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ABSTRACT The Guanambi batholith (GB) is located in south-western Bahia, Brazil, where it forms part of the Urandi-Paratinga mobile belt.
The batholith extends over an area of almost 6,000 km® and is mainly composed of syenites and monzonites, with subordinate granites, mafic
syenites and lamprophyric dykes. Two main units can be recognized: the multiple intrusions, being divided into four regions (Paratinga, Laguna,
Igapora and Guanambi) and the so-called late-intrusions forming the Cara Suja, Cerafma and Estreito massifs. U-Pb and Pb-Pb isotopic data
demonstrate that the batholith was emplaced 2.05 Ga ago. GB has (i) highly negative initial exq (-7.4 to -10.6), pointing to an enriched source,
and (ii) Sr initial ratios between 0.704 and 0.707. Both chemical and isotopic signatures suggest that GB formed by fractional crystallization
of a lamprophyric magma derived from a Paleoproterozoic enriched mantle source.
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INTRODUCTION Syenitic magmatism, widespread in Bahia State
(Brazil) during Precambrian times, can be divided into two age groups:
Transamazonian (1.8-2.1 Ga) and Brasiliano (0.45-0.70 Ga). Ca. 90%
of the syenite massifs in Bahia belong to the Transamazonian group.
These silica-saturated rocks form large batholiths, which intrude the
Paleoproterozoic mobile belts representing part of the basement of the
Sao Francisco Craton. <10% of the syenites belong to the Brasiliano
group, represented by small ring complexes dominated by plutonic
silica-undersaturated rocks.

There are two Paleoproterozoic mobile belts in Bahia: 1) the
Urandi-Paratinga mobile belt (UPMB) and ii) the Salvador-Curaga
mobile belt (SCMB) located in the western and eastern parts of the
state, respectively. Both belts are characterized by the emplacement of
alkali-syenitic, potassic to ultrapotassic rocks during late-stage
stabilization (Concei¢do 1993). The syenites of the SCMB are
concentrated in four separate massifs, being emplaced as tabular
bodies and displaying gneissic texture, whereas in the UPMB, the
syenites form a large, 6,000 km? sized, single batholith, the Guanambi
batholith (GB), which is related to a pull-apart system and shows
exclusively magmatic textures. In this paper, we focus on the
geochronology and isotopic signature of the Guanambi Batholith,
which represents the largest association of potassic-ultrapotassic
syenitic and monzonitic rocks in the Sdo Francisco Craton.

GEOLOGICAL SETTING The north-south trending GB has a
sigmoidal shape and is ca. 220 km long and between 15 to 60 km wide
(Fig. 1). It is located in the southern part of the Sao Francisco Craton
in the Urandi-Paratinga mobile belt (UPMB). The belt consists of three
units (Fig. 1): (i) the Santa Izabel Complex at its eastern border,
represented by gneisses, migmatites and granulites with U-Pb zircon
ages of ca. 3.35 + 0.29 Ga (Rosa 1999); (ii) volcano-sedimentary
sequences, composed of quartzites, iron formations, pillow lavas and
marbles metamorphosed under amphibolite facies, and (iii) the GB
intrusives, which occur in the central part of the belt.

The batholith is mainly composed of syenites and monzogranites,
with subordinate granites and mafic syenites. Lamprophyric dykes
(minettes) also occur (Paim ef al. 1999). Two main domains can be
distinguished (i) multiple intrusions (about 90% of the batholith), and
(i) the so-called late intrusions, which comprise the three massifs Cara
Suja (200 km?), Cerafima (120 km?) and Estreito (290 km?). Based on
structural data, Rosa et al. (1996) propose that the GB was emplaced
into a pull-apart system.

