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The Vazante Northern Extension orebodies (850 kt at 16% Zn) are the continuation of the structurally con-
trolled, hypogene, non-sulfide zinc orebodies of the Vazante deposit (18 Mt at 19% Zn), Minas Gerais, Brazil.
The Vazante orebodies are hosted in the dolomitized carbonate rocks of the Serra do Poço Verde Formation
that were deposited in an intertidal to supratidal environment. The Serra do Poço Verde Formation is part
of the Neoproterozoic Vazante Group, which is located in the Brasília Fold Belt along the western margin of
the São Francisco Craton. The Northern Extension orebodies occur within major tectonic-hydrothermal brec-
cias controlled by a NE-trending fault zone. The faults and the breccias are interpreted to be formed during
the so-called D2 deformation event, which is related to the Late Proterozoic Brasiliano Orogeny. The faults
were reactivated during their evolution and are cut by later transcurrent faulting.
Four types of tectonic-hydrothermal breccia occur in the North Extension zone. Type 1 breccia is distal from the
willemite ore and is comprised of weakly brecciated dolostone with Fe-carbonate alteration, whereas type 2
breccia exhibits strong Fe-bearing carbonate alteration (dolomite with 1.5 to 3.3 wt.% FeO and 0.3 to 1.25 wt.%
ZnO) of the clasts, Fe-carbonate veinlets, a more intense brecciation of the clasts, and has overprinted the type
1 breccia. Type 3 breccia is composed mainly of hematite that replaced previously altered dolomite clasts and
filled the breccia matrix. Type 4 breccia, which is typically proximal to type 3 breccia, is the willemite ore breccia
which contains three generations of hypogene willemite as well as hematite, franklinite and minor amounts of
quartz and ferroan (~1.99 wt.% FeO) and zincian (~2.65 wt.% ZnO) dolomite. Type 4 breccia commonly occurs
in lenses surrounded by the type 3 hematite breccia, and willemite partially replaces hematite and altered car-
bonate clasts and fills breccia matrix and veinlets. In the southern part of the deposit, late sulfide-rich veinlets
with galena, sphalerite, native silver, covellite, and stromeyerite cut the hypogene zinc silicate mineralization.
Lithogeochemical analysis and mass-balance of the hydrothermal breccia were used to evaluate metals added
during the hydrothermal period. The data show that the ore-related elements have been added to the system
since the formation of the earliest breccia (Type 1 breccia). However, the type 3 breccia contains the highest av-
erage concentrations for As, Ba, Be, Bi, Fe, Ge, In, Mo, Ni, Sb, U, V, and W. Type 4 breccia is also enriched in the
sameelements and contains the highest average concentrations of Ag, Cu, Hg, Pb, S, Se, SiO2, and Zn. The evidence
that the ore-related elements were added to the system during the formation of types 1 and 2 breccias, suggests
that themetalliferous fluids were interacting with the host rocks, but were not able to effectively precipitate the
ore-related elements. Important changes in the hydrothermal system would have increased its fugacity and pH
allowing for formation, respectively, of type 3 hematite-rich breccia and type 4 willemite ore breccia, which are
enriched in the other ore-related elements (e.g. As, Ba, Be, Bi, Cu, Fe, Ge, Hg, In, Mo, Ni, Pb, Sb, U, V, andW). These
observations are consistent with a formation model proposed for the Vazante orebodies involving early interac-
tion of metalliferous brines with the host rocks, followed bymixing of the metalliferous fluids with more oxidiz-
ing fluids, most likely meteoric water, leading to the precipitation of abundant hematite and willemite. Late,
more reduced fluids formed the Pb, Cu and Ag-rich sulfide veinlets that cut the willemite mineralization.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Since the early 20th century, zinc has been mainly produced
from sulfide ores of sedimentary-exhalative (SEDEX), Mississippi
Valley-type (MVT), Broken Hill-type (BHT), and volcanogenic massive
sulfide (VMS) deposits due to the development of sulfide flotation
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Table 1
Summary of the characteristics of major hypogene zinc silicate deposits in the world.

Deposits/
occurrences

Location Size
(Mt)

Grade
(% Zn)

Host rocks Host rock Age Related structures Ore minerals Alteration TH (°C) Salinity
(eq. wt.%NaCl)

Associated elements

Beltanaa Australia 0.86 37.9 Limestone,
dolostone

Cambrian Beltana Fault, district scale
folds, breccia, karst

Willemite, coronadite, hedyphane,
mimetite, smithsonite

Ferroan dolomite, hematite,
quartz

50–170 4–14 As, Be, Cd, Cu, Fe, Ge, Mn, Pb,
Sb, V

Star Zincb Zambia 0.073c

0.118d
16.5c

21.58d
Dolostone Neoproterozoic Mwambeshi Shear zone,

district scale fractures, karst
Sphalerite, willemite, galena,
smithsonite, cerussite

Quartz, hematite, 160–240 8–16 Ag, Ba, Cd, Pb, Sb

Kabwee Zambia 12.3f 25.2f Dolostone Neoproterozoic Mine Club Fault, district scale
folds

Sphalerite, galena, willemite,
smithsonite, cerussite

Quartz, dolomite, hematite,
goethite, pyrite

257–385
75–200

15–31.6
11.5

Ag, Cd, Cu, Ga, Ge, In, Pb, V

Berg Aukasg Namibia 3.4f 15f Dolostone Neoproterozoic Berk Aukas syncline, district
scale faults and folds

Willemite, sphalerite, descloizite,
mottramite

Dolomite, calcite 97–205h 23h Ag, Cd, Ga, Ge, Pb, Vh,g

Abenab Westg Namibia 0.1f 25f Dolostone Neoproterozoic Pipe-like kharst structures Willemite, descloizite Dolomite, calcite n/a n/a
Vazante Mine Brazil 18i 19i Dolostone Neoproterozoic Vazante Shear Zone, district

scale folds, brecciaj
Willemite, sphalerite, franklinitek,i,j Quartz, ferroan and zincian

dolomite, hematitei
65–180k

201–232l
3–15k

15–23l
Ag, As, Cd, Co, Cu, Ge, Fe, Ni,
Pb, S, Sb, U, Ve

Northern
Extensionm

Brazil 0.85 16 Dolostone Neoproterozoic Vazante Shear Zone, district
scale folds, breccia

Willemite, franklinite Quartz, ferroan and zincian
dolomite, hematitea

n/a n/a Ag, As, Be, Bi, Cd, Cu, Fe,
Hg, In, Mo, Pb, Sb, Se, V

a Groves et al. (2003).
b Boni et al. (2011).
c Eastern ore body.
d Western Ore body.
e Kamona and Friedrich (2007).
f Hitzman et al. (2003).
g Scheider et al. (2008).
h Pirajno and Joubert (1993).
i Monteiro et al. (1999).
j Monteiro et al. (2007).
k Dardenne and Freitas-Silva (1999).
l Monteiro (2002).
m Slezak (2012).
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