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Abstract

Dome structures in the&d® Francisco craton (Northeast Brazil), have been identified in the regions deBrand Santa
Inés within the granulitic Jegaiblock. Domes are mainly composed of CH6 charnockites, which intrude various granulites
of the basement. The Bi@s dome is surrounded by a rim of supracrustal rocks. The enderbite—charnockite suites CH1 and
CH2, which are partially included in the basement and were previously dated ca 2.8—-2.7 Ga, are similar to modern calc-alkaline
suites and could be derived by partial melting of an enriched tholeiite (degree of fractionation ca 24—-23%). An older Archaean
componentis suggested by negatiygvalues at 2.8—2.7 Ga which range betwednand—4 and Nd model ages with an average
ca 3.1 Ga. These magmatic suites are ascribed to the amphibolite-facies based on preserved prograde mineral assemblages ar
results of geochemical modelling. The CH6 rocks formed in domes are of granitic composition. They mainly derive from partial
melting of the 2.7 Ga CH2 basement suite. The hercynite-quartz assemblage in supracrustal rocks surroundirfiethe Brej
dome suggests very high temperature (>100)0for the CH6 magmas which would have induced partial melting in adjacent
supracrustal rocks, forming garnet-cordierite-bearing granitic melts. Emplacement of domes is constrained by the age of the
granulite facies metamorphism in the Jeghlock (ca 2.1 Ga) and the average cooling age of monazite which occurred in the
syn-dome charnockite and the surrounding heterogeneous granulites of the basement&.8044a. A southern dome exhibits
a younger monazite age of 20261 Ma, which may suggest a broader age span for the doming event.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction 2. SAo Francisco craton

Dome and basin structures abundantly occur in 2.1. Major geological units
Archean terrains: in high-grade low-level granulites as
well as in low-grade high-level granite-greenstone ter-  The Sio Francisco cratorA{meida, 1977 is the
rains Choukroune et al., 1995, 19pThese authors  most restudied crustal block in South America. It
consider that during the Archaean, these structureshad been already consolidated prior to the Brasiliano
were formed by inverse density gradients resulting in (Pan African) orogenic cycleTgixeira et al., 2000
the emplacement of high density supracrustal rocks It is limited by heterogeneous folded belts, generally
(i.e. komatiites and BIF) over a low density continen- of metasedimentary origin and metamorphosed un-
tal crust (i.e. TTG, tonalite—trondhjemite—granodiorite der greenschist and amphibolite facies conditions. The
rocks), associated during the Archaean, with reheat- folded belts, whose ages range from 700 to 450 Ma, are
ing of lower and middle crust as a consequence of the Sergipano in the northeast, Riacho do Pontal-Rio
magmatism and metamorphism. The temperature andPreto to the north, the Bréis belt to the west and the
plasticity increase at the deep crustal level results in Ribeiraand Araad belts to the southHig. 1). The main
diapiric ascent of plutonic rocks and in downward part of the $0 Francisco craton is located in Bahia,
motion of the supracrustal formations (sagduction; where it consists of (i) a Mesoproterozoic sedimen-
Gorman et al., 1978 Consequently, most plutonites tary cover, deformed (Espinhaéolded belt) and Neo-
are located in domes while greenstone belts appearproterozoic sedimentary cover which remained almost
in basin domains as described in the Archean of the undeformed during the Brasiliano orogeny and (ii) an
Dharwar craton in south IndiaChoukroune et al.,  Archean and Paleoproterozoic basement. The latter can
1995; Bouhallier et al., 1995; Chardon et al., 1998 be subdivided into four major geological unitisg. 2):
or in the Baltic Shield Martin et al., 1985; Martin, the Gavao block (GB), the Serrinha block (SB), the Je-
1987. Similar structures appear in the Jeggran- quié block (JB) and the Itabuna—Salvador—CarBelt
ulitic block of the %0 Francisco craton (Bahia State (ISCB).
NE Brazil)Barbosa, 1990; Barbosa and Sah&002; The Gavao block is mainly composed of tonalitic
Fornariand Barbosa, 1994 here, charnockiticdomes  to granodioritic orthogneiss, and gneissic-amphibolitic
are surrounded by supracrustal formations, heteroge-associations, whose ages range from 2.8 to 2.9Ga
neous granulite and enderbitic to charnockitic rocks. (Cordani et al., 1985; Marinho et al., 1994; Martin et
Although previous studies have given a good idea of al., 1991; Nutman and Cordani, 1993; Santos Pinto et
the general and global evolution of the area, detailed al., 1999. Inside these formations, old TTG massifs
geochronological and petrogenetic data are needed(Sete \Voltas, Boa Vista, Mata Verde) were dated be-
to constrain the dome emplacement timing in rela- tween 3.4 and 3.1 Ga. They are among the oldest so
tion to magmatic and metamorphic events, the mech- far reported in South America. Additionally, old inher-
anisms of magma genesis and the possible geody-ited zircon cores in Sete Voltas, as well as systematic
namic environment where they were emplaced. All 3.6 Ga Nd model ages throughout the Gavblock
these data are necessary in order to assess continenfMartin et al., 1997; Santos Pinto et al., 19%8vour
tal accretion and growth styles during the Archean an even older crust (up to 3.6 Ga) in this block. The
and Paleoproterozoic. Consequently the purpose of Contendas Mirante, Umburandsgl et al., 2008 Ri-
this paper is: (i) to determine the age of dome for- acho de Santana, Mundo Novo greenstones are located
mation which could be related as well as to Archaean inthe Gavao block. They are Archaeanin age. Affected
or Palaeproterozoic and, (ii) to model the petrogene- by low-grade metamorphism, they typically consist of
sis of the main magmatic event in the Jaégbiock, komatiites with spinifex texture at the bottom, mafic
as well as the possible sources involved. These dataand felsic lavas together with pyroclastic rocks in the
will be interpreted in the light of previous works in  middle and siliciclastic sediments at the tdgatinho
order to discuss the genesis and geotectonic evolu-et al., 1994; Winge, 1984, Peucat et al., 2002
tion of the deep crust of thed® Francisco craton in The Serrinha block is made up of banded
Brazil. gneiss, amphibolite and granodioritic orthogneiss
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Fig. 1. Location of the studied area, of the cratons and fold belts of the Brazilian &foleifla, 1977 after Schobbenhaus et al. (1984)

dated at ca 2.9Ga and metamorphosed under am-2.2. The southern granulitic domain
phibolite facies conditions. The Rio Capim green-
stone belt is assigned to the Archean and the The southern Bahia granulitic domain consists of
Rio Itapirucu belt to the PaleoproterozoiVifge, the Jequé block to the west and the Itabuna belt to
1984. the east. They are separated by an amphibolite-facies
The granulitic Jeq@ block consists of enderbite  mafic to intermediate plutonic domain, with subordi-
to charnockite suites (ca 2.7-2.8 Ga), heterogeneousnate iron formation, aluminous gneisses and garnet-
granulites with migmatites and supracrustal rocks bearing quartzites forming the Ipiau BanBafbosa,
(Cordani, 1973; Cordani and lyer, 1978; Barbosa, 1990; Barbosa et al., 1998ig. 3). The Brepes and
1990. neighboring domes are located in the Jéghlock.
The Salvador-Cur@gc and Itabuna belts are The area has been the object of many studies in re-
both granulitic and consist essentially of tonalitic/ cent years, which were mainly focused on determin-
trondhjemitic rocks containing mafic and supracrustal ing metamorphism age and P—T conditioBsubosa,
enclavesBarbosa, 1990 1988; Barbosa and Fonteilles, 1989, 1991; lyer et al.,
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Fig. 2. Location of the studied area and geotectonic domainsiofFancisco Giton and the geotectonic domains of Bahia, Brazil: (1)
Archean/Paleoproterozoic basement and the Greenstone Belts sequences, (2) Mesoproterozoic units, (3) Neoproterozoic units, (4) Phanerozc
sediments, (5) Giton and geotectonic blocks limits, (6) Tectonic lineations. GB: &abilock. JB: Jeq@i block. SB: Serrinha block. ISCB:
Itabuna—Salvadoer—Curablock (adapted ohlkmim et al., 1993; Barbosa and Dominguez, 1296

