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Fignre I. Schematic reconstruction of hydrothermal
systems (Perez-Ag uilar et ul., 2( 05).

Analyzing the whole lithotypes of hidrothermalized
mctabasites from the CZ I, most of them were depleted in
Na, K, Ca and Fe, having been AI, Ti. Mn, si, P and also
S enriched in some samples and depleted from others.
Strongly altered mctabasitcs were enriched in Mg (up to
-90%) and were depleted in AI, Ti, K, Na, Ca, Fe, and r,
being observed locally Si enrichments (up to 31%).

Hydrothermally altered intermediate igneous rocks
are those that show more homogeneous mass balance
patterns, having been most of them enriched in Mg (lip to
11 6%), Fe (lip to 100%), and P (lip to 52%), and depleted
in K (lip to 100%), Na (up to 96%), Ti (up to 66%), and
Al (lip to 54%). Ca and Mn were enriched (up to 789%,

considered as protoliths, were already submitted to
significant chemical changes, if compared with
mctabasitcs localized out of the HAZ. Potassium was
systematically depleted from these mctabasitcs. In
relation with the other major clements. systematic
depletion or enrichment patterns could not be established,
having been most major clements either enriched or
depleted. sometimes with signifi cant absolute variations.
but samples enriched in M g and Ca. depleted in Fe. T i,
and P, and without significa nt Si variations
predominated. Most samples were depleted in almost all
trace metals, including base metals. S. REE, Y, and Zr,
thus being some samples very rich in Ni (up to 147'X,),
Cu (up to 124%), As (up to 189%), Ba (up to 70%), Cr
(up to 338'Yo), Pb (up to 390%), and Rb (up to 1051%).
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Northeast Sao Paulo city, cornpnsmg part of the
Ribeira Fold belt (Almeida ct al., 1973), is present the
Mcsoprotcrozoic metamorphosed volcano-sedimentary
Serra do Itaberaba Group (SIG) (Juliani & Beljavskis ,
1995: Juliani et al., 2000), which is partially covered by
the Neoproterozoic metamorphosed siliciclastic Sao
Roque Group (Juliani et al., 1986: Hackspachcr, 1999),
being the whole sequence of supracrustal rocks crosscut
by several Neoproterozo ic to Phanerozoic granitic
plutons. and affected by several NE-SW trending shear
zones (Almeida et a l., 1981). The SIG was affected by
two progressive medium- to low-grade regional meta­
morphic eve nts. which OCCUlTed during the Meso­
proterozoic and the Neoproterozoic.

The palco-hydrothermal systems developed first in a
mid-ocean ridge environment and afterwards in a
fo llowing back-arc basin stage associated with the
emplacement of relative small andesitic to rhyodacitic
intrusions (Fig. I ) . Genetically associated to paleo­
hydrothermal systems arc found the metamorphic
products of a large chloritie alteration zone (CZ I ) and
restrict c h lo rit ic (CZ2), argillic, and ad vance d argillic
alterat io n zones that crosscut CZ I and correspond to fluid
channel ways (Fig. I ). These alteratio n zones arc similar
to those present associated to Kuroko-typc deposits
(Franklin. 1993; Ohmoto, 1996). The prcmctamorphic
event responsible for the geneses of the CZ I affected in
variable degrees basic and intermediate, igneous and
vo lcunic lus tic rocks.

Complete gradation in metamorphic products of
hydrothermally altered rocks include weakly, transitional,
moderately, and strongly altered lithotypes from the
outermost zone to the inner part of the CZ I, which arc
recognized by the presence of variable amounts of Mg­
amphibole(s) (cummingtonitc-anthophyllitc rocks). The
metamorphic products of CZ2 rocks arc Mg-chloritc rich
rocks (metachlorititcs), Also present arc metamorphosed
carbonatizatiou, potussification, and silicifi cation
alteration zones, Algoma type BlF'», tourmalinitcs, iron­
manganiferous mctapclites, gold-bearing graphite/sulfide
mctapclitcs, and Cu and Zn soil anomalies (Juliani, 1993;
Juliani ct al., 1992: Bcljavski et al., 1999; Perez Aguilar,
200 I; Perez-Aguilar ct al., 2( 05).

