrustal
rocks with anatectic granites rich in garnet and cordierite (Barbosa and

14
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that delimits the study area represents the Milagres chart (SD-24.V.BV).

Sabate, 2002; 2004; Macedo, 2006). Chamockite domes and Paleo-
proterozoic granites and syenites, both defi d and non-deformed,
are particularly relevant in this block. In turn, ISCB is composed of
tondlite/trondhjemite rocks with ages of approximately 2.6 and 2.1 Ga
{Barbosa and Peucat, 2006), chamoclmz bodies of 2.6 Ga, supracrustal
rocks (quartzites, alumini g gnel graphitites, and
magnesium-rich formations), gabbros/basalts from the ocean floor and/
or from mantle-source bxk-a.rc basin (Teixeira, 1997), and monzonitic/
shoshonitic intrusions of 2.4 Ga (Ledru et al., 1993). All these units are

rebalanced on granulite facies due to the Paleoproterozoic event
(Barbosa, 1990).

The memmorpht lithotypes wem deformed by at least three ductile
deformation ph and rebal d on granulite facies, under an in-
termediate-pressure (5-7 kbar) and high-temperature (850-870°C) re-
gime (Barbosa, 1990; Barbosa et al,, 201 2). The central portion of the
granulitic termins from eastern Bahia & excluded from this context
(Ipiad Band, Barbosa, 1996), since this portion is composed of rocks

balanced on the amphibolite facies.
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In addition to petrology, structural geology, geochronology, and
tectonics, metallogenesis has also been investigated in ISCB. This in-
cdudes (i) studies on mineral deposits and occumrences, highlighting
those on manganese, barite, and copper; and (ii) studies on the occur-
rences of hasic sulfides and platinum found in mafic-ultramafic rocks in
the central portion of the area, near the municipality of Ipiai. Mineral
studies have also been conducted in occurmrences of JB, such as those on
nickel, close to the municipality of Boa Nova, and on iron, in Jequié (54,
2010).

The tectonic macro-fi of this granulitic region of SFC, as
mentioned above, are the Jequié Block (JB) and the Itabuna-Salvador-
Curacd Block (ISCB). In these blocks, the outcropping rocks are mainly
represented by those of the Jequié Complex and the Caraiba Complex,
respectively. These are the lithotypes that compose the basement of the
region. Syn to late tectonic intrusive granitoids ako occur in both
blocks (Fig. 4) (Nunes and Melo, 2007).

The rocks of the Jequié Complex occur as ortho- and paraderived
heterogeneous granulites whose composition rmnges between
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Fig. 4. Regional geologic map of the central portion of SFC, in the suture zone between the Jequié and Itabuna-Salvador-Curagl blocks. Source: Adapted from Nunes

and Melo (2007).
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Fig. 5. Gealogic map of the central portion of SFC, in the Itatim/Milagres region, which represents the suture zone between JB and ISCB.

enderbite-chamoenderbite-charnockite and augen-chamockite granu-
lites, presenting colors ranging from gray to grayish-green, often
reaching pinkish hues when altered (Nunes and Melo, 2007; Barbosa
and Sabate, 2004; Macedo, 2006). These rocks generally present

medium grain size and foliation mainly chamctenized by feldspars and
micas. They commonly present mafic enclaves, often deformed along
with the rocks of the complex. The composition of these enclaves is
described as being rich in amphibole to norite, with metamorphic edges

18
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Jeertyi g

Fig. 6. (3) Migmatitic featire of rocks from JC p

Complex, mainly indicated by the in rock blisti
falistion of the rocks of the Caraiba Complex. It is predam inantly

and thinly segregated bands; (b) Migmatitic feature of the rocks of the Camiba
with little segregation of lkeuwatames and melmosomes; (¢) Pegmatite vein discordant in relation © the
! of Qz and Pl, filling a fracture oriented sccording to the direction N215; (d) Monzogranite

with poorly visible foliation, presenting an inequigranular, phaneritic structure with medium to coarse grain size; and (¢) Monzogranite presenting incipient visible

dip.

dting from the or ion of bioti

for the granulite facies (Barbosa and Sabaté, 2003).

‘The Caraiba Complex is represented in the study area as two li-
thofacies with mainly structural differences due to the intensity of de-
formation that reached these lithotypes (Nunes and Melo, 2007). The
first lithofacies is in contact with rocks of the Jequié Complex and
comprises greenish-gray enderbite, charnoenderbite, and charnockite
orthogneisses, sometimes whitish and/or yellowish when altered by
weathering processes. These rocks present medium to coarse grain size
and well-defined foliation. The second lithofacies is represented by
granulite-migmatite orthogneisses that underwent a more accentuated
retro-metamorphic deformation, and are classified as migmatized
hornblende-bictite gneisses, with strong deformation caused by shear
zones (Santiago, 2010).

The intrusive rocks are associated with the Itaberaba Granite Suite,
first described by Fernandes (1991). This author identified them as
Paleoproterozoic rocks (2.1 Ga — Rb-Sr method). The suite i subdivided

The block represents both the XY and the YZ planes, allowing dirsct visualization of plane direction and

into four facies: (i) equigranular biotite-garnet granites; (ii) hornblende-
biotite leucogranites, (iii) granites with biotite or gamet alternated with
coarse to pegmatitic leucogranites; and (iv) aplitic fine-grained granites
presenting gradational progression with the previous rock (Barbosa
et al,, 2012). According to Nunes and Melo (2007), the rocks that
outcrop near the limits between the Jequié Block and the [tabuna-Sal
vador-Curacd Block are granites, granodiorites, and syenites that are
similar to types (ii) and (iii) described by Barbosa et al. (2012). This
suite is considered by these authors as syn to late tectonic, which im-
plies that its classification ranges from deformed to weakly deformed.
Therefore, the geologic investigations in the area of interest aimed
to complement studies that had been conducted previously regarding
this granulitic region of eastern Bahia, more specifically in the Milagres
chart, increasing subsides to the knowledge of its petrology, tectonics,
isotopic/geochronological geology and metallogenesis.
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Fig. 7. Gamma-ray spectrometry airbome geophysical maps of the Milagres region. (A) K channel; (B) ¢Th channel; and (C) ¢U channel.

5. Results of macroscopic, geophysical and structural data

5.1. Macroscopic aspects

regional deformation (Fig. 6a). The following features can be found in
some outcrops: (i) mafic enclaves parallel to foliation; (ii) millimetric
quartz veins discordant to foliation; and (iii) centimetric quarnz veins
concordant to foliation. These rocks commonly present signs of retro-

The region studied is represented by rocks of the Jequié Comple
and the Caraba Complex, with intrsive rocks of the Itaberaba
Intrusive Suite, which present various granitic compositions. The out-
crops of this suite are commonly highlighted by the relief, forming some
of the inselbergs that predominate in the region. Detrital-lateritic col-
luvial deposits are found across the entire area, with deposits being
more expressive in the south n portion of the chart (Fig. 5).

5.1.1. Jequié Complex (JC)
In the study area, the Jequié Complex is represented by orthoder-
ivu'l granulites classified by Nunes and Melo (2007) as enderbites,
derbites, and ch ckites. Paraderived granulites are found
subordinately.
‘These rocks are meso-to leucocratic and present medium to coarse
texture, rarely fine, and centimetric gneissic banding parallel to the

etamophi and often present mesopertite as the charmcteristic
mineral of the granulite facies, since they do not always present or
thopyroxenes in their composition. Several outcrops present porphyritic
texture, with mesopertite as porphyries, often centimetric, and mylo-
nitized levels (Fig. 6a). They present metasomatic alteration borders at

the contact points with intrusive granitoids.

5.1.2. Caraba Complex (CC)

The lithotypes of the Caraiba Complex are very similar to the rocks
of JC because they are composed of charnockite and enderbite gramy
lites. They predominantly present g ke structure, and can also occur
as migmatite, presenting thinly segregated leucosomes and melano-
somes (Fig. 6b). They are grayish and grain sizes ranging from
medium to coarse, pred posed of plagioclase, meso-
pertite, quarntz, biotite, and onhopyroxene. K-feldspar either occurs
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subordinately or is not present in the rocks. Magnetite is sometimes
present as a possible product of hydrothemnal fluids.

The rocks of CC range from meso-to 1 ic, with centimetric to
decametric gneissic banding thickness, similar to the deformation ob-
served all over JB, however with varying directions.

‘The following features were observed in some outcrops: (i) mafic
enclaves parallel to foliation; (ii) pegmatite veins with medium to
coarse grain size, and predominantly composed of plagioclase and
quartz (Fig. 6¢), sometimes presenting magnetite; and (iii) quanz veins.
Quartz veins can be observed both discordantly and concordantly in

lation to foliation. The discordant ones mainly pr NE-SW di-
rection. Rocks occasionally presented porphyritic structure, with feld-
spar porphyries (either plagioclase or mesopertite).

5.1.3. Inzrusive rocks

In the context of ISCB, there is a large incidence of positive relief,
comprising rolling hills ridges, and typical inselberg regions. A sig-
nificant increase in the comelation between these inselbergs and in-
trusive rocks of the region was observed in the central portion of the

ical maps of the Milagres region. (A) Total comnt; (B) U/K matio; (C) U/Th mtio; and (D) Th/K ratio.