PETROGRAPHY AND GEOCHEMISTRY The multiple and
late intrusions are mainly composed of leucocratic and porphyritic
rocks and display similar mineralogy and texture. The magmatic
crystallization sequence is: accessory minerals (zircon, apatite,
monazite, opaque minerals) = diopside = plagioclase => alkali feldspar

= (amphibole, mica, perthitic feldspar) = quartz = titanite. Magmatic
crystallization has occurred in two stages: a first stage at lowfO,, high
Pipo , and transsolvus conditions, accompanied by accessory mineral,
feldspar and clinopyroxene crystallization, was followed by a second
stage at hypersolvus conditions, characterized by amphibole and
feldspar crystallization. The titanite + magnetite + quartz association
present at the second stage indicates highyO. between the NiNiO and
HM buffers.

Geochemical data show that the GB rocks are Si-saturated to -
oversaturated, alkalic and metaluminous. The K,0O/Na,O ratio is
always greater than unity, being higher in the mafic members, which
can be classified as ultrapotassic (Foley et al. 1987). Ba (<8,000 ppm)
Sr (<6,000 ppm) and Rb (<940 ppm) are strongly enriched in these
rocks. Cr (50 to 700 ppm), Ni (80 to 270 ppm) and Mg# (0.20 to 0.77)
are relatively high for common syenitic rocks. Chondrite-normalized
REE patterns show strongly fractionated LREE with none or only
small negative Eu anomaly. The tectonic discrimination diagrams of
the GB rocks as well as their geological context point to a subduction-
related and post-collisional setting (Rosa 1999).

U-Pb AND Pb-Pb ZIRCON GEOCHRONOLOGY The U-Pb
single zircon analyses were performed at the Swiss Federal Institute of
Technology - ETH (Zurich) laboratories (Rosa 1999). The single
zircon evaporation Pb-Pb analyses were carried out by Sachet and
Macambira (1998) at the Laboratory for Isotope Geology (Para-Iso),
Para Federal University, Brazil. The U decay constants are those
recommended by IUGS (Steiger and jager 1977), and errors are given
at the 95% confidence level. The analyzed zircon populations were
dominated by brown to light-brown crystals, most of them showing
cracks and abundant inclusions.

Single-zircon U-Pb results by isotope dilution
techniques The results of six zircon analyses from a sample
representative of the multiple intrusions in the Guanambi Region is
shown in Fig. 2A. The discordant data points plot on or near a
discordia line defining an upper concordia intercept at 2054 +8/-6 Ma
(MSWD= 7.2, ext. error). Four zircons each were analyzed for three
representative members of the late intrusions (Fig. 2A). Three out of
four discordant data points from the Cara Suja massif give an upper
intercept age of 2053 + 3 Ma (MSWD-= 4.6, int. error), with the fourth
data point being displaced to the left of the line. The results for the
Cerafma massif show a tight concordant cluster yielding a “"Pb/*Pb
age of 20504 = 1.4 Ma (MSWD= 0.67, int. error). The *’Pb/**Pb
ages obtained for the four concordant to near concordant data points
from the Estreito massif display scatter in excess of their analytical
uncertainties. Interpreting the oldest result (2061 + 5 Ma) as
potentially being affected by inheritance, the remaining three grains
give a weighted mean *’Pb/**Pb age of 2054 + 3 Ma (MSWD= 1.64,
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Figure I - (4) - Location map of Uréndi—Paratinga mobile belt (UPMB) in
Bahia. (B) - Simplified geological map of the UPMB. Phanerozoic Cover (1),

Meso-Neoproterozoic Covers (2), Guanambi Batholith (3), Cara Suja Massif

(34), Ceraima Massif (3B), Estreito Massif (3C), Volcano-Sedimentary
Sequence (4), Santa Izabel Complex (5), Bahia (BA), Minas Gerais (MG).

