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MESOPROTEROZOIC PALEO-HYDROTHERMAL SYSTEM IN THE MORRO
DA PEDRA PRETA FORMATION, SERRA DO ITABERABA GROUB

SÃO PAULO STATE, BRAZIL

ANNABEL PÉREZ.AGUILAR, CAETANO JULIANI AND MARCO AURÉLIO BONFÁ MARTÍN

ABSTRACT Tlie Sefl'a do Itaberaba Group is a Mesopfotelozoic volcano-sedirnentary sequence metamorphosed to the Barfovian-type
mediurn-glade facies. Its basal volcano-sedirnentary unit collesponds to the Morro da Pedra Preta Formation and is formed_by metabasalt with
geochemical characteristics compatibte with those frorn rnid-oðean lidges (N-MORB). In the upperpafi of this unit very defolmed andesitic/
ihyodacitic intrusions are found and, surrounding these bodies, thete is a zoned sequence of basic locks with complete gradation frorn
hornblende amphibolite to garnet-cordierite-curntningtonite/anthophyllite amphibolite, interpreted as having_been produced by rnetamorphism
ofvariably hyârotherrnaliãed basic and intermediate protoliths. The different alteration zones were subdivided in rock groups ofdistinct
mineralogicaiand petrological charactelistics. Altered basic locks are represented by the following groups:-weakly altered rocks (hornblende
amphibolite with ôummiñgtonite and cordierite), transitional rocks (amphibolites where two or three different amphiboles may. coexist),
moãerately alteled rockslgarnet-cordierite-cumrningtonite amphibolitè) and strongly altered rocks (garnet-co,rdierite-cummingtonite/
anrhophyliite amphibolite). Moderate (plagioclase-chlõrite-anthoþhyllite/cummingtonite-quaúz [ocks) and strong alterations .(anthophyllite/
curnniingtonite-c'oldierite-quartz * chtórité rocks) were distinguiihèd in intermediate rocks. Layers ofcarbonatized metabasite occur under
andesitið/r'hyodacitic intlusions and bodies of garnet-hornblende arnphibolite, cummingtonite-garnet-chlorite schist and corundum-margarite
schist are alio present. Potassic alteration ovelprints sorne lithotypes and silicification overprints lnost of them. À4ass balance calculations in
a continuous prbfrle of volcaniclastic-derived básic locks, r'anging Frorn weakly to str:ongly altered tocks, showed that most samples are variably
enriched in Si, Mn, and P and variably depleted in Na, Ca, Al, Fe3*. Mg and K. Trace element analyses showed thât the weakly altered rocks

are variably enriched in La, Nd, Lu; Eu, Tb, Lu, Ce, Y and Zr. Thele zones were ilìterpl'eted as having been produced by ocean floot'
hydrotherrnal processes coeval with the ernplacement of small andesitic to rhyolitic intrusions.

Keyrvords: Setra do Itaberaba Group; paleo-hydrothennal systern; curntningtonite/anthophyllite rocks.

INTRODUCTION Medium-grademetatnorphismandtectonic
transpositions comrnonly preclude the identification of paleo-
hydrothermal systems, as well as the zoned sequences associated with
them. Usually the con'elation between lnetamorphic products and
hydrothermalized rocks is very difficult and sometimes impossible.
However in the Serra do Itaberaba GLoup (SIG) relatively well-
pl.eserved paleo-systelns were identified in the fìeld, tnaking
petrographic and cheÍìical studies possible. SIG is represented by a

Mesoproterozoic metamorphosed volcano-sedimentary sequence
(Juliani et al. in this volume) partially covered by the Neoproterozoic
São Roque Group (Hackspacher et al. 1999). Both groups are part of
the Ribeira Belt (Hasui et al. 1975) or Região de Dobranrcntos Sudeste
(Alrneida et al. 1976). The whole rock pile was intruded by several
Neoproterozoic to Fanerozoic granitic plutons and was afïected by
several NE-SW trending shear zones. SIG's type area is located few
kilometers northeast of São Paulo City (Fig. l) and was subdivided by
Juliani (1993) and Juliani & Beljavskis (1995) in the Morro da Pedra
Preta (MPPF), Nhanguçu (NF), and Pitucaia (PF) fonnations. The
basal MPPF is a metamorphosed volcano-sedimentary sequence
starting with a volcanic and volcaniclastic unit bealing N-MORB
geochemical cllaracteristics. This unit is covered by metapelites,
commonly containing graphite and sulfides, that are associated with
smaller bodies of rnetamorphosed basalt, tuffs, Algoma-type BIF,
tounnalinite, calc-silicate rocks and andesitic to rhyodacitic intrusions.

