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The Sdo Francisco Craton (SFC) is an Archaean-Proterozoic craton that hosts a significant number of mafic in-
trusions. Previous attempts to date the igneous emplacement of these rocks are limited to a few poor preci-
sion Rb-Sr and Sm-Nd isochrons. Here, dykes from the Curaga belt, in the northeastern portion of the craton,
as well as from the Chapada Diamantina region in the central part, were dated using U-Pb on baddeleyite
(ID-TIMS). These dykes yielded similar baddeleyite U-Pb ages of 1506.7 +6.9 Ma (Curaga) and 1501.049.1 Ma
(Chapada), with converging trends indicating a possible magmatic centre located near the western margin of
the Sdo Francisco Craton. The two dyke swarms are subalkaline, and have light rare earth enriched chondrite-
normalized patterns but the Curaca dykes have lower Mg-number and higher abundances of most incompatible
trace elements than the Chapada dykes. Geochemical modelling and trace element ratios suggest that the two
dyke swarms had different petrogenesis, with the Chapada dykes being derived from more depleted mantle
sources and the Curaca dykes from enriched sources, however the mantle sources of both dyke swarms appear
to have had contributions from an enriched plume. Current geochronological and palaeomagnetic data suggest
a coherent Sdo Francisco-Congo block from at least the late Mesoproterozoic until the opening of the South Atlan-
tic (ca. 130 Ma ago). The discovery of ca. 1500 Ma intrusions in the Sdo Francisco Craton is a major step forward to
a more complete barcode record for the SFC-Congo Craton, which can be used in future palaeo-continental
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reconstructions.
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1. Introduction

Earth's approximately 35 main pieces of Archaean crust are today
dispersed around the globe, but there are reasons to believe that all
these pieces were originally amalgamated into a single supercontinent,
or into a few (Superia, Vaalbara and Slave) large continents, ‘super-
cratons’ (e.g., Bleeker, 2003, 2004). Whereas our latest supercontinent
Pangea has been successfully reconstructed, i.e. by backtracking conti-
nents from their present positions using the sea-floor spreading record,
combined with robust well-dated palaeomagnetism, the configuration
of pre-Pangean supercontinents has proved much more challenging to
resolve. A recent approach to obtain robust reconstructions focuses on
obtaining precise U-Pb ages on intrusive and extrusive rocks of Large
Igneous Provinces (LIPs), and especially their extensive dyke swarms,
from all cratons (e.g., Bleeker and Ernst, 2006; Ernst and Bleeker,
2010; www.supercontinent.org). Specifically, cratons that share a num-
ber of coeval LIP events can be argued to have been “nearest neighbours”
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whereas the lack of such matches suggests they were far away from each
other during this time period. Also the neighbouring cratons can be ori-
ented with respect to each other by aligning the trends of coeval dykes
on different cratons into primary radiating or linear dyke swarm pat-
terns. Finally with widespread precise U-Pb dating the potential of ro-
bust palaeomagnetic constraints can be better explored.

It is generally assumed that the Sdo Francisco craton (SFC) of
South America and the Congo Craton (CC) of Africa, were amalgamated
at about 2.05 Ga and were connected until the opening of the South At-
lantic at 130 Ma (Correa-Gomes and Oliveira, 2000; Deckart et al., 1998;
D'Agrella Filho et al., 1996; Feybesse et al., 1998; Janasi, et al,, 2011;
Pedrosa-Soares et al., 2001). Prior to this study there were few precise
and reliable ages for mafic intrusions within the SFC and few for coun-
terparts in the African side (e.g., Ernst et al., 2008; Oliveira et al,
2010). This study aims to obtain the first precise emplacement ages
for key swarms in the Curaga belt and Chapada Diamantina regions of
the SFC, using U-Pb geochronology on baddeleyite (ZrO,) to provide
the first step towards a complete barcode record for the combined
SFC-CC to enable robust palaeoreconstructions as well as to provide
new data to reinforce the break-up of the Columbia (also known as
Nuna) supercontinent that probably existed from 1.9 Ga to 1.2 Ga
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(e.g., Bleeker, 2003; Hoffman, 1997; Meert, 2012 Rogers and Santosh,
2002; Zhao et al., 2003; Zhao et al., 2004). The 1.5 Ga dykes pres-
ented herein provide significant evidence for magma emplacement
in the continental crust during the onset of break-up of the Columbia
landmasses, proposed by Rogers and Santosh (2002) to have begun
at approximately 1.6 Ga.

2. Geological setting
2.1. Regional geology

The Sao Francisco Craton (SFC) is located in the northeastern por-
tion of Brazil (Fig. 1) and is surrounded by Neoproterozoic mobile
belts (Aracuai, Brasilia, Riacho do Pontal, Rio Preto, and Sergipano).
The basement rocks of the SFC are dominated by Archaean to
Palaeoproterozoic high-grade migmatite and granulite gneisses, and
granite-greenstones (Barbosa et al., 2003;

Barbosa and Sabaté, 2004; Teixeira et al., 2000). These rocks are cov-
ered by Meso- to Neoproterozoic sedimentary rocks of the Espinhaco
Supergroup and the Sdo Francisco Supergroup (Alkmim et al., 1993;
Barbosa et al., 2003; Danderfer et al., 2009). The terranes of SFC ag-
gregated during the Archaean and Proterozoic, mainly during the

time interval 2.1-1.8 Ga (Teixeira and Figueiredo, 1991; Teixeira et
al., 2000), when 35% of rocks comprising the SFC originated. The
SFC is made up of a number of blocks (e.g., the Gavido, Jequié,
Itabuna-Salvador-Curaca orogen, and Serrinha) and greenstone
belts such as the Rio Capim, Rio Itapicuru, Mundo Novo, Contendas-
Mirante, Umburanas, and Rio das Velhas. Relevant here are the
Itabuna-Salvador-Curaca orogen and Mesoproterozoic sedimentary
covers in the Archaean Gavido Block where the dated mafic dykes
occur.

The Palaeoproterozoic Itabuna-Salvador-Curaca Belt (Fig. 1) may
belong to a ca. 2.6 Ga continental arc (Oliveira et al., 2010) and was
reworked by a complex collision of a number of blocks (e.g. Gavido,
Jequié and Serrinha blocks) around 2.1 Ga (Barbosa and Sabaté,
2002, 2004; Oliveira et al., 2002, 2010). The Salvador-Curaca Belt is
the northern segment of the Itabuna-Salvador-Curagd orogen,
which has a length of 800 km. The southern segment has been called ei-
ther the Atlantic coast granulite belt (Mascarenhas, 1979 cited in Oliveira
et al., 2010) or the Itabuna complex (Teixeira and Figueiredo, 1991).

