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ABSTRACT: Two important Proterozoic metasedimentary se-
quences, the Rio Preto and Santo Onofre Groups, crop out along 
the northwestern margin of the São Francisco craton and in 
northern Paramirim corridor, respectively. �e Rio Preto Group, 
involved in the eponymous fold-thrust belt along the northwest-
ern cratonic boundary, comprises the Formosa (garnet schist, 
quartz-mica schist, quartzite, chlorite-sericite schist and ferriferous 
quartz schist) and Canabravinha (quartzite, micaceous quartzite, 
metarhytmite, phylite, schist and metaturbidite) formations. �e 
Santo Onofre Group occurs exclusively in the Paramirim corridor, 
and is composed of quartzite and minor carbonaceous or Mn-rich 
phylite. �ese units record sedimentation in shallow to deep-water 
marine settings related to rift basins, and were deformed and meta-
morphosed under greenschist facies conditions during the Brasilia-
no orogeny. Here we present 427 new detrital zircon U-Pb ages, 
which constrain the maximum depositional ages of ca. 971 Ma for 
the Santo Onofre Group, ca. 912 Ma for the Canabravinha For-
mation, and ca.  965  Ma for the Formosa Formation of the Rio 
Preto Group. Our data suggests that the Santo Onofre and the Rio 
Preto Groups accumulated in two distinct basin settings. �e latter, 
composed mostly of sandy rocks, would represent a relatively sta-
ble, shallow-marine shelf environment. �e Rio Preto Group, with 
metadiamictite, quartzite, pelitic and rhythmitic rocks, represents 
a shallow to deep marine environment in�uenced by gravity �ows. 
Both groups were probably deposited in the Late Tonian, and are 
potential correlatives of the lower (pre-glacial) units of the Macaú-
bas Group of the Araçuaí belt. 

KEYWORDS: Detrital zircon U-Pb geochronology, Brasiliano orog-
eny, sedimentary provenance, Rio Preto Belt, Paramirim corridor.

RESUMO: Duas importantes sequências metassedimentares proterozoi-
cas ocorrem ao longo da margem noroeste do Cráton do São Francisco e 
a porção setentrional do Corredor do Paramirim, os grupos Rio Preto 
e Santo Onofre, respectivamente. O  Grupo Rio Preto, que constitui a 
faixa homônima situada no limite noroeste cratônico, é composto pelas 
formações Formosa (xisto granatífero, quartzo-mica xisto, quartzito, clo-
rita-sericita xisto e quartzo xisto ferrífero) e Canabravinha (quartzito, 
quartzito micáceo, metaritmito, �lito, xisto e metaturbidito). O Grupo 
Santo Onofre ocorre exclusivamente na região do Corredor do Parami-
rim, e é composto por quartzitos e subordinadamente �litos sericíticos, 
carbonosos ou manganesíferos. As duas unidades estratigrá�cas registram 
a sedimentação associada a um ambiente marinho raso a profundo, e 
são interpretadas como bacias rift invertidas e metamor�sadas na fá-
cies xisto verde durante a orogênese brasiliana. Neste artigo apresentamos 
427 idades U-Pb em zircões detríticos para essas unidades. Os novos da-
dos apresentaram idades máximas de deposição de 912 Ma para Forma-
ção Canabravinha, 965 Ma para a Formação Formosa e 971 Ma para 
o Grupo Santo Onofre. Portanto, é sugerida a existência de duas bacias 
rift neoproterozoicas formadas pelos Grupos Rio Preto e Santo Onofre. 
O  Grupo Santo Onofre, predominantemente psamítico, representaria 
um ambiente marinho raso plataformal relativamente estável. O Gru-
po Rio Preto, com diamictito, quartzito, pelito e ritmito, representaria 
um ambiente marinho raso a profundo associado a �uxos gravitacionais. 
Ambos os grupos teriam sido depositados no Toniano tardio, e são pos-
sivelmente correlacionados com as unidades inferiores (pré-glaciais) do 
Grupo Macaúbas, localizado na Faixa Araçuaí. 

PALAVRAS‑CHAVE: Geocronologia U-Pb em zircão detrítico, oro-
gênese brasiliana, proveniência sedimentar, Faixa Rio Preto, Corredor 
do Paramirim.
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INTRODUCTION

�e late Precambrian geotectonic panorama of the South 

American platform was established during the diachronic 

Brasiliano orogenies, when cratonic blocks were amalgam-

ated along Neoproterozoic orogenic belts. In this scenario, we 

focus on São Francisco Craton and its northwestern margin, 

occupied by the marginal Rio Preto Belt (Almeida et al. 2000).