1995; Wilson, 1987; Figueiredo, 1989; Figueiredo and heterogeneous granulites (HG). The latter is associ-
Barbosa, 1993; Marinho et al., 1994; Aillon, 1992; ated with granulitic supracrustal rocks (SP), composed
Arcanjoetal., 1992; Alibertand Barbosa, 1992; Fornari of metabasalts, quartzites, iron formations, graphitic
and Barbosa, 1994; Ledru et al., 1994; Barbosa and bands and partially migmatised aluminous gneisses,

Sabag, 2002. the latter occasionally containing garnet and cordierite-
The granulitic Jeq@& block Cordani, 1973; bearing anatectic graniteBig. 4).
Cordani and lyer, 1978; Barbosa, 19%®ntains im- The Itabuna Belt is composed of homogeneous

portant domains of charnoenderbite to charnockite (re- green-brown granulites of magmatic origin which fol-
ferred to as CH1 and CH2 in this paper), which intrude low three contrasting differentiation trendBarbosa
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Fig. 4. Geologic sketch map of the Laje, Mutuipe, Bieg and Santa &s area. Jeqaiblock, Bahia, Brazil. Samples sites for geochronological
study are shown.

and Fonteilles, 1989; Arcanjo et al., 1992; Oliveira (Fig. 3). Retrograde mineral assemblages, associated

et al., 1993 (i) low-K calc-alkaline (tonalite to with shear zones, have been interpreted as reactivated

trondjhemite), (ii) alkaline shoshonitic suite (mon- by the ascent of granulite from the lower criBarbosa

zonite/mangerite) and (iii) tholeiitic series (garnet- (1990) and Barbosa and Fonteilles (199Xalcu-

bearing metagabbros or metabasalts). lated minimum pressures of 5-7 kbar and tempera-
The Ipiad Band is equilibrated in the amphibo- tures of 850-870C for the granulitic metamorphism.

lite facies and mainly consists of metagabbros and/or Figueiredo (1989andBarbosa (1990proposed a geo-

metabasalts intercalated with quartz feldspathic lay- tectonic model in which the Itabuna belt is considered

ers, granite and granodiorite(tbns, meta-aluminous  as an island arc or a continental magmatic arc margin,

gneiss, banded iron formation and garnet-bearing the Jequé block being a micro-continent. The possible

quartzite. island arc has been thrusted over the Jegointinent
These units record at least three episodes of ductile during arc-continent collision.

deformation, contemporaneous with the Paleoprotero-

zoic (ca 2.0Ga) high-grade metamorphiswiléon,

1987; Ledru et al., 1994 The first episode is char- 3. Geological setting of the Brepes-Santa Irés

acterized by a flat foliation associated with large, re- area

cumbent folds. The second episode is coaxial with

the first but consists of folds with sub-vertical ax- The study area is located near Bre$, Santa s,

ial planes, which are more open in the Jégblock  Mutuipe and Laje cities where six major dome struc-

than in the Itabuna belt. The third episode is charac- tures are recognisedrig. 3). The country rocks of

terised by vertical foliation with sub horizontal lin-  the domes consist of four distinct granulite types (SP,

eation. These data, together with sigdad-splayed HG, CH1 and CH2 in chronological ordefdrbosa

minerals, indicate a movement from SW toward NE et al., 1998. A set of CH6 charnockites is intrusive
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in the previous ones and only found within the domes 3.2. Heterogeneous granulite (HG)
(Fig. 9.
Heterogeneous granulites mainly consist of dark
3.1. Supracrustal formations (SP) green granulites with charnockitic characteristics that
commonly contain boudins and enclaves of metagab-
In the supracrustal formation (SP) on detach bros, quartz feldspathic layers and supracrustal rocks
kinzigitic gneisses, andesitic metabasalts, banded iron(Barbosa et al., 1998 The heterogeneous granulites
formations, garnet-free or garnet-bearing quartzite and had as protolith plutonic rocks of amphibolite facies
quartz feldspathic layers. All these rocks were de- that were transformed to granulites by the regional
formed and reequilibrated in granulite facies condi- metamorphism. They are medium-to coarse-grained
tions. Most of mineral parageneses formed during rocks containing 40-50% mesoperthite, 30% quartz,
metamorphism peak. However, some minor phases 10% antiperthitic plagioclase, 10% orthopyroxene and
such as biotite and hornblende, which crystallised as 2—7% clinopyroxeneTable J). In various places they
rim around ferro-magnesian and opague minerals, areshow evidence of migmatization with orthopyroxene
considered as retromorphic. SP defines a spectaculaibearing neosome. Metagabbro enclaves are made
rim that lines the Bréjes dome, and is located between up of plagioclase, hornblende, orthopyroxene and
the CH6 charnockitesH{g. 4) and the heterogeneous clinopyroxene. Some display orthopyroxene-rich
granulites (HG). They display a centimetre-scale tec- rims surrounding amphibole rich cores interpreted
tonic banding, and the whole thickness not exceeding as reflecting prograde metamorphism. The observed
100 m. The kinzigitic gneisses display a medium to reaction is: hornblende + quartz = plagioclase +
coarse-grained granoblastic texture with irregular con- orthopyroxene+ clinopyroxene + HO where the
tacts between grains. They consist in garnet (35%), left and right sides respectively represent amphi-
quartz (30%), plagioclase (15%), cordierite (10%), bolite and granulite facies paragenesdéarposa,
and biotite (5%) (able 1. These kinzigitic gneisses  1990.
(1-5m) are alternating with quartzo-feldspathic and
quartzite layers (5-10m), which very often, are cut 3.3. The CH1 Laje charnoenderbite to charnockite
by centimetric veins of quartzo-feldspathic pagma- suite
toids. The associated garnet-cordierite charnockite are
produced by partial melting of the kinzigitic rocks Generally, the CH1 are strongly deformed and re-
(Table 1. The andesitic metabasalts which are inter- crystalised Fornari and Barbosa, 1984but in some
calated in supracrustal rocks, and are dark green andplaces a mesoperthitic phenoclastic coarse-grained tex-
strongly foliated with a fine-grained granoblastic tex- ture is preserved. In addition to mesoperthite the CH1
ture. The main metamorphic minerals of these rocks are consists of amedium-grained assemblage of quartz, an-
plagioclase, orthopyroxene, clinopyroxene, and brown tiperthitic plagioclase, orthopyroxene, clinopyroxene
hornblende; opaque mineral and apatite are accessoryand high titanium biotite, all these minerals belong-
phases. Biotite and green hornblende are retromor-ing to metamorphic paragenese. Locally, they show
phic minerals Table ). The banded iron formations evidence of retromorphic metamorphism; expressed
are located to the north, are made up of hematite, by the crystallisation of low-Ti biotite, muscovite,
magnetite (70-90%) and quartz (5—-10%plfle J sericite and bastite as well as of a second generation
with granoblastic texture. The garnet-free or garnet- of very small plagioclase and microcline grains. Ac-
bearing quartzites, when fresh are light grey, medium cessories are ilmenite, magnetite, apatite and zircon
to coarse-grained rocks. They exhibit penetrative foli- (Table ).
ation defined by garnet and orthopyroxene orientation.
Table 1Isummarises the main metamorphic parageneses3.4. The CH2 Mutuipe charnoenderbite to
of these quartzites. The quartz feldspathic layers with charnockite suite
graphic texture consists of quartz and mesoperthite as
main minerals and biotite, garnet, orthopyroxene and  In several aspects the CH2 are similar to CH1
opagque minerals as accessory pha%ablé ). except that they contain brown-green hornblende as
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Table 1
Typical mineralogical compositions of rocks from Laje (CH1), Mutuipe (CH2), 8gjand Santa &s (CH6)
Rocks Major metamorphic minerals Accessory minerals Retrograde metamorphic minerals
(modal composition)
First group (SP)
Kinzigitic gneiss Gt (35%); Qz (30%); Plag Op; Zr; Mz; Gf; Sp; Mp; Opx Bi
(15%); Cd (10%); Bi (5%);
Sill(5%)
Andesitic metabasalts Plag (40%); Cpx (25%); Opx Op; Ap Bi; Hb
(20%); Hb (10%); Qz (4%)
Banded iron formation He/Mt (70-90%); Qz
(30-10%)
Quartettes/Garnet quartettes Qz (60-90%); Gt (5-10%); Op Se; Bi
Plag (1-5%); Opx; Bi.
Quarteo feldspathic band Q2 (50%); Mp (40%); Plag Op; Opx; Bi; Gt Se
(8-10%)
Garnet—cordierite Charnockites Mp (50-60%); Qz (10-20%);0p; Zr; Mz Se; Mir
Plag (10-20%) Cd (5%); Gt
(5%); Opx; Bi
Second group (HG)
Heterogeneous granulites Mp (40-50%); Qz (30%);  Op; Zr; Ap Hb; Bi; Mic; Rag; Cln; Bt; Mir
Plag (10%) (An23); Opx
(10%); Cpx (2—7%); Hb; Bi
Quarteo feldspathic veins Mp (50-60%); Qz (20-30%); Op; Zr Hb; Bi; ClIr
Plag (5%) (An25-30); Opx;
Cpx; Hb; Bi
Metagabbros Plag (40-50%) (An 30-35); Op; Ap; Zr; Qz Hb; Bi
Hb (30-35%); Opx; Cpx
(25-30%)
Third group (CH1)
Charnoenderbites Plag (50%)(An30); Qz Op; Zr; Ap; Mz Plag; Mu; Se; Bt; Mir