The Curagd terrain, as part of the Salvador-Curaca Belt, is well-
known for its Cu-deposits (Caraiba and Surubim, e.g. D'el-Rey Silva
et al, 2007) (Fig. 2). It is separated from the similar composition
Jacurici terrain, which is rich in Cr, (Medrado complex, e.g. Oliveira
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Fig. 1. Simplified geological map of the Sdo Francisco Craton showing the location and trends of dykes investigated in this study (no. 1 and 2). Frames depict areas magnified in Fig. 2 and 3.

Modified after Oliveira et al. (2004).
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Fig. 2. Overview geological map of the Curaga dykes, showing the location of the sam-
ples for geochronology (Cu-Dy) and geochemistry.
Modified after Menezes Leal et al. (2010); Oliveira and Tarney (1995).

et al., 2004, see Fig. 2) in the Serrinha Block by the 2084 Ma Ititiba sy-
enite (Oliveira et al., 2004). Both terranes are mainly composed of
tonalite-granodiorite plutons with basic-ultrabasic enclaves, and
supracrustal rocks that have undergone granulite facies metamor-
phism (Barbosa and Sabaté, 2004; Oliveira et al., 2010). The ore-
bearing igneous protolith (norites) in the Curaca and the Jacurici ter-
ranes were dated at 2580 Ma and 2085 Ma, respectively (Oliveira et
al., 2004).

The Gavido block is mainly composed of 2.8-2.9 Ga amphibolite
facies tonalite-granodiorite orthogneisses, gneiss—amphibolite associa-
tions, and greenstone belts (Barbosa and Sabaté, 2004, and references
therein). An old nucleus of trondhjemite-tonalite-granodiorite (TTG)
includes some of the oldest rocks in South America, with ages ranging
from 3.4 to 3.2 Ga (e.g. Martin et al., 1997). Basement rocks of the
block are covered by the Espinhago Supergroup.

The Espinhaco Supergroup is an intracratonic basin composed of
quartzites, volcanic rocks, carbonates and mafic dykes, and has under-
gone low-grade metamorphism under greenschist facies conditions. It
is divided into the Rio dos Remédios, Paraguacu and Chapada Diaman-
tina groups (Teixeira et al,, 2010) in the Chapada Diamantina region

and into the Borda Leste and Serra Geral groups in the northern portion
of Serra do Espinhaco (Barbosa and Dominguez, 1996). Magmatic zir-
cons of the Rio dos Remédios Group dated at 1748 +1 Ma (Babinsky
etal., 1994) were interpreted to date the beginning of the Espinhaco Su-
pergroup sedimentation. The Espinhago Supergroup is generally inter-
preted as a rift sequence (Martins-Neto, 2000), probably an aulacogen
(e.g. Alkmim et al., 2006), and is broadly separated into two exposure
areas by the Paramirim Corridor (Fig. 1).

The NNW-SSE trending Paramirim Corridor (Alkmim et al., 1993)
is a tectonic zone in the SFC that had its final evolution during the
Brasiliano cycle (650-550 Ma). Teixeira and Figueiredo (1991) de-
scribed the structural characteristics of the zone in terms of extensional
grabens and intracratonic basins dated between 1.8 and 1.2 Ga within
the Espinhaco Belt. It is also identified by the intrusion of alkaline com-
plexes and A-granites into an extensional setting (Teixeira et al., 2010,
and references therein).

2.2. Mafic dykes

2.2.1. Curagd dyke swarm

The Curaga dyke swarm (Fig. 2) is situated in the Curagca river val-
ley, intruding the Archaean to Palaeoproterozoic metamorphic rocks
of the Caraiba complex and is overlain by the Neoproterozoic rocks
of the Canudos Group (Bastos Leal et al., 1995; Oliveira and Tarney,
1995). It is one of the most evolved dyke swarms in the Precambrian
of Brazil with several geochemical characteristics similar to ocean is-
land basalts (Oliveira and Tarney, 1995). The dykes are vertical and
trend typically to NE-SW with plunges 30-40° towards SW. Dyke
width varies from a few centimetres to several tens of metres. They
are dolerites composed of plagioclase and calcic pyroxene, with intersti-
tial quartz, K-feldspar, and sometimes green-brown amphibole, biotite,
and the accessories, ilmenite, magnetite, apatite, pyrite and pyrrhotite.
The dykes vary in grain size from aphanitic to coarse-grained. Textures
are subophitic to ophitic, with >2 mm plagioclase laths in the dyke cen-
tre but <1 mm at the margin. Calcic pyroxene phenocrysts are often ob-
served in the inner part of individual dykes. Vesicular and flow
structures are locally observed, particularly at dyke margins, where vesi-
cles (<2 mm) are bordered by tangential plagioclase laths and elongate
augite. The vesicles are filled with chlorite, carbonate and sericite. These
minerals, along with epidote and uralite, fill post-emplacement frac-
tures and locally replace groundmass plagioclase and pyroxene.
According to Oliveira and Tarney (1995) the pyroxene is typically au-
gite, ranging from EnsgWo44Fsy0 to En,gWo4,Fs30, and the plagioclase
grains are labradorite to andesine (Angs to Angs), sometimes very
sodic (Ans).

Oliveira and Tarney (1995) used the indentation models of
Tapponnier et al. (1982) and Féraud et al. (1987) to propose that the
Curaca dykes intruded the crust between 650 and 700 Ma (Rb/Sr ages
by Bastos Leal, 1992) as a consequence of extension associated with
(and perpendicular to) the collision zone between the S3o Francisco
Craton and the Pernambuco-Alagoas massif during the evolution of
the Late Proterozoic Sergipano orogenic belt. Prior to the present
study there had been no attempts to date this dyke swarm.