From the Statherian to the Cryogenian, the São 

Francisco-Congo paleocontinent experienced several rift-

ing events, recorded by anorogenic magmatic rocks and sedi-

mentary sequences in the regions of the Espinhaço-Chapada 

Diamantina basin system (ca. 1.75 Ga, ca. 1.5 Ga, and 

ca. 1.2 Ga; Danderfer et al. 2009; Chemale et al. 2012), 

and the Macaúbas-Santo Onofre-West Congo basin sys-

tem (ca. 1 Ga, ca. 930-870 Ma, and ca. 720-670 Ga; 

Schobbenhaus 1996, Pedrosa-Soares et al. 2008, Silva et al. 

2008; �iéblemont et al. 2009, Pedrosa-Soares & Alkmim 

2011, Straathof 2011, Caxito et al. 2014a, Kuchenbecker 

et al. 2015, A�atton et al. 2016). During the Tonian, the 

main rifting event lasted from ca. 930 to ca. 870 Ma, as 

indicated by U-Pb zircon ages of anorogenic igneous rocks 

(Pedrosa Soares & Alkmim 2011). �is event led to the 

development of an extensive rift system exposed in Rio 

Preto Belt (Caxito et al. 2014a), Paramirim corridor of 

São Francisco Craton (Schobbenhaus 1996, Danderfer & 

Dardenne 2002), Araçuaí Belt (Pedrosa-Soares et al. 2008, 

Kuchenbecker et al. 2015), and Riacho do Pontal Belt 

(Caxito et al. 2016, 2017). Schobbenhaus (1996) suggests 

the name Araçuaí-Paramirim-Rio Preto System to correlate 

all these basins, which characterize a triple junction of rift 

arms formed during the early Neoproterozoic. 

Santo Onofre Group corresponds to the unit rede�ned by 

Schobbenhaus (1996) after Sítio Novo and Santo Onofre for-

mations (Inda & Barbosa 1978). In the studied region, Santo 

Onofre Group occurs along Boqueirão and Estreito ridges 

(Fig. 1). Rio Preto Group includes Canabravinha and Formosa 

Formations. Caxito (2010) interpreted these units as repre-

sentative of a single basin, whereas Egydio-Silva et al. (1989) 

and Caxito et al. (2014a) potrayed them as two distinct basins, 

deformed and metamorphosed during the Brasiliano Orogeny.

�is paper presents new geologic, statigraphic and struc-

tural data, as well as U-Pb ages obtained on detrital zircon 

grains from Santo Onofre and Rio Preto Groups. Our data 

support new interpretations on the chronostatigraphy of 

these sequences and clarify the relation between Rio Preto 

Belt and the northern Paramirim corridor. �e focused 

region is a key zone to understand sedimentation and oro-

genic processes that can connect Rio Preto and Riacho do 

Pontal belts along the boundary between Borborema and 

São Francisco provinces. 

GEOLOGICAL CONTEXT

�e target of this research is a 33,508 km2 area located 

on the NW boundary of São Francisco Craton, involving 

Rio Preto Belt and the northern Paramirim corridor, in 

northwestern Bahia and south of Piauí states (Figs. 1 and 2). 

Cross-sections were made in nearly six weeks of field-

work. A new geological map was prepared from �eld data, 

remote-sensing imagery interpretation and compilation of 

previous geological surveys (Fig. 1).

�e most important basic geological mapping performed in 

the study area are those of Inda and Barbosa (1978), Andrade 

Filho et al. (1994) and Arcanjo and Braz Filho (2001), cor-

responding to a government initiative from Companhia 

de Pesquisa de Recursos Minerais (CPRM) and Companhia 

Baiana de Pesquisa Mineral (CBPM). Barbosa (1982) stud-

ied the manganese occurences of the focused region and 

Egydio-Silva (1987) conducted a lithostratigraphic, struc-

tural and geochronological (Rb-Sr and K-Ar) investigation 

on the units involved in Rio Preto Belt and adjacent cra-

tonic area. Caxito (2010) carried out a stratigraphic, struc-

tural, geochemical and geochronological investigation on 

Canabravinha and Formosa Formations in the area located 

between the towns of Cristalândia do Piauí and Monte Alegre 

dos Cardosos. Caxito et al. (2014a) used U-Pb and Sm-Nd 

isotopic analyses to propose a new chronostatigraphic sub-

division of Canabravinha and Formosa Formations.