int. error), similar to the age of the other two massifs. The combined
results suggest an age of 2.050-2.055 Ga for the crystallization of the
GB (2.05-2.06 Ga, if the upper error boundary of the zircons from the
Guanambi Region is taken into account). The somewhat disturbed data
patterns obtained for three out of the four zircon populations analyzed
do not permit to resolve potential time differences for the emplacement
of the multiple and late intrusions.
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Single-zircon Pb evaporation dating Four crystals from a
sample representative of the multiple intrusions (Guanambi Region)
analyzed b7y the stepwise Pb evaporation technique (Kober 1986) yield
a mean ~"'Pb/""Pb age of 2046 + 10 Ma (Rosa 1999). Similar ages
were obtained for members of the late intrusions, where one zircon
from the Ceraima massif shows an age of 2049 + 2 Ma and four
zircons from the Estreito massif have a mean age of 2041 + 2 Ma
(Rosa 1999). Apart from the younger age obtained for the latter, the
results are in support of the -2.05 Ga crystallization ages obtained by
U-Pb techniques for the GB lithologies.

Rb-Sr AND Sm-Nd ISOTOPIC SIGNATURES Rb, Sr, Sm
and Nd whole-rock contents and Sr and Nd isotopic compositions
were measured by isotope dilution techniques at the Universite Blaise
Pascal (Clermont-Ferrand) using a Cameca THN-206 mass
gpectrometer (Rosa 1999). Uncertainties fO{37 147856»m/14fyd %}d Rb/

Sr are 0.5% and 2%, respectively. Initial *'St/”Sr, “Nd/“Nd and
eng were computed adopting an age of 2.05 Ga based on the U-Pb
results.

Initial *’Sr/**Sr in the Guanambi Region ranges from 0.705 to

0.707. Similar values of 0.704-0.707 obtained for the late intrusions
(Tab. 1) are indicative of a common source. The &y, values of the GB
rocks are strongly negative (-7.4 to -10.6) and imply a LREE-enriched
source.
In the *'Sr/**Sr vs eyq diagram (Fig. 2B), the GB rocks group
tightly in the enriched-source sector. Two contrasting explanations
must be considered for this particular pattern: (i) crustal contamination
of the GB magma by assimilation of basement rocks, or (ii), derivation
from an enriched mantle source. Absence of correlation between initial
ISr/*Sr and 1/Sr suggests that crustal contamination was not
important. Similarly, there is no correlation between *'Sr/*Sr and SiO,
or Al,0;. High Mg#, Ni, and Cr as well as the ubiquitous presence of
lamprophyric rocks argue against significant crustal input. We
therefore conclude that the chemical and isotopic signature of the GB
is inherited from an enriched mantle source.

DISCUSSION AND CONCLUSIONS The 2.05 Ga
crystallization age of the GB rocks marks the last magmatic activity in
the UPMB region. It further documents a time gap of 0.5 Ga between
the emplacement of the syenites of the UPMB and those of the SCMB
located in the eastern part of Bahia, which gave a U-Pb zircon age of
2.1 Ga (Conceigdo 1993). The time interval may reflect changes in the
structural regimes of the Paleoproterozoic belts, because, in contrast
with the GB rocks, the SCMB syenites are strongly deformed,
elongated in a N-S direction and are interpreted as dikes emplaced in
a syn-collisional system (Concei¢do et al. 1997), while the GB has
intruded a post-collisional environment (Rosa et al. 1996).

Several lines of evidence suggest that an enriched mantle source
provides the best explanation for the chemical and isotopic signature
of the GB rocks. The existence of a Paleoproterozoic enriched mantle
in Bahia has already been suggested by Conceicdo et al. (1997) in
order to explain the genesis of the Paleoproterozoic syenites of the
SCMB. Similarly, Ferreira et al. (1997) and Guimaraes and da Silva
Filho (1998) suggest a metasomatized mantle source for the
Neoproterozoic syenitic (NS) Triunfo and Bom Jardim plutons located
in the Borborema Province (also in northeastern Brazil). The initial
¥S1/*Sr ratios of the SCMB and of the Bom Jardim syenites are simi-
lar those of the GB rocks (Fig. 2B), whereas &yq is more positive (0 to
-6) in the SCMB syenites and more negative (-10 to -18) in the NS.