2.2.2. Chapada Diamantina dykes and sills

The dykes of Chapada Diamantina (Fig. 3) intruded metasedimentary
rocks of the Espinhaco Supergroup (e.g. Chapada Diamantina, Para-
guacu groups) and Archaean basement rocks (Menezes Leal et al,
2010). The dykes are neither deformed, nor metamorphosed and
trend mainly towards NW (N110°); their widths vary from less than a
metre to tens of metres. Dykes are fine to medium grained, aphyric to
phyric dolerite. Detailed petrographic studies of Brito (2008) indicate
textures varying from intergranular to ophitic and subophitic, and por-
phyritic. The mineralogy is composed mainly of augite and plagioclase
(andesine to labradorite), with titanite, ilmenite, pyrrhotite, zircon, ap-
atite, and magnetite as accessories. Plagioclase and augite are the
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Fig. 3. Overview of the geological map of Chapada Diamantina dykes, showing the location of the samples for geochronology (CHD-04) and geochemistry.

Modified after Bandeira (2010).

common phenocryst phases. Rarely, plagioclase and pyroxene are par-
tially replaced respectively by epidote—calcite, and uralitic amphibole.
In the Brotas de Macatbas region of Chapada Diamantina, the
sandstones of the Mangabeira Formation (Paraguacu Group) were in-
truded by the Lagoa de Dentro gabbro sill (at least 30 m in thickness).
U-Pb zircon dating of this gabbro yielded an upper intercept age of
1514+ 22 Ma (Babinsky et al, 1999). Guimardes et al. (2005)
obtained a U-Pb zircon age of 1496 4- 3.2 Ma for one of the mafic dykes
in the Lagoa do Dionisio area which cross-cuts the metaconglomerates,
and conglomerate sandstones of the Morro do Chapéu Formation (the
uppermost unit of the Chapada Diamantina Group). Muscovite-martite
(iron-oxide) dykes, with a NNW-SSE trend, cut the subhorizontal
sandstones of the lowermost unit of the Chapada Diamantina
Group (Tombador Formation) and were dated by the Ar-Ar method
at 151246 Maand 1514 + 5 Ma (Battilani et al., 2005; Batillani et al.,
2007). The agreement between the above U-Pb and Ar-Ar dates

suggests the latter represent emplacement ages of the muscovite-
martite dykes.

3. Analytical techniques
3.1. Geochronology

Samples for geochronology were prepared at the Department of
Geology at Lund University. All mass spectrometric analyses were
performed at the Laboratory of Isotope Geology (LIG) at the Swedish
Museum of Natural History in Stockholm using the ID-TIMS (Isotopic
Dilution Thermal Ionization Mass Spectrometry) method.

Sample Cu-Dy is a medium-grained dolerite, representative for
the N70°-trending Curaga dyke swarm (see location in Fig. 2). The
width of the dyke is about 15 m. The sample was collected at least
3 m from the chilled margin of the dyke. The CHD-04 sample is a
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medium-grained tholeiite with a greenish appearance due to
weathering. The dyke trends N110°, is representative of the Chapada
Diamantina swarm, and has a width of ca. 40 m (see location in
Fig. 3). It was sampled 5 m away from the contact. The coordinates
of the dykes were acquired with a handheld GPS, and these, in addi-
tion to trend directions and U-Pb ages, are reported in Table 1.

Samples were crushed to small cm-size chips using a sledge hammer
and subsequently turned into powder using a mill tray. The recovered
powder was carefully mixed with water before being loaded in portions
(ca. 50 g per portion) on a Wilfley table (for details see Soderlund and
Johansson, 2002). After 40-60 s, only the smallest and densest mineral
grains (including baddeleyite) remain on the table, and these are rinsed
off into a beaker using a squirt bottle. The procedure was repeated 3-4
times for each sample. The grains were then transferred to a Petri dish
where the magnetic minerals were removed using a pencil magnet
wrapped into a thin plastic film (replaced with a new film each time
to avoid cross contamination between samples). The baddeleyite grains
were handpicked under a microscope.

For samples Cu-Dy and CHD-04, baddeleyite grains of best optical
quality were transferred to Teflon dissolution capsules and washed
repeatedly in MQ-H,0, with 4 to 25 grains in each fraction. The bad-
deleyite grains were washed in 3 N HNOs on a hot plate at 100 °C
for about 20 min, and successively washed in MQ water. After removal
of liquid the sample was spiked with a small portion (ca. 10 mg) of a
205pp_233-236j jsotopic tracer solution.

The baddeleyite grains were dissolved in 10 drops of a 10:1 HF:
HNO; solution at 205 °C for 12 h and then evaporated on a hot plate
at 100 °C. Samples were dissolved in 10 drops of 3.1 N HCl and then
transferred into a 50 pl column filled with anion resin. Zr, Hf and REE
were washed out by adding 16 drops of 3.1 N HCl to the columns. U
and Pb were eluted using MQ water. One drop of phosphoric acid
(H3PO4) was added directly to the capsules before samples were evapo-
rated on the hot plate at 100 °C overnight. The samples were dissolved
in 2 pl of silica gel and transferred to an outgassed rhenium filament.

The total procedural blank for the chemical separation was 2 pg
for Pb and 0.2 pg for U. The U and Pb were analysed in a TIMS Finnigan
Triton mass spectrometer using a Secondary Electron Multiplier (SEM)
equipped with a RPQ filter. During the analyses, the mass discrimina-
tion correction was 0.1% per atomic mass unit. The decay constants
used are those from Jaffey et al. (1971). The initial common lead.

3.2. Geochemistry

Whole-rock major and trace elements for 11 fresh dyke samples
from Curaca region and 11 dykes from Chapada Diamantina region
were determined. Major element data of the Curacd samples were
compiled from Oliveira and Tarney (1995) whereas the remaining
major and trace element data (including that from the dated Curaca
dyke sample Cu-Dy) and all Chapada Diamantina samples were mea-
sured at the Geosciences Institute of the University of Campinas (UNI-
CAMP). Major elements were analysed by XRF using fusion beads and
following the procedures of Vendemiatto and Enzweiler (2001). Data
accuracy and precision were controlled routinely through analyses of
the international reference rocks WS-E and BRP-1, and replicate of
one of our samples (see online Appendix); the relative errors for
major and minor elements are 0.4-1.5%. The rare earth elements

Table 1
Descriptive data for U-Pb dated samples (datum used is Corrego Alegre, rather close to
WGS84).

Sample  Unit Latitude Longitude Direction Age, error
(20)
Cu-Dy  Curagd dyke 09°34'03.0"S 39°47'24.1" W N70° 1506.7 6.9
CHD-04 Chapada 12°01'51.3”S  42°36'52.0" W N110° 1501.04+9.1
Diamantina
dyke

and other trace elements were analysed on a Thermo (Xseries2)
quadrupole ICP-MS following the in-house adapted analytical proce-
dures of Eggins et al. (1997) and Liang et al. (2000), and instrument
conditions of Cotta and Enzweiler (2009); the results have less than
a 10% deviation from the recommended values for the international
standards GS-N and BRP-1. (see online Appendix).