Tl

study area. However, not all positive g 1 features
of magmatic rocks, since some of these inselbergs are composed of
gneisified and/or migmatized granulitic rocks.

In order to individualize these intrusive rocks, a correlation was
made between the outcrops, where these rocks were found and de
scribed, and the relief and geophysical images in order to identify the
extension of these lithotypes.

The outcrops visited allowed classifying the rocks as monzogranites
with phaneritic, inequigranular structure, presenting medium to coarse
grain size (Fig. 6d), composed of plagioclase, quantz, potassium feld-
spar, and biotite, sometimes presenting garnet and magnetite. They
presented various degrees of deformation and were classified in the
present study as having a syn to late tectonic setting. More deformed
outcrops presented foliation mainly characterized by the orentation of
biotite (Fig. 6e), in which structures related to gmin rotation were
difficult to identify.

The foliation directions of these rocks, when observable, presented a
similar pattern to that of the regional distribution, with a main NW-SE
direction and a mild WNW-ESE trend in some outcrops, presenting a

21
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low to medium-angle dip (between 20 and 607).

5.2 Airbome geophysicd maps

Airborne geophysical maps were used in the present study to assist
in marking the limits of the Jequié and Itabuna-Salvador-Curacé blocks
and, consequently, the suture zone. To do so, gamma-ray spectrometry
and magnetic methods were used. These maps allowed the observation,
in megascale, of the structural response from rocks that occur in the
study region and, consequently, from part of the central portion of SFC.
Different geophysical zones and domains were delimited based on in-
dividualizations of anomaly patterns and structural behavior, which
helped in geologic mapping and identification of block limits.

10

52.1. Analysds of gamma-ray specoometry maps
The concentration of radioisotopes K and U in the study region was,

in general, within the average patterns of crustal rocks suggested by
Killen (1979) and Dickson and Scott (1997): 2-2.5% K and 2-3ppm U.
The values of K, in the Milagres chart, ranged between 0.4 and 2.6%,
with a predominance of values between 2.0 and 2.6%. In tum, the
values of U were between (.7 and 3.8 ppm, with high occurrences of
variations between 2.6 and 3.8 ppm. Regarding the content of Th, the
study area showed values higher than the varation between 8 and
12ppm suggested by Killen (1979) and Dickson and Scott (1997),
reaching values between 4.8 and 31 ppm, with most common occur-
rences between 20.3 and 31ppm. These values are represented in-
dividually (Fig. 7A, B and C) and together in the total gamma-ray
spectrometry count map (Fig. 8A).

According to these data, a large portion of the study area is
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represented by high values of radiometric elements and, since the
content of potassium was within the average crustal values, ultra-
potassic rocks are unlikely to occur. Combined with this, the strong
anomalies of thorium indicate that there is a high occumrence of granitic
mocks in the region and, because uranium values did not present ne-
gative anomalies, these rocks present a low degree of weathering, given
that this element is more intensely weathered.

Fig. 8B, C, and D represent the maps of the U/K, U/Th, and Th/K
radiometric ratics, respectively. They show that the highest radiometric
activity in the area is due to thorium and uranium, the latter mainly
occurring in the SW portion of the map. Thorium strongly predominates
in the centmal portion, as indicated by the negative anomalies in U/Th

interpret Fig. 9, where five radiometric domains were individualized
(RD Ia, RD Ib, RD I, RD 1L, and RD IlI), and areas of positive anomalies
of these el were delimited. RD | comprises rocks with high
contents of all three radiometric & nts, therefore rep ting rocks
with more differentiated and granitic composition. However, since
there are a few individualities within these RD, they were sepamated
onto three subdivisions, in which: RD la represented on the northern
portion of the map have high values of the radioelements but not of
their mtiog RD Ib located on the central area also have high values of
the radioelements individually, but also a large portion of Th/K ration
anomaly, both of the domains also occur with a predominant NW-SE
structure; RD lc, located on the southwestern portion of the map, is

matios (Fig. 8C), and positive ones in Th/K ratios (Fig. 8D), ing
that these are areas composed of chamockites. In tum, the low values
obtained in the total count (Fig. 8A) canbe asociated with rocks with a
less differentiated composition, forming enderbites.

‘The data analyzed from the maps in Fig. 7 along with K, U, and Th
distribution maps (Fig. 7A, B and C) were integrated in order to

repr ed by high values of the mdioelements and by Th/K and U/X
ratios, while also differing drastically in its structural direction, with a
NE-SW direction. On the other hand, RD Il comprises rocks with ower
values in the gamma-ray spectrometry channels, associated with tona-
lites or enderbites. Finally, RD Il comprises intermediate values.

The identification of these domains was not directly associated with
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portions of the crustal blocks that outcrop in the region due to com-
positional smilarities among these blocks. However, these various do-
mains occur with different stretching directions and structures, espe-
cially in the southem portion of the area, suggesting that the rocks
found there present a unique rheological behavior. Therefare, the limit
between JB and ISCB was interpreted in the present study as being
between RD Il and RD 111, beginning in the SE and moving towards NW,
between RD Ic and RD LI (Fig. 9). Thus, the rocks that occur below this
limit were associated with JB domains, and above it, with ISCB.

5.22 Analysis of magnetic maps

Magnetic maps were studied by using a total field intensity map
(Fig. 10B), first vertical derivative (Fig. 10C), and amplitude of the
analytical signal (Fig. 10D), assisted by a digital termain model map
(Fig. 10A). These were the maps provided by the CPRM digital data

i2

center, probably because the quality of data of the flight period wasn't
enough to genemte the magnetic anomaly map. These images are
highly relevant and can be of assistance in geologic mapping efforts,
especially when the firt magnetic derivative map is analyzed
(Fig. 10C). Structural behavior that is weaker in definition in radio-
metric maps is easily observed in these magnetic maps. Magnetic Zones
(MZ) were individualized (Fig. 11) based on these products, considering
mainly the predominant structural lineation directions originated from
the anomalies represented in these images.

The main difference regarding magnetic behavior in the area occurs
in the southern portion of the map, where there is a separation between
the main NW-SE structuring (MZ II) and folded structures that vary in
direction — NE-SW (MZ L1I) and NE-SW to NW-SE (MZ ). These results
were therefore in accordance with the interpretation based on spec-
trometric maps, which placed the suture zone that separates the Jequié
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Fig. 13. (3) Low-.angle Sn folistion with measured sttitude NO33/408E. Source: Santiago (2010); (b) XZ plane sh
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and Itabuna-Salvador-Curacd blocks between MZ [l and MZ | + MZ Il
(Fig. 11), given that nearly the entire northem portion of the map
presented structural behavior similar to MZ 11, varying only in the in-
tensity of magnetic anomalies (MZ IV and MZ V). Therefore, only MZ V1
presented a different behavior from the others, with N-S structures,
although itp imil tic i sty to that of MZ V (Fig. 108
and C,and 11).

MZ Il was considered in the present study as one of the most im-
portant zones in the region because of its structuring and strategic
position for interpretations regarding the Suture Zone. The lineations of
this zone, predominantly NW-SE oriented, that suround MZ | and MZ
Il in the southern and southwestern portions, respectively (Fig. 1 1), are
visible in all three magnetic geophysical maps, and is more prominent
in the first magnetic derivative map (Fig. 10C), where a high magnetic
gradient was observed. This behavior can also be observed in the total
magnetic field map (Fig. 10B), presenting again high dipolar magnetic
contrasts and weak definition in the analytical signal map (Fig. 10D).
The digital terrain model (Fig. 10A) also shows a large difference

between the strongly positive reliefs of MZ | and MZ II1, and the less
accentuated ones of MZ I1.

Fig. 10A also indicates the behavior of structural lineations in MZ
VL, confirming the predominant N-S orientation. In turn, MZ IV and V
present less accentuated relief, wih small exceptions of higher alti-
tudes, and structuring that & pr inantly tible with that ob-
served in MZ L This suggsts !hat this entire legion belongs to the same
geotectonic domain, interpreted in the present study as ISCB.

5.3. Sorucnues

The study area is composed of various types of ductile, brittle, and
ductile-brittle structures that make the region highly complex to un-
derstand. The family of ductile str is repr d by foliati
folds, and mi 1 stretching lineati while the brittle structures
predominantly comprise fmnm and pegmatitic or quartz veins. In
turn, ductile-brittle structures occur as shear zones.
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Fig. 14. (3) Representation of the low.angle Sn™ with drag folds that resulted from sinistral movement; (b) normal shesr fokl associated with the Dn™ phase,

posing the Sn” folistion. Source: Santiago (2010); and (c) Rock of the Camiba Complex presenting an unfilled fracture with a NO2D direction.
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Fig. 15. Rose disgrans for brittle structures in the study area (A) Fracture messirements; (B) Quartz and peg:

Number of Measurements.

5.3.1. Ductile soucamres

Ductile structures are predominantly marked by foliations char-
acterized by preferential orientations particularly of minerals such as
plagioclase, biotite, and quanz They were hierarchized according to
the interaction of both plane directions and the interaction with their
mineral stretching lineations, therefore associating the nomenclature

15

vein Lower h

Sn, SiY, Sn*™ with surfaces generated, and Lxn, Lxn', and Lxn*™ with
lineations.