Partial melting of an enriched mantle as a source for potassic
magmas has been put forward by Wyllie & Sekine (1982). According
to these authors, mantle metassomatism leading to growth of
phlogopite can occur in the root of subduction zones (*100 km) as a
result of interaction between cool hydrous siliceous magmas rising
from the subducted oceanic crust and the hotter overlying mantle. The
nature and composition of the fluids originating from a subduction
process are rather complex topics (Wyllie and Sekine 1982, Conticelli
and Peccerillo 1992, Ferreira et al. 1997). There is, however, some ge-
neral agreement that the fluids are generated by selective dehydration
of the subducting oceanic crust, especially of serpentine and pelagic
sediments (clay minerals + carbonates >> pelites).

Based on Nd model ages, Ferreira et al. (1997) and Guimaraes and
Da Silva Filho (1998) have argued that mantle metassomatism in the
Boborema Province has occurred during the Paleoproterozoic (2.4-2.0
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Figure 2 -(4) - U-Pb concordia diagrams for the Guanambi batholith. (B) - Initial ¥Sr/Sr vs exy for the Guanambi batholith compared to other occurrences
ofpotassic and ultrapotassic rocks. Data are from Conticelli and Peccerillo (1992), Conceicao (1997), Ferreira et al. (1997), Guimaraes and Da Silva Filho

(1998).

Table 1 - Rb-Sr and Sm-Nd isotopic data for the Guanambi batholith. Multiple intrusions (M1), Cara Suja (CS), Ceraima (CE), Estreito (ES).

Sample| Locality | Rb | Sr | VRb/™Sr | VSt 8r [C'Sr/Sth | Sm | Nd |©Sm/“Nd| “Nd/“Nd
(ppm} | (ppm) (ppm) | (ppm)
996  MI 127 1009 03642 0716735 07060 2460 1862 00799  (.510591
1002 M 135 883 04447 0719331 07062 2703 1774 00922  0.510725
1008 MI 220 656 10112 0736326 07065 2420 1686 00868  0.510686
1128 MI 146 985 04287 0719936 07073 2607 1728 00913  (.510778
1139 MI 158 . 726 06307 0724695 07061 2599 1682 00935 0510781
1141 MI 236 1259 05414 0723446 07075 2195 1414 00939  (.510831
1216  MI 191 794 06970 0725691  0.7051 19.58 1338 0.0885  0.510698
1146 Ml 193 385 14511 0746839 07040  21.58 188.0 0.0694  0.510542
1160 MI 271 1236 06337 0724054 07053  17.83 107.3  0.1005  0.510906
974  CS 340 1159  0.8553 072939 07060 2531 1619 0.0946  (.510877
982  CS 330 454 2.1007 0.76861  0.7041 804 541 00898 0510737
983 CS 261 560 13463 0.74581  0.7066 2479 186.1 0.0806  0.510591
985  CE 188 1519 03576 0715466  0.7049 3630 2163 01015  0.510819
1170 CE 175 6192  0.0818 0708121 07057 ~ 2512 1481 0.1026  0.510847
1200  CE 197 1762 03226 071525 07057  29.80 177.0 0.1016  0.510846
1009  ES 179 1347 03837 0716717  0.7054 694 466 00902  0.510639
1014 ES 237 1493 04590 0717659 07041 2017 127.5 0.0957  0.510762
1228  ES 157 477 09520 0735404 07073 28.53 2884 0.0598  0.510281
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Ga). Similar chemical and isotopic characteristics suggest that this
interpretation also applies to the GB rocks, which we view as products
of fractional crystallization of a lamprophyric magma generated by
melting of a Paleoproterozoic enriched mantle, as indicated by Concei-
¢do et al. (1997).

The bulk of evidence available so far suggests that a lithospheric
mantle region enriched during a Paleoproterozoic event has repeatedly
served, over an extensive time interval of at least 1.5 Ga, as a source
for alkaline magmatism in northeastern Brazil and in Bahia State.
Independent of the tectonic regime, this mantle source has been
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particularly productive during the Paleoproterozoic in generating the
vast volumes of syenitic rocks of the mobile belts.
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