4. Results
4.1. Geochronology

The U-Pb data of the two studied dykes are shown in Concordia
diagrams (Fig. 4). Table 2 reports the U-Pb isotopic data for samples
Cu-Dy and CHD-04.

Analysis of three fractions of light to dark brown baddeleyite from
sample Cu-Dy yielded an upper intercept age of 1506.7 4-6.9 Ma
(MSWD =0.2). Regression of three variably discordant light-brown
baddeleyite analyses from CHD-04 sample yields an upper intercept
age of 1501.04+9.1 Ma (MSWD=0.1).

4.2. Geochemistry

The geochemical results of the studied mafic dykes are listed in
Table 3 and shown in Figs. 5 to 7. The two dyke groups are dominantly
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Fig. 4. U-Pb Concordia diagrams of Cu-Dy and CHD-04. All samples were dated using
ID-TIMS on baddeleyite. Ellipses depict 2 sigma errors.
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Table 2
U-Pb baddeleyite TIMS data.
Sample Fraction Number of Pbc/ 206pp/ 207phy +25% 206pp, +25% 207pp/ 206pp/ 207ppy +25% Concordance
grains Pbtot! 204pp 235y err 238y err 235y 238y 206pp err
raw? [corr]? [age, Ma]
Cu-Dy a 11 0.016 1317 3.2856 0.60 0.25447 0.59 1477.6 1461.5 1500.8 2.1 0.969
b 22 0.017 1661 3.3441 0.43 0.25857 0.41 1491.4 1482.5 1504.0 1.6 0.982
C 25 0.017 1564 3.2756 0.47 0.25361 0.46 14753 14571 1501.5 1.6 0.965
CHD- a 7 0.019 1191 3.1914 0.70 0.24847 0.69 1455.1 1430.6 1491.0 2.0 0.954
04 b 6 0.013 1496 3.1314 0.55 0.24405 0.52 1440.4 1407.7 1489.0 3.9 0.938
C 6 0.096 419 2.9387 0.88 0.23042 0.84 1391.9 1336.7 1477.7 6.4 0.875

! Pbc = common Pb; Pbtot = total Pb (radiogenic -+ blank + initial).
2 Measured ratio, corrected for fractionation and spike.

3 Isotopic ratios corrected for fractionation (0.1% per amu for Pb), spike contribution, blank (2 pg Pb and <1 pg U), and initial common Pb. Initial common Pb corrected with iso-
topic compositions from the model of Stacey and Kramers (1975) at the age of the sample.

subalkaline and plot in the basalt field of the total alkalis-silica diagram
(Fig. 5a), except one Curaga sample that plots in the basaltic andesite
field. On the AFM diagram (Fig. 5b), the two dyke swarms are tholeiitic
(Fig. 5a), with the Chapada Diamantina dykes being clearly more
enriched in magnesia than the Curaga dykes.

The main major and trace element characteristics of the dykes are
further shown in Fig. 6. Fig. 6a-c exhibits plots of MgO versus Ni,
Al;03, and Ca0/Al,03, which show the relative role of olivine, pyrox-
ene, and plagioclase fractionation in basaltic rocks. Accordingly, the
positive correlation of MgO and Ni in the two dyke swarms indicates
fractionation of olivine and (or) pyroxene, whereas the larger scatter
of data in the MgO vs. Al,03 and MgO vs. CaO/Al,05 diagrams sug-
gests that plagioclase fractionation may have also been important.
Fig. 6d-f shows plots of SiO, versus K,0, Rb, and Zr. Because Rb and
K are contamination-sensitive and more mobile than Zr, any large
abundance shift of Rb and K from the main trend may indicate sub-
solidus element mobility. Rb and K in the Curagd samples Db-2 and
Db-9a plot off the main positive correlation of SiO, with all the
above elements, and as such they appear to have been mobile, espe-
cially sample Db-2 that shows the highest Rb and K,0 contents. Zirco-
nium behaved as an immobile element and shows more clearly the
positive correlation with SiO, for the two dyke swarms, although in
the Curaga dykes there are apparently two parallel trends.

The geochemical characteristics of the Curagd and Chapada Dia-
mantina dykes are further explored in their normalized rare earth-
and incompatible trace element diagrams. As shown in Fig. 7a, the
Curaca dykes have more fractionated La/Yb slopes [(La/Yb)y=4.16-
9.78] and higher REE abundances than the Chapada Diamantina sam-
ples [(La/Yb)y = 1.96-4.04]; an abundance gap is clearly observed be-
tween the two dyke swarms. Two Curaca samples (Db-1 and 2) have
lower light rare earth element abundances than the other samples
from this dyke swarm, a characteristic that may be assigned to pyrox-
ene fractionation, as will be discussed later. The Chapada Diamantina
dykes show positive Eu anomalies suggesting plagioclase accumula-
tion, a feature that is confirmed by the common occurrence of plagio-
clase microphenocrysts in dykes of this swarm. The primitive mantle
normalized, multi-element diagram (Fig. 7b) also shows significant
differences between samples of the two dyke swarms. The Curaca
samples show both positive and negative Nb anomalies on these dia-
grams, suggesting a more complex petrogenesis, whereas the patterns
of the Chapada Diamantina dykes are more homogeneous with only
one outlier sample that shows a pronounced negative P anomaly.

5. Discussion

5.1. Petrogenesis of the Chapada Diamantina and Curagcd mafic dykes
swarms

The Chapada Diamantina and Curaca mafic dykes are composed of
fresh, undeformed, and unmetamorphosed dolerites. Their major

element data indicate that the dykes are compositionally similar to
tholeiitic basalts (Fig. 5) with compositions controlled mainly by cal-
cic pyroxene, olivine and plagioclase fractionation (Fig. 6). SiO, and
MgO vary continuously from one dyke swarm to the other with no
compositional gap between the two dyke swarms. Conversely, the in-
compatible trace element data indicate a pronounced compositional
gap between the two dyke swarms, with the Curacd having higher
abundances than the Chapada Diamantina dykes (Fig. 7). The
chondrite-normalized rare earth element characteristics of the two
dyke swarms are also different, with the Curaca dykes having steeper
patterns [(La/Yb)y =4.16-9.78] than the Chapada Diamantina dykes
[(La/Yb)n=1.96-4.04]. Given that within error limits the two dyke
swarms have identical ages (1506.7 4-6.9 Ma for Curaga and 1501.0 +
9.1 Ma Chapada Diamantina) but are as much as 400 km apart, we con-
sider which petrological processes can account for their different trace
element characteristics. Can the petrogenesis of the two dyke swarms
be explained by different degrees of partial melting of a common mantle
source with garnet as residue, or is some additional process required,
such as crustal contamination and (or) decompression melting?