(7-15%); Cpx (2-5%); Opx
(5-10%); Mp (10-12%)
Charnockites Mp (40-50%); Qz (30%); Op; Zn Ap; Mz Mic; Plag; Cln Bt; Mir
Plag (10%)(An23); Opx
(10%); Cpx (2%); Bi
Fourth group (CH2)
Charnoenderbites Plag (40%)(An40); Mp Op; Ap; ZnMz Plag; Mu; Se; Bt; Mir
(3-15%); Hb (10%); Qz
(10-15); Opx (1-6%); Cpx
(3-4%);
Charnockites Mp (30-35%); Plag Op; Zr; Ap Bi; Se; Cin Bt
(10-20%)(An27); Hb (10%);
Qz (30%); Opx (5%); Cpx
(2%)); Bi
Fifth group (CH6)
Charnockites Mp(30-40%); Plag Op;Zr;Ap Bi; Se; Clr; Bt
(30%)(An25); Opx (5-10%);
Cpx (2-5%);Hb (10%); Qz
(20%)

Abbreviations: Opx: Orthopyroxene; Cpx: Clinopyroxene; Plag: plagioclase; Mp: mesoperthite; Hb: Hornblende; Bi: Biotite; Qz: quartz; Gt:
garnet; Cd: cordierite; Sill: sillimanite; Mic: microcline; Op: opaque minerals; Zr: zircon; Ap: apatite; Gf: Graphite; Clr: chlorite; Mu: Mascovi

Se: Sericite; Bt: bastite; Mir: myrmeckrte; Epi: epidote; Tr: Tremolite; Sp: spinel; He/Mt: hematite/magnetite; An: (anorthite percentage); Mz:
monazite.
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well as larger amounts of opaque minerdlalfle J). 4. Whole rock Rb—Sr and Sm—Nd isotope data,

They also contain mafic enclaves, stretched out par- 207Pb/2%pPb TIMS evaporation zircon and

allel to the general banding. Quartz and pegmatitic monazite ages

veins are parallel or at a low angle to the banding

and foliation. Fluid inclusions in quartz crystals from Previous Rb-Sr, U-Pb, Pb—Pb and K—Ar ages al-
these veins indicate that low-density (0.85gchn lowed to show the occurrence of Archean magmatic
COy-rich synmetamorphic fluid percolated through suites formed ca 2.7-2.9Ga and of a high grade
these rocksXavier et al., 1980 Thermo-barometric  metamorphic event ca 2.0-2.1 Ga in the Jédnlock
studies indicate that these fluids equilibrated at the (Cordani, 1973; Cordani and lyer, 1978; Mascarenhas
same pressure and temperature as those of gran-and Garcia, 1986; Wilson, 1987; Alibert and Barbosa,
ulitic metamorphism. Both CH1 and CH2 are con- 1992; Marinho et al., 1994; Silva et al., 2Q0®ain
sidered as intrusive into the heterogeneous granulitesresults related to the Bi@gs area are summarised be-
(HG). low.

3.5. The CH6 charnockites synchronous to doming  4.1. Previous work

The CH6 charnockites is restricted to the central Marinho et al. (1994)reported a 3.2Ga Nd
part of the domesHig. 4). It is heterogeneously de- model age for supracrustal garnet—cordierite-bearing
formed, with undeformed domains and includes an- charnockite between Bi@gs and Santa &s domes.
gular xenoliths of the surrounding rocks (HG, CH1 Heterogeneous granulites from south of the Besj
and CH2), thus demonstrating their intrusive charac- dome provided a 4-point Rb—Sr isochron age at
ter into these rocks. CH6 consists of green coarse- 2699 + 24 Ma (Wilson, 1987 and Nd model ages
grained charnockites, with mineralogy essentially plu- between 2.6 to 3.3 GaVarinho et al., 1994; Wilson,
tonic composed by mesoperthite (30—-40%), quartz 1987 that corroborate the Archaean age of the pro-
(20%), hornblende (10%), antiperthitic plagioclase, toliths. On the other hand, heterogeneous granulites
Anzs (30%), orthopyroxene (5%) and clinopyroxene gave Rb—Sr and Pb—Pb isochron ages around 2.0 Ga
(2-5%) (Table 1. Accessory minerals are opaques, which are interpreted as metamorphic agéslgon,
apatite and zircon. Mesoperthite and brown horn- 1987. Farther east, the Laje charnoenderbite CH1
blende phenocrysts give a patchy aspect to the rock. (Fig. 4) yielded a Rb—Sr whole rock isochron age of
In some places bastitized orthopyroxene cores are sur-2932+ 124 Ma and Nd model ages between 3.0 and
rounded by hornblende rims that suggest retrometa- 3.15Ga {Vilson, 1987. A zircon SHRIMP age at
morphism. Quartz and pegmatite veins are widespread2810 Ma Q@libert and Barbosa, 1992s interpreted
whereas rare garnet crystals are considered as re-as that of magmatic emplacement of the protoliths.
sulting from magma contamination by aluminous The Mutuipe charnoenderbite CHEig. 4) provides
supracrustals. the same Rb—Sr (282 130 Ma) and Sm—Nd results