Sn foliation has a predominantly NE-SW direction and represents
the first deformation phase (Dn). It presents low-angle dips mainly to-
wards NW (Fig. 1 3a), and maximum plane of NO27/19NW (Fig. 12A).
Lxn mineral stretching lineations are present in this plane and have an
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orthogonal direction in relation to the Sn plane, maximum concentra- maps (Fig. 10), presenting maximum plane of N178/8INE (Fig. 12C).
tion of 24" Az305 (Fig. 12B), and reverse apparent kinematics, shown Lineations are parallel to the foliation plane, presenting low angles and
by a §/C structure (Fig. 13b). maximum concentration of 18" Az285 (Fig. 12D). They present dextral
‘The Si¥ foliation is the main type observed in the study area, apparent kinematic movement, characterized by asymmetric folds and
composing the DY phase. It is a penetrative well-defined foliation S/C relationships.
mainly observed through the alignment of biotite, but sometimes ako of The dips of the planes vary towards north and south, which pro-
plagioclase and quartz. This foliation occurs varying between finely motes folded structures varying between normal synforms and anti-
segregated to well-defined bandings. It is spaced, disjunctive, dis- forms or presenting inverted limbs. Asymmetric parasitic folds in M, W,
continuous, and parallel, sometimes presenting migmatitic aspects S or Z usually occur as fractals of these folds (Fig. 13d).
(Fig. 6a and b). Sn’ occurs as a planar structure that obliterated a After these foliation planes formed, a ductile-brittle deformation
previous foliation, becoming parallel to what is now the main foliation associated with a Dn® phase took place, represented by a conjugated
of the region, with mootless intrafolial folds as evidence (Fig. 15¢). This pair of subvertical shear zones (Fig. 13e and f), with dextral zones
foliation presents a main NW-SE structuring that predominates in the presenting a main NW-SE orientation, and sinistral zones with a main
area and is identifisble in gamma-ray spectrometry airborne geophy- NE-SW orientation (Fig. 12E, F and G).
sical maps (Figs. 7 and 8), and even more expressively in magnetic A thind foliati ttem was identified in the study area. It was

¥
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called Sn* and was associated with the Dn™ phase. These foliations
present a predominant NE-SW plane direction, and maximum measured
plane of NOO5/16NW (Fig. 10H). Its Lxn*™ mineral stretching lineati

3i i

portion, which pr 1 i ity tric and g
anomalies (Figs. 7, 8 and 10), was interpreted in the present study as

is orthogonal to the foliation plane, with maximum concentration of 12°
Az250 (Fig. 100) and is chamacterized as high rake. These lineations
result from normal-sinistral movement and are visible from dmag folds
(Fig. 14a and b).

5.3.2. Brinle sguchwres

Brittle structures are observed in the study area mainly through
fractures (Fig. 14¢) that present a predomi NE-SW directi
(Fig. 15A). However, they are also observed through quartz- or peg-
matite-filled veins (Fig. 6¢), also presenting a main NE-SW direction
(Fig. 15B).

6. Discussions
6.1. Geologic mapping

As discussed in section 4, the study area presents high geologic
complexity regarding its minemlogical ic and structural
context. Lithotype mapping and individ were d d
using airborne geophysical images seeking to systematically integrate
the methods applied for this purpose. The area of occurrence of JC
could thus be redefined, pushing its limit further south, as opposed to
where it was previously proposed by Nunes and Melo (2007).

As seen in section 5.1, JC comprises rocks with granite-granodiorite-
tonglite composition that were metamorphosed within the granulite
facies. They occur in the southern portion of the study area and were
mainly identified as the magnetic zones | and Il shown in the inter-
pretation of magnetic maps (Fig. 11). The structural behavior in the
central-northem portion of the area, where a folded structure and main
foliation direction of N-S are observed particulady in the SW portion, is
completely different from the predominant foliation of the rest of the
area. In addition, this region also presents radiometric anomalies that
stand out in relation to the rest of the area, as cbserved in the inter-
pretation of spectrometric maps (Fig. 9). The nucleus of this SW
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being composed of enderbites, while its limits, which presented higher
intensity in those maps, are composed of chamockites.

Although CC was macroscopically very similar to JC, since it is also
composed of charnockites-charnoenderbites-enderbites, it presents
structures and geophysical anomalies different from those observed in
JC and could be associated with magnetic zones MZ I, IV, V, and VI
(Fig. 11). H , specific mi logical control justifying such
anomaly patterns b diometric ains was not observed
(Fig. 9).

Mild positive anomalies in Th/K ratios occurred in the SE portion of
the map (Fig. 8D), which are the result of colluvial deposits due to
lower lixiviation of thorium. This interpretation was confirmed in the
field during the geologic mapping. This was associated with darker
portions in the total count gamma-ray spectrometry map (Fig. 8A) that
refer to enderbites and charnoenderbites. These rocks can also be ob-
served in the interpretation of magnetic maps as MZ Il (Fig. 11). The
central portion of the map was associated with charnockites due to the
high ration of r pes (Flg. 8A) and magnetic anomalies
with varying intermediate contents (Fig. 10).

However, this complex is mainly identifiable due to its structural
behavior that, as previously mentioned, is significantly different from
that observed in the lithotype classified as JC, presenting structural
lineations mainly oriented according to an NW-SE direction, especially
in the southern portion, near the contact zone between both com plexes.
‘The eastern portion of this unit presents different structuring com pared
with the overall pattem, with a preferential N-S direction and identified
in the magnetic interpretation as MZ V1. H er, regarding P

itional resp the portion does not seem different from the
central one. Therefore, only one difference in rheological response was
intempreted in this region. The folds observed in CC are either normal
synforms and antiforms or present an inverted limb. They did not show
evidences of later refolding.

The rocks that compose the intrusive granitoids are mainly mon-
zogranites with weak to inexistent deformation compatible with those
observed in CC, lithotype in which they are intruded. Initially, the high
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occurrence of inselbergs in the region was thought to be related to these
intrusive bodies. However, this hypothesis was not corroborated in field
campaigns, since a large portion of these positive reliefs is com posed of
mcks from either CC or JC. The use of airbome geophysical maps was
extremely important to identify the limits of these bodies, especially the
gamma-ray spectrometry maps (Figs. 7 and 8), since the rocks with this
com position would probably be represented by pinkish anomalies inthe
map. However, similarities between the composition of granites and
chamockites hampered the use of this method in the identification of
these intrusive bodies. Thus, a comelative methodology using field
descriptions and anomalies was adopted to delimit them. Therefore,
only the intrusive bodies described in the field were individualized in
the present study.

6.2 Tectonic evalution

‘The evolution of the deformation in the stndy area is considered
mainly to have originated from Pal ¢cs, and was
interpreted in the present study as a progressive ddonmtbn process
subdivided into four stages, ranging from ductile to ductile/brittle to,
finally, exclusively brittle.

‘The first phase (Dn) was sible for the g of the Sn
foliation with an orthogonal Lxn to the plane (Fig. 12A and B). This
indicates dip-slip reverse kinematics, with a SE dip, therefore resulting
from the beginning of the collision between the blocks.

‘The second deformation phase, also ductile, was more penetrative
and responsible for the g tion of an Si’ surface, which is the most
easily observed foliation in the area, either wsing geophysical images
{Figs. 7, 8 and 10) or during outcrop field visits. This phase p
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deformation stages resulted from the rotation of stress tensors unti the
final structures of the orogen collapse (Fig. 17).

The bination of data obtained in the pr study allowed to
reinterpret the limits between ISCB and JB, as observed in the gamma-
ray spectrometry and magnetic geophysical images (Figs. 9and 11). It
also allowed to re-evaluate the occurrence of intrusive calcium-alkaline
rocks in the central area, and the regional lineations observed both in
outcrops and in the first vertical derivaﬂve gm;ilyslcd image.

Fig. 1Baand b p a the limits of the
blocks mentioned above showing thecurrem position of the suture zone
and the suggestion made by the researchers involved in the present
study in order to re-delimit these boundaries between JB and ISCB.

Such as Sampaio et al (2017) achieved in the Valenga Region, this
paper aimed to contribute to the understanding of the evolution of the
Séo Francisco Craton during the Paleopmoterozoic and shows that air-
borne geophysical data may have large applications in Regional
geology of the referred Craton, since ithas yet a lot to develop until it is

pletely und d and its iton aones ly delimited

One important aspect of this result is its appllubillty for mineral
exploitation, since the new setting may allow a more precise definition
oftarget areas of possible minerals and mineralizing geologic processes.
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main NW-SE direction and strike-slip lineation (Lxi) parallel to the
foliation plane (Fig. 12C and D), which resulted from a dextral shear
associated with an evolution stage of collisional tectonics. [soclinal
folds and S/C structures occur associated with this phase. The dextral
shear movement is associated with the geometry of the contact between
blocks, locally resulting in an opposite movement to the regional one
{Fig. 16 - stage 3).

‘The Dn” phase is the result of regional stress tensor rotation towards
an N-§ direction and was responsible for ductile-brittle deformation,
which produced conjugated pairs of sinistral and dextral shear zones
(Pig. 12E, F, and G). This phase was identified as a more advanced stage
of the collision.