In order to assess these petrogenetic possibilities, Fig. 8 presents a
plot of Nb/Yb versus Th/Yb for the studied mafic dykes, along with
two modelling curves for crustal contamination coupled with frac-
tional crystallization (AFC process) and the MORB-OIB mantle array
for oceanic basalts. On this diagram, arc basalts will plot towards
the upper left corner, whereas uncontaminated and contaminated
continental flood basalts, as exemplified respectively by the low-Ti
and high-Ti Parana basalts, will plot slightly off and to the left of the
MORB-0IB mantle array. As shown, the Curaca and Chapada Diaman-
tina mafic dykes plot all along the enriched part of the MORB-OIB
array, with a few Curaga samples following a modelled trend of 20
to 60% contamination with the continental crust. It is also important
to note that crustal contamination alone cannot explain the large varia-
tion of Nb/Yb and Th/Yb ratios between the two dyke swarms. It is thus
likely that additional process(es) may have played a role in their petro-
genesis. Because the two dyke swarms have some trace element charac-
teristics similar to enriched oceanic basalts (e.g. fractionated La/Yb
ratios), different degrees of melting with garnet left in the mantle resi-
due may have controlled magma genesis.

The possible source characteristics and mantle melting trajectories
for the studied mafic dykes are shown in Figs. 9 and 10. Fig. 9 is the
MORB-normalized, multi-element diagram of Pearce (2008) renorma-
lized to TiO,=1 to highlight source composition, partial melting and
garnet dependence. As shown (Fig. 9), the two dyke swarms appear to
have originated through low melting degrees of enriched mantle
sources leaving garnet in the residue. The Chapada Diamantina dykes
apparently represent slightly higher degrees of melting than the Curaca
dykes. The negative Nb anomaly in this diagram may be interpreted as
evidence of crustal contamination. However, both the low-Ti (contami-
nated) and the high-Ti (uncontaminated) Parana basalts show the
same negative Nb anomaly, thereby raising the possibility that some



Table 3
Major and trace element data for the Cura¢d and Chapada Diamantina dykes.

0S1

Curaga mafic dykes Chapada Diamantina mafic dykes

Rock No DB-1 DB-2  DB-6.A DB-7A DB-7E DB-8.A DB-9A DB-9.D DB-10.A DB-10.C Cu-Dy CHD-01 CHD-02 CHD-04 CHD-05 CHD-06 CHD-07 CHD-08A CHD-08B CHD-103 CHD-108 CHD-110

Sio2 4630 4560 47.00 5230 5210 49.10 5040 49.90 47.50 47.50 51.14 46.31 45.68 45.51 45.47 46.56 46.28 47.69 46.56 47.56 4741 47.55
TiO2 2.55 2.99 2.57 3.10 3.04 2.30 2.39 2.39 243 2.67 2.88 1.50 1.16 1.07 132 0.93 1.01 1.27 1.18 132 1.40 1.10
AI203 1560 1620 1480 13.00 13.00 1520 1440 1480 15.60 14.50 12.46 16.77 17.7 18.46 17.29 18.55 18.82 18.18 16.82 15.36 14.83 15.02
Fe203 1630 1620 1630 1670 1640 1460 1430 1440 1640 16.40 16.24 1222 11.19 11.65 11.99 11.66 10.71 1141 11.52 10.8 11.01 10.79
MnO 0.24 0.29 0.23 0.27 0.23 0.21 0.19 0.20 0.22 0.19 0.22 0.164 0.148 0.149 0.16 0.15 0.141 0.162 0.173 0.159 0.168 0.168
MgO 7.10 5.30 5.60 3.90 3.50 5.20 4.90 5.10 5.60 6.30 3.62 7.23 8.69 7.69 8.61 104 10.65 7.98 8.28 8.5 8.22 9.84
Ca0 10.10 9.50 8.80 6.40 6.70 9.20 8.20 8.10 9.00 8.50 7.00 9.97 10.18 8.68 9.84 9.93 9.95 10.62 10.86 12.04 11.99 1241
Na20 1.80 2.00 2.40 1.40 2.50 2.30 3.60 3.00 2.40 2.50 2.50 1.96 2.14 243 2.12 2.24 22 2.5 2.08 1.86 1.97 1.72
K20 0.63 2.65 1.22 2.59 1.92 1.21 0.58 1.51 0.98 133 2.01 0.93 0.27 0.87 0.52 0.28 0.3 0.33 0.48 0.46 0.46 0.32
P205 0.33 0.40 0.61 0.51 0.42 0.49 0.60 0.62 0.63 0.64 0.478 0.149 0.114 0.104 0.105 0.09 0.092 0.107 0.088 0.154 0.162 0.121
Total 10095 101.13 9953 100.17 99.81 99.81 99.56 100.02 100.76 100.53 99.70  100.0 100.0 99.7 100.3 1004 100.2 100.3 100.3 100.4 99.3 100.3
mg* 0.49 0.42 0.44 0.34 0.32 0.44 0.44 0.44 0.43 0.46 0.33 0.57 0.64 0.60 0.62 0.67 0.69 0.61 0.62 0.64 0.63 0.67
Trace elements in ug/g