The hydrothermally altered rocks are predorrinantly distributed in the
upper patt of the volcanic unit, at the intet'face with rnetapelites. NF
overlies MPPF and is essentially represented by iron-rnanganesiferous
schist with small lenses of carbonate rocks and calc-pelite, covered by

andalusite-rich schist, both deposited under a back-alc basin reginre.

PF is composed of qualtzite and rhythrnic quartz schist, deposited by
turbidity curients in a coastal environtnent. The sequences are stt'orlgly
deformed and metatnorphosed to the Barrovian-type rnediurn-grade
facies, predominantly in the sillimanite zone.

GEOLOGY OF THE PALEO-HYDROTERMAL SYSTEM
Rocks delived frorn the hydrothermal alteration plior to metarnorphistn
are predominantly distributed around and beneath lenses of altered
metaintermediate rocks, emplaced at the interface between lnetabasalt
and basic metatuff and schists during the subduction of an oceanic
plate (Juliani I 993). The upper part of these lenses shows passageways

to breccia and sulfide-r'ich volcanic agglomerate that lateraìly grade to
tuff's. These bodies are covered by calc-silicate locks and by silicified
zones or rocks with metachert intercalations and are sub-concordant
with the wall rocks due to intense transposition associated with closed
to isoclinal folds. Despite the intense defbrr¡ation, it can be inferred

Figure t - In the st¡uare is the k¡caLizatit¡tt ttf tlrc area wltere ¿t

M esop nteroz,oic paleo- Irydroth er nul'ryslent is presenl.

from the shape of these metaintermediate bodies that they must have

been small inverted-cone type intrusions (Pérez-Aguilar 1996). Above
these locks, schists with intercalations of basic and intermediate
metatulfs and ilon fblmations are found commonly mineralized with
gold.

Schists and calc-silicate rocks were in general not affected by

hydrotherrnal alteration, fact that indicates that the altet'ation event was

predominantly previous to the deposition of pelitic rocks and rnarbles.

The hydrothermal alteration zones vary from small bodies around
150 rn to more than t.2 krn long, with widths varying from 100 to 150
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meters. Structures and textures observed in a legional scale and in
outcrops indicate systems formed by pervasive and selectively
pervasive alteration styles. Florn the more external parts towal'ds the
center of the alteration systern different groups of altered metabasic
rocks occur, herein classiüed as weakly altered, fiom the transitional
zone, moderately altered, and strongly altered (Fig. 2).The alteration
of the igneous intrusive and volcaniclastic intermediate locks was
subdivided into moderately and strongly altered rocks. Relict textures
shown by plagioclase porphyroblasts suggest the presence of small
metarhyolite intrusions but the alteration process makes their
recognition difficult. Potassified rocks are generally present in the
outel'parts of the systern. Layers of carbonatized basic rocks and
metâspilites occur, respectively, under and above the intelmediate
intlusions. Potassic alteration overprints some altered rocks and
silicification overprints rnost of them. Later, these rocks were
metamorphosed to the Barrovian-type mediurn-grade fàcies, resulting
in litliotypes that resemble those described by Riverin & Hodgson
(1980), Elliott-Meadows & Appleyard (1991), Pan & Fleet (1995)
among others.

basic rocks
Figure 2 - Schentalic rclationship bettpeen ultered rocks uround lenses oJ
lrydrothernuLized intertnediate itúrusit¡tts. (l) busic prothoLith; (2) weakly
aLtered basic rockt; (3) bu.sic rocks.front the ÍililrsiÍiondl rune (4) moderately
uLtered basic rock.ç; (5) strongly altered basic rocks; (6) nnderutel¡'tLlleretl
inÍernrcdiate inlru.sions, and (7) stron.gLl, altered in.ternrcdia¡c intru.sions.

PETROGRAPHY OF THE ALTERED BASIC ROCKS
Samples lbr petrographic studies were collected fÌom bodies showing
difÏerent alteration zones. As alteration patterns are present regionally
and locally, it was possible to sample continuous alteration profiles, a

t-ew decimeters-thick, of altered basic and interrnediate locks.
Macroscopic structures and microscopic textures clearly helped to
rccognize gradual and progressive alteration of protoliths until stlongly
altered rocks were produced, like dissolution features, r'eaction and
inf iltration zones and srnall lelicts of less altered rocks within more
altered ones.

The unaltered basic igneous and volcaniclastic rocks are
amphibolites composed of hornblende and plagioclase, witlr minor
amounts of quartz, sulfìdes, clinozoisite, epidote, oxides, carbonate,
chlorite, zircon and apatite. Blastosubophitic textures are common and
plagioclase rnay sl.row irregular rims, segregation or recrystallization to
smaller grains.