‘The last phase of ductile deformation was classified as Dn™, in
which an extensional situation occurred as the result of orogen collapse.
‘This was shown by low-angle NE-SW foliation (Sn*™) and gently tilted
lineation (Lxn™) (Fig. 12H and ), ako orthogonal to the plane, pre-

ting normal as the result of the trans-extensive vector due
to the gravitational stress tensor of the mountain range. This phase was
ako responsible for normal shear fold structures and brittle structures
that resulted from the trans-extension (Fig. 15A and B), which some-
times were filled by pegmatite- or quartz-enriched material.

7. Conclusions

‘The area studied is clearly a geologic environment chamcterized by
a transpressional zone, mainly represented by reverse faults that re-
sulted from the collision between the Itabuna-Salvador-Curacd and
Jequié blocks, causing the supexposlﬁon of ISCB over JB. 'Ihiscolllﬂon
is also characterized by possibl dkali re-
sponsible for the syn to late tectonic granitic intrusions, glven that the
intrusive rocks described in this study presented incipient deformation,
mainly characterized by mi minerals and plagioclases, compa-
tible with regional deformation.

‘The structural pattems suggest a progressive deformation which is
charactenistic in collisonal zones, presenting evidence of four de-
formation stages, mainly lme'pteted by amlyzng the relationship be-
tween foliation surfaces and mi str Some of the

1
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CAPITULO 3

ARTIGO — GRANITOGENESE DA ZONA DE SUTURA
ENTRE OS BLOCOS ITABUNA-SALVADOR-CURACA E
JEQUIE, NA REGIAO DE MILAGRES E IATIM, CRATON
DO SAO FRANCISCO, BAHIA, BRASIL: CORRELACOES
ENTRE OS DADOS PETROLOGICOS.
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Granitogénese da Zona de Sutura Entre os Blocos Itabuna-Salvador-
Curacé e Jequié, na Regido de Milagres e latim, Craton do Sao Francisco,

Bahia, Brasil: Correlacdes Entre os Dados Petroldgicos.

Granitegenesis of the Suture Zone Between Itabuna-Salvador-Curacga and
Jequié Blocks, in Milagres and Itatim Region, Within the Sdo Francisco

Craton, Bahia, Brazil: Correlations Between Petrological Data.

Lucas TEIXEIRA DE SOUZA!, Luiz Cesar CORREA-GOMES 2 & Jailma Santos de
SOUZA-OLIVEIRAZ,

@@ programa de P6s-Graduagdo em Geologia, Ndcleo de Geologia Basica (NGB), Instituto de
Geociéncias, Universidade Federal da Bahia — Bahia — Brasil. Endereco: Rua Bardo de Jeremoabo,
s/n, Campus Universitario de Ondina. CEP: 40170-020. Salvador, Bahia, Brasil (E-mails:
Wsouza.t.lucas@gmail.com, @jailmasouza@gmail.com, @lccgomes@gmail.com)

Resumo. A éarea de estudo encontra-se localizada no limite entre dois blocos crustais que
compdem o Créaton do Sao Francisco (CSF), os blocos Jequié (BJ) e Itabuna-Salvador-
Curacé (BISC). Este trabalho tem como objetivo principal identificar as caracteristicas
petrograficas e geoquimicas das rochas intrusivas que afloram nesta regido, resultantes da
colisdo entre esses grandes blocos e desta forma contribuir com o conhecimento da
evolucdo geotectdnica que moldou essa regido. Através da descricdo petrogréafica
verificou-se que a mineralogia dos litotipos é composta principalmente por quartzo,
feldspatos e micas, apresentando um baixo grau de deformacéo e feicGes de alteracdes
deutéricas tardi magmaticas, principalmente envolvendo a biotita. Os estudos
litogeoquimicos mostraram um contexto de rochas calcioalcalinas peraluminosas a
metaluminosas com alto K, essencialmente graniticas e com visivel fracionamento dos
ETRL em relacdo aos ETRe. Utilizando dados de geocronologia U-Pb de estudos
anteriores foi sugerida uma idade de intrusdo em torno de 2,07-2,06 Ga (U-Pb em zircéo),
para essa Suite.

Palavras-chave. Petrografia, Geogquimica, Craton do S&o Francisco, Geologia.

Abstract. The study area is located between two crustal blocks that make up the S&o
Francisco Craton (SFC), the Jequié (JB) and Itabuna-Salvador-Curacd (ISCB) blocks.
This work has as main objective to identify the petrographic and geochemical
characteristics of the intrusive rocks that emerge in this region, resulting from the
collision between these blocks and thus contribute to the knowledge of the geotectonic
evolution that shaped this region. Through the petrographic description, it was verified
that the lithology mineralogy is composed mainly of quartz, feldspars and micas, with
low degree of deformation and with tardi magmatic messomatic alterations, mostly within
the biotites. The lithogeochemical studies showed a context of high-K, peraluminous to
metaluminous calc-alkaline rocks, commonly composed of granites and with evident
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fractionalization of light REE and heavy REE. The U-Pb geochronology bibliographic
data suggests that the intrusive rocks were formed around 2.07-2.06 Ga

Keywords. Petrography, Geochemistry, Sdo Francisco Craton, Geology.

1 Introdugéo

Estudos nos terrenos granuliticos do centro-leste da Bahia, regido na qual se insere a
area de pesquisa, tém possibilitado estabelecer a caracterizacdo composicional dos produtos
metamorficos, bem como a identificacdo dos protdlitos, a determinacdo de idades, as
condicBes termobarométricas de formacdo e como consequéncia, os ambientes do principal
evento tectono-metamdrfico que atingiu essas rochas. Estas pesquisas também sugerem
modelos metalogenéticos ligados a evolucdo geoldgica do CSF.

A éarea de estudo desta pesquisa encontra-se no limite de dois segmentos crustais
argueanos a paleoproterozoicos constituintes do CSF: o Bloco Jequié (BJ) e o Bloco Itabuna-
Salvador-Curaca (BISC) (Figura 1) (Barbosa e Sabaté (2002, 2004)). Esses autores sugerem,
para esta area, uma zona de subducdo na parte mais oriental do Cinturdo Itabuna-Salvador-
Curaca (CISC) e um arco de ilha insular precoce.

O presente trabalho objetiva principalmente a caracterizagdo petrogréafica e
geoquimica da granitogénese da zona de sutura entre o BISC e o BJ, na regido de Itatim e

Milagres, e correlagdo com outros dados petroldgicos existentes na literatura.

2 Localizacdo da area de estudo

O Créaton do Sdo Francisco (CSF) (Figura 1A) representa uma das unidades
geotectbnicas mais importantes do continente Sul-americano, posicionado na porcao leste da
plataforma homénima e no centro-leste do territério brasileiro (Almeida, 1977). O CSF é
moldado e limitado por faixas de dobramentos e cavalgamentos neoproterozoicas
denominadas: Riacho do Pontal, ao norte, Brasilia a oeste, Rio Preto, a noroeste, Araguai a sul
e a Sergipana a nordeste e cuja maior extensdo aflorante de seu embasamento esta localizada
no estado da Bahia (Figura 1B).

A presente pesquisa foi realizada especificamente no centro leste do estado da Bahia,
nos arredores dos municipios de Milagres e Itatim, inseridos na folha Milagres (SD-24-V-B-
V) (Figura 2B). O acesso principal é realizado a partir de Salvador, capital do estado, através
da BR-324 até o municipio de Feira de Santana, sequido da BR-116 até a cidade de Milagres
(Figura 2B), principal municipio da folha estudada, totalizando cerca de 240 km de

deslocamento.



36

S . S80 Luis
) p N(\a‘l‘o“ \

==
il Bacia {
. Parnaiba

A |

| i
§
]

J'; )
[ ICobertura Fanerozéica Pare Al

Facia y 4 )

D Sistemas Orogenéticos i) f/
Neoproterozéicos § 2 "
y X £ Cobertura Fanerozobica
Il Cratons o/, - : A I:]
0500k Graton Rioe [ cobertura Proterozsica
-_—
de La Plata

Sistemas Orogenéticos
Neoproterozoéicos

|:] Embasamento

BS - Bloco Serrinha

BISC - Bloco Itabuna-Salvador-Curaga
BJ - Bloco Jequié
BG - Bloco Gavido

/ - OISC - Oroégeno Itabuna-

/ Salvador-Curagéa
[J - Areadeestudo

Faixa Brasilia

-

Figura 1 — (A) Principais cratons e sistemas orogenéticos neoproterozoicos do territorio brasileiro; e
(B) Mapa geolégico simplificado do CSF. Fonte: Modificado de Barbosa et al (2012).

3 Materiais e Métodos

Esta pesquisa baseou-se no estudo petrografico e litogeoquimico das rochas aflorantes
na zona de sutura entre Bloco Jequié (BJ) e o Bloco Itabuna-Salvador-Curacd (BISC)
(Teixeira de Souza et al., 2019), onde, a partir das amostras coletadas nos trabalhos de campo,
foram confeccionadas 8 laminas petrogréaficas e realizadas 8 andlises litogeoquimicas de rocha
total.