Stratigraphy
�e main outcropping units of the study area are the 

Archean/Rhyacian high-grade metamorphic basement (com-

posed of Cristalândia do Piauí Complex and Mansidão 

Granite), the Neoproterozoic granitic intrusions of Serra da 

Pintada Suite, and the metasedimentary rocks of Rio Preto, 

Santo Onofre and Bambuí groups (Fig. 1).

Rio Preto Belt and the northern Paramirim corridor share 

the same regional basement composed of the Cristalândia 

do Piauí Complex and the intrusive Mansidão Granitic 

Body. Cristalândia do Piauí Complex consists of biotite and 

hornblende gneisses, locally migmatized or with augen tex-

ture, interleaved with metaultrabasic and metabasic rocks. 

�e available geochrological data correspond to a ca. 2.1 Ga 

Rb-Sr whole rock isocron age, ca. 540 Ma K-Ar biotite ages 

(Egydio-Silva et al. 1989), as well as ca. 2.7 Ga Sm-Nd (TDM) 

model ages (Caxito 2010; Caxito et al. 2014a). �ese data 

suggest the presence of a Neoarchean crust reworked during 

Paleoproterozoic and Neoproterozoic orogenic events. 

Mansidão Granite shows a tonalitic composition and 

amphibolite facies metamorphism. Mascarenhas and Garcia 

(1989) obtained a 2.046 Ma Rb-Sr isochron age (with ini-

tial ratio of 0.7016), as well as a 600 Ma K-Ar age for this 
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unit, suggesting a Rhyacian emplacement age and rework-

ing in the Late Neoproterozoic.

Rosed, porphyritic, coarse-grained, highly deformed 

granite and syeno-granite composes Serra da Pintada Suite. 

Geochemical studies indicate peraluminous to peralkaline 

composition and an A-Type signature (Aquino & Batista 

2011). �ese authors also present a zircon U-Pb Concordia 

age of 969±11 Ma (MSDW=0.72), interpreting these intru-

sions as a manifestation of a Tonian rift-related plutonism.

Santo Onofre Group occurs exclusively along Boqueirão 

and Estreito ridges, two outstanding geomorphological 

features oriented in NNW and NS directions. �e group 

is composed of pure quartzites, micaceous quartzites and 

minor sericitic, hematitic, Mn-rich or carbonous phyllites. 

�e lithologies above are milimetric to decametric inter-

leaved. �is metasedimentary sequence is interpreted as a 

restricted, marine package, accummulated in a reducing 

environment (Schobbenhaus 1996). Sand plains and o�-

shore bars deposits related to a shelf environment have also 

been described in the group by Uhlein and Pedreira (1989). 

Rio Preto Group is subdivided into Canabravinha and 

Formosa Formations. Formosa Formation is an heteroge-

neous unit that crops out from the town of Formosa do 

Rio Preto (type area de�ned by Caxito 2010 and Caxito 

et al. 2012) to the interior of the Paramirim corridor, 

between Boqueirão and Estreito ridges (previously mapped 

as Rio Preto Group by Inda & Barbosa 1978; Barbosa & 

Domingues 1996; Vasconcelos et al. 2004). Mica schist 

and quartz-mica schist, locally graphite- or garnet/magne-

tite-rich, chlorite-sericite schist, quartzite, and ferriferous 

quartz schist compose Formosa Formation (Fig. 3). �ese 

lithotypes show sharp or gradational contacts with each 

other. �e contact of Formosa Formation with the base-

ment and Santo Onofre Group is tectonic. �e tectonic 

contact with Canabravinha Formation is well exposed in 

the type area, being however covered by recent sediments 

in its eastern portion (Fig. 2). Detrital zircon U-Pb and 

Sm-Nd isotopic data available for Formosa Formation in 

the type area reveal a bimodal age pattern of 1.9-2.2 Ga 

and 2.5-2.6 Ga, and TDM model ages of 1.9 to 2.6 Ga 

(Caxito 2010; Caxito et al. 2014a). Highly negative εNd 

values (-13.0 and -26.5) suggest an intensively reworked 

crust as the main sediment source. An amphibolite body 

interleaved with the metasedimentary rocks was dated at 

1,958.3±16 Ma (zircon U-Pb Concordia age) by Caxito 

et al. (2015). 

Quartzite, micaceous quartzite, quartz schist, metarhyt-

mite, metadiamictite and sericitic phylite (locally carbon-

ous, pyrite or Mn-rich) compose Canabravinha Formation 

(Fig. 3). Locally, micaceous quartzites were recognized as 

sand metaturbidites. �is association is interpreted as depos-

ited in a deep marine slope-apron environment (Uhlein et al. 

