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Abstract

Paleo-hydrothermal systems developed in the Mesop roterozoic metamorph osed vo lcanose dimentary Serra do
Itaberaba Gro up, within the centra l seg ment of the Ribeira fold belt, during the installation of a back- arc associated to the
emplacement 0 relative small and shallow intermediate intrusions. These systems were respons ible for the formation of
ch loritic and argi llic alteration zones similar to those associated to Kuroko-type base metal deposits. In addition, advanced
argillic alterat ion zones (hig h-sulfidation) were recogn ized in the Serra do Itaberaba Group. These alteration zones
developed due to the interaction of basic and intermediate rocks with acid and sulfate-rich fluids . Afterwards, some of these
rocks were reworked in closed saline sea basins. The fina l products were AI-en riched clays due to inte nsely cation
lixiviat ion . The metamorphic products of these AI-enriched clays are rocks mainl y composed of corundum + margarite +
rutile ± muscovite (marundites) . Preliminary /)180 who le-rock data obtained for marundites vary from 6.9 to 10.1% 0.

associated to relative high enr ichments of rocks in W, Co and Th. These isotopic signatures suggest the partic ipat ion of
magmatic fluids derived from intermediate to acid intrusions in the genesis of argi llic and adva nced arg illic alteration zones.
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I In troduction

The Serra do Itaberaba Gro up corresponds to a Mesoproterozoic meta morp hosed volcano -sed imentary sequence,
which is partiall y covered by siliciclastic Neoproterozo ic Sao Roque Group (Julian i & Beljavski s, 1995; Juli ani et 01..
2000a; 2000b; Hackspacher et 01., 1999). These groups are localized northe ast Sao Paulo city, within the central segment of
the Ribeira fold belt (Almeida et al., 1973), which were intruded by several Neoproterozoic to Phanerozoic granitic rocks.
and crosscut by wrench NE -SW thrust shear zones (Almeida et 01., 1981) . The Serra do Itaberaba Gro up was subdivided in
the Morro da Pedra , Na ngucu, and Piruca ia format ions (Juliani, 1993; Ju liani & Beljavskis, 1995) . Paleo-h ydrotherma l
systems deve loped in the upper part of the basal vo lcano-sed imentary Pedra Preta formation associated to relative sma ll and
shallow andesi tic to rhyodaciti c intrusions emplaced durin g the installation of a back-arc bas in (Juliani, 1993; Juliani et al.•
1992; Perez-Agui lar, 1996; 2001; Perez-Aguilar et al., 2005 ). Paleo-hydrothermal systems were respons ible for the gene sis
of restrict chlorite (Cl2), arg illic and advanced arg illic alterat ion zones that crosscut a first large chlori tic a lteration zone
(Cl I) (Perez -Aguilar et 01.,2005; Fig. 1), being alterat ion zones similar to those assoc iated to Kuroko- type base metal
deposits (Sa ngster, D.F., 1972; Franklin, J .M., 1993; Ohmoto, H., 1996) . The Serra do Itaberaba Gro up was affected by two
medium-grade regio nal metamorphic eve nts followed by gree nsch ist facies retrometamorphism (.Iuliani et al., 1997).

2 Mara r ite- corund um schists

The genesis of margarite-corundum schists is interpreted as due to ove rpr inting geological processes (Jul iani et al.,
1994). A first event was responsible for the presence of arg ill ic and advanced argi llic alterat ion zones that deve loped in
fluid channe l-ways due to the interaction of acid sulfate-rich fluids (high-sulfidatio n) with basic and intermed iate volcan ic
and igneous rocks. Afte rwards these clays were reworked in these channel-ways or in sa line closed sea basins. These
processes were respons ible for the lixiviation of most cations, includin g Si, leading to a very AI-rich res idue. In the
sequence rocks were overprinted by two medium-grade metamorphi c-deformat ional events. The metamorphic prod ucts of
Al-rich clays correspond to rocks esse ntia lly compose d of corundum + margarite + rutile (.I uliani. 1993; .Iuliani et al.. 19( 4 ).

