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ABSTRACT

Cathodoluminescence of quariz in the Lago Fontana epithermal Pb and Zn prospects and small
deposits in the Patagonian Argentine indicates at least two generations of quartz. The first generation
is volumetrically dominant and has low luminescence, while the second generation fills veinlets and
is strongly luminescent. The deposition of galena, sphalerite and pyrite occurred simultaneously
with the first generation of quartz and is the correct guide for the exploration of base metals in the
region.

RESUMO

A catodoluminescéncia de quartzo nos prospectos e pequenos depdsitos epitermais de Pb e Zn
da regido do Lago Fontana, Patagénia Argentina, indica a presenca de duas geracdes de quartzo,
no minimo. A primeira geracdo € volumerricamente dominante e possui baixa luminescéncia, ao
passo que a segunda geracdao preenche vénulas e é fortemente luminescente. A deposicdo de galena,
esfalerita e pirita ocorreu, simultaneamente, com a primeira geracdo de quartzo, sendo indicada
como critério de prospeccdo de metais base na regido.
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INTRODUCTION

The Andean mountain chain
has many prospects and small
deposits of Pb and Zn in Ar-
gentine Patagonia, which have
been targets for intense mineral
exploration over the last de-
cade in the search for major ore
deposits. These epithermal sys-
tems contain many mineralized
veins, which can be investi-
gated by several techniques.
including cathodolumines-
cence (CL) of gquartz. This
technique helps the identifica-
tion of different generations of
quartz and the relationship of
these generations with the
deposition of ore minerals. The
purpose of this investigation is
the determination of the quartz
deposition sequence and asso-
ciated ore minerals in the Lago
Fontana region. Argentine
Patagonia.

Cathodoluminescence is
used in geology for the identi-
fication of minerals and micro-
structural characterization. Dif-
ferent generations of quartz are
not usually distinguished in op-
tical microscopy, but are com-
monly identified in cathodolu-
minescence studies by their dif-
ferent microstructures and lu-
minescence (Seyedolali er al..
1997). These cathodolumines-
cence studies of quartz are very
useful for the understanding of
sedimentation sources, for the
pressure solution quantification
in sedimentary rocks (Bruhn er
al., 1996; Marshal. 1988). for
the metamorphic grade charac-
terization 1in quartzites (Mar-
shal, 1988) and for quartz de-
formation investigations in
shear zones (Kanaory, 1986).
The sequence of hydrothermal
quartz deposition and related
gold can be determined. when-
ever the cathodoluminescence
studies are integrated with fluid
inclusion studies (Boiron et al..
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1992). Cathodoluminescence
microscopy is thus an important
technique for the understanding
of geological processes, par-
ticularly those related to ore de-
pOSsits.

GEOLOGY OF THE
EPITHERMAL SYSTEMS

The vein system is located
(Fig. 1) about 45 °S and 71 °30'
W, close to the border of Argen-
tina and Chile (Rolando er al.,
1999). Metamorphic rocks are
mapped in the Patagonian
Andes along the Pacific coast
of southern Chile: ages vary
from Upper Paleozoic to Trias-
sic (Hervé er al.., 1998). In the
Lago Fontana region, this meta-
morphic basement is not ex-
posed and may be covered by
the thick volcanosedimentary
sequences of Upper Jurassic to
Lower Cretaceous age (Haller
& Lapido. 1982). The
Patagonian Batholith is exposed
50 km to the west: several Cre-
taceous batholith aphophyvses
intrude the volcanic and sedi-
mentary rocks in the region
(Rolando er al.. 1999). Tertiary
basalts and piroclastic rocks are
minor (Dominguez, 1981).
Large areas are covered by
Quaternary glacial. fluvio-gla-
cial. fluvial and aluvial depos-
its and basaltic lava flows
(Ramos. 1981).

Two major vein systems
were investigated - the
Ferrocarrilera and the Cerro
Bayo, located 12 km apart. The
Ferrocarrilera vein system
(Fig. 2) occurs in fractures in
andesites. dacites and rhyolites
of the Nirehuao Formation.
The main vein is oriented N 47
°E and typically has dips be-
tween vertical and 46 °W and
its main ore minerals are
sphalerite. galena and pyrite
with associated gold. Several

smaller veins are related to the
main vein, in a complex
branching system. This
polimetalic deposit is about
850 m long and has maximum
thickness about 1.3 m. Fault-
ing caused sharp contacts be-
tween some veins and country
rocks, but brecciation and si-
licification increased consider-
ably the thickness of the altered
rocks up to 6 m. The andesitic
country rocks were altered and
bleached. causing the forma-
tion of phyllic and propilitic al-
teration over few meters dis-
tance (Dominguez, 1981). The
Cerro Bayo vein system occurs
in Upper Jurassic and Creta-
ceous rocks of the Lago La
Plata Formation, about 30 km
distant. and its veins outcrop
discontinuously for 150 m,
with thickness less than 1 m,
and they contain pyrite and
galena. The veins occur in frac-
tured ignimbrites, acid and in-
termediate tuffs and interca-
lated sedimentary rocks, all of
which have been strongly al-
tered by the epithermal process
into illite, chlorite and minor
kaolinite (Rolando er al.,
1999).