2011; Caxito 2010; Caxito et al. 2012, 2014a). �is forma-

tion has tectonic contact with the Bambuí Group through 

a south vergent thrust fault, while the contact with Santo 

Onofre Group, on Boqueirão Ridge, is an east vergent thrust 

fault (Fig. 2). �e detrital zircon U-Pb age spectra indicate 

850 to 3,000 Ma sources, and model ages varying from 1.5 

to 2.7 Ga (εNd values ranging from -8.7 to -19.5) (Caxito 

et al. 2014a).

Figure 2. Geological sections A-A’ and B-B’ of the study area. Location of the sections are indicated on Figure1.

Basement Rio Preto Fold belt
Santo Onofre 

sequence

Cratonic 

cover
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Bambuí Group crops out in the southern part of the 

focused region (Fig. 1) and represents the extension of Serra 

da Mamona and Riachão das Neves formations, character-

ized by Egydio-Silva (1987). Serra da Mamona Formation 

consists of interleaved layers of metapelites and metacar-

bonates, while metawackes, metarkoses and metasiltstones 

characterize Riachão das Neves Formation. 

Structure
�e study area shows interference of two distinct genera-

tions of tectonic structures associated with the West Gondwana 

amalgamation (Alkmim et al. 2001). �e NS-striking struc-

tures of the Paramirim corridor probably represent the prop-

agation of the Araçuaí orogenic front toward the interior of 

São Francisco Craton, and the WSW-ESE-trending of Rio 

Preto Belt, the inversion of a preexistent rift structure along 

the NW craton margin.

As previously described by Egydio-Silva (1987), Caxito 

(2010) and Caxito et al. (2014c), three deformation phases are 

recorded in the study area. An S1 foliation, which occurs in 

microlithons within S2 planes (main foliation) in schists, and 

phyllites represent the �rst phase (Fig. 4). �e second phase 

is responsible for the generation of the regionally dominant 

structures and the S2 foliation, which is observed in �eld as a 

crenulation cleavage. Kinematic indicators associated to S2 indi-

cate SSE sense of shear, i.e., towards the craton on the southern 

section of Rio Preto Belt, and NW-direct tectonic motion in its 

northern portion. �is foliation is related to a down-dip min-

eral lineation, assimetric and isoclinal folds and thrust faults 

(Figs. 1 and 2). �e third phase is represented by a spaced 

crenulation cleavage, better developed in metapelitic layers.

�e tectonic panorama of Rio Preto Belt and the Paramirim 

corridor are illustrated by two regional cross-sections shown 

on Figure 2. �e B-B’ section has an approximately N-S 

Figure 3. Outcrops of studied units. (A) Outcrop M018 (610 734 E, 8809257 N, Datum WGS84), in Gato district. 

Typical crenulated garnet-mica schist of the Formosa Formation; (B) Outcrop M174 (556259 E, 8834666 N). 

Crenulated mica schist with magnetite of Formosa Formation; (C) Outcrop M067 (533514 E, 8803901 N). Phylite 

of Canabravinha Formation; (D) Outcrop M183 (557455 E, 8814111 N). Lower quartz schist layer (better developed 

foliation) and an upper layer of quartzite of the Canabravinha Formation.
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Figure 4. Photomicrography of tectonic structures. (A) Thin section M025A (646756 E, 8813164 N), showing 

the ferriferous quartz schist of Formosa Fm., located near the Buritirama City. In this 昀椀gure and Figure 4B 
(Canabravinha Fm.), we can compare the average size of muscovites and quartz grains of both formations. 

This shows a higher metamorphic facies for the Formosa Fm. Crossed polarizers, 10x; (B) Thin section M127A. 

Phylite of the Canabravinha Formation with crossed polarizers, 10x; (C) Thin section M033A. Chlorite-sericite 

schist of the Formosa Formation. In this picture, we observe the foliation S1, almost totally obstructed, preserved 

in a small microlithon, surrounded and transposed by the main foliation S2. Parallel polarizers, 10x; (D) Thin 

section M127A. Phyllite of the Canabravinha Formation. Foliation S1 within microlithons cut by Foliation S2. 

Crossed polarizers, 2.5x.

orientation and shows Rio Preto Belt framework, in which 

we highlight the divergent fan structure related to the second 

deformation phase. �e S2 foliation dips NW on the south, 

and S in the northern segment of the belt. �e A-A’ section 

shows the in�uence of Rio Preto Belt deformation on the 

Paramirim corridor, especially on Boqueirão Ridge. In this 

region, the NE-SW trending Rio Preto Belt bends toward 

N, surrounding the Paramirim corridor. To the north of 

Mansidão and Buritirama, schists of Formosa Formation are 

highly deformed along the contact with milonitized gneiss. 