Except for works ofMiranda et al. (1983)and (ca 3.0Ga) as CH1Wjilson, 1987 (Table 3. Pb—Pb
Barbosa (199Q)who interpreted the elliptical struc- whole rock isochrone yields an age of 348248 Ma
ture of the dome as due to tectonic interference, no de- that has been considered as an artefafiison, 1987.
tailed structural work has been performed in this area. Zircon SHRIMP dating Alibert and Barbosa, 1992
In Fig. 4, the Brepes dome shows foliation dipping provided an age of 2682 1Ma which is slightly
outwards, except on its south side, where it dips to- younger than that obtained by the same method for
ward the core. The supracrustal formations are com- CH1. Another SHIMP zircon dating of a Je@ui
pressed between the Bdejs and Santa Ines domes to charnockite defines a magmatic age of 2473 Ma
the north and to the south, respectively. Besj dome  with metamorphic overgrowths at 206¢& 6 Ma in
is heterogeneously deformed,; its rim shows high strain the south of the Brées area Silva et al., 2002
with typical C/S vertical structures, whereas in the core No data from (CH6) charnockites are available, as
the foliation becomes subhorizontal, and rocks are very yet except a Nd model age at 3.2 G&ilson, 1987
homogeneous. (Tables 2 and B



Table 2
Whole rock Sm—Nd and Rb-Sr results for the granulites
Samples Sm Nd WISMAANd  193NdA%Nd  Errorim eyg 0 Ga TDM (1) Ga TDM (2) Ga eng2.1Ga eyg2.7Ga Rb  Sr 8’RbASSr 87SrPSSr Error m  1Sr2.1Ga
(ppm)  (ppm) x 10°° (60 =+10) (g0 = +8) (ppm) (ppm) x 10°°
Supracrustal rocks (SP)
BJ-137 93 703  0.0803 0510536 7 —41 297 286 -10 -0.9 135 301 131 075160 15 0712
1263PJR05(6) 4.8 286 01016 051073 - -37 326 313 -12 —4.4
Heterogeneous granulites (HG)
PJ-07-B 067 533 00755 0510506 8 —42 290 279 —-9.2 0.1 162 257 183 Q076491 27 0709
BJ-188 223 131 01029 0510782 6 —36 323 310 -11 -39 117 196 174 078663 20 0734
PJ-07-A 648 489  0.0801 0510558 9 —41 294 282 —-9.4 -0.4 153 149 D1 Q079334 25 0702
TB19B 111 588 01144 0511051 3 -31 320 305 -89 —-2.6 - - - - -
17¢ 4.2 289 00886 051068 - —38 299 287 -9.3 -1.0 94 138 198 079027 - 0730
161 123 636 01079 051088 - —34 325 311 -11 —-3.8 129 185 04 Q079857 - Qo737
Charnoenderbite—charnockite (CH1)
1° 19 105 01119 051104 - -31 313 299 -84 —-2.0 43 668 02 0.70900 - 0703
12 1.8 105 01061 051085 - —-35 324 310 —-11 —-38 79 375 06 0.72846 - 0710
1P 6.7 360 01116 051105 - -31 311 297 —-8.2 -17 256 76 97 111496 - 0820
Charnoenderbite—charnockite (CH2)
4p 9.0 607  0.0900 051064 - -39 308 296 -11 -23 70 288 07 073527 - 0714
&° 121 659 01109 051103 - -31 312 297 -84 -18 84 240 10 0.74493 - 0714
21° 157 889 01066 051102 - -32 301 287 —-74 -0.5 193 160 b 0.84905 - 0743
238 107 636 01015 0510920 - —34 301 288 —8.0 -0.8 406 86 137 127870 - 0865
Charnockites (CH6)
13-22 152 823 01114 0510956 5 -33 325 310 -10 -35 208 70 892 104319 21 0773
TB19A 1853 138 00811 0510590 3 —40 292 281 -9 -0.2
14 118 619 01157 051109 - -30 318 303 -85 —-23 377 67 163 137384 - 0881

2 Data fromMarinho et al. (1994)
b Dpata fromwilson (1987)
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Table 3

Summary of zircon and monazit&’Pb?%pPb ages from evaporation obtained by thermo-ionisation mass spectrometer (TIMS)

Samples Step (A) nratios  206ppP04ph  207ppPOSph  Error rm  207PbPOSph  207ppPOSph 2 x error S.D.
measured x 1074 corrected (Ma) probable (Ma) (Ma)

BJ 137: garnet-cordierite bearing charnockite (SP)

Zircon 2.6 40 1708 0.1300 2 0.1222 1989 3 8
2.6% 12 2853 0.1368 21 0.1322 2127 28 48
Monazite
10 grains 31 20 9302 0.1286 10 0.1272 2060 13 30
24 20 4207 0.1300 4 0.1269 2055 6 13
3 grains 2.7 20 7826 0.1280 4 0.1263 2047 5 11
3 grains 2.4 20 1914 0.1330 15 0.1261 2044 22 49
Mean 2052
BJ 188: heterogeneous granulite (HG)
Zircon
Grain 3 2.6 20 855 0.1793 5 0.1646 2504 5 11
2.6 20 1631 0.1766 2 0.1690 2548 2 4
2.6% 160 2987 0.1744 1 0.1702 2560 1 9
2.6 140 3150 0.1739 1 0.1699 2557 1 6
Grain 4 2.6 20 1257 0.1706 2 0.1605 2461 2 4
2.6 20 1544 0.1692 2 0.1618 2475 2
2.8 40 4168 0.1690 8 0.1659 2517 8 25
TB19 B: heterogeneous granulite (HG)
Zircon
1 grain 2.6 140 5197 0.1619 2 0.1595 2450 2 9
PJ 07 B: heterogeneous granulite (HG)
Monazite
10 grains 2.8 60 10723 0.1273 1 0.1263 2047 2 6
PJ 07 A: heterogeneous granulite (HG)
Monazite
10 grains 2.8 20 76951 0.1261 1 0.1261 2044 1 2
1J 22: charnockite (CH6)
Zircon
1 grain 2.8 20 1417 0.1478 3 0.1388 2212 3 7
3.2 60 2888 0.1587 2 0.1544 2396 2 9
7grains 3.1 20 1742 0.1762 4 0.1691 2549 4 8
1 grain 2.6 40 3892 0.1653 4 0.1621 2478 1 4
2.6% 180 3543 0.1636 26 0.1600 2456 4 28
2.6 140 3858 0.1637 1 0.1604 2460 1 8
1 grain 2.4 80 1479 0.1462 3 0.1374 2195 1 4
2.6 180 11722 0.1578 3 0.1567 2420 3 19
2.8 40 2286 0.1610 5 0.1555 2407 5 16
TB 19 A: charnockite (CH6)
Zircon
1 grain 2.6 13 10865 0.1335 39 0.1323 2129 29 52
2.8 80 39966 0.1417 2 0.1414 2245 3 12
1 grain 2.8 20 5956 0.1270 4 0.1248 2026 6 13
3.0 20 4803 0.1312 11 0.1285 2078 15 34
1 grain 2.7 80 12036 0.1334 2 0.1323 2129 3 11
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Table 3 Continued