Isotopic age determinations
(whole rock and mineral Rb/Sr;
zircon U/Pb SHRIMP) show
that both vein systems were
formed at about 115 Ma, related
to the major event of Victoria
granite intrusion (Rolando er
al., 1999).

Based on fluid inclusion
and stable isotope studies, the
hydrothermal fluids that gen-
erated the ore in the
Ferrocarrilera veins are of low
salinity and evolved from me-
teoric waters (INREMI, 1998).
The internal complex relation-
ship in the quartz vein system
needs further investigation to
determine the sequence of
quartz and ore minerals forma-
tion.
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METHODOLOGY

Cathodoluminescence mi-
croscopy was performed in a
Cameca SX-50 electron micro-
probe at the Centro de Estudos
em Petrologia e Geoquimica,
Instituto de Geociéncias, Uni-
versidade Federal do Rio Gran-
de do Sul, Porto Alegre, RS.
Brazil. A photomultiplier with
an S20R (blue sensitive) pho-
tocathode was attached in the
port for optical microscopy
viewing. The output from the
photomultiplier is controlled by
the same electronics as the sec-
ondary electrons, producing a
scanning CL image, which is
recorded in a Polaroid film.

In this technique, the sample
is exposed to an electron beam,
which causes the excitation of
electrons in the external layers
of unstable atoms or ionization
of this atom. A later decay re-
sults in the emission of photons
in a wide range of the electro-
magnetic spectrum. In CL, at-
tention is addressed to photons
with wavelengths in the ultra-
violet, visible and near infra-red
region of the electromagnetic
spectrum. The emission of ra-
diation is usually attributed to
structural defects or to trace el-
ement inclusions in the crystal
lattice (Marshall, 1988).

The combination of beam
scanning and light detection in
a selected area of the sample
allows the formation of a
monochromatic CL image,
where each pixel is associated
to an x, y coordinate in the
sample and the grey level is
related to the intensity of CL
emission.

In this work, CL images
were used as a support to evalu-
ate the genesis and evolution of
the materials investigated. This
kind of image does not allow by
itself the identification of the
mechanisms responsible for the
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CIL. emission, such as defects in
the structure or presence of im-
purities (Seyedolali er al.,
1997). The identification of
these mechanisms is much
more complex and requires sev-
eral complementary techniques.

CL images show the micro-
structure of the sample and sup-
port the interpretation of the
genesis and evolution of the
studied materials. In this inves-
tigation, microphotography was
also made in the same areas
imaged by CL, to integrate with
the interpretation of the CL mi-
crostructure. The characteriza-
tion of the activators of CL in
quartz is still far from com-
pleted. This is due to the high
quartz purity and to the fact that,
apart from incorporation of
trace elements, quartz CL is
strongly influenced by struc-
tural defects (Seyedolali er al.,
1997).

Several quartz and ore
samples were collected in the
Lago Fontana region, thin sec-
tioned, polished and carbon
coated for CL imaging. Images
were recorded on a Polaroid 55
film, scanned and composed in
a computer. All minerals men-
tioned were identified in the
electron microprobe with an
EDS detector. except jarosite,
kaolinite and illite that were
identified by X-ray diffraction.

RESULTS

The Ferrocarrilera VVein
System

The quartz veins in this sys-
tem are zoned — cores of veins
are enriched in pyrite, rims of
veins in galena and sphalerite,
and both zones were sampled
(Fig. 3). Quartz is drusiform
and crustiform. and seems to
have been partly recrystallized
under the microscope. The CL

images show two main quartz
microstructures, interpreted as
two different generations (Figs.
4, 5 and 6).

The first main microstruc-
tural generation of quartz has
low intensity of CL emission
and is rather heterogeneous. It
shows intercalations of
coloform quartz and variable
intensity of CL along some
growth planes of individual
quartz crystals (Fig. 4b, bright/
dark bands in lower left por-
tion). These heterogeneous
zones could be interpreted as a
third generation of quartz, but
we postulate, after careful ob-
servation of many images, that
they formed during the deposi-
tion of phase 1, as a result of
growth in oscillating physico-
chemical conditions (Nillni &
Stockhert, 1996). Quartz of this
generation also present grey
planar and irregular microstruc-
tures (Fig. 5), that are similar
to those described by
Seyedolaly er al. (1997) in de-
formed quartz crystals. Because
of this similarity, some of the
features observed in the
Ferrocarrilera quartz are also
interpreted as due to deforma-
tion. The observation that the
galena and sphalerite crystal-
lized simultaneously with the
first generation of quartz is im-
portant for metallogenic inter-
pretations and mineral explora-
tion in the Lago Fontana region.
It is also the most voluminous
phase of quartz precipitated in
this vein system.