Along the NS-oriented Estreito Ridge, bedding a�ected by 

tight and isoclinal folds is nearly vertical and the penetrative 

foliation is associated with a sub-horizontal NS-trending linea-

tion. �ese structures probably relate to NS-oriented strike-slip 

faults propagated from the southern Paramirim corridor. 

DETRITAL ZIRCON U‑PB 
GEOCHRONOLOGY OF SANTO 

ONOFRE AND RIO PRETO GROUPS 

Materials and methods
For zircon analyses, four samples were collected: one 

from Canabravinha Formation (sample M015-C), one from 

Formosa Formation (sample M021-B), and two samples 

from Santo Onofre Group (samples M031-A and M042-C) 

(Fig. 1). From about 16 kg of the four samples, 608 zircons 

grains were separated by standard milling, handpicking, 

and magnetic techniques at the sample preparation labora-

tory (LGPA) and geochronology laboratory (Multilab) of 

the Universidade Estadual do Rio de Janeiro (UERJ), Brazil. 

�e grains from each sample were mounted in a circular 
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epoxy and polished to expose their interiors. �e morphol-

ogy and internal structure of zircons were characterized by 

optical microscopy and cathodoluminescence (CL) imaging.

�e isotopic analyses were carried out in two sessions. 

The first was conducted at the Geology Department 

(Departamento de Geologia), Universidade Federal de Ouro 

Preto, Brazil, and samples M015-C, M021-B and M042-C 

were analysed. �is analytical session was conducted in a 

�ermo Scienti�c Element 2 Sector Field (SF) ICP-MS 

coupled to a CETAC LSX-213 G2+ laser. �e reference 

zircon M127 (Klotzli et al. 2009) was used as primary 

standard. For complementary quality control, a secondary 

standard was adopted using the Plešovice reference zircon 

(Slama et al. 2008). Additional detailed methodology can 

be found in Chemale et al. (2012). �e LA-ICPMS data 

were reduced using the Glitter Software (Van Achterbergh 

et al. 2001). 

�e latter sample, M031-A, was examined in a second 

analytical session at Multilab, in UERJ, Brazil. �e session was 

conducted in a Neptune �ermo Scienti�c LA-MC-ICP-MS 

(25 µm spot size). �e zircon GJ-1 (Jackson et al. 2004) 

was used as standard, analysed twice every 6 sample grain 

analyses. Analytical spots were conducted avoiding grain 

areas with inclusions, fractures and metamictic structures. 

An Excel sheet developed by Chemale et al. (2012) was 

used to data reduction. Further methodology can be found 

in Gonçalves et al. (2016). 

For all samples, the data of each spot were evaluated tak-

ing into account common Pb contents, errors of isotopic 

ratios, percentages of discordance and �/U ratios. Selected 

spots used for age calculations were those with discordance 

lower than 10%. �e isotopic ages were calculated and plotted 

using Isoplot 4.15 (Ludwig 2008). Uncertainties given for 

analyses (ratios and ages) are at the 1 sigma level, in percent-

age. U-Pb analytical data are shown as Supplementary data.

Results
From 608 zircons obtained during the preparation, 

427 showed less than 10% discordance and �/U ratio 

above 0.07. Figure 5 shows CL images with spot location of 

representative zircons of each analysed sample. �e results 

are shown in 207Pb/206Pb age histograms (bin size: 50 Ma) 

(Figs. 6A to D) and probability density plots created in 

Isoplot 4.15 software (Ludwig 2008). 

Canabravinha Formation - Sample M015-C
Sample M015-C is a quartzite collected in the Cercado 

region, 30 km from the town of Santa Rita de Cassia (590977 

E, 8815710 N, Datum WGS89). From 128 zircon grains 

separated in this sample, 93 are concordant within 10%. 

�e zircon crystals and fragments show sizes between 290 

and 90 µm. �ey are mostly rounded to subrounded, spher-

ical to prismatic, predominantly zoned and with few frac-

tures. �e major age concentration shows up at 2,100 Ma. 

Other importants peaks occur at 920, 1,220, 1,330, 1,460, 

1,570, 1,770, 2,360, 2,480, 2,730 and 2,900 Ma (Fig. 6A). 

�e two youngest concordant zircons show ages of 912±8 

and 921±9 Ma. �e oldest concordant zircon shows an age 

of 2,902±18 Ma.

Formosa Formation - Sample M021-B
�e M021-B sample is from a micaceous quartzite 

that outcrops near Gato district, 10 km from Mansidão 

City (614225 E, 8808179 N, Datum WGS89). One 

hundred and �fty (150) zircons were separated from this 

sample, and 91 grains show less than 10% discordance. 