Ba 4469 9249 5764 5420 6162 4465 397.1 4212 385.1 577.3 626 207.1 109.5 298.7 157.8 1244 121.0 140.5 145.5 116.8 137.9 1225
Ce 4432 5561 10220 99.03 10090 87.14 10494 9465 10054 105.09 100 19.47 1534 13.83 13.65 10.21 11.58 22.52 11.44 23.69 16.23 17.53
Co 5825 6135 5635 4572 4541 4862 43,58 4398 61.23 58.13 45.2 61.65 57.76 51.45 60.56 65.52 66.15 47.82 50.61 53.58 63.03 55.37
Cr 132.2 49.2 15.8 3.0 3.2 42.8 31.7 37.2 16.0 16.9 6.51 90.80 66.49 63.81 76.29 68.26 5449 371.86 140.94 347.98 106.38 315.93
Cu 64.0 471 68.5 335 35.6 43.7 39.1 385 65.4 70.6 39.2 59.5 37.6 15.19 40.0 34.1 28.6 101.2 41.1 102.6 63.3 94.9
Dy 7.11 7.69 7.25 8.30 8.26 6.82 7.82 7.27 7.19 7.64 8.29 3.97 3.03 2.38 2.88 2.10 2.26 3.57 3.17 3.62 4.06 2.89
Er 424 445 4.00 4.70 4.75 3.84 435 4.06 3.94 414 4.58 2.39 1.81 138 1.73 1.28 139 1.94 1.92 2.02 2.48 1.65
Eu 2.07 2.41 271 2.69 2.72 2.36 2.69 2.48 2.70 2.70 241 133 1.10 0.83 1.09 0.89 0.88 1.21 1.01 122 1.20 1.04
Ga 20.7 220 20.7 21.8 22.2 18.8 19.5 19.6 21.2 209 22.5 16.7 15.7 16.4 15.5 153 14.4 15.6 16.1 16.2 203 14.8
Gd 6.48 7.37 8.37 9.05 8.95 7.78 9.10 8.31 8.49 8.91 9.06 3.44 2.66 2.28 248 1.85 1.94 331 2.67 3.38 3.41 2.76
Hf 4.04 5.05 6.58 7.13 7.25 5.97 6.83 6.33 6.40 6.86 7.16 2.20 1.73 1.46 1.50 1.22 1.34 2.43 1.47 2.36 2.07 1.80
Ho 1.48 1.60 1.44 1.66 1.66 137 1.59 1.47 1.48 1.51 1.66 0.84 0.63 0.49 0.59 0.44 0.47 0.70 0.67 0.72 0.85 0.58
La 2228 2624 4846 4714 4799 40.67 50.09 4423  47.08 49.58 483 8.75 6.83 6.35 6.10 4.62 5.08 9.96 493 10.33 6.95 7.62
Li 53.2 3438 21.4 340 194 81.1 20.5 19.1 27.6 34.0 14.1 15.0 121 15.9 15.7 6.7 4.1 14.7 113 143 4.0 115
Lu 0.55 0.61 0.52 0.62 0.60 0.48 0.56 0.52 0.50 0.53 0.59 0.34 0.25 0.18 0.24 0.19 0.19 0.26 0.28 0.27 0.35 0.21
Mo 091 1.28 1.51 2.03 1.88 1.27 1.59 1.26 132 1.61 132 0.33 0.41 0.60 0.55 0.34 0.39 0.68 0.27 0.60 0.47 0.58
Nb 2019 2579 7073 3826 39.69 4477 5130 4741 68.05 72.16 28.43 8.04 6.49 6.23 6.06 4.88 5.25 8.93 492 8.69 6.95 6.40
Nd 2576 3127 5058 4858 4932 44.15 5220 47.87 5048 52.61 47.90 12.46 9.71 8.19 8.57 6.43 7.28 13.71 7.80 14.23 10.68 11.07
Ni 88.8 63.3 72.0 129 12.6 50.9 40.6 45.0 82.7 69.2 163 1163 154.2 105.6 156.2 208.3 234.7 1231 111.0 155.2 1343 165.9
Pb 6.10 15.96 5.57 9.25 8.12 5.79 5.39 532 1088 6.26 8.47 1.65 3.83 3.24 4.07 2.50 2.10 3.21 5.30 2.27 131 1041
Pr 5.88 720 1241 1200 1221 1073 1280 1157 1242 12.84 12.0 2.65 2.04 1.83 1.86 139 1.57 3.00 1.59 3.17 2.28 2.41
Rb 920 5528 23.62 5158 3856 1885 1143 3033  20.07 18.98 49.0 17.87 5.82 16.40 10.19 5.09 5.56 12.29 10.49 10.01 6.25 4.06
Sc 3193 2871 2208 2731 2648 2163 2138 20.76 20.15 22.86 274 24.11 17.90 13.13 22.19 16.20 15.29 37.33 3237 34.54 30.27 37.57
Sm 6.18 7.23 9.42 9.49 9.43 8.30 9.81 8.84 9.22 9.77 9.68 3.03 2.37 2.05 2.24 1.61 1.83 3.18 213 3.27 2.92 2.64
Sr 2743 3205 4973 4172 3180 381.8 4288 4745 6202 516.5 361.2 265.3 275.4 3109 264.3 282.8 284.2 224.2 209.4 248.9 276.4 227.9
Ta 1.16 1.48 5.17 2.80 2.81 343 3.85 3.58 5.02 535 1.35 0.56 0.45 0.42 0.42 0.34 0.34 0.59 0.35 0.56 0.49 0.42
Tb 1.16 1.26 132 1.44 1.47 1.22 142 131 133 141 139 0.65 0.50 0.38 0.47 0.33 0.37 0.61 0.50 0.60 0.66 0.49
Th 2.25 3.21 4.04 6.65 6.79 3.93 5.01 434 3.86 4.21 6.61 0.94 0.72 0.55 0.62 0.44 0.49 0.88 0.52 0.98 0.70 0.64
Tm 0.58 0.61 0.53 0.64 0.64 0.52 0.59 0.54 0.53 0.56 0.63 0.34 0.27 0.19 0.25 0.18 0.20 0.28 0.29 0.29 0.38 0.23
U 0.48 0.69 2.08 1.38 1.38 1.35 1.64 1.50 220 2.30 1.30 0.20 0.16 0.13 0.14 0.10 0.12 0.22 0.11 0.26 0.16 0.17
\ 2266 2155 1795 2446 2484 1577 1496 1521 1636 189.1 270 171.9 125.1 96.7 1473 96.9 105.8 235.8 205.0 2233 222.3 210.8
w 0.29 0.38 0.48 0.55 0.57 0.46 0.55 0.45 0.47 0.45 0.01 0.26 0.19 0.07 0.17 0.11 0.11 0.46 0.15 0.16 0.10 0.10
Y 37.6 39.0 35.8 41.0 41.6 339 40.3 359 355 373 40.8 213 15.9 12.03 15.2 10.9 12.0 17.6 16.9 18.0 21.8 14.4
Yb 3.84 4.19 3.55 425 4.22 3.46 3.90 3.66 3.56 3.75 3.97 2.23 1.71 1.22 1.59 1.23 135 1.81 1.80 1.83 237 1.48
Zn 127.7 824 1315 1349 1379 1006 1212 1121 1354 118.1 1394 72.5 76.2 76.2 733 73.0 65.0 70.3 68.1 68.2 86.2 76.4
Zr 1495 1888 271.8 2759 2813 2355 2769 2488 2610 283.7 279.2 74.1 57.5 51.3 52.1 41.1 454 89.1 47.0 90.8 70.4 66.0
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Fig. 5. Major element classification of the Curaca and Chapada Diamantina mafic dykes. A) Total alkalis versus silica diagram of Le Maitre et al. (1989) with dividing line of alkaline
and subalkaline series after Irvine and Baragar (1971); B) AFM diagram (Na,O + K,0, FeOr, and MgO), showing the tholeiitic characteristics of the dykes.
Dividing line after Irvine and Baragar (1971).