Mass balances showed that most mctabasitcs from the
hydrothermal alteration zones (HAZ) that exhibit a
normal metamorphic mineralogical assemblage
(hornblende + plagioclase), and because or this
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and 260'Yo, respectively) in some samples and depleted
from others. Si showed relatively low enrichments (up to
12'Yc. ). Most trace clements, including Y, Zr, and REE
were dep leted from these rocks, although Ce was
enriched (up to 305% ) in all samp les. Sr showed a
chemical behavior similar to that of Ca. The tendency of
Ca, 1vI n, and Sr is to decrease its concentration as
intensity of hydroth erma l alteration increases.

Hydrothermalized intermediate metavolcaniclastic
rocks from the CZ I due not show so homogeneous
depletion or enrichment patterns if compared with related
igneous proto liths. Generalizing, most of these rocks
were enriched in Na (up to 398%), Fe (up to 11 3%), Ti
(up to 69%), AI (up to 47%), and P (up to 93%), and were
depleted in Ca (up to 92%), Mn (up to 9 1%), Mg and Fe
(up to 31\%, ). Na and Ca were progressively depleted as
intensity in hydrothermal alteration increased. In these
rocks REE were deplet ed and most of the other trace
elements were enriched, includin g Zr, having
concentrations of Li (up to - 2250"/.,), Sc (up to 333%),
Co and Nb (up to 21\4'%), Ta (up to - 300%), HI' (up to
- 100% ), Th (up to -50% ), and V (up to 96%)
progressively enriched in samples as intensity in
hydrothermal alteration increased. Some samples were
enriched in Bi (up to 60956%), Rb (up to 11 980%), Mo
(up to 5X 12%), S (up to 2457%), Sn (up to 627%), B (up
to 883% ), and Ba (up to 57! %,).

In rocks affected by CZ2, metasomati c processes were
resp ons ib le for significant volume variations (up to ­
- 50% ). The main mass balance features from these rocks
arc the extreme M g enrichments (up to 162%) and Si
depletions (up to 46%). Due to silica lixiviation the Al
and Ti residual concentrations increase (up to 29% and
41%, respectively). In relation with the other clements,
these rocks were also enriched in Mn and depleted in Na,
Ca, and also in S. Some CZ2 samples were enriched in K
(up to 110%) due to the overprinting of a potassic
alteration.

Curbonatizcd rocks were enriched in Ca, Mg, K Ba,
Rb, Li and U, and pot assifi ed rocks were highly enriched
in K.

The lixiviation of K from hydrothermally altered rocks
was responsible for the presence of a diffuse zone of K­
enrichment marked by the presence of biotite-bearing
basic and intermediate rocks that envelope the CZ I,
which defines a lower temperature potassic alteration.
Lixiviatcd Ca from thee rocks was responsible for the
presence of large carbonatized rocks present in deeper
parts of the system, being locally Ca and Na enrichments
due to the overprinting of carbonatizat ion and albitization
events. 13 remobil izations arc compatible with the
presence of volcanogenic tounnalinitcs .

Enrichments of rocks in Bi, Rb, Mo, and Sn suggest
the presence of fluids associated to acid rocks. Depletions
in Y, and Zr, indicate the presence of carbonated
complexes in hydrothermal fluids. Sr chemical behavior,
similar to that of Ca, denotes that initial fluids
destabi lized plagioclas e, being Sr reintroduced associate d
to later carbonate rich-fluids. Depletions in Fe and Mn
were responsib le for the formati on of overlying Algoma-

type BIF's and iron-mangani ferous mctapclites, The
abnormal enrichment or depletions of samples in Sand
also in base metals indicates mobili ty of these clements

through hydrotherma l fluids, which assoc iated to the
identifi cation of several pre-metamorphic hydrothermally
altered zones and superimposed hydrothermal events,
similar to those of Kuroko-type base meta l
mineralizations, so as obtained stable isotope patterns
(Perez-Aguilar et al., 2005), the presence of Cu and Zn
soil anomalies and associated gold mineralization,
suggest the possibility of the existence of base metal
deposits associated to pa lco-hydrot hermal systems,
expanding the mineral potential for the occurrence of
base metal deposits in the Serra do Itaberaba Group and
in the volcano-sedimentary sequences of the Ribeira Fold
Belt.
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