Samples Step (A) nratios  206PpPO%Pb  207pbPo%ph  Error am  207PhPOSph  207ppPOSph 2 x error S.D.
measured x 1074 corrected (Ma) probable (Ma) (Ma)
Monazite
lgrain 24 40 969 0.1382 9 0.1245 2022 13 39
2.7 20 4025 0.1281 4 0.1248 2026 6 14
lgrain 2.7 20 621 0.1465 8 0.1251 2030 31 43
Mean 2026 1 4

2 Indicates ratios measured by Faraday cups, other ratios are from ion-counting system.

4.2. Analytical methods and new data partial melting during the metamorphic climax con-
temporaneous with dome emplacememarbosa,
Srand Nd whole rock isotopes, zircon and monazite 1990. A 2.97 Ga HvNd age has been obtainegy
evaporation of radiogenic lead were performed on a at 2.1 Ga is—10, with an initial 87Srf%Sr of 0.712
Finnigan Mat 262 mass spectrometer d@oSciences (Table 3. Zircons grains are complex and exhibit round
Rennes-CNRS, France, following procedures de- cores probably inherited from Archaean protoliths.
scribed inPeucat and Kouamelan (199&hd Peucat Some grains are devoid of internal structures. One of
et al. (1999) Replicate analyses of NBS 987 Sr stan- these grains provided’Pb?%Pb age at ca 2.0-2.1 Ga
dard provide an averad€Srf®Sr ratios of 0.710246  (Table 3, indicating Palaeoproterozoic recrystallisa-
+ 17. Replicate analyses of the AMS Nd standard tion. This is confirmed by 8°’Pb?%Pb age of 2052
provide an averag¥3Nd/14*Nd value of 0.5118962 + 2 Ma obtained by thermal evaporation on monazite
7. Nd Tppm model ages are calculated using values from the same sampléléble 3. It is interpreted as
of +10 and +8 for the present-day depleted mantle and a cooling age, after partial melting of supracrustals,
147SmA44Nd = 0.2137, assuming a radiogenic linear under the closure temperature of the U-Pb system in
growth for the mantle starting at 4.54 Ga. Mean ratios monazite (ca 750C or aboveCocherie et al., 1998
of 206ppP04ph = 2759+ 1, 207PbP%pPh = 0.07124 Samples BJ-188, PJ-07-B, TB-19-B are heteroge-
=+ 1 were obtained for NBS 983 standard. Correction neous granulitesHg. 4) from around the Bréjes and
of common lead was done froff®Pb2%%Pb ratios  CravoBndia domes. PJ-07-A is a granitic mobilizate
measured using thetacey and Kramer (1978)odel. that crosscuts the PJ-07-B charnockite. AliNd
All ages are calculated using the decay constants andmodel ages range between 2.90 and 3.25%ahl¢ 2.
isotopes abundances listed®tgiger anddger (1977) Zircon from granulites BJ-188 and TB-19-B are euhe-
New dating has been performed to constrain the dral with magmatic zoning (S18 to S23 typeduipin,
time of diapiric emplacement of the Bégjs dome. 1980. Fine clear unzoned tips may correspond to meta-
Sr and Nd whole rock dating’’Pb?%Pb zircon and  morphic recrystallisations?°’Pb£%pPb ages ranging
monazite evaporation ages were performed on: (i) from 2.45 to 2.56 GaTable 4 are probably mixed
a granitic rock interpreted to represent partial melt ages intermediate between magmatic and metamor-
produced from supracrustal protoliths; (i) the CH6 phic ages. They are interpreted as minimum ages for
charnockite located in the internal part of the dome the magmatic protolith and appear to be in reasonable
and, (iii) the HG heterogeneous granulites surrounding agreement with the 2.7 Ga Rb—Sr ayéléon, 1987.
domes Fig. 4). The aim of this work is to ascertain Monazite ages are younger and similar in both PJ-07-B
the ages of protoliths, magmatism and metamorphism and PJ-07-A: 204# 2 and 2044t 1 Ma, respectively.
related to the doming event. A weighted average age of 2045 2.5 Ma has been
The garnet-cordierite-bearing charnockite BJ-137 calculated for monazite from heterogeneous granulites.
is a foliation-free leucocratic rock intruding into the These data suggest that the heterogeneous granulites:
supracrustal rim surrounding of the Bdeg dome (i) are derived from Archaean protoliths (3.2-2.9Ga
(Fig. 4). This rock is a “S type granite” with plutonic  Nd model ages), (ii) were reworked during a mag-
mineralogy, interpreted as resulting from supracrustal matic stage which is not well constrained by zircon



Table 4
Representative chemical analyses of CH1 and CH2 charnoenderbite—charnockites and CH6 charnockites

CH1 charnoenderbites—charnockites CH2 charnoenderbites—charnockites CHB6 charnockttes Average/@idde CH2 Average CH6
JA11A BJI247A JA3BA JF6LA JAI9A JA49A 3B 1317  JA44A JD15 1328  Z110 TA17 1320 TB37 1322  1Jo7A7samples) (42samples) (12samples)
SiOy 6831 7012 7217 7357 7440 7426 6569 6787 6890 6937 7131 7305 7028 7160 7200 7263 7634 7225 6934 7274
TiOy 0.46 041 032 025 017 011 123 100 Q79 Q70 043 030 062 049 054 048 028 038 078 046
Al;03 15.26 1546 144 1380 1370 1357 1287 1312 1350 1380 1340 1313 1273 1300 1250 1260 1160 1356 1312 1225
Fe,O3 4.91 349 200 189 109 098 754 699 510 555 466 372 540 466 510 444 271 296 602 460
MnO 0.04 006 003 003 032 001 048 012 025 013 Q17 Q10 Q09 Q10 013 011 Q10 004 009 Q07
MgO 0.81 095 066 060 027 034 107 089 096 Q76 035 043 Q052 038 033 037 041 048 Q71 036
CaO 292 295 150 200 150 120 420 290 290 240 140 130 180 140 120 130 045 190 250 133
NapO 414 341 300 410 320 352 317 260 340 310 240 260 271 240 240 240 250 352 303 258
K20 313 300 580 370 510 553 327 441 380 400 580 541 581 590 570 560 560 441 418 551
P20s5 0.06 Q15 012 006 005 008 048 032 Q030 Q19 008 006 Q13 Q07 009 Q07 009 Q10 024 Q10
Total 10004 10000 10000 10000 9980 10000 10000 10012 9990 10000 10000 10000 10000 10000 10000 10000 10008 10000 10000 10000
Rb 58 182 170 95 91 210 92 117 94 139 208 111 264 310 306 222 275 136 111 285
Ba 1470 1141 - 720 1090 1520 1448 1080 1400 1005 730 770 787 570 634 672 356 1033 1144 660
Sr 680 620 320 240 270 440 287 248 280 226 7 110 97 79 84 76 49 286 217 80
Zr 160 112 290 240 190 93 400 439 470 357 470 346 585 467 610 541 388 748 408 516
Y 10 31 18 19 10 12 - 62 48 51 68 48 38 91 98 94 126 17 47 79
Nb - 23 - 20 - - - - - 24 29 - - 43 26 33 - - - -
La 6498 - - 2725 4542 1724 7532 7256 4208 7452 7046 7415 8771 10840 9096 11820 11670 3872 7385 104
Ce 12370 - - 4250 9187 3463 14671 166 9510 16320 15520 15570 19670 23000 19010 18120 24750 7320 15726 209
Nd 4744 - - 1528 3050 1205 6807 7011 4410 60/47 5463 5793 7452 8747 6735 11180 9140 2651 64 86
Sm 683 - - 224 523 215 1282 943 865 1156 1059 924 1335 1250 1285 1804 1350 413 12 14
Eu 127 - - 048 093 065 292 218 200 200 134 128 186 168 127 166 102 083 199 150
Gd 401 - - 144 299 132 983 885 685 761 689 599 880 1137 855 1266 1077 284 814 1040
Dy 1.97 - - 113 110 068 7.06 846 605 797 655 657 641 1152 746 1457 1237 122 803 1080
Er 0.80 - - 047 047 034 322 403 322 413 309 330 399 554 331 - 636 052 448 480
Yb 0.55 - - 057 022 028 287 283 259 301 229 260 272 386 188 - 479 039 302 396
Lu 0.08 - - 009 011 Q10 040 035 039 Q37 028 029 032 046 Q19 080 053 009 Q37 092
Co - - - - - - 35 23 - 10 21 10 - 24 - 21 13 3 17 19
\Y - - - - - - 53 48 - 31 10 10 - 30 - 19 10 11 51 20
Ni - 20 - 15 - - 12 48 - 12 27 18 - 43 - 52 41 13 17 45
Cr - 33 - 8 - - 17 93 - 43 67 25 - 73 - 76 62 19 31 70
Cu — 10 — — — — 26 26 — 11 15 18 — 57 — 26 27 12 20 37