of the geochemical characteristics of the studied mafic dykes may have is required on how to link the two mafic dyke swarms, with similar
been inherited from their mantle sources. If this assertion is correct, the ages, into a reasonable tectonic scenario. Insights on this issue come
mantle sources for the primary magmas were enriched but explanation from Fig. 10, a plot of chondrite-normalized La/Sm versus Dy/Yb ratios
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Fig. 6. Some major and trace element characteristics of the Cura¢d and Chapada Diamantina dykes. Vectors in A-C indicate fractionation trends for olivine (Oliv), calcic pyroxene
(Cpx) and plagioclase (Plag). Note that samples of the two dyke swarms may be linked to each other by simple crystallization of calcic pyroxene, plagioclase, and olivine. Panels D to
F suggest that Zr behaved as an incompatible and immobile element, whereas Rb and K,0 were more mobile as indicated by two samples plotting off the main positive trend.
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Fig. 7. Multi-element diagrams of the Curaga and Chapada Diamantina dykes.
A) Chondrite-normalized rare earth elements showing the slightly steeper slopes of
the Curaga dykes compared with the Chapada Diamntina dykes; B) primitive mantle-
normalized incompatible trace element diagram. The abundance gaps and similar pat-
terns are clear. Samples listed in Fig. 7b are exceptions.

Normalizing values after Sun and McDonough (1989).

with model accumulate melt compositions for varying solidus pressure
and segregation pressures based on Mayborn and Lesher (2004). In this
diagram the Curac¢d and Chapada Diamantina dyke samples follow a
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Fig. 8. Nb/Yb versus Th/Yb diagram for the studied mafic dykes (adapted from Pearce,
2008). Arc basalts will plot close to the upper left corner of the diagram and continental
flood basalts slightly off to the left of the MORB-OIB array, like the low-Ti and high-Ti
Parana basalts (open circles). The Curaca and Chapada Diamantina mafic dykes plot
all along the enriched part of the MORB-OIB array, with a few Curaga samples following
a modelled trend of 20 to 60% contamination with the continental crust. See text for
further comments.

Data for the Parana basalts after Peate (1997).
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Fig. 9. MORB-normalized multi-element diagram for the Curaga and Chapada Diaman-
tina mafic dykes normalized to Ti=1 (after Pearce, 2008). The data indicate derivation
of the magmas from enriched mantle sources with garnet as residue. Parana high-Ti
and low-Ti basalts from Peate (1997).

mantle trajectory between 2.7 and 2.8 GPa of decompression melting,
corresponding to low degrees of melting for the Curaca dyke samples
and slightly higher degrees of melting for the Chapada Diamantina
dyke samples. It is also important to note that fractionation of calcic py-
roxene cannot link the composition of the two dyke swarms.

5.2. A new Mesoproterozoic generation of dykes in the Sdo Francisco
Craton

Baddeleyite in mafic dykes can confidently be linked to crystalliza-
tion of magmas since baddeleyite cannot survive melting processes or
metamorphism. In fresh dolerite, baddeleyite generally yields concor-
dant to nearly concordant U-Pb dates, and ID-TIMS is typically pre-
ferred as this technique yields U-Pb dates at high precision. Both
the samples dated in this study carry fresh baddeleyite.

The three baddeleyite fractions of the Curaga dyke do not consti-
tute areal three-point regression as the two more discordant analyses
plot on top of each other. Free regression yields an upper intercept of
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Fig. 10. Chondrite-normalized Dy/Yb vs. La/Sm ratios for mantle melting models (after
Mayborn and Lesher, 2004) with data for the Chapada Diamantina and Curaga dykes.
Vectors for 50% fractionation of calcic pyroxene, plagioclase and olivine calculated
using partition coefficients from Rollinson (1993). Note that the two dyke swarms
may have originated through decompression melting of an enriched mantle source fol-
lowing a melting trajectory between 2.7 and 2.8 GPa of solidus pressure.

Normalizing values after Sun and McDonough (1989).
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1506.7 +6.9 Ma and a lower intercept of roughly 250 Ma, similar to
the lower intercept that appears in the regression of the Chapada Dia-
mantina dyke. Using a forced lower intercept at 0 + 100 Ma, for the Cur-
aca dyke, lowers the upper intercept to 1502.5 + 2.3 Ma (MSWD =1.2),
and brings it closer to the age of the Chapada Diamantina dyke (1501.0
4 9.1 Ma). However, because both samples (CHD-04 and Cu-Dy) indi-
cate isotopic disturbance at the same time (ca. 300 Ma) the slightly
older result is preferred for the Curaca dyke.

Bastos Leal (1992) reported Rb-Sr ages in the range of 700-650 Ma
for the intrusion of the Curaga dyke swarm. These results indicated a
possible connection to the Brasiliano/Pan-African cycle. However, our
newly obtained result of 1506.7 4- 6.9 Ma for the Curaca dyke precludes
a link to the Brasiliano cycle for the Curaca dyke swarm, and indicate
isotopic disturbance of previously reported Rb-Sr dates.

Our U-Pb baddelyite dates are similar to earlier reported zircon
ages of ca. 1500 Ma for the Chapada Diamantina swarm and this finding
has the potential to provide important constraints for palaeocontinental
reconstructions involving the Sdo Francisco Craton.