In thin section, medium- to fine-grained rnetavolcaniclastic rocks
exhibit characteristic textures, such as rounded to elliptic hornblende
aggregates (up to 2 cm) and also srnaller hornblende radial arrays. In
tlrese rocks tlie rnatlix lnay constitute up to 40Vo of tlìe volume of the
rock.

Weakly altered basic rocks This gloup of locks is
characterized by hornblende arnphibolites with cordierite and
curnnringtonite. Macroscopically, their colors and textures resemble
those of non-altered metabasic igneous ol volcaniclastic rocks. These
rocks are composed of hornblende + plagioclase + quartz and small
quantities of cordierite and curnmingtonite. Textures are similar to
those pl'esent in non-altered basic rocks. Curnmingtonite is present as

iLregular spots or thin intergrown prisms within hornblende and
cordielite as a matrix cornpol)ent. Generally these rocks are richer in
quartz and poorer in plagioclase when compared to non-altered rocks.
In volcaniclastic rocks andesine/labradolite and bytownite/anolthite
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may coexist and small quantities of garnet and rutile can sometirnes be
found.

Basic rocks from the transitional zone This zone is
represented by amphibolites where two or three amphiboles may
coexist. The rocks are essentially constituted by cummingtonite +
hornblende + actinolite t quartz t cordierite. In altered volcaniclastic
rocks andesine/labradorite and bytownite/anorthite may also coexist. In
volcaniclastic derived rocks textures and structures a¡e similar to those
present in the basic protoliths. In those ofigneous origin cordierite is
almost always absent, garnet is sometimes present and genelally
igneous textures are no more preserved. Besides rutile, accessory
minerals are those present in the protolith.

Usually these rocks occur as very narrow zones (3-10 crn) between
hornblende amphibolites and amphibolite in which all hornblende has

been replaced by a magnesian amphibole. In arnphibole aggregates,
ladial arrays or prismatic sections gradual changes to different
amphiboles rnay be observed. Contacts between two types of
arnphibolites are inegular and gradual. Irregular, isolated portìons of
hornblende arrphibolite are frequent.

Petrographically, the fbllowing types of rocks can be found:
cummingtonite-hornblende-actinolite amphibolite, cordierite-
curnmingtonite-holnblende amphibolite, hornblende-actinolite
arnphibolite, cordierite-cummingtonite-hornblende amphibolite,
hornblende-coldierite-cummingtonite amphibolite, cordielite-
actinolite-cu mmingtonite amphibolite, cummingtonite-hornblende
schist, hornblende-cummingtonite schist and garnet-holnblende-
curnmingtonite schist.

Moderately altered basic rocks Fresh samples exhibit a

white-gray color and easily can be taken as calc-silicate rocks. In all of
them hornblende has been totally replaced by cummingtonite. Textures
ale silnilar to those present in the previous group and contâcts between
both lithotypes are also irregular and gradual. Two different
petrographic zones wete distinguished:

ZONE 1 Rocks of volcaniclastic origin largely predominate and are
cornposed of curnrningtonite + quartz + cordierite + bytownite/
anorthite coexisting with andesine/labradorite. Staurolite is frequently
lbund as tiny unstable crystals (* 0.3 mm), partially or totally
sulrounded by cordierite and/or plagioclase. Cotnmonly tliese locks
show pre-metamolphism silicified portions lepresented by thin veins
or by elliptic, spherical or delbrmed agglomerates formed essentially
by quartz. Rocks of igneous origin are essentially formed by
cummingtonite + plagioclase !quartz. Rutile and biotite may also be
present as accessories in igneous and altered volcaniclastic rocks and
when present, biotite fbrms thin lenses or patches. Cordierite-
curnmingtonite amphibolites and cummingtonite amphibolites
represent respectively altered volcaniclastic and igneous rocks.

ZONE 2 These rocks resemble the altered volcaniclastic ones from
zone 1, the only difference being the presence of euhedral and
subhedral garnet crystals (up to 1 cm), being exclusively products of
the alteration of the volcaniclastic protolith.