The grains and fragments exhibit sizes between 300 

and 70 µm. �ey are rounded to subangular, with high 

sphericity to prismatic, zoned or untextured. �e sam-

ple showed a main peak at 2,170 Ma. Other peaks are at 

970, 1,200, 1,350, 1,540, 1,750, 1,860, 2,080, 2,360, 

Figure 5. Cathodoluminescence images of zircons from samples M015-C, M021-B, M042-C and M031-A.

267
Brazilian Journal of Geology, 47(2): 261‑273, June 2017

Davi da Costa Bezerra Gobira de Alcântara et al.



2,560 and 2,690 Ma (Fig. 6B). �e oldest concordant 

zircon yielded an age of 2,877±19 Ma, and the younger 

concordant zircon an age of 965±8 Ma.

Santo Onofre Group - Sample M042-C
Sample M042-C was collected in an outcrop at highway 

BA-351, near the highway BA-161 junction (677282 E, 

8766314 N, Datum WGS89). �e rock consists of a pure 

quartzite from Estreito Ridge. One hundred and thirty-eight 

(138) zircon grains were obtained from this sample, 117 of 

which were concordant within 10%. �e grains and frag-

ments showed sizes between 260 and 100 µm. �e observed 

morphology varies from prismatic to spherical, subangu-

lous to rounded, zoned or untextured, rare inclusions, and 

a few fractures. �e sample presents the main age peak at 

1,790 Ma. Other peaks are 1,200, 1,350, 1,530, 1,960, 

2,140, 2,420, 2,840, and 3,060 Ma (Fig. 6C). �e oldest 

Figure 6. Combined histograms and probability density plots of detrital zircon 207Pb/206Pb ages of the samples 

from Rio Preto and Santo Onofre groups.

concordant zircon shows an age of 3,330±16 Ma, and the 

younger one the age of 1,189±30 Ma. 

Santo Onofre Group - Sample M031-A
Sample M031-A was collected on top of Boqueirão Ridge 

(597224 E, 8804985 N, Datum WGS89). From this sam-

ple, 126 zircons showed less than 10% discordance and grain 

size varied from 290 to 80 µm. �e grains and fragments are 

prismatic to spherical, mostly rounded, zoned or untextured. 

�e main peak showed age 995 Ma, with 49% of the analyzed 

zircons. Other peaks showed ages of 1,100, 1,880, 2,030, 

2,600, 2,700 and 3,240 Ma (Fig. 6D). One single concor-

dant zircon yielded an age of 833±14 Ma. �e oldest con-

cordant zircon yielded an age of 3,462±60 Ma. �irty-eight 

(38) zircons from the youngest population yield a Concordia 

age of 989.3±2.9 Ma (2σ, MSWD = 0.089) (Fig. 7), and the 

youngest zircon shows an age of 971±16 Ma.
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entirely located in the interior of São Francisco Craton, and its 

major sources were probably from this crustal block. Rio Preto 

Basin developed on the NW limit of São Francisco Craton, 

on an ensialic rift or close to a magmatic arc (Caxito 2010; 

Caxito et al. 2014a). �is basin shows a southern proximal 

part, with metadiamictites and coarse quarzites, and a north-

ern distal domain with �ne-grained quartzites and schists 

(Caxito 2010; Caxito et al. 2012; Uhlein et al. 2012), sug-

gesting the cratonic block as the major source.

�e Archean units of the craton are gneissic-migma-

titic complexes of Tonalite-Trondhjemite-Granodiorite 

series (TTG) a�nity and greenstone belts. Together, they 

form the most probable source for the Neo to Paleoarchean 

zircons found in our samples. �e 3.3-3.4 Ga old zircon 

grains found in samples of Santo Onofre Group reproduce 

the Paleoarchean ages reported by Dantas et al. (2010) 

for gabbro-dioritic xenoliths of Gavião Block in north-

ern São Francisco Craton, indicating that some of the 

oldest rocks of South America might be preserved in this 

cratonic fragment. �e Paleoproterozoic of the Brazilian 

shield is marked by intense granitogenesis related to the 

Rhyacian-Orosirian Transamazonian orogeny (Fig. 8). 

Cristalândia do Piauí Complex (U-Pb ages of 2.13-2.11 Ga, 

Figure 8. Probability density plots for the studied samples and main tectonic events recorded in São Francisco Craton.