A confeccdo das laminas petrograficas foi realizada no Laboratério de Laminagdo
(LABAM) do Instituto de Geociéncias da Universidade de Brasilia (UnB), enquanto que as
andlises litogeoquimicas foram realizadas pela ALS GLOBAL. A preparacdo das amostras
baseia-se na britagem, quarteamento e posterior pulverizagdo. A analise de 13 elementos
maiores foi realizada ap0s preparacdo por fusdo com borato de litio e determinacdo por
espectrometria de emissdo atémica (ICP-AES), os 38 elementos traco analisados foram

preparados da mesma forma, mas analisados por espectrometria de massa (ICP-MS).
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Figura 2 — Mapa de localizacdo da &rea de estudo. A) Mapa de localizago da area de estudo na regido
Nordeste do Brasil; e B) Localiza¢do no estado da Bahia, onde o poligono que marca a area de estudo
representa a Folha Milagres (SD-24-V-B-V). Fonte: Teixeira de Souza et al. (2019).

Em uma etapa de escritorio as laminas petrograficas foram descritas no Laboratério de
Petrografia da Universidade Federal do Oeste da Bahia (UFOB) utilizando miscroscopio de
luz transmitida do tipo OLYMPUS BX41, onde foram observadas as paragéneses minerais,
texturas e estruturas microscopicas das rochas. Os dados litogeoquimicos foram tratados
utilizando os softwares Microsoft Excel e GCDKit in R.
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4 Geologia Regional

A presente pesquisa foi realizada na zona de sutura entre dois dos principais
segmentos crustais que compdem o Craton do S&o Francisco (CSF), o Bloco Jequié (BJ) e o
Bloco Itabuna-Salvador-Curagd (BISC) (Figura 1), onde Teixeira de Souza et al. (2019)
iniciaram o mapeamento geoldgico baseado em dados de campo, descricbes macroscépicas e
estruturais das rochas e complementando com estudos geofisicos. Nessa pesquisa, 0s citados
autores conseguiram delimitar a zona de transicao entre o BJ e o BISC (Figura 3).

Nunes e Melo (2007) classificam as rochas intrusivas da regido de Itatim e Milagres
como granitoides pos-tectdnicos e indeformados. No entanto, Teixeira de Souza et al. (2019)
identificou variados graus de deformacdo dessas rochas intrusivas e consequentemente,
fizeram a sugestdo de que fossem associadas com a Suite Intrusiva Itaberaba. Teixeira de
Souza et al. (2019) também classificam a area em tela como pertencente a um ambiente
transpressivo com deformacdo evoluindo de estagios ddcteis a rupteis, desde o inicio da
colisdo até o colapso do Orogeno.

De acordo com Teixeira (1997), Macedo (2006), Nunes e Melo (2007), Santiago
(2010), Barbosa et al. (2012) e Teixeira de Souza et al. (2019), as rochas dos BISC e BJ se
tratam de complexos granuliticos, principalmente ortoderivados, de composi¢do
charnockitica, charnoenderbitica e enderbitica. Sdo rochas meso a leucocraticas de granulacao
média a grossa, bandamento gnaissico bem marcado e por vezes migmatizadas. Sua
composicdo modal € representada principalmente por plagioclasio, feldspato mesopertitico,
quartzo, biotita e ortopiroxénio, por vezes apresentando hornblenda e k-feldspato de forma
subordinada. Alguns afloramentos podem apresentar feldspato mesopertitico como
porfiroblastos, sendo comum a ocorréncia de veios de quartzo tanto concordantes como
discordantes da foliacdo principal destas rochas.

Esses blocos sdo de idade neoarqueana/paleoproterozoica, com datacdo U/Pb em
zircdo em torno de 2,7 Ga e idades modelo TDM Sm/Nd de 3,2Ga (Barbosa & Sabaté 2002,
2004; Macedo, 2006), para as rochas do BJ e idades préximas a 2,6 e 2,1 Ga para as rochas do
BISC (Barbosa & Peucat, 2006). As rochas da Suite Intrusiva Itaberaba (SII) sdo identificadas
como sieno a monzogranitos levemente deformados de idade 2,1 Ga (método RDb-Sr)
(Fernandes, 1991).
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Souza et al. (2019).



40

Trabalhos anteriores na regido de Itatim e Milagres (Santiago, 2010) e em areas
adjacentes (Macedo, 2006; Santos, 2009; Queiroz, 2011; Souza, 2012; dentre outros) descrevem
as rochas aflorantes como (i) granulitos heterogéneos migmatiticos, formado por rochas
charnockiticas a charnoenderbiticas. A composi¢cdo mineral principal desses granulitos envolve
plagioclasio, mesopertita, quartzo, ortopiroxénio, biotita e anfibolio, podendo ou ndo conter
granada, além de zircdo, apatita e minerais opacos como acessorios.

Interpretacdes litogeoquimicas de Macedo (2006) e Queiroz (2011) sugerem que 0S
granulitos charnockiticos-enderbiticos foram originados da cristalizacdo fracionada de magma
granitico/granodioritico, célcio-alcalino de intermediario K e que os domos charnockiticos,
mapeados na regido, foram resultado da fusdo parcial de parte desses granulitos enderbiticos-
charnockiticos mais antigos, recristalizados na facies granulito em condi¢des cumulaticas de
alguns dos minerais constituintes do protolito, como plagioclasio e piroxénios.

Corréa-Gomes et al., (2012) realizaram datacbes U-Pb (Laser Ablation-ICP-MS) na
regido de Itatim e a partir das diferencas de idades entre borda e centro dos zirc6es definiram que
as rochas dessa area sdo representadas por protdlitos arqueanos com idades entre 2,7 e 2,6 Ga
(Figura 4a, b e c), referentes a andlise das rochas do BISC (Complexo Caraiba), e sdo afetadas
por marcantes eventos metamorficos Paleoproterozoicos entre 2,07 e 2,06 Ga (Figura 4c e d).

Esses dados se apresentam compativeis com os encontrados por Barbosa & Sabaté (2002,
2004) e Peucat et al., (2011) tanto para as idades de cristalizacdo (2,7-2,6 Ga) e de metamorfismo
(2,07-2,06 Ga) e permitiram que esses autores realizassem a interpretacdo que o intervalo de
tempo entre o pico do metamorfismo e colapso orogénico foi em torno de 30-40 Ma, indicando
que os eventos de colisdo dos blocos crustais na borda leste do CSF ocorreram de modo
diacrénico. Outros estudos de estimativas geocronoldgicas relacionadas ao periodo de duracdo
entre o pico do metamorfismo e o colapso orogenético que costuma marcar a estabilizacdo do
novo continente foram realizados por Fritz et al. (2013) e Rosas et al. (2008), no leste africano e
na regido de Portugal no sudoeste europeu, respectivamente. O Ordgeno do Leste Africano,
segundo Fritz et al. (2013) apresenta idade do pico do metamorfismo em torno de 650-620 Ma a
600-500 Ma e colapso orogenético por volta de 600-550 Ma e 550-480 Ma. No terreno de
Portugal as idades registradas por Rosas et al. (2008) sdo de 380-370 Ma para 0 pico metamorfico
e 365-310 Ma para o colapso. Esses trabalhos colocam um intervalo de aproximadamente 40 a 70
Ma entre o pico metamarfico e o colapso do ordgeno.

Desta forma, o periodo entre coliséo e colapso do Orogeno Itabuna-Salvador-Curaca se

apresenta compativel com outros exemplos mundiais.
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Figura 4 — Idades U-Pb para zircBes de quatro amostras da regido de Itatim/Milagres. (A), (B) e (C) idades
de intercepto superior de analise dos nicleos; e (D) idade de intercepto superior de analise do nicleo e
intercepto superior de analise da borda recristalizada. Fonte: Correa-Gomes et. al. (2012).

5 Resultados dos dados petrograficos e geoquimicos

As rochas desta suite ocorrem distribuidas na porcdo central do Complexo Caraiba,
representante do BISC na area de estudo (Figura 3) e sdo classificadas macroscopicamente como
monzogranitos, leucocraticos, com texturas faneritica, inequigranular, granulacdo média a grossa
e composta por plagioclasio, quartzo, microclinio e biotita, raramente com granada. Apresentam
foliagdo incipiente, marcada principalmente pela orientagdo da biotita, e sdo classificadas como
sin a tardi tectonicas devido a essa deformacdo incipiente (Teixeira de Souza et al., 2019).

Microscopicamente essas rochas apresentam pouca mesopertita e auséncia de minerais
maficos como hornblenda e piroxénios, com maiores porcentagens de quartzo e k feldspato
(Tabela 1). Sua analise modal confirma a classificagdo macroscépica realizada por Teixeira de
Souza et al. (2019), identificando essas rochas como monzogranitos, com apenas uma amostra

com maior porcentagem de feldspato alcalino e classificagdo como sienogranito (Figura 5). A
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deformacéo pode ser observada nas laminas principalmente pela orientagcdo das biotitas (Figura
8a), porém também pelas extingbes ondulantes dos quartzos e feldspatos. Localmente também
podem ser observados quartzos estirados formando planos (Figura 8a). Essas rochas se
apresentam inequigranulares, com minerais variando de 0,1 a 7mm, com microestruturas
granoblastica decussada, lepidoblastica, pertitica e poiquiloblastica (Figura 8b), com apatita,
biotita, quartzo e minerais opacos como inclusdes.

