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INTRODUCTION
The Ribeira belt (Almeida et aI., 1973), on the coast

of Brazil, extends for 1400 km from the south of Bahia,
in the north, to Parana state, in the south (Fig. I). It
constitutes a Neoproterozoic to Early Paleozoic orogenic
belt developed along the southern and southeastern
borders of thc Sao Francisco craton during the Brasiliano­
Pan-African collage (700 - 450 Ma). This is the result of
the collision between three plates or microplates: Sao
Francisco, Serra do Mar and another inferred block
presently underlying the Paleozoic sequences of the
Parana basin (Brito Neves & Cordani, /99 1; Campos
Ncto & Figueiredo, 1995; Hcibron et aI., 2000) .

The studied region is located ncar Sao Paulo city, in
the homonymous state. It consists of Brasiliano
orthogncisses and granitoids intruding several
metavolcanosedimentary sequences such as the Piracaia
Complex, the Sao Roque and Serra do Itaberaba groups
and the Embu Complex (Hasui et aI., 1981; Campos Neto
& Basci, 1983; Juliani et aI., 1986). These granitoids
have sizes varying from batolithic to relatively small
(stocks) bodies, showing distinct deformation degrees
and geochemical and isotopic signatures from different
tectonic environments (Janasi & Ulbrich, 1991).

LOCAL GE OLOG Y
In Sao Paulo state, the Ribeira belt is characterized by

thc presence of terrains of different lithostructural
features, limited by high angle shear zones of
predominantly northeastern direction (Fig. I). From
northwest to southeast, the Jundiai, Sao Roque and Embu
domains can be identified.

At thc eastern Sao Paulo state, the Roque domain
(Fig. 2) is constituted by rocks of the homonymous
mctavolcanoscdim entary sequence and the underlying
Serra do ltabcraba Group. Thc former displays
greenschist metamorp hism while the latter underwent
amphibolite facies metamorphi sm (Juliani et aI., 1986).
Hackpacher et al. (2000) interpreted thc lithological,
metamorp hic and deformational features of thc Sao
Roque Group as characterizing a retro-arc basin
developed during the collisional phase of the Brasiliano
Orogenesis (628-605 Ma) , In the focused region, the
basement rocks of mctavolcano-scdimcntary sequences
arc unknown. Several brasiliano granitoids arc intrusive
in thcsc rocks

The Morro do Pao granitoid (MPG), target of thc
present work, is located ncar lgarata city. It is a NW
elongated body that crosscuts the metavolcano-

sedimentary sequence of the Sao Roque Group. Campos
Neto et al. ( 1983) characterized this body as a syntectonic
onc.

The more mafic facies is coarse-grained and
characterized by the presence of naked eyes visible clots
of hornblende crystals. In this facies, elongated crystals
of hornblende and biotite defined a weak foliation.
Hornblende crystals enclose plagioclase and quartz.
Plagioclase occurs as anhedral grains. Fine grained
quartz, biotite and plagioclase arc minor components of
this facies.

The felsic facies shows plagioclase and microcline as
anhedral crystals and biotite as the only mafic mineral.

The main accessory minerals , common to both facies,
include abundant titanite as euhedra l and anhedra l
crystals, apatite, allani te, zircon, epidote and opaque
phases. The Morro Azul granitoid (MAG) and the
Machado granitoid (MG), ncar the MPG, show mafic
enclaves similar to the MPG mafic facies.

RESULTS AND DISCUSSIO N
LITHOGEOCHEMISTRY

Eight samples from the MPG and two samples from
thc MAG and MG enclaves were analyzed for major and
trace clements, including rare earth clements (REE). The
analysis were made in the ACTLABS laboratories
(Canada).

The composition of the MPG vary from monzonite to
granite (Fig. 3). The silica values from the MPG vary
between 50.5% and 65.4%, with a gap of about 56% ­
63%. They arc metaluminous (A/CNK from 0.65 to
0.95), sub-alkaline rocks of calc-alkaline character (Fig.
4). K20 values range from 2.2%, in the more mafic terms,
to 4.4%, in the more felsic ones, while CaO values
decrease from 8.36% to 3.0%, Fe20 J values from 9.5 to
5.0 %, and MgO values from 7.9 to 1.6 %. Two samples
display relatively high concentrations of Ti02 (about
2.2%) and P20 j (about 1.0%).

Based on the major elements and the REE patterns
(normali zed by chondr itic values of Boynton, 1984) three
groups of rocks were defined: I) La:-/YbNbetween 8.5 to
27.6; 2) LaN/YbNfrom 48.7 to 70; and 3) the two samples
of high Ti and P, with LaN/YbNof 44 .2 and 46.6.

Plotted in tectonic discriminant diagram (Fig. 5) the
majority of the samples fall into the volcanic arc granites
fi eld with a trend to the intra-plate granites field.