Total Fe as FgO3. Dashed = not determined as below detection limit.
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evaporation ages (>2.56Ga) but probably close to drite. In the case of the atomic absorption spectrome-
2.7 Ga and (iii) metamorphosed in the granulite facies try, a complementary technique to the ICP-MS and the
during the Palaeoproterozoic, cooling temperature of X-ray fluorescence, we have the facility to determine
ca 750°C being reached at about 2.05 Ga. isolated elements such asdaand KO.
Among the CH6 charnockite sample 13-22 is from Whereas CH1 and CH2 have Si@anging from
the Brepes dome and TB-19-A from the southern 65 to 74% SiQ, CH6 samples are all Siaich
CravoBndia domeKigs. 3 and % The TppyNd model (70-77%). CH1 and CH2 differ in AD3 (13.96%
age of 1J 22 is ca 3.2 Ga&#ble 2, similar to that ob- and 13.12%, respectively) and mainly in ¢Bg +
tained byWilson (1987) This suggests that the CH6 MgO + TiO)(3.82% and 7.51%, respectively), CH6
charnockites also derived from old Archaean protolith, being AbO3 poorer (AbO3: 12%) (Table 4. In Q—A—P
the high87Srf®Sr (0.773Table 9 at 2.1 Ga supports  (Fig. 5, Streckeisen, 19%5and An—-Ab-Or Fig. 6;
thisinterpretation. Zircon grainsfrom1J-22and TB-19- O’Connor, 196% normative triangles, both CH1 and
A are euhedral to subhedral, zoned, with clear over- CH2 display differentiation trends from granodiorite
growths. The?°’PbP%pPb ages range from 2.20 to toward granite domains, whereas CH6 does not de-
2.55GaforlJ-22and 2.03t0 2.25 Gafor TB-19-A. This fine real trends and is restricted to the granite field.
wide range of ages probably corresponds to the mixing In the AFM diagram FEig. 7, Irvine and Baragar,
of magmatic zircon older than 2.55 Ga with metamor- 1971), except CH2, CH6, all samples plot in the calc-
phic overgrowths at ca 2 Ga. Two runs on monazite alkaline/tholeiitic transition field, systematically near
TB-19-A yielded a mean age of 2026 1 Ma, sim- the AF sideline, lacking the less differentiated terms
ilar to the youngest zircon age but slightly younger of typical calc-alkaline suites. This interpretation is
than monazite ages from the northern Begj dome. corroborated by the K—-Na—Ca triangkd. 8), where
As observed for the heterogeneous granulites, the CH6data plot along an calc-alkaline (CA) trend, showing
data suggest recycling of ca 3.0-3.2 Ga old Archean no affinity at all with trondhjemitic suites. IFig. 8,
rocks during a Paleoproterozoic high-grade event. Nd the TDH field represents the composition of typical
model ages previously obtained for CH1 and CH2 are Archean TTG Martin, 1999, thus it clearly appears
also in the same Archean rangeble 2. CH1, CH2 that Brepes magmatic rocks do not belong to Archaean
and HG exhibiteng values at 2.1 Ga which are in  TTG suites, but rather possess modern calc-alkaline
the range of those determined for the CH6. The lat- magma characteristics.
ter would probably result from partial melting of such Harker diagramsKig. 9 allow separation of the
granulitic gneisses as observed in the vicinity of the three rock groups. Except for0, in the three units
domes. (CH1, CH2, CHS6) all elements are negatively corre-
lated with SiQ. In CH1 and CH2, KO is positively
correlated with Si@, whereas in CH6, these two el-
5. Analytical methods and major and trace ements are slightly anticorrelated. In these diagrams,
element geochemistry TiO3 is lower in CH1 than in CH2 which are there-
fore referred to as low-Ti, respectivelyFg@rnari and
The geochemical investigation was performed on Barbosa, 1994 Plotted in the same diagrams, trace
the magmatic rocks in order to constrain their petro- elements generally show scattéig. 10. However,
genesis. Samples 27 CH1, 41 CH2 and 12 CH6 were instead of the expected scattering their content in rock
analysed for major and trace elemeritable 4shows decreases as SjOncreases thus demonstrating their
six analyses representative of these different groups of compatible behaviour. Similarly to4O, Rb is the only
charnockites. The analysis was conducted at the Lake-trace element that behaves as incompatible. As Sr and
field GEOSOL—Geologia e Sondagem Ltda Labora- Rb respectively appear as the most compatible and in-
tories using X-ray Fluorescence, ICP-MS and atomic compatible elements, they were selected to try to dis-
absorption spectrometry. With XRF it was possible to criminate between the three series.
conduct quantitative sample analysis for most major  Inthe normalised incompatible elements spider dia-
and trace elements. ICP-MS enabled determination of grams Fig. 11) and chondrite-normalised REE patterns
REE, with concentrations around 10 times of chon- (Fig. 12, the three groups show distinct characteristics.
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Fig. 5. Modal normative Q-A—P triangleS{reckeisen, 1975 Gr \vﬂz)
To: tonalite/enderbite; Gd: granodiorite/charnoenderbite; Gr: gran- Ab Or
ite/charnockite. Dashed lines are frovmmeyre and Bowden (1982)
(a) low K calc k-alkaline; (b) intermediate K calk-alkaline. Fig. 6. Normative An—Ab—Or triangle (O’Connor, 1965). Fields
are from Barker (1987) To: tonalite/enderbite; Gd: granodior-
The Laje CH1 is |ight REE (LREE)-rich (lbﬁ ite/charnoenderbite; Gr: granite/charnockite; Tdh: trondhjemite.

60-200) and heavy REE (HREE)-poor (Y:bl1-2.5),
resulting in high (La/Yby (~64) without Eu anomaly
(Fig. 12. In spider diagramsHig. 1), all patterns are
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AL: alkaline.

