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ABSTRACT

The Cerro Moro deposit is located at 48°5'55”S, 66°39'1.6”W and 100 m.o.s.1. in Santa Cruz province, southern Argentina.
It is a low sulfidation Au-Ag epithermal mineralization hosted by numerous NW—SE structurally controlled quartz veins
developed in close spatial and temporal proximity to the products of Jurassic extension and magmatism. The Escondida vein is
the most significant mineralized structure, as it hosts the base metal-rich and Au-Ag high grade mineralization. In this vein and
the Zoe ore-shoot, ore minerals are abundant (sphalerite, galena, chalcopyrite, acanthite, and less abundant pyrite and
marcasite) and frequently related to dark grey, fine-grained quartz with massive, porous, crustiform, and banded textures;
variable quantities of fine-grained flakes of muscovite are locally present. The Ag- and Au-bearing mineral association is
represented by acanthite, argyrodite, polybasite, pearceite, stromeyerite, mckinstryite, and jalpaite. Abundant acanthite occurs
commonly associated with gold and silver; copper enrichments were detected and interpreted as nanoinclusions of Cu-bearing
minerals. The occurrence of Se- and Te-enriched minerals (acanthite, argyrodite, polybasite, pearceite, stromeyerite, and
mckinstryite), rather than silver selenides and/or tellurides, indicates the presence of reduced mineralizing fluids and may be
ascribed to partial substitution of S by Se or Te. Polybasite and pearceite were differentiated by their chemistry. Although the
presence of argyrodite in epithermal deposits with silver sulfosalts is relatively common, this first mention in Cerro Moro is
highly encouraging for exploration for germanium, a critical element, which is also considered strategic by countries such as the
USA and China.

Keywords: precious metal minerals, epithermal deposit, Deseado Massif, Argentina.

auriferous province by Zappettini (1999), and is
characterized by vein-type low sulfidation epithermal
mineralization, breccia deposits, disseminations, and
placer and paleo-placer deposits, all developed in

INTRODUCTION

Cerro Moro (48°5'55”S, 66°39'1.6"W) is a low
sulfidation Au-Ag epithermal deposit located in Santa

Cruz province, southern Argentina. It occurs in the
Deseado Massif, a well-explored area where more than
20 epithermal Au-Ag mining projects have been
discovered. On the basis of its gold content, the El
Deseado Massif was classified as the El Deseado

relation to rifting volcanism, where listric and trans-
tensional faulting were dominant. In general, most of
these mineralizations are of the vein-type, which is
consistent with a strong structural control, i.e., the
NNW-SSE and WNW-ESE principal orientation of
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the extensional fault systems. Subparallel veining,
stockwork mineralization, and disseminated minerali-
zations are less abundant (Schalamuk er al. 1999,
Fernandez et al. 2008, Andrada de Palomera et al.
2015).

Regarding their host rock, most of these deposits
are spatially and temporally linked to the widespread
Chon Aike rhyolitic province (Pankhurst et al. 1998),
which is mainly composed of pyroclastic rocks
dominated by rhyolitic ignimbrites with a consistent
bimodality between rhyolite and andesite-basaltic
andesite. This important Jurassic magmatism was
emplaced over ~30 my (Early Jurassic—Late Jurassic),
with three principal episodes representing the most
intense phases of volcanic activity (Riley ez al. 2001).
Previous research (Pankhurst & Rapela 1995,
Pankhurst er al. 1998, 2000, Féraud et al. 1999,
Riley et al. 2001, Panza & Haller 2002, Echavarria et
al. 2005, Giacosa et al. 2010, and references therein)
proposed that the lithospheric extensions related to
Gondwana break-up, the impact of a mantle plume,
and/or the subduction along the paleo-Pacific margin
may have been important in producing favorable
tectonic conditions for the generation and emplace-
ment of the silicic volcanic rocks. The metallogenetic
importance of this Jurassic magmatism in Patagonia
was first pointed out by Ramos (1983), who indicated
that the occurrences of Pb, Zn, Cu, Ag, and Au
mineralizations were coincident with episodes of
stronger magmatic activity. Considering the age of
the mineralizing and hydrothermal alteration processes
in relation to their Jurassic host rock, a close
relationship has been confirmed between them (e.g.,
Schalamuk et al. 1997, 1999, Echavarria et al. 2005,
Fernandez et al. 2008, Guido & Campbell 2011, Jovic
et al. 2011, Dietrich et al. 2012).

In this context, new mineralogical data from the
Cerro Moro epithermal deposit are presented in this
contribution. The characterization of the Ag- and Au-
bearing mineral association recognized in the Escon-
dida vein structure and Zoe ore-shoot is provided here,
together with electron probe microanalyses (EPMA) of
the ore minerals identified in this contribution. Our
study recognizes new minerals in the area as well as
Se- and Te-enrichments in some mineral species.