The second and less abundant
generation of quartz is homoge-
neous and strongly luminescent
and formed after brecciation of
the first generation of quartz.
The fluids interacted with quartz
of the first generation, sealing
open fractures and spaces in
pressure shadows around
sulphides and also filling many
small veinlets (Figs. 4, 5 and 6).
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These features indicate shallow
conditions for the emplacement
of the quartz. The grain size of
quartz seems to control some of
the replacement by the new gen-

eration; the larger crystals of the -

first generation are mostly cut by
the new veinlets, while the
smaller crystals tend to be en-
tirely replaced (Fig. 5). No evi-
dence was encountered for co-
precipitation of this quartz and
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ore. The cause of different light
emission of quartz under elec-
tron bombardment may be re-
lated either to different fluid
compositions or to different
types and proportions of defects.

Figure 2 — Photographs of two studied veins; a — Ferrocarrilera, b — Cerro Bayo. Arrow indicates hammer for

scale.

Figure 3 — Scanned thin sections of Ferrocarrilera mineralized vein. Location of Figs. 4, 5 and 6 indicated.
Quartz is clear and volumetrically dominant in the two thin section and in the vein; sph = sphalerite, py =

pyrite, chl = chlorite.
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Figure 4 — Microphotograph (a) and composite of six cathodoluminescence images (b) of Ferrocarrilera vein.
Quartz is clear in a: py = pyrite, gz = quartz. In b, two generations of quartz indicated as qz 1 = dark in CL
image and qz 2 = bright veinlets and portions. Thinly banded bright/dark quartz on lower left is probably gz 1.

100 pm

‘Figure 5 — Microphotograph (a) and cathodoluminescence image (b) of Ferrocarrilera vein. Quartz is clear in
a: sph = sphalerite. In b, two generations of quartz indicated as qz 1 = dark in CL image and gz 2 = bright
veinlets and 100 um thick vein formed in pressure shadow of sphalerite crystal. '
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Figure 6 — Microphotograph (a) and composite of three cathodoluminescence images (b) of Ferrocarrilera
vein. Only galena (ga) and quartz (dominantly bright in CL) in a. Quartz vein occupies 10-20 pm pressure
shadow near galena crystal in b; fine grained quartz dominates volume around galena crystal; larger quartz
crystals occur farther away.

Eig- b ;__-,_(;5

Figure 7 — Microphotograph (a) and composite of ten cathodoluminescence images (b) of Cerro Bayo vein.
Quartz dominates the vein: in a. black hole 0.5 mm is seen. In b, CL image shows a region of the vein
dominated by the second generation of bright quartz (qz 2) as veinlets in dark qz 1. Dark shadow that runs
vertical in center of Figure b is an artifact.
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The Cerro Bayo Vein
System

In the Cerro Bayo vein sys-
tem, quartz is associated with
pyrite, chalcopyrite and galena
and some jarosite partly cov-
ers the crystals. Similar to the
Ferrocarrilera vein system,
quartz shows microstructures
such as drusiform, crustiform
and coloform and it seems to
be partly recrystallized. Quartz

a

Fig.b o
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is fractured and nearly always

sealed by drusiform quartz
veinlets (Figs. 7 and 8a). As
seen on the CL images, quartz
associated with the ore miner-
als has low intensity of CL
emission, and it is cut by a sec-
ond generation of quartz along
highly luminescent veinlets
(Fig. 7). Some recrystallization
is also observed. but has little
effect on the original CL pat-
tern of the quartz.

= :ﬁ' 5 = - i

The most voluminous
quartz generation (gz 1) also
occurs as alternating bright
and dark bands (Fig. 8) and
some have intermediate lumi-
nescence. This suggests that
the intercalations may have
formed by variations in the
conditions of fluid migration
and composition. It may be
one event of quartz deposi-
tion, similar to Ferro
Carrillera vein.

Figure 8 — Scanned thin section (a) and composite of two cathodoluminescence images (b) of Cerro Bayo
vein. In a, quartz dominates volumetrically the vein: darker patches are oxides and alteration products. In b,
quartz is either dark or bright, but is interpreted as formed with the first generation of quartz.
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CONCLUSIONS

Two generations of quartz
were identified in the mineral-
ized zones of the Ferrocarrilera
and the Cerro Bayo, both very
similar. The first generation is
volumetrically dominant and
composed of low luminescent
quartz with drusiform and
coloform microstructures,
formed simultaneously with the
deposition of Pb and Zn ore
minerals (galena, sphalerite,
pyrite), whereas second genera-
tion is highly luminescent, not
abundant and was deposited in
veinlets and pressure shadows
and replaced the first genera-

tion, wherever the quartz was
fine grained. The deposition of
galena, sphalerite and pyrite si-
multaneously with the first gen-
eration of gquartz is the correct
guide for the exploration of
base metals in the region.
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