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Abstract

Paleo-hydrothermal systems developed in the Mesoproterozoic metamorphosed volcanosedimentary Serra do
Itaberaba Group, within the central segment of the Ribeira fold belt, during the installation of a back- arc associated to the
emplacement o relative small and shallow intermediate intrusions. These systems were responsible for the formation of
chloritic and argillic alteration zones similar to those associated to Kuroko-type base metal deposits. In addition, advanced
argillic alteration zones (high-sulfidation) were recognized 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 final products were Al-enriched clays due to intensely cation
lixiviation. The metamorphic products of these Al-enriched clays are rocks mainly composed of corundum + margarite +
rutile + muscovite (marundites). Preliminary 8'°0 whole-rock data obtained for marundites vary from 6.9 to 10.1%o.
associated to relative high enrichments of rocks in W, Co and Th. These isotopic signatures suggest the participation of
magmatic fluids derived from intermediate to acid intrusions in the genesis of argillic and advanced argillic alteration zones.
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1 Introduction

The Serra do Itaberaba Group corresponds to a Mesoproterozoic metamorphosed volcano-sedimentary sequence,
which is partially covered by siliciclastic Neoproterozoic Sdo Roque Group (Juliani & Beljavskis, 1995; Juliani e al..
2000a; 2000b; Hackspacher et al., 1999). These groups are localized northeast Sdo 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 ez al., 1981). The Serra do Itaberaba Group was subdivided in
the Morro da Pedra, Nangugu, and Pirucaia formations (Juliani, 1993; Juliani & Beljavskis, 1995). Paleo-hydrothermal
systems developed in the upper part of the basal volcano-sedimentary Pedra Preta formation associated to relative small and
shallow andesitic to rhyodacitic intrusions emplaced during the installation of a back-arc basin (Juliani, 1993; Juliani et al.,
1992; Pérez-Aguilar, 1996; 2001; Pérez-Aguilar et al., 2005). Paleo-hydrothermal systems were responsible for the genesis
of restrict chloritc (CZ2), argillic and advanced argillic alteration zones that crosscut a first large chloritic alteration zone
(CZ1) (Pérez-Aguilar et al., 2005; Fig. 1), being alteration zones similar to those associated to Kuroko-type base metal
deposits (Sangster, D.F., 1972; Franklin, J.M., 1993; Ohmoto, H., 1996). The Serra do Itaberaba Group was affected by two
medium-grade regional metamorphic events followed by greenschist facies retrometamorphism (Juliani et al., 1997).

2 Mararite-corundum schists

The genesis of margarite-corundum schists is interpreted as due to overprinting geological processes (Juliani er al.,
1994). A first event was responsible for the presence of argillic and advanced argillic alteration zones that developed in
fluid channel-ways due to the interaction of acid sulfate-rich fluids (high-sulfidation) with basic and intermediate volcanic
and igneous rocks. Afterwards these clays were reworked in these channel-ways or in saline closed sea basins. These
processes were responsible for the lixiviation of most cations, including Si, leading to a very Al-rich residue. In the
sequence rocks were overprinted by two medium-grade metamorphic-deformational events. The metamorphic products of
Al-rich clays correspond to rocks essentially composed of corundum + margarite + rutile (Juliani, 1993; Juliani er al.. 1994).

Al-rich rocks from the Serra do Itaberaba Group are present as few to hundred meters intercalations within
metabasic, metavolcanoclastic, and metapelites. Two occurrences from these rocks, known since several years ago. outcrop
nearby Mairipord (Guaravirituba occurrence) and Santa Isabel (Pedra Branca occurrence) cities (Lefevre, 1958: Barbour.
1987, Coutinho ef al., 1982; Juliani et al., 1986). These rocks are essentially composed of margarite, corundum and rutile.
being mineralogical and chemically similar to those metamorphic rocks first described by Hall (1920), present in the
Barberton greenstone belt, and which were referred to as marundites. Because of similarities, Al-rich rocks from the Serra
do Itaberaba group are also referred to as marundites. Afterwards two new marundite occurrences have been discovered,
one in the Ribeirdo Itaberaba (Itaberaba occurrence) also near Santa Isabel city and the other in the area nearby Guarulhos
city (Guarulhos occurrence). Marundites from the Itaberaba occurrence shows an unusual mineralogical composition being
rocks composed of margarite, corundum, tourmaline, anorthite, and rutile, which were interpreted as produced 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, AI’* and Ca®" activities in
the hydrothermal fluids (Martin & Juliani, 1994; Juliani, 1997).
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Figure 1 - Schematic reconstruction of the Serra do Itaberaba paleo-hydrothermal systems (Pérez-Aguilar er al.. 2005).

3 Results

Marundites from the Pedra Branca occurrence show 8'°0 values varying from 6.9 to 7.7%o, whereas associated
margarite-chlorite schist (16.6%0) and muscovite schist (9.8%o) display higher 8'*0 values. Muscovite from the latter has
8'°0 and 8D = +9.9 and —80%o, respectively. Guaravirituba marundites shows §'°0 values varying from 7.5 to 9.2%o, having
been obtained for associated muscovite-chlorite schist a 8'*0 of 9.1%o and for associated muscovite schist a 8'*0 value of
9.2%o. Margarite from margarite schist associated with this occurrence has §'0 and 8D = 9.9 and —100%o, respectively.

Marundites from the Itaberaba occurrence show 8'®0 values varying from 8.5 to 9.7%.. Hydrogen isotopic
composition from these marunditos is —55%o. The oxygen isotope value of a related metamorphosed chloritized intermediate
rock from the first large chloritic zone (CZ1), spatially related with the lataberaba marundite occurrence, is 17.2%o. Onc
analyzed sample from the Guarulhos has §'*0 value of 10.1%o.

4 Discussion and concluding remarks

Oxygen stable isotope data obtained for marundites from the Serra do Itaberaba Group vary from 6.9 to 10.1%.
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 Pérez-Aguilar ef al. (2005). Thus, the Serra do Itaberaba 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 (8'0 = 6.9 to 7.7%o), Guaravirituba (8'%0 = 7.5 to 9.2%o), Itaberaba (8'®0 = 8.5 to 9.7%o), and the
Guarulhos (8"0 = 10.1%o) occurrences show an increasing trend of §'*0 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 CZ1.
overprinted by hydrothermal processes associated to argillic alteration. The 30 value of 16.6% suggests that the second
hydrothermal event did not substantially modify high oxygen isotope signature related to CZ1 alteration, being 8"%0 value
similar to that obtained for related chloritized metamorphosed intermediate rock form the CZ1 (17.2%o). As discussed by
Pérez-Aguilar ef al. (2005), these high 8'0 values were acquired due to interaction of rock with highly evolved hot
seawater. The 8'%0 value of 9.1%o 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 3'%0 signatures
(Pérez-Aguilar et al., 2005). The 5'80 values obtained for associated muscovite schists from the Pedra Branca and
Guaravirituba occurrences (9.8%o and 9.2%o, 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 are also present
chloritic alteration zones similar to those associated to Kuroko-type base metal deposits so as gold mineralizations (Juliani,
1993; Beljavskis er 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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