Strongly altered basic rocks This zone is represented by
coarse-grained garnet-cordierite-cummingtonite/anthophyllite
arnphibolites. These rocks exhibit characteristic amphibole radial
arrays (+ 2.5 cm) and poikiloblastic gamet (t 2 cm) and cordierite (up

to 4 cm), with rare or without matrix (Figure 3). Rock-forming
rninerals are magnesian alnphibole + cordierite + garnet + qual'tz.
Rarely garnet is absent and in relation to this mineral, cordierite is
almost always more abundant. Plagioclase, phlogopite, rare staurolite
(also as tiny unstable crystals) are accessot'ies, and carbonates ate
absent. Anthophyllite, curnrningtonite and lare gedlite replesent
magnesian amphiboles. Fine larnellae of cummingtonite intet'grown
with anthophyllite are cornmon. Sorne samples are very lich in opaque
minerals, essentially euhedral tnagnetite crystals (+ I mm). Silicified
portions, as described in the previous group of rocks, can souetimes
be responsible for the entire rnatrix composition.

PETROGRAPHY OF THE INTERMEDIATE ROCKS The
intermediate rocks are represented by altered metandesites, lnetadacites
and nretarhyodacites.

intermediate roc ks
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Figure 3 - Stnltgl¡' ¡¡[¡¿¡'¿d basic rock reprcsented by course-gruined gantet-
cordieriîe-cunuttittgktnite/anthophyllite antpltibolite, where (l) garnet
poikiktblast; (2) cununingøn.ite and untlu\th)¡llite, and (3) cotdierite
p o i ki Io b la.s t. (f i g u re'.s I ur g e r s i d e - 8 ntnt ).

Moderately altered intermediate rocks They are coarse-
grained rocks, chal'actelisticaìly formed by ladial an'ays of magnesian
amphiboles (+ 2 cm) dispersed in an abundant fìne-glained matrix, rich
in magnesian chlorite and quartz, They are constituted by
cummingtonite + anthophyllite+ chlorite + quartz + plagioclase.
Staurolite, allanite, clinozoisite/epidote, apatite and zircon can be
found as accessories. Srnall anhedral and corroded clystals of
plagioclase (- 0.5 cm) are rernains of primary porphyritic textures.
Allanite, when present, âppeârs as tiny crystals wholly or partially
su rrounded by clinozoisite/epidote.

Strongly altered intermediate rocks These rocks differ fiom
the rnoderately altered intermediate rocks by the presence of well-
developed cordierite poikiloblasts. Irregular portions of a matrix
cornposed essentially by quarrz + magnesian chlorite are sometimes
present. The rocks ale essentially composed of rnagnesian amphibole
+ cordierite + qûartz + chlorite, Also rutile and biotite can be present
as accessories and rarely plagioclase appears in concentrations up to
ljVo of lhe rock volume.

Texturally and petrographically these rocks resemble the strongly
altered basic rocks, fact also observed by Dobbe (1994) and Pan Fleet
(1995) among others. The lack of garnet, the generally lower
concentrâtion of magnesian amphibole, the higher concentration of
cordierite, and the presence of small quântities of plagioclase can be
pointed out as tnajor differences in relation to the strongly altered
rocks produced after the alteration of basic plotoliths.

POTASSIFIED ROCKS In these rocks biotite concentrations
vary from 10 to 20Vo in volume. Hornblende-biotite schist and biotite-
hornblende schist represent potassified basic tuff's. Potassic alteration
of the basic igneous protolith was responsible for the pl'esence of
hornblende-biotite amphibolite and biotite-hornblende amphibolite.
Potassic alteration overprinting moderately altered basic rocks is
recognized in biotite-cur¡mingtonite amphibolite. In the latter, irregu-
lar patches or islands o1 coldierite-cummingtonite amphibolite (up to
1,5 crn) are plesent in a tine to very fine matrix essentially constituted
by quartz + biotite + plagioclase + culnmingtonite + cordierite (Fig. a).
Some potassified rocks have high concentrations of muscovite, chlorite
and quartz, suggesting volcaniclastic acid to intermediate protoliths or,
alternatively, mixture with pelites.

CARBONATIZED BASIC ROCKS These rocks are essentially
composed of diopside + actinolite + clinozoisite/epidote + quartz +
carbonates + plagioclase. Frequently diopside is unstable, being
partially or totally replaced by epidote/clinozoisite or actinolite. In
some samples relicts of hornblende amphibolite are observed as thin
and discontinuous (up to 5 cm long) lenses ol irregular width, or as
patches oi-diffuse contours and different sizes (up to 2 crn). Locally a

strong potassic alteration event is overprinted.