Alteracdes do tipo saussuritizacdo e sericitizacdo sao comuns nos feldspatos, assim como

a cloritizagéo (Figura 8c) e moscovitizacgao das biotitas (Figura 8d).

Amostra Litotipo Qz PI Mp Mc Bt Hbl Opx Cpx Opg Ms Chl Ep Ap
Ig_004 Sl 28 10 15 43 1 105 05 1
Ig_017 Sl 34 195 30 15 0.2 0,2 0,3 0,3 0,5
Ig-181-16 Sl 53 40 5 1 05 05
1g-181-17 Sl 36 20 10 30 25 05 03 03 02 0,2
1g-181-18 Sl 47 25 17 9 103 03 0,2 0.2
Ig-181-21 Sl 33 15 25 20 3 2 2
Ig-181-22 Sl 335 25 3% 5 05 04 03 0,3
1g-181-23 Sl 35 25 32 5 05 05 1 05 05

Tabela 1 — Variagdo mineral6gica modal (% volume) das rochas da Suite Intrusiva Itaberaba (SIl) da
regido de Milagres. Qz — Quartzo; Pl — Plagioclasio; Mp — Mesopertita; Mc — Microclinio; Bt — Biotita;
Hbl — Hornblenda; Opx — Ortopiroxénio; Cpx — Clinopiroxénio; Opq — Minerais opacos; Ms — Moscovita;
Chl — Clorita; Ep — Epidoto; Ap — Apatita. Abreviagdes segundo Whitney & Evans (2010).

_ granitéide
rico em quartzo

sieno- monzo- \ grano-
granito; ﬁ@nito diorito
1

1

A //// / \\ \\\\ o

Figura 5 — Diagrama modal QAP (Streckeisen, 1976) para nomenclatura e classificacdo das rochas da
Suite Intrusiva Itaberaba.
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Figura 6 — Microestruturas nas rochas da Sll. (a) Deformacdo incipiente marcada principalmente pela
orientacdo dos cristais de biotita, marcando a textura lepidoblastica (Lp); (b) Textura poiquiloblastica
marcada pela inclusdo de cristais de quartzo e biotita em grande cristal de mesopertita (Nx); (c) Processo
de cloritizag&o da biotita (Lp); e, (d) Processo alteracdo da biotita para moscovita (Nx). Mp — Mesopertita,
Bt — Biotita, Qz — Quartzo, Mc — Microclinio, Chl — Clorita, Ms — Moscovita.

5.2 Litogeoquimica

Como determinado na sec¢do 3, as rochas intrusivas tiveram um total de oito anélises
litogeoquimicas, objetivando a classificacdo deste magmatismo ocorrente na zona de sutura entre
os BJ e BISC no Créaton do Séo Francisco.

As analises deste litotipo se apresentam com valores de SiO> entre 69,6 e 74,6%, teores de
Al>03 variando entre 14,15 e 15,45%, o Fe.Oz varia de 1,57 a 3,18, o CaO possui porcentagens
entre 1,7 e 2,28%, com o MgO entre 0,34 e 0,85%, Na.O entre 3,49 e 3,99%, K-0O na faixa de 3,5
a 4,69%, P.Os variando de 0,03 a 0,15% e os teores de TiOz entre 0,23 e 0,41% (Tabela 4). Os
valores dos principais elementos tracos mostram o Ba com proporcdes entre 875 e 4570ppm, o
Rb apresenta variacGes entre 61,4 e 90,7ppm, o Sr varia de 228 a 601ppm, 0 Zr possui valores
entre 179 a 365ppm, Nb entre 1,7 e 3,0ppm e Y variando de 3 e 7,1ppm (Tabela 2).
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Suite Intrusiva ltaberaba
1g-181-22 1g-181-19 1g-181-18 Ig 004 1g-181-17 1g-181-23  1g-181-21 g 017

SiO2 69,6 70,3 71,6 72,3 72,5 73,3 74,4 74,6
Al203 15,15 147 15,45 14,4 14,9 145 1435 14,15
Fe203 3,18 1,8 2,44 1,83 1,7 1,86 1,86 1,57
Ca0 2,22 2,28 1,83 1,86 1,82 1,71 1,7 1,92
MgO 0,85 0,45 0,7 0,4 0,49 043 043 0,34
Na20 3,81 3,98 3,61 3,62 3,83 349 379 3,99
K20 4,1 3,5 4,52 4,4 4,34 469 4,24 3,95
Cr20s 0,004 0,005 0,003 0,003 0,002 0,003 0,003 0,004
TiO2 0,4 0,29 0,41 0,25 0,28 028 0,26 0,23
MnO 0,02 0,02 0,01 0,02 0,01 001 0,01 0,01
P20s 0,15 0,06 0,1 0,06 0,04 0,04 0,04 0,03
LOI 0,69 0,99 0,72 0,53 0,63 0,84 0,7 0,73
Total 100,44 98,57 101,99 99,86 100,69 101,37 1019 101,65
La 98,9 61,9 261 67,9 64 108 63,8 435
Ce 175,5 102 421 121,5 112 185,5 111 72,4
Pr 17,15 9,87 39,9 12,35 10,9 17,7 10,85 6,91
Nd 541 31,9 117,5 38,2 331 532 333 218
Sm 7,69 4,9 12,25 5,08 5,43 6,87 5,36 3,56
Eu 1,53 11 1,97 1,3 0,96 122 0,89 0,87
Gd 4,14 2,55 4,5 2,1 2,65 3,07 2,97 2,23
Tb 0,42 0,24 0,39 0,25 0,28 03 033 0,22
Ho 0,27 0,14 0,21 0,13 0,12 0,15 0,16 0,13
Er 0,61 0,33 0,46 0,41 0,3 027 0,34 0,28
m 0,07 0,04 0,04 0,03 0,04 0,05 0,05 0,05
Yb 0,32 0,3 0,26 0,15 0,23 0,24 0,25 0,37
Lu 0,04 0,05 0,04 0,03 0,03 002 0,04 0,04
Ba 1650 1235 4570 1215 1005 1635 887 875
Cr 30 40 30 30 20 20 20 30
Cs 0,06 0,18 0,1 0,08 0,18 012 o011 0,13
Dy 2,23 0,93 1,6 0,97 0,94 1,07 1,36 0,84
Ga 21,3 21,8 23,6 19,2 22,7 21,2 22,2 20,3
Hf 6,2 5,2 7,9 4,8 55 5,7 54 4,6
Nb 2,5 3 1,9 1,9 2,5 1,7 4,2 3
Rb 69,6 61,4 87,3 71,5 90,7 90,3 837 66,5
Sn 2 <1 1 2 3 1 1 <1

Sr 601 443 552 460 287 308 228 295
Ta 0,2 0,1 0,1 0,1 0,2 0,1 0,2 01
Th 26,5 28,8 86,4 351 32,5 46,8 29,3 20,6
U 0,69 1,16 0,56 0,76 1,35 1,18 1,71 1,47
\Y 41 27 38 21 17 18 20 10
W 1 <1 1 1 1 1 1 1
Y 71 3,7 48 3,5 3,6 3,6 4,4 3
Zr 257 217 365 182 214 225 198 179

Tabela 2 — Dados de analises geoquimicas deste trabalho para as rochas da SlI. Elementos maiores em
porcentagem em peso e elementos trago em ppm.

As amostras apresentam carater sub-alcalino de acordo com o diagrama de classificagao

TAS (COX et al., 1979) (Figura 7a), sendo classificadas principalmente como granitos, com uma
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amostra classificada como granodiorito (Figura 7a). Utilizando o diagrama AFM de Irvine &
Baragar (1971) elas situam-se proximas ao vertice de alto alcalis, possivelmente devido ao alto
grau de diferenciacdo, sendo classificadas como do tipo calcioalcalina (Figura 7b). O diagrama
A/CNK-A/NK de Shand (1943) permite visualizar que essas possuem carater peraluminoso a
metaluminoso, posicionando na transicdo entre os dois campos (Figura 7c¢). A sua classificacao
quanto a saturacdo em potassio permite classifica-las como calcioalcalinas de alto K, de acordo
com o diagrama K>0-SiO:> de Peccerillo & Taylor (1976) (Figura 7d). Para o diagrama normativo
de classificacdo dos feldspatos, essas rochas apresentam baixos valores de An e uma proporgao
quase que 50% de Ab e Or, seu posicionamento no diagrama confirmam sua classificacdo como

granitos (Figura 7e).
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Figura 7 - Diagramas de classificacdo utilizando elementos maiores das analises litogeogquimicas da SlI. a)
Diagrama total de alcalis vs silica — TAS (Cox et al., 1979); b) Diagrama triangular AFM (Irvine &
Baragar, 1971); c¢) Diagrama do indice de saturagdo em alumina — A/CNK-A/NK (Shand, 1943); d)
Diagrama do indice de saturacdo em potassio (Peccerillo & Taylor, 1976); e, e) Diagrama triangular de
classificagdo dos feldspatos (O’Connor, 1965).