M

J. Barbosa et al. / Precambrian Research 135 (2004) 105-131

similar showing the same enrichment in LILEZ00);
they display a negative anomaly only for Ti.

The Mutuipe CH2 is REE-richer (ha 230; Yhy:

15; (La/YbN: 17), with a slight but systematic negative
Eu anomaly Fig. 12). As in CH1, LILE are about 100
times enriched, but show significant Nb, Sr and Ti neg-
ative anomaliesKig. 11). In addition even if negative
Ti anomalies exist, CH2 is Ti-richer than CH1 (0.78%
and 0.38%, respectively).

The Brepes CH6 dome REE patterns display an
important negative Eu anomaly, as well as highyLa
(~330), Yln (~19) (Fig. 12 and low (La/Yby (17).
Asfor CH2, these rocks are LILE-rich butin addition to
Nb, Srand Ti negative anomalies they have a significant
Ba negative anomaly~{g. 11).

6. Mechanisms of differentiation and sources

6.1. 6.1.Mechanisms of differentiation for the CH1
and CH2 granulites

In Harker plots Figs. 9 and 1PSiO; has been used
as an index of differentiation. CH1 and CH2 data plot
as curved lines in these diagrams for major elements
and where there is little scattering, display curved
lines for trace elements. Unfortunately, CH6 does not
draw so well-defined differentiation trends. These fig-
ures, with curved trends for trace elements preclude
that trends could result from mixing processes, conse-
quently they rather characterise magmatic processes
such as fractional crystallisation or partial melting.
Log[compatible element] versus Log[incompatible el-
ement] has been used to distinguish between the two
mechanisms. Ifrig. 10 Rb is positively and Sr neg-
atively correlated with index of differentiation (S3Q
thus demonstrating the compatible behaviour of Srand
the incompatible one of Rb. Ikig. 13 both CH1
and CH2 show almost vertical trends characteristic of
fractional crystallisation, whereas the more horizontal
trend defined by CH®6 is better accounted for by partial
melting processNlartin, 1994.

Petrogenetic modelling has been undertaken. Pro-
cesses were first modelled using mass balance calcu-
lations of Stormer and Nicholls (1978)Based only
on major elements, this algorithm calculates both the
modal and chemical compositions of the cumulate that
fractionated from the magma; in addition, the degree of
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K

Na 50 Ca

Fig. 8. K-Na—Ca triangleBarker and Arth, 1976showing that the three rock groups plot in the field of calk-alkaline plutonites. TDH: Archaean
TTG rocks; CA: calk-alkaline rocks.

crystallisation is also obtained. A second step involves The result of this modelling was subsequently entered
reintroducing the computed modal compositions of into atrace elementcomputation. When Bais excluded,
the cumulate and the degree of fractionation in trace the model also perfectly accounts for other trace ele-

element modelling. Equations are thoseR#Hyleigh ment distributions. It must also be noted that even with
(1896)for fractional crystallisation an&haw (1970) more than 68% plagioclase in the cumulate, a nega-
for partial melting. tive Eu anomaly is not predicted by calculation. Horn-

For CH1, suite JA-11-A has been chosen as repre- blende has low KDEu, when compared with KDSm
sentative of the parental magma and J1-49-A as dif- and KDGd, thus cancelling out the effect of plagio-
ferentiated liquid. The calculated cumulate composi- clase fractionation. As there is a good agreement be-
tion is: ~68.0% plagioclase (Ap) and~24.2% horn- tween analytical data and model, sample JA-11-A may
blende together with magnetite-7.6%) and ilmenite be considered as representative of the parental magma
(~0.2%); the degree of crystallisation (1-F) is about of the CH1 suiteTable §.

30-31% Table 5. However, these data applied to REE Major element modelling for CH2 leads to a cumu-
modelling perfectly only when very small amounts late made up of 47.3% plagioclase (#h 21.3% horn-
(0.01%) of allanite are presentin the cumul&tig( 14). blende, 13.9% clinopyroxene, 7.2% magnetite, 6.9%il-
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Fig. 9. Major elements in Harker diagrams for the CH1, CH2 and CH6 plutonites.
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Fig. 11. Spider diagrams for the CH1, CH2 and CH6 plutonites.

menite, and 3.4% apatite, ((1-F) = 20%). In this model except for Ba, all other trace element behaviour is rea-
1J-17 is considered as parental magma and ZI-10 as thesonably concordant with the computed model, thus 13-
more differentiated liquidFig. 15shows that there is 17 is considered as representative of the CH2 parental
good agreement between calculated and real rock REEmagma Table 2.

patterns. It must be noted that fractional crystallisation ~ For both CH1 and CH2 all models implying gran-
has only moderate effect on REE patterns. As for CH1, ulitic cumulative assemblages (including orthopyrox-
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Fig. 12. Chondrite-normalised REE patterns for the CH1, CH2 and CH6 plutonites. CH1(LazyBINCH2 (La/Yb)N= 17; CH6 (La/Yb)N
= 21. Chondritic values frorSun (1982)

ene) are not able to account for analytical data. This metamorphic conditions, and granulitic metamorphism
suggests that orthopyroxene is only a metamorphic took place after their crystallisation. This interpretation

mineral and that the magmatic precursors of both CH1 is also in agreement with the presence of orthopyroxene
and CH2 were emplaced under amphibolite facies rims around mafic enclaves (see above).
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100 CH2
Archaean tholeiite Nlartin, 1987 and TTG Barker
and Arth, 1978 are precluded as possible protoliths.
I Only enriched Archaean tholeiite appears as a possi-
ble source Condie, 198). Partial melting F = 24%)
10 e of this source can generate CH1 parental magma leav-
10 100 1000 ing a residue composed of plagioclases4(23.0%),
clinopyroxene (42.5%), garnet (23.4%), hornblende
1000 6.0%, magnetite (2.7%), ilmenite (2.4%). Similarly,
Sr(ppm) it is possible to produce CH2 by 23% melting of
AN an enriched tholeiite with a residue made up of pla-
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6.2. Possible sources for CH1, CH2 and CH6
granulites Fig. 15. REE_patterns for_ thg CH2 pIuFonites compare_d_ with the
results of fractional crystallisation modelling. The composition of the
cumulate and the degree of fractional crystallisation (19-20%) are
Several attempts to model CH1 and CH2 sources determined using major elements computatifai{e 7. Chondritic

were unsuccessful. Thus, depleted or enriched mantle,values fromSun (1982)
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Table 5
Major element modelling of fractional crystallisation in the CH1 plutonites

Elements Parental magma JA-11-A  Residual liquid JA-49-A  30-31% Fractional crystallization Modal composition of cumulate (%)

SiO 68.31 74.26 74.25 Plagioclase = 68.03
Al,03 15.26 13.97 13.79 Hornblende = 24.17
FeOs3 491 0.98 1.29 Magnetite = 7.62
MgO 0.81 0.34 0.35 limenite = 0.18

CaO 2.92 1.20 1.66 Allanite = 0.01
NaO, 4.14 3.52 3.22

K20 3.13 5.53 4.71

F0, 0.46 0.11 0.43

P,O5 0.06 0.08 0.09

Table 6

Major element modelling of fractional crystallisation in the CH2 plutonites

Elements Parental magma 1J -17 Residual liquid ZI-10 Fractional crystallization 19-20% Modal composition of cumulate (%)

SiO, 67.87 73.05 73.35 Plagioclase = 47.35
Al,03 13.12 13.13 13.21 Hornblende = 21.28
Fe,O3 6.89 3.72 3.58 Clinopyroxene =13.94
MgO 0.89 0.43 0.36 Magnetite = 7.15
CaO 2.90 1.30 1.27 limenite = 6.88
NaO 2.60 2.60 2.43 Apatite = 3.39
K,0 4.41 5.41 5.47
P,05 1.00 0.30 0.29

0.32 0.06 0.03

melting processes as indicated by the compatible versus

incompatible elements logarithmic diagrafid. 13).