DISCUSSION

Possible source areas
�e Rio Preto and Santo Onofre basins occur along the 

junction of three important geological provinces: São Francisco, 

Borborema and Tocantins. Particularly, Santo Onofre Basin is 

Figure 7. Concordia diagram for the youngest zircon 

population of Sample M031-A, Santo Onofre Group.

(2σ, decay-const. errs included) 
MSWD (of concordance) = 0.089,

Probability (of concordance) = 0.77
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Aquino and Batista 2011) and Mansidão Granite (2046 Ma, 

Mascarenhas & Garcia 1989) seem to have acted as the main 

sources for the Paleoproterozoic zircons.

Extensional events associated with bimodal magmatism 

and sedimentation within all three mentioned provinces mark 

the Upper Paleoproterozoic and Mesoproterozoic (Fig. 8). 

In São Francisco Craton, the onset of Espinhaço Supergroup 

deposition relates to an extensive acidic to intermediate vol-

canism recorded by Rio dos Remédios Group (Chapada 

Diamantina, 1.75 Ga, Brito Neves et al. 1979) and São Simão 

Synthem (Espinhaço Setentrional, 1.73 Ga, Dandefer et al. 

2009) in Bahia State, as well as the metaigneous rocks of 

Conceição do Mato Dentro (1.72-1.70 Ga, Machado et al. 

1989) in Minas Gerais State. Lagoa Real (ca. 1.7 Ga, Turpin 

et al. 1988, Cordani et al. 1992, Lobato et al. 2015) and 

Borrachudos (1.7 Ga, Dossin et al. 1993) granitoids rep-

resents the associated plutonism. �e Statherian magmatic 

rocks located in the Bahia State mentioned above are the 

most probable sources for the Late Paleoproterozoic zircons. 

�e youngest zircon population of our samples was dated 

between 1.1 and 0.9 Ga, a period in which extensional events 

a�ected the São Francisco, Tocantins and Borborema provinces 

(Fig. 8). In São Francisco Craton and adjacent orogenic belts, 

Tonian events are represented by the ma�c dyke swarms of 

Ilhéus-Olivença-Camacã (1.0 Ga, Correa-Gomes & Oliveira 

2000, Renne et al. 1990), Salvador (924 Ma, U-Pb in badel-

leyte, Heaman 1991), Espinhaço Range (0.85 Ga, Dandefer 

et al. 2009; Pedro Lessa Suite, 906 Ma, Machado et al. 1989) 

and São Francisco Basin (tolleitic dykes with Sm-Nd age 

of 984±110 Ma, Chaves 2001, Chaves & Correia-Neves 

2005). A-type granitic intrusions also occur in these regions, 

as exempli�ed by Salto da Divisa Suite (914-875 Ma, Silva 

et al. 2008), in Minas Gerais State, and Serra da Pintada Suite 

(~969 Ma), in southern Piauí State. �is last magmatism is 

possibly the main source for Tonian zircons. In Borborema 

Province, the main source of Neoproterozoic zircons is Cariris 

Velhos Belt (Brito Neves et al. 1995). A felsic magmatism 

dated between 1.1 and 0.92 Ga marks this belt (Brito Neves 

1995; Van Schmus et al. 1995, 1999; Kozuch 2003; Santos 

et al. 2010; Guimarães et al. 2012; Caxito et al. 2014b). 

In Tocantins Province, the Goiás Magmatic Arc contains 

ca. 929 Ma metarhyolites located at the base of Arenopolis 

Sequence (Pimentel et al. 2000), and amphibolites from Araxá 

Group presented an age of 959 Ma (Valeriano et al. 2004).

Sample M042-C, collected in the eastern border of Santo 

Onofre Rift, shows the largest Statherian (ca. 1767 Ma) age peak. 

�e Statherian volcanics of the basal Espinhaço Supergroup 

in the areas to the south represent a possible source for these 

zircons. Sample M031-A, collected in the western border of 

the rift, shows the largest Tonian population (49% of zircons). 

�e younger peak (n=38) of this sample yielded a Concordia 

age of 989.3±2.9 Ma, reproducing the age of Serra da Pintada 

granite suite, dated at 969±11 Ma (Aquino & Batista 2011), 

and located a few dozen kilometers from the basin (Fig. 1). 

�e single 833 Ma concordant zircon found in the sample, 

although statistically not representative, is compatible with 

ages obtained in dykes occurring in the northern Espihanço 

Range (Danderfer et al. 2009). Samples of Canabravinha and 

Formosa Formations showed a very similar provenance record: 

a youngest peak of Tonian age, minor Mesoproterozoic peaks, 

a major age concentration between 1.9 and 2.1 Ga, and minor 

contribution of Neo-Mesoarchean sources.