46

O comportamento dos elementos maiores quando observados em funcdo do aumento de
SiO. (Diagramas tipo Harker) apresentam trends onde se observa deplecdo em Al.O3, CaO,
MgO, TiOz, P.Os e FeOy, porém também com intervalos retilineos para o CaO, P2Os e FeO..
Enquanto que ha um aumento apenas nos teores de K20, com 0 Na2O se apresentando levemente
disperso (Figura 8). Para avaliacdo da real dispersdo desses elementos, foram produzidos
diagramas MPR da razdo entre elementos que nao tiveram comportamento moével e estes que
possivelmente estiveram moveis durante a cristalizacdo (Figura 9). Esses diagramas sdo
realizados na base logaritmica segundo as definicdes de Beswick (1982) e esses diagramas
apresentam trends lineares dos valores plotados, mostrando que a dispersdo foi promovida pela
cristalizacdo fracionada e ndo por processos pos-magmaticos. Os diagramas do tipo Harker para
elementos menores e trago apresenta pouco ou nenhum fracionamento em Ba, Ce, Cr, La, Y e Zr,
0s quais aparentam ter uma correlagéo lateral de teores desses elementos em funcdo do aumento
de SiO; (Figura 10). O Sr e o0 Ba sdo o0s Unicos elementos que aparentemente apresentam um
trend mais bem definido, com uma leve deplecdo com o aumento de acidez das rochas para o Sr e
enriquecimento para o Rb (Figura 10). Anomalias pontuais ocorrem em cada um desses
elementos, com exce¢do do Sr, porém nao restritas a apenas uma amostra.

O estudo do diagrama multielementar normalizado pelo Manto Primitivo
(MCDONOUGH & SUN, 1995) permite a observacdo de fortes anomalias negativas de P, Ta, Nb
e Cs, e fraca anomalia negativa de Ti e Yb (Figura 11a). Os valores mais elevados observados
nesse diagrama sdo do Th, Rb, Ba e La, caracterizando esse magmatismo como enriquecido em
elementos incompativeis (Figura 11a).

O comportamento das amostras desses granitoides de acordo com a classificacdo de ETR
normalizados pelo Manto Primitivo (MCDONOUGH & SUN, 1995), mostra que essas rochas
apresentam um forte fracionamento entre ETR. e ETRp (Figura 11b), corroborando o alto grau de
diferenciacdo. Estes espectros apresentam razdes de Lan entre 67.13 e 402,78, razdes de Lun
entre 0,29 e 0,74 e razbes Eu/Eu* 0,68 a 1,21, Eun/Ybn entre 6,73 e 24,82 e Lan/Ybn 80,01 e
683,17. Evidenciando o forte fracionamento de ETRp em relagéo aos ETRL.

A classificac@o geotectdnica para esses granitoides se deu utilizando o diagrama de Pearce
et al. (1984), onde as amostras se posicionaram nos campo do tipo VAG — Granitoides de Arco,

tanto no diagrama Rb/Y+Nb (Figura 12a), como nos diagramas Nb/Y e Ta/Yb (Figura 12b e c).
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Figura 11 — Diagramas de elementos trago para as rochas intrusivas: a) Diagrama de Elementos Terras
Raras; e, b) Diagrama multielementar. Ambos normalizados pelo manto primitivo segundo (McDonough

& Sun, 1995).
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Figura 12 — Diagramas de classificacdo geotecténica de Pearce et al. (1984): A) diagrama Rb/Y+Nb; B)
diagrama Nb/Y; e, C) diagrama Ta/Yb. (VAG: volcanic arc granites, COLG: collisional granites, ORG:
orogenic granites, WPG: within plate granites).

6 Discussoes

Petrograficamente, as rochas intrusivas da SlI apresentam deformacdo de baixo grau,

representada pela orientacdo das biotitas e extincdo ondulante dos quartzos e feldspatos,

ocasionalmente com estiramento de feldspatos e quartzo, indicando sua caracteristica sin a tardi-
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colisional. Santiago (2010) identificou também que em algumas porcGes dos granitoides
intrusivos ocorrem ac¢les metassomaticas, principalmente quando proximas da zona de contato
com a encaixante. Ocorrem ainda reac¢fes que indicam condicOes de alteracdes deutéricas tardi
magmaticas, como observado pela transformacéo biotitas em moscovita e clorita (Figura 6c¢ e d).
As texturas de exsolucdo como as pertitas e mesopertitas (Figura 6b) sugerem um ambiente de
alta pressdo de fluidos, corroborando que houve atividade metassomatica durante o0 processo
magmatico.

Sua classificagdo modal (Tabela 1 e Figura 5) classificaram essas rochas essencialmente
como metamonzogranitos.

Além disso, os dados geocronoldgicos se mostram compativeis com as idades de
cristalizacdo e metamorfismo de (Barbosa e Sabaté, 2002, 2004; Peucat et al., 2011),
apresentando idades de cristalizagcdo em torno de 2,7 e 2,6 Ga e pico do metamorfismo em 2,07-
2,06 Ga (Figura 4) para as rochas do Complexo Caraiba. As diferencas de idades entre borda e
centro dos zircdes analisados sugerem que o intervalo de tempo entre 0 pico do metamorfismo e
o0 colapso orogénico foi em torno de 40-30 Ma, indicando que os eventos de colisdo dos blocos
crustais na borda leste do CSF ocorreram de modo diacronico. Esses dados sugerem que a
intrusdo das rochas graniticas se deu por volta 2,06Ga, no final do pico metamérfico da colisdo
entre o0 Bloco Jequié e Itabuna-Salvador-Curaca, como ja sugerido por Teixeira de Souza et al.
(2019) na fase Dn’’ (Figura 13c).

As rochas graniticas intrusivas da regido de Itatim e Milagres foram classificadas nesse
trabalho como subalcalinas, calcioalcalinas, de alto potassio com carater peraluminoso a
fracamente metaluminoso (Figura 7a, b, ¢ e d) e essencialmente como granitos (Figura 7e).

Os diagramas do tipo Harker sugerem para as rochas da SII um comportamento
fracamente incompativel de K>O e Na,O com o fracionamento, com leve dispersdo deste Gltimo
(Figura 8), no entanto, os diagramas MPR mostram que ao avaliar esses elementos em fungdo de
outros ndao moveis, ndo houve dispersdo, de modo que essa leve dispersdao ndo esta ligada a
processos metamorficos ou de deformacdo regional. Ja os demais elementos maiores
apresentaram comportamento compativel durante o fracionamento (Figura 8), alem de pouco
fracionamento dos elementos menores, apresentando variagdo negativa apenas para 0 Sr e
levemente positiva para o Ba (Figura 10).

Os diagramas multielementares e de ETR (Figura 11) permitem observar que essas rochas
sdo enriquecidas em elementos incompativeis, principalmente os ETRL, indicando que houve

fracinamento desse magma durante sua ascensdo. As anomalias encontradas no diagrama
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multielementar (Figura 11a), principalmente as negativas de P, Ta, Nb, Ce, Ti e Yb confirmam
essa caracteristica de fracionamento do magma e também sdo indicativas de que essas rochas
foram geradas por um mecanismo de subducgdo. No entanto, o grau de fracionamento desse
magmatismo n&o é considerado muito elevado, devido a inexisténcia de anomalia negativa de Eu
(Figura 11b), a qual é caracteristica em magmas graniticos muito fracionados.

Em relacdo a discriminacdo tectdnica, esses granitos da SlI foram classificados como
granitoides de arco magmatico (Figura 12), confirmando as observacdes de deformacéo das suas
rochas em relacgdo ao final da atividade tectonica de coliséo entre o BJ e BISC.

As anomalias em nos elementos incompativeis supracitados, caracterizando o ambiente de
subduccao para a formacdo desse magma, a idade de colocacdo dos granitos em 2,07-2,06 Ga
encontradas por Correa-Gomes et al., (2012), a caracterizacdo tectdnica de granitos tipo VAG
provenientes dos dados litogeoquimicos e a colocacdo da intrusdo durante o periodo do pico
metamorfico, na fase D’ propostas por Teixeira de Souza et al. (2019) confirmam que esses
granitos intrusivos da regido de Itatim e Milagres se tratam de granitos sin a tardi tecténicos e

ndo pds-tectbnicos, como eram considerados anteriormente.
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Figura 13 — Modelo esquemaético dos tensores atuantes nas fases de deformagao regionais e sua associagao
com as estruturas descritas neste trabalho: (a) Dn; (b) Dn’; (¢) Dn’’; e (d) Dn’”’. A rotagdo dos
paleotensores principais de c1 ocorre progressivamente de (a) a (c). As setas pretas menores representam
0s tensores compressivos locais e as cinzas 0s tensores extensivos locais, enquanto que as setas de mesma
cor maiores representam 0s tensores regionais obtidos por Sabaté, (1996) e Corréa-Gomes et al. (2005).
Fonte: Teixeira de Souza et al. (2019).
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7 Conclusdes

As rochas da Sl foram identificadas nesse trabalho como resultantes de um magmatismo
calcioalcalino o qual possivelmente foi gerado pela fusdo crustal do BISC, representado pelo
Complexo Caraiba, uma vez que Teixeira de Souza et al (2019) haviam sugerido uma subducg¢éo
Bloco Jequié sob esse, resultando na estabilizacdo do CSF na sua porg¢éo central. Essa intrusao se
deu em torno de 2,06 Ga no final deste evento compressivo e em decorréncia disso, as rochas
dessa suite apresentam baixo grau de deformacdo a incipiente, com fraco metamorfismo,
principalmente em relacdo aos minerais micaceos. Essa interpretagdo é confirmada pelos dados
obtidos nos diagramas de ambiéncia tectonica (Figura 12), onde as amostras ficaram posicionadas
no campo de magmatismo de Arco.