5.3. 1500 Ma dyke swarms in the Sdo Francisco and Congo Craton: a possible
link to a mantle plume

The 1501 4-9.1 Ma age for the Chapada Diamantina dykes is with-
in error the same as for the Curaca sample, though these dykes are as
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+*' Possible extent of Congo craton at 1Ga
1

Séo Francisco-Congo (SFC)

much as 400 km apart. Assuming the U-Pb baddeleyite ages are rep-
resentative for all dykes of each swarm, then one interpretation is that
they define a radiating pattern with magmas fed from a common igne-
ous centre to the NW (Figs. 1 and 11). However, the Chapada Diaman-
tina dykes are more primitive in composition than the Curaca dykes. If
magmas for the two swarms were indeed fed from a common igneous
source, then there must be a time gap between the swarms to develop
the recorded chemical difference between the dyke swarms, or they
were fed from separate source chambers with different chemistries (de-
rived from some combination of different sources, lithospheric/crustal
interactions, and fractionation histories).

Alternatively, the Chapada Diamantina dykes manifest a late intra-
cratonic rifting event linked to the Paramirim Corridor. However, the
onset of rifting along the Paramirim Corridor is constrained from the
1748 + 1 Ma age of sedimentation (Babinsky et al., 1994), hence some
200 Myr earlier than the here dated Chapada Diamantina dyke. There
also seems to be a small but distinct difference in directions between
the trend of the Paramirim Corridor and that of the dated dyke of the
Chapada Diamantina dyke (sample CHD-04). The existence of a more
distal dyke swarm (Curaga dykes), perpendicular to the Paramirim
Corridor, further suggests that the ca. 1500 Ma dykes in SFC are
unrelated to rifting along the Paramirim Corridor.

In the African counterpart, a sill province (Humpata sill) located
in the Angola portion of the Congo Craton yielded the same age
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Fig. 11. 1500 Ma dykes from Curaga and Chapada Diamantina in the Sdo Francisco Craton (black square and dashes), 920 Ma Salvador and [lhéus-Olivenca dykes (Heaman, 1991;
Evans et al.,, 2010) and Gangila Basalt (Tack et al., 2001) (green square and dashes). Black star shows possible mantle plume centre.

Modified after De Waele et al. (2008) and Danderfer et al. (2009).
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(1502 + 5 Ma, Ernst et al,, 2012) within error as the dykes of Chapada
Diamantina and Curaga and, we suggest that all these 1500 Ma units
represent parts of a single LIP, and are supportive of a reconstruction
link for the SFC and Congo Craton during the Mesoproterozoic.

5.4. A LIP barcode for the combined SFC-Congo Craton

Fig. 12 outlines possible age matches of mafic magmatism be-
tween the SFC and the Congo cratons using the concept of barcode
matching (Bleeker and Ernst, 2006). Our new ages of 1501 +9.1 and
1506.7 +6.9 Ma, respectively, for the Chapada Diamantina and the
Curaca dykes in the SFC and the age of 150245 Ma (Ernst et al.,
2012) for the Humpata sill in the Congo Craton collectively represent
a major step forward towards a more complete “barcode” for the SFC-
Congo Craton block. Another Mesoproterozoic barcode line for the
SFC-Congo Craton is present on both blocks, the ca. 920 Ma Salvador
dykes in the S3o Francisco Craton (Heaman, 1991; Evans et al., 2010)
and the coeval Gangila basalts in the Congo craton (Tack et al., 2001).
The Gangila basalts are associated with the bimodal Mayumbian vol-
canism in the West Congo belt. The ca. 920 Ma event is believed to
represent an attempted break-up of the SFC-Congo Craton.

Another barcode line for the combined SFC-Congo Craton is at
1380 Ma. It is represented by the Kunene Intrusive Complex in SW
Angola (Driippel et al., 2007; Ernst et al., 2008) and a mafic-ultramafic
belt in the eastern portion of the Congo craton (Maier et al., 2007; Tack
et al., 2010), however, corresponding coeval units are yet to be discov-
ered in the SFC.

The 130 Ma basalts and sills from Parana Basin together with their
counterpart in the southwest African territory, i.e. the Etendeka mag-
matic province, are a continental flood basalt type of LIP (Deckart et
al.,, 1998; Janasi et al., 2011). Their origin is related to the onset
break-up of South American and African continents.

5.5. 1.5 Ga dykes in a global perspective
Approximately 1.5 Ga dykes and sills are present not only in the
SFC, but also in Fennoscandia (see Bingen et al., 2005; Bingen et al.,

2008; Zhao et al., 2004) and northern Siberia (see Ernst et al., 2008).
More specifically, the ca. 1500 Ma intrusive gabbro-dolerite-granite
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Fig. 12. Possible matches of 1500 Ma mafic magmatism between the SFC and the Congo
cratons. The thickness of the black and grey bars shows the average of radiometric
ages, whereas the thickness of the yellow bar depicts 2 s errors.

associations (see Table 1 in Ernst et al., 2008; see also Zhao et al.,
2004) in southern Baltica (Scandinavia) and in the Rjukan Group in
the Telemark Sector (Bingen et al., 2005; Bingen et al., 2008; Zhao et
al., 2004) require some attention, since it is unclear if these terrains
were amalgamated during the Grenvillean-Svecofannian orogeny, or
earlier.

Within northern Siberia the Kuonamka dyke was dated at 1503 4
5Ma (U-Pb baddeleyite; Table 1 in Ernst et al, 2008; Ernst et al.,
2000) whereas a large dolerite sill in the Kyutingde Formation from
the Olenek uplift yielded a U-Pb baddeleyite age of 1473 424 Ma
(Wingate et al., 2009). Speculatively, this 1500 Ma age match would
support placing SFC-Congo Craton near northern Siberia in the
Mesoproterozoic. Confirmation should await palaeomagnetic data.

6. Conclusions

The new 1506.7 +6.9 Ma age (U-Pb baddeleyite) for the Curaga
dykes is significantly older than the previous published age estimated
for these dykes. Together with the Chapada Diamantina dykes, here
dated at 1501.04+9.1 Ma (U-Pb baddeleyite) and additional units
(Lagoa de Dentro gabbro sill, Babinsky et al., 1999; Lagoa do Dionisio
mafic dykes, Guimardes et al., 2005) with similar ages, and also together
with the 1502 4 5 Ma from the African counterpart Humpata sill (Ernst
et al.,, 2012) these results can be used to further reinforce a coherent Sdo
Francisco-Congo block during the late Mesoproterozoic. Additional age
matches at 1500 and 920 Ma ages extend amalgamation of these cra-
tons until the opening of the South Atlantic (ca. 130 Ma ago).

The trends of Chapada Diamantina and Curaga dykes define a ra-
diating pattern that may be linked to a possible magmatic centre at the
western margin of the Sdo Francisco Craton.

Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.lith0s.2012.06.004.
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