CH®6 composition can be easily obtained by modelling

AVERAGE (Che) partial melting of older crustal rocks such as an average

CH2 (Table 7 Fig. 16). The computed residue consists

. of plagioclase (72%), orthopyroxene (18%), clinopy-

106 RESIDUE roxene (7%) and magnetite/ilmenite (3%). This pro-
Plagioclase = 71.93% cess requires a high degree of source meltingg).

Orthopyroxene = 17.74% . )
Clinopyroxene =7.16% It must be noted that the calculated residue contains

1000 | —

Partial melting of plutonites CH2
75-78% MELTING

T T TTTI07
Ll

100

SOURCE = ‘
AVERAGE (Ch2)

1 Mag/limenite = 3.18% ] . . . .
: E pyroxene assemblage, which is consistent with a gen-
. esis linked to granulitic metamorphism. All calcula-
ol v | tions trying to support the hypothesis of CH6 derivation
98¢ 2538, &2u E g 3 through CH1 source melting have failed.

Fig. 16. REE patterns of the parental magma from CH6 plutonites,

compared with the computed composition of a magma (heavy line) : - :
derived from partial melting (75-78%) of the average CH2 (Table 7. Discussions and conclusions

8). Chondritic values fronsun (1982) ) ] _ ]
Field relationships and geochronological data sug-

gest that the SP supracrustal units found as enclaves
gioclase Agg (26.1%), clinopyroxene (33.7%), horn-  within the HG heterogeneous granulites are among
blende (21.9%), garnet (14.0%), magnetite (2.8%) and the oldest rocks of the Jequblock, even though ac-
ilmenite (1. 5%). curate dating is not available. The magmatic precur-
The CH6 charnockites present in the Breg and sors of HG yield a zircon minimum evaporation age
Santa Iiés domes are believed to be the result of partial of about 2.56 Ga (present work) and a Rb—Sr age of
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Table 7

Major element modelling of CH1 and CH2 partial melting for CH6 production

Elements CH1 average CH2 average Partial melt of CH6 average Modal composition of
27 samples 41 samples 75-78% (CH2) 12 samples residual melt (%)

SiO, 7225 6934 7270 7274 Plagioclase = 71.93

Al»,0O3 13.96 1312 1235 1225 Orthopyroxene = 17.74%

FeO3 2.96 602 476 460 Clinopyroxene = 7.16%

MgO 0.48 071 035 036

CaO 190 250 149 133

NaQ, 3.52 302 256 258

K20 441 418 524 551

F202 0.38 078 050 046

2.7 Ga Wilson, 1987. Therefore, they are probably et al.,, 2002. Consequently, charnockitic domes can
contemporaneous with the CH1 and CH2 magmatic be assumed to have formed between 2863 Ma and
stages (2.7-2.8 Ga SHRIMP zircon agafibert and 2044+ 1 Ma at Brepes dome and probably later (2026
Barbosa, 1992; Marinho et al., 1994nherited zircon + 1 Ma) in the southern Cravahdia dome.
grains from CH6 charnockites of the Boes and re- Petrology and geochemistry permitted identifica-
lated domes are similar to those found in the surround- tion of different types of magmas. The granulitic rocks
ing basement. As indicated by Sm—Nd systematic dat- CH1 at Laje and CH2 at Mutuipe are mainly gra-
ing, all these rocks are primitively derived from an an- nodioritic to granitic medium-K calc-alkaline suites.
cient source or have involved old component ca 3.0-3.2 CH6 charnockites of Brées and Santa &s domes are
for Tpm (1) Ga or 2.9-3.1 Ga forgy (2), following more siliceous and have a typically granitic composi-
the Archean mantle reservoir considergdifle 9. tion. Mathematical modelling shows that CH1 and CH2
The dome structures, synchronous with CH6 magmas can result from 20 to 30% fractional crystalli-
charnockite emplacement, are younger, for they con- sation of a hornblende-bearing and orthopyroxene-free
tain enclaves of all the surrounding rocks. The domi- cumulate, thus indicating that CH1 and CH2 magmatic
cal structures are linked to the metamorphic evolution precursors (at ca 2.7-2.8 Ga) were emplaced in am-
of the whole area. Indeed, surrounding rocks (CH1, phibolite facies metamorphic conditions. Subsequently
CHZ2) but also charnockites (CH6) and their enclaves, they were re-equilibrated under granulite facies con-
all equilibrated in the same pressure and temperatureditions, during Paleoproterozoic times. Furthermore,
conditions, thus displaying identical Fe—Mg partition the modelling precludes CH1 and CH2 magma deriva-
coefficients in thermodynamic diagrams (Barbosa and tion by partial melting of older TTG. Indeed, TTG
Foothills, 1991). Metamorphic timing is constrained are SiQ-richer than CH1 and CH2 parental mag-
by the monazite cooling ages (>780) comprised be-  mas. On the other hand, geochemical modelling is in
tween 2052+ 2 in a syn tectonic garnet-cordierite par- agreement with a genesis through partial melting of
tial charnockitic melt and 2044 1 Ma from hetero- Archean enriched tholeiite, the LILE-enriched char-
geneous granulites of the adjacent basement. Monaziteacter of the tholeiite accounting for the medium-K
in CH6 of the southern Cravolandia dome provided a character of CH1 and CH2, as well as for their neg-
slightly younger age of 2026- 1 Ma. Temperatures  ative eng (—1 to —4 at 2.7 Ga;Table 2. The syn-
conditions determined from the hercynite-quartz asso- dome CH6 charnockites result from partial melting
ciation in kinzigitic gneisses located in the surround- processes and are probably derived from a CH2-type
ing supracrustal units are near 1T@(Barbosa etal.,  precursor.
in preparation). These temperatures are significantly ~ During the last decade, several scientific discussions
higher than those obtained for the regional granulitic focused on the existence of either two granulitic meta-
condition in the Jeqéi block (850-870C, 57 kbar). morphisms (2.7 Gaand 2.0 Ga) or of only one at 2.0 Ga.
There the granulite facies has been dated at 2086 This work clearly corroborates the existence of the 2.0
18 Ma (Ledru et al., 199%and 2061+ 6 Ma (Silva event during the Palaeoproterozoic collision between
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the Jequeé and ltabuna blocksBarbosa and Sakat
2002. It also shows that, during this event, high tem-

129

Barbosa, J.S.F., Dominguez, J.M.L., 1996. Texto Explicativo para o
Mapa Geabgico da Bahia ao Milioasimo. SICM/ SGM, Sal-

peratures were reached such that Archaean basement vador. (Edi&o Esfecial), 400 p.

could melt under granulitic conditions, thus giving rise
to the Brepes dome CH6 charnockite. On the other
hand, the present work is not able to show any evi-
dence of late Archean granulitic metamorphism. Both

CH1 and CH2 were generated during the late Archean

under amphibolite facies conditions. Their granulitic

paragenesis was acquired only subsequently during the

Paleoproterozoic collision.
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