A auséncia de fracionamento de Eu nas rochas da SlI, sugere que esta suite tenha sofrido
baixo fracionamento durante sua ascensdo, porém ndo inexistente, uma vez que hd um claro
fracionamento entre ETRL e ETRp (Figura 11b), além das anomalias negativas de P, Ta, Nb, Ce,
Ti e Yb (Figura 11a). Os autores acreditam ainda que dados isotdpicos poderiam enriquecer e

confirmar algumas interpretacdes realizadas nesse trabalho.
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CAPITULO 4
CONCLUSOES

A érea de estudo apresenta alta complexidade geoldgica onde a utilizagdo de um conjunto
de dados geoldgicos, como a geologia estrutural, geoquimica e geocronologia, aliadas a estudos
geofisicos sdo ferramentas extremamente importantes para o entendimento da evolucédo da regiao.
Porém ainda insuficientes para a melhor caracterizacdo dos terrenos granuliticos do CSF,
necessitando de dados isotopicos para auxiliar nas interpretaces sugeridas por esses métodos
citados.

A regido estudada se trata claramente um ambiente geol6gico caracterizado por uma zona
transpressional, representada principalmente por falhas reversas resultantes da colisdo entre os
Blocos Itabuna-Salvador-Curagéd e Jequié, causando a superposi¢cdo do BISC sobre BJ. Essa
colisdo também é caracterizada pelo magmatismo calcioalcalino representado pelas intrusGes
graniticas tardias, uma vez que as rochas intrusivas descritas neste estudo apresentaram
deformacdo incipiente, caracterizada principalmente pelo estiramento de minerais micaceos e

plagioclasios, com srtike compativeis com a deformacéo regional.

Os padrdes estruturais sugerem uma deformacdo progressiva, caracteristica em zonas de
colisdo, apresentando evidéncias de quatro estagios de deformacdo, interpretados principalmente
pela analise da relacdo entre superficies de foliacdo e lineacdes de entiramento mineral. Alguns
dos estagios de deformacdo resultaram da rotacdo dos tensores de tensdo até as estruturas finais
do colapso do orégeno. Os dados geocronoldgicos utilizados nesse trabalho também determinam
uma linha do tempo para o evento extensivo deste colapso do orogénico, propondo um intervalo
de tempo em torno de 30-40 Ma entre o final da colisdo continental e o supracitado evento
extensivo.

A utilizacdo petrograficos, estruturais e geoquimicos, apesar de ter auxiliado bastante na
individualizacdo dos litotipos desses terrenos metamorficos do CSF, ainda apresenta grandes
desafios. Sendo necesséria a utilizacdo também de dados isotopicos para melhor caracterizar cada
grupo de rocha. No entanto, foi possivel determinar caracteristicas importantes em relagdo a
granitogénese decorrente dessa subduccéo que estabilizou o CSF.

As rochas da Suite Intrusiva Itaberaba foram interpretadas como provavel produto da
fusdo parcial do Complexo Caraiba e apresentam caracteristicas de um magmatismo

calcioalcalino de alto K e peraluminoso a levemente metaluminoso, durante o final da colisdo
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entre 0 BJ e o BISC. Essa subduccdo deu origem a rochas metamonzograniticas pouco
fracionadas, evidenciadas pelas anomalias negativas de P, Ta, Nb, Ce, Ti e Yb e pela diferenca
de valores entre ETRL e ETRp. A presenca de texturas de exsolugdo indicam ainda que houve alta
pressdo de fluidos durante essa intrusdo e, consequentemente, alta atividade metassomatica
envolvida, principalmente nas proximidades com as rochas encaixantes.

A combinacdo destes dados juntamente com a utilizacdo dos mapas aerogeofisicos
gamaespectrometricos e magnetométricos foram de suma importancia na delimitacdo dos blocos
e na identificagdo da zona de sutura, sendo sugerida neste trabalho para uma posicdo mais a sul
da proposta por antigos autores. Este agrupamento de dados ainda permitiu as interpretacdes
acerca da geotectdnica da regido, identificando a evolucdo da deformacdo e sugerindo um
periodo temporal entre o pico metamérfico e colapso do orégeno, bem como a caracterizacao
geoquimica e petrogréafica das rochas intrusivas formadas por este evento colisional.

Um aspecto importante deste trabalho € sua aplicabilidade a exploracdo mineral, uma vez
que o novo cenario pode permitir uma definicdo mais precisa das areas-alvo de possiveis

minerais e processos geoldgicos de mineralizacéo.
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manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a "Journal Publishing Agreement’ (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a "Journal Publishing Agreement’ form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
‘Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.
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Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

Open access
This journal offers authors a choice in publishing their research:

Subscription

* Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* No open access publication fee payable by authors.

* The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold open access

* Articles are freely available to both subscribers and the wider public with permitted reuse.

* A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author’s honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 2500, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for
publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before
an article becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 24 months.
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Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn” environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Submission

Qur online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.evise.com/profile/api/navigate/SAMES

PREPARATION

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, velume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

Peer review

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to 2 minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

REVISED SUBMISSIONS
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Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in @ way very similar to that of conventional manuscripts (see alsc the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

LaTeX

You are recommended to use the Elsevier article class elsarticle.cls to prepare your manuscript and
BibTeX to generate your bibliography.

Qur LaTeX site has detailed submission instructions, templates and other information.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Data Availability

Authors are encouraged to include a 'Data Availability’ section in their manuscript which is visible
in ALL reading formats and may refer to data hosted in ANY repository. It should be placed before
the references to provide readers with information about where they can obtain the research data
required to reproduce the work reported in the manuscript, and typically consists of a simple sentence
giving the URL(s) of and citation(s) to the dataset(s). Full information can be found here.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
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addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address’ (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a lock
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommeon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with 3 minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].
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It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

» Preferred fonts: Anal (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

» Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics’.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.
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Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication’. Citation of a reference as 'in press’ implies that the item has been accepted
for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/journal-of-south-american-earth-sciences

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference Formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:
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[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. http://dx.doi.org/10.17632/
xwj98nb39r.1.

Reference style

All publications cited in the text should be presented in a list of references following the text of the
manuscript. In the text refer to the author's name (without initials) and year of publication (e.g.
"Since Condie (2001) has shown that..." or "This is in agreement with results obtained later (Meert,
2003; Burrett and Berry, 2000)."

For three or more authors use the first author followed by "et al.”, in the text. The list of references
should be arranged alphabetically by authors' names. The manuscript should be carefully checked
to ensure that the spelling of authors' names and dates are exactly the same in the text as in the
reference list.

References should be given in the following form:

Kusky, T.M., Stern, R.]., Tucker, R.D., 2003. Evolution of East African and related orcgens, and the
assembly of Gondwana. Precambrian Research, 123, 81-85.

Pili, E., Sheppard, S.M.F.,, Lardeaux, 1.M.,1999. Fluid-rock interaction in the granulites of Madagascar
and lithospheric transfer of fluids. Gondwana Research, 2, 341-350.

Suzuki, K., Adachi, M., 1992, Middle Precambrian detrital monazite and zircon from Hida gneiss in Oki-
Dogo island, Japan: their origin and implications for the correlation of basement gneiss of Southwest
Japan and Korea. Tectonophysics, 235, 277-292.

Touret, J.L.R., 1985. Fluid regime in southern Norway, the record of fluid inclusions. In: Tobi, A.C.,
Touret, J.L.R. (Eds.), The Deep Proterozoic Crust in the North Atlantic Provinces. Reidel, Dordrecht,
517-549.

Kinny, P. D., Collins, A. S., Razakamanana, T., 2004. Provenance hints and age constraints of
metasedimentary gneisses of Southern Madagascar from SHRIMP U-Pb zircon data. In: Chetty, T.R.K.
and Bhaskar Rao, Y.1. (Eds.), International Field Workshop on the Southern Granulite Terrane. National
Geophysical Research Institute, Hyderabad, India, 97-98.

Rogers, J.J.W. and Santosh, M., 2004. Continents and Supercontinents. Oxford University Press, New
York. Li, Z.X., Metcalfe, 1., Powell, C.M. (Eds.), 1996. Breakup of Rodinia and Gondwanaland and
Assembly of Asia. Australian Journal of Earth Sciences 43.

Albee, H.F., Cullins, H.L., 1975. Geologic map of the Alpine Quadrangle, Bonneville County, Idaho,
and Lincoln County Wyoming. United States Geological Survey Geologic Quadrangle Map GQ-1259,
scale 1:24,000.

Sajeev, K., 2003. Evolution and metamorphic zoning of Highland Complex, Sri Lanka: a comparison
with Madurai Block, southern India. Ph.D. thesis, Okayama University.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills’ with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.
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Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data

This journal requires and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. When sharing data in one of
these ways, you are expected to cite the data in your manuscript and reference list. Please refer to the
"References” section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

To maximise the visibility of your data, authors are invited to add a citation to their
datasets by including a data reference in their Reference List as per the 'Data References’
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