The enclaves samples of MG and MAG arc
geochemically undistinguishable from those of the MPG
(Figs. 2, 3, 4).
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AG E OF T HE MORRO DO PAO GRAN ITOID:
RELAT IVE GEO CHRONOLOGY

The crysta llizat ion age of the MPG is not avai lable.
Howeve r, the field observations descr ibed abo ve allows
us to make some infe rences . The pre sence of mafic
enc laves in the MAG and the MG of similar aspec t and
geoc hemica l features as the MPG suggest tha t the last
could be older than the other two granitoid bodies. The

MAG have an age of 532 ± 20 Ma . Another closeby
granitic body, the lmbirucu Gra nite (IG) displays an age

of 59S ± 21 Ma (Rb-Sr whole rock isoch ronic age ,
Ragatk y ct a l., in press). Th e lalt er displ ays geochem ical
features of volcani c arc granites whil e the former shows
tran siti onal geoch emi cal charac teristics from volcanic arc
to within-plate granites (Ragatky et aI. , in press) . Based
on these observations, the age of the MPG could be of ca.
532 Ma or olde r. Considering tha t some facies of the
MPG have chemica l cha rac ter istics of volcanic arc
granites, sim ilar to that of the lG, it is possibl e that both
grani tes are contemporaneo us.

ISOTOPIC DATA
Thre e sa mp les of the MPG and one sample of the

mafic enclave from the MAG were ana lyzed for Sr and
Nd isotopes . T he ana lyses were performed at the
Geo chronologica l Research Center of Sao Paulo
Univers ity (CPG eo - USP) . The th ree samples of the
MPG display depleted ma nt le model Sm-Nd age (TDM) of

1.4 - 1.5 Ga . The values of ENd for 598 Ma are -5.4 , -7.5
and -S. I. The initi al 87Sr/86Sr ra tios vary from 0.70620 to
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0.70 836. The enclave of the MAG disp lays a TD~ I age of
1.65 , a ENd(O.58) value of -9 and a 87 SrP'Sr ra tio of 0.70860
(F ig. 6) .

The TD~I values of the MPG are considerably lower
than those of most gra nitoids of thi s area , whic h disp lay
TD~ I values between 2. 1 and 1.8 Ga (Ragatky, 1998). Th e
TD~ I values of th e MPG suggest that the parenta l magm a
was generated by a mixture with a grea ter proportion of
j uvenile neoproterozoic mater ial s. Additiona lly, the T D~ I

values of the MPG are simi lar to that obta ined for the IG
(Raga tky et a l, in pre ss).

Indeed , the identifi ed facies of the MPG present the
sam e TD~ I value s whi ch it sugg ests that the magm ati c
differenti ation occurr ed from a homogene ous par ent al
magma with out the particip ation of crusta l contamination
pro cesses.

CO NC L USIV E REMARKS
At the studied reg ion no spa tia l zoning magm ati sm is

observed. However, as poin ted out by Barbarin ( 1997) , in
some areas the succession of di fferent granitoid types is
not spa tia lly controlled, as in the An des, but is tempora l
controlled. The present data suggest that the int rusion of
the MPG prece ds the emp lacement of the MAG and the
MG . The isotopic characterist ics, togeth er with its
geochemical signature, are cons istent with a greater
par ticipa tion of the man tle source on the genera tion of the
magm a ra ther than only the invo lvement of basement
rock sources of abo ut 1.4-1. 5 Ga as described by Juliani
et al. ( 1998) .
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Figure I . Simplified geological map of the cast of S50 Paulo state (modified after Campos Neto, 2000) Symbols: 1- Phanerozoic
cover; 2- Mesozoic alkaline intrusions ; 3- 13rasiliano granitoids; 4- Piracai a Complex; 5- Serra do Itaberaba Group; 6- Sao Roque
Gro up; 7- Embu Complex; 8- Costciro Complex; 9- Shear zones.
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Figure 2: Simplifi ed geolog ic m ap of' Igara ta region, Sao Paulo sta te, w ith the loc ation ofthe studied granites (Modified a fter Ca mpos
N cto and 13as ei, 1983). Symbos: 1- Phanerozoic cove r; 2-13ras iliano grani to ids; 3- Piracaia complex; 4- Serra do Itabcraba Group;
5- Sao Roq ue Group; 6- Embu Complex . JSZ - Jun diuvira shear zone; JMLSZ - Jaguari-Mon tciro Lobatoshea rzone
Gra nitoids: 1- Mo rro do Pao ; 2- Mo rro Azul; 3- Machado ; 4- Irnbirucu .

Figure 3. Plots of the samples from the Mo rro do Pao
granitoid (open circ les) and the Morro Azul and the
Machado granitoids enclaves (filled circ les) in the QAP
normativ e diagram(Le Maitre, 1989).
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Figure 4. Plots of the Morro do Pao granito id samples and the
Morro Azul and the Machado granito ids enclaves samples in
the AFM diagram (Irvine and Baragar, 1971). Symbols as in
Figure 3.
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Figure 5. Tecto nic discrimination diagram (Pea rce et al,
1984) of the Morro do Pao granitoid samples and the Morro
Azul and the Machado encl aves samples. Symbols as in
Figure 3.

Figure 6: E""versl/sTime for the Morro do Pao gra nite. Th e Morro
Azul granite, its enclave and the lmbirucu granite samples were
plotted for compa rison.
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