AI-rich rocks from the Serra do Itaberaba Gro up are present as few to hundred meters intercalations within
metabasic. metavolcanoclastic, and metapelites. Two occ urrences from these rocks , known since severa l years ago, outcrop
nearby Ma iripora (Guaravirituba occurrence) and Santa Isabe l (Pedra Branca occurrence) cities (Lefevre, 1958; Barbour .
1987, Coutinho et al., 1982; Juliani et 01., 1986). These rocks are essenti a lly comp osed of margarite, co rundum and rutile .
being minera logica l and chemically similar to those meta morphic rocks first described by Hall (1920), pres ent in the
Barberton greenstone belt, and wh ich were referred to as marundi tes. Becau se of similarities, Al-rich rock s from the Serra
do ltaberaba gro up are also referred to as marundites. Afterwards two new marundite occ urre nces have been discovered.
one in the Ribeirao Itaberaba (ltaberaba occ urrence) also near Santa Isabel ci ty and the other in the area nea rby Guaru lhos
city (Guarulhos occ urrence). Marund ites from the Itaberaba occ urrence shows an unusual mineralogical com posit ion being
rocks composed of margarit e, corundum, tourm aline, anorthite, and rutile, which were interpreted as produ ced after



hydrothermal alteration of igneous rocks (Juliani, 1997). Muscovite schist and margarite schist, both typically without
quartz, are commonly associated with marundites. These rocks could be products of changing K +, AIJ+ and Ca2+ activities in
the hydrothermal fluids (Martin & Juliani, 1994; Juliani, 1997).
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Figure I - Schematic reconstruction of the Serra do !taberaba paleo-hydrothermal systems (Perez-Aguilar et al.. 2(05).

3 Results

Marundites from the Pedra Branca occurrence show 8180 values varying from 6.9 to 7.7%0, whereas associated
margarite-chlorite schist (16.6%0) and muscovite schist (9.8%0) display higher 8180 values. Muscovite from the latter has
8180 and 80 = +9.9 and - 80%0,respectively. Guaravirituba marundites shows 8180 values varying from 7.5 to 9.2%0, having
been obtained for associated muscovite-chlorite schist a 8180 of 9.1%0 and for associated muscovite schist a 8180 value of
9.2%0. Margarite from margarite schist associated with this occurrence has 8180 and 80 = 9.9 and -100%0, respectively.

Marundites from the !taberaba occurrence show 8180 values varying from 8.5 to 9.7%0. Hydrogen isotopic
composition from these marunditos is -55%0.The oxygen isotope value of a related metamorphosed chloritized intermediate
rock from the first large chloritic zone (CZI), spatially related with the lataberaba marundite occurrence. is 17.2%u, One
analyzed sample from the Guarulhos has 8180 value of 10.1 %0.

4 Discussion and concludin g remarks

Oxygen stable isotope data obtained for marundites from the Serra do !taberaba Group vary fi'OITI 6.9 to 10.1%0.
These isotopic signatures in addition to relative high enrichments of marundites in W, Co and Th (Juliani, 1997), suggest
the participation of magmatic fluids derived from intermediate to acid intrusions for the genesis of argillic and advanced
argillic alteration as pointed out by Perez-Aguilar et al. (2005). Thus, the Serra do !taberaba marundites could represent the
metamorphic product of low-temperature argillic and advanced argillic hydrothermal alteration generated by acid and
sulfate-rich fluids circulating near the ocean floor and associated with intermediate to acid intrusions.

The Pedra Branca (8180 = 6.9 to 7.7%0), Guaravirituba (8180 = 7.5 to 9.2%0), !taberaba (8180 = 8.5 to 9.7%0), and the
Guarulhos (8180 = 10.1%0) occurrences show an increasing trend of 8180 values. This is probable due to gradual increasing
participation of magmatic water in fluids, due to the proximity of igneous rocks.

The margarite-chlorite schist associated to marundites from the Pedra Branca occurrence corresponds to a strongly
transformed intermediate igneous rock, which was first affected by the first chloritic alteration event related to C'l.I.
overprinted by hydrothermal processes associated to argillic alteration. The 8180 value or 16.6%, suggests that the second
hydrothermal event did not substantially modify high oxygen isotope signature related to CZ I alteration, being 6180 value
similar to that obtained for related chloritized metamorphosed intermediate rock form the CZI ( 17.2%0) . As discussed by
Perez-Aguilar et al. (2005), these high 8180 values were acquired due to interaction of rock with highly evolved hot
seawater. The 8180 value of 9.1%0 obtained for the muscovite-chlorite schist is interpreted as inherit from second chloritic
alteration event related to CZ2 and acquired during argillic alteration event, having both events similar 8180 signatures
(Perez-Aguilar et al., 2005). The 8180 values obtained for associated muscovite schists from the Pedra Branca and
Guaravirituba occurrences (9.8%0 and 9.2%0, respectively) could reflect the argillic alteration event.



Hydrothermal stable isotope signatures from marundites were preserved besides the overprinting of two medium­
grade metamorphic evens. The characterization of high-sulfidation alteration in ocean environment where arc also present
chloritic alteration zones similar to those associated to Kuroko-type base metal deposits so as gold mineralizations (Juliani,
1993; Beljavskis et al. , 1999; Garda et al., 2002), shows the importance of these lithotypes for the metallogenetic modeling
of paleo-hydrothermal systems of the Serra do Itaberaba Group.
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