Stratigraphic correlations and 
implications for evolution of 
Rio Preto and Santo Onofre Groups

�e geochronological data presented here allow us to 

propose stratigraphic correlations between the investigated 

metasedimentary units and other Neoproterozoic sucessions 

exposed in São Francisco craton and its margins. Santo Onofre 

Group, with a maximum depostional age ca. 975 Ma and there-

fore coeval to Rio Preto Group, can be viewed as correlative of 

the pre-glacial lower Macaúbas Group (Duas Barras and Peixe 

Bravo formations) exposed in Araçuaí Belt (Pedrosa-Soares 

et al. 2001). Our data also supports Schobbenhaus (1996) 

suggestion that Santo Onofre and Rio Preto Groups were 

deposited in a NS-trending rift system, the Macaúbas – Santo 

Onofre – Rio Preto System, as also emphasized by Danderfer 

et al. (2009) and Caxito et al. (2014a). 

�e Tonian 912 Ma maximum depositional age obtained 

for Canabravinha Formation is in agreement with the 898 Ma 

age peak determined by Caxito et al. (2014a). However, sam-

ple M021-B, from Formosa Formation, has yielded a Tonian 

maximum depositional age that diverges from the previ-

ous Paleoproterozoic age obtained by Caxito et al. (2014a). 

Further work is necessary to understand the dissimilar zircon 

spectra of Formosa Formation. Several limitations of the detri-

tal zircon U-Pb methodology can in�uence the zircon spectra 

of a sample, such as zircon fertility of the sources, statistical 

representativety of the samples, paleogeography or di�eren-

tial sedimentary �ux to the basin (Moecher & Samson 2006; 

Andersen 2005, Cawood 2012). Regarding the paleogeogra-

phy, Cawood (2012) also suggests that basins with syn-tec-

tonic activity (e.g. rift basins) can show abrupt changes in 

sediment provenance and, therefore, detrital zircon spectra, 

since the hinterland setting during erosion vary spatialy and 

temporaly. Another possible explanation for this age dispar-

ity is that the Rio Preto sequence that crops out between 

the Boqueirão and Estreito ridges would be derived from 

units not captured by Rio Preto Group in the type locality.

�e absence of Cryogenian-Ediacaran zircons or volcanic 

rocks in the studied units do not favor their correlation with 
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the younger glaciogenic Macaúbas Group or with Bebedouro 

Formation (Chapada Diamantina). Santo Onofre Group, 

mostly composed of sand-rich rocks, would represent a less 

active shallow plataformal marine environment. Rio Preto 

Group, with metadiamictites, quartzites, pelitic and rhyth-

mitic rocks, would represent a shallow to deep marine envi-

ronment related with sedimentary gravity �ows. �e struc-

tural and stratigraphic data also allow for an interpretation 

of a triple junction at the NW border of the craton (Fig. 9). 

�e NS-trending Santo Onofre Basin would represent an 

aborted, less active branch, while the E-W branch would 

evolve to a deeper and tectonically more active rift basin.

CONCLUSIONS

Rio Preto and Santo Onofre Groups exposed in the north-

ewestern São Francisco region represent two distinct but 

coeval rift-related metassedimentary sequences. Santo nofre 

Group, composed mainly of tabular sand-rich metasedimen-

tary rocks, probably accumulated in a shallower plataformal 

environment. Rio Preto Group, subdivided into Formosa 

and Canabravinha Formations and made up of quartzites, 

phylites, laminated metarhitmites, metadiamictites and 

schists, is interpreted as a shallow to deep marine succession. 

�e obtained detrital zircon age spectra suggest Tonian 

(971 Ma) to Paleoarchean (3,462 Ma) sources for Santo 

Onofre Group. Rio Preto Group was sourced by Tonian 

(912 Ma) to Neo-Mesoarchean (2,868 Ma) units. �e main age 

peaks for both groups point towards the Rhyacian basement 

(Cristalândia do Piauí Complex and Mansidão Granite) and 

Espinhaço Supergroup basal volcanic as their main sources.

Santo Onofre Group can be viewed as correlative of the 

pre-glacial Macaúbas Group (Duas Barras and Peixe Bravo 

Formations), and of Espinhaço Supergroup, as previously sug-

gested. Our data also indicates that Santo Onofre and Rio Preto 

Groups were deposited in rift triple junction developed on the 

northwestern border of São Francisco Craton. �e N-S-trending 

Santo Onofre branch would correspond to a less active, shal-

low branch, while the E-W-oriented Rio Preto branch would 

correspond to a deeper and more evolved branch, possibly 

connected with the passive margin of Riacho do Pontal Belt.
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