OTHER ALTERED LITHOTYPES Gatnet-hornblende
amphibolite, curnuringtonite-garnet-chlolite schist, corunduln-
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Figure 4 - Detuil of lithob,pes pft)duced by hydrothernrul alterutkut in basic
volcaniclastic x¡ck, where: (l) weakly altered basic rock (lnnúLende
antpltibolite with cumnigtonite and cordierite) with presence of tlzin veins
essentially cont¡tosed by epidote + dk4tside + actinolite; (2) ntoderately
altered bttsic rock (cordierite-cununitxgtonite antpltiboLite), and (3) potassic
aherution over¡trinling nxoderately altercd ba.sic rockr (biotite-cumnùngtonite
untpltibolite).

margarite schist were also recognized as lithotypes produced by
alteration but, because eìucidative outclops are lacking, they could not
be related to the above mentioned groups.

Garnet-lior-nblende amphibolite valy from coarse- to mediulr-
grained, mole rately to very fìne-grained. In some of ther¡
blastosubophitic textures can be observed. They are constituted by
homblende + garnet + oligoclase/andesine and andesine/labradorite +
quartz + pyrite + cummingtonite. As accessories opaque minerals,
zircon, apatite, carbonates, biotite and chlorite can be present. Pre-
metamorphi sur silicification zones are frequent.

Cummingtonite-garnet-chlorite schist is formed by magnesian
chlorite + garnet + cummingtonite and small quantities of plagioclase.
Subhedral garnet (up to 3 cm) and narrow cummingtonite
polphyroblasts (up to 4 cm) are present in a very fine chloritic matrix
where some srnall plagioclase crystals are also present (1.2 x 0.8 mm).

In some places small lenses of corundum-margarite schist are found
containing corundurn + margârite + muscovite + rutile + opaque I
plagioclase + chlorite + tourmaline, sometimes with kyanite, epidote,
zircon and quartz.

MASS BALANCE CALCULATIONS A continuous alteration
profile varying from weakly to strongly altered lithotypes was
recognized is solne outcrops ofbasic volcaniclastic rocks. The averâge

contents resulting frotn the whole rock and some trace element
analyses of five sarnples of unaltered metabasic rocks were used as the
basic protolith composition. Preliminary mass balance calculations,
considering volurne variations (Gresens 1967; Grant 1986; Potdevin &
Marquer 1987), showed that almost all lithotypes are highly enrichcd
in Si (up to 50Vo in weight), Mn and P and strongly depleted in Na, Ca,

1, K, Al (up to 55Vo) and Fe3n (up to 217o). Magnesium was depleted
fiorn most of the altered lithotypes. Regarding analyzed trace elelnents,
the weakly altered rocks are variably enriched in La, Nd, Sm, Eu, Tb,
Lu and Y Cerium is slightly enriched in all samples showing an irre-
gular pattern along the alteration profile. Associated with the
intensification of the alteration process, Zr concenîations are

progressively higher.

CONCLUSIONS AND DISCUSSION It was possible to
recognize a relatively well-preserved Mesoproterozoic ocean floor
paleo-hydrothermal system in the volcano-sedirnentary MPPF, despite

the rnedium-grade metamorphisln and tectonic transpositions that
aff'ected the whole rock pile. Hydrothermally altered rocks are
predominantly distributed at the interface of metabasaits and basic
metatuffs with schists, around and beneath small andesitic/rhyodacitic
bodies emplaced during the subduction of an oceanic plate (Juliani
1993), previous to the deposition of the NF and PF metasediments.

Surrounding the intt'usions azoned sequence of metabasic rocks
with curnmingtoni telantophylli te and cordielite developed, folrnin g
alteration cones. Alteration is lnore intense ill the centlal palt of these
cones, liaving ploduced strongly alteled intermediate and basic locks
that ale texturally and petrographically very similar. Towards thc
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borders moderately altered intermediate and basic rocks, basic rocks
flom the transitional zone, and weakly altered basic rocks occur,
Potassic alteration is generally present in the outermost zones but also

overprints some inner lithotypes. Layers of carbonatized metabasites
and metaspilites occur, respectively under and above intermediate
intrusions. An intense and late event of silicification ovetprints most of
the altered lithotypes.

With relation to mass balance calculations, a concentration of Mg
would be expected, fixed by hydrothermal chlorite. The relative Mg
deptetion observed rnight, in part, be due to the strong silica
enrichment along the alteration profile, fact that may reduce relative
Mg concentrations, as well as of other elements, Si and Mn enrichment
is related to late hydrothennal events. In a regional scale, depletion of
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K, Ca and Na in the altered rocks can be associated with the presence
of potassified and carbonatized basic rocks, as well as spilites. Fe
depletion may be partly responsible for the genesis of small bodies of
Algoma-type BIFs in the upper part of MPPF. High Al depletion is
abnormal and its leaching may be partly responsible for the generation
of corundutn-margari te schist.

The alteration process was also responsible for gold mineralizations
and deposition of banded iron formations and sulfide-¡ich schists.
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