GEOLOGY
Regional geology

The Cerro Moro deposit is located in the vicinity of
Puerto Deseado city, in Santa Cruz province, Argenti-
na. The regional geology includes fissural basalts and
andesites from the Bajo Pobre formation (Panza 1982,
1984) which is of Middle Jurassic age. These are
unconformably covered by the volcanic and volcano-
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sedimentary rock units of the Bahia Laura group
(Lesta & Ferello 1972) which contains the Chon Aike
and the La Matilde formations (Ugarte 1966). These
are vertically and laterally intercalated and are Middle
Jurassic in age, based on the fossil content of the La
Matilde formation (Stipanicic & Reig 1955, 1956,
Stipanicic & Bonetti 1970). The Chon Aike formation
is characterized by rhyolitic to rhyodacitic ignimbrites
with volcanic agglomerates and breccias, subordinated
quantities of tuff and rhyolitic domes, while the La
Matilde formation is mainly composed of laminated
tuffs and tuffaceous sediments interdigitated with thin
ignimbrite layers (Panza et al. 1994, Pankhurst et al.
1998). The previous sequences are uncomformably
covered by Upper Oligocene marine clastic rocks from
the Monte Leon formation (Bertels 1970), including
argillic tuffs, fine sandstones, and minor shales. The La
Avenida formation (Marin 1982, Panza 1982), of
Lower Pliocene age, overlies the previous rocks and
features conglomerates intercalated with minor thin
lenses of lithic sandstones. Finally, playa lake
sediments with evaporitic crusts together with variable
quantities of sand, mud, argillic sediments, and gravel,
complete the modern sequence (Panza et al. 1994).

Two important tectonostratigraphic cycles were
recognized and described by Cortifias et al. (2005, as
described in Giacosa et al. 2010): (1) a late Permian
rifting expressed as N-S trending fault systems,
followed by continuous filling of the basin with
sedimentary and volcanic rocks during Triassic—
Liassic thermal subsidence, and (2) a Jurassic
extension in which a series of WNW—ESE grabens
and half-grabens was filled with basic to felsic
volcanic rocks.

The most relevant structural features in the Deseado
Massif are the result of normal WNW-ESE and NNE to
N-S faulting associated with extension and rifting
occurring throughout the Jurassic (Giacosa et al. 2010).
These authors specified three main conclusions regard-
ing the link between tectonics and epithermal mineral-
ization: (1) the epithermal vein systems were controlled
by distensive lineaments following the Jurassic exten-
sional phase; (2) the SW-NE oriented extension
controlled the opening of vein structures hosted within
the Jurassic rhyolites and basalts, and in the pre-
volcanic strata, shear veins were emplaced into pre-
existing normal faults; and (3) the current crustal level
to which the main mineralized system has been
exhumed is the result of compressional deformation
triggered by an inversion in the Cretaceous.

Local geology

The local geology (Fig. 1) is represented by felsic
volcanic and volcano-sedimentary rocks with rhyolitic

Downloaded from https://pubs.geoscienceworld.org/canmin/article-pdf/58/2/191/4976592/i1499-1276-58-2-191.pdf
bv Conseio Nacional de Investiaaciones Cientificas v Tecnicas CONICET user



Ag- AND Au-BEARING PHASES IN CERRO MORO DEPOSIT, ARGENTINA

193

66°38'55"

48°6'50"

66°38'55"

66°34'53"
| \

Argentina

# References

n Patagonic sediments and
marine terciary deposits

Rhyolitic domes and dikes

I:I Rhyolitic ignimbrites

I:' Tuff and epiclastic deposits

- Andesites

Welded andesitic ignimbrite
and rhyolitic breccias

Ore veins
Fault and lineaments

&
&Y

| 66°34'53"

FiG. 1. Schematic geologic map of the Escondida vein structure and Zoe ore-shoot (modified from Guzman et al. 2012).

dome intrusions showing porphyritic, granular to
porphyritic, and autobreccia textures, all belonging to
the Jurassic Bahia Laura group (Ros et al. 2013); these
volcanic sequences generally occur in layers with W—
SW and E-SE direction and tilt 5° to 20° to the south.

The main fault system, predominantly developed on
the southern part of the deposit, follows a NW—SE
direction and controls the main mineralized structures.
Other fault systems, strongly controlling the hydrother-
mal alteration and mineralization, occur in NE-SW, E—
W, and N to NW-SE directions (Ros et al. 2013).
Gallardo et al. (2015) pointed out that the volcanic
sequences in the area were deposited in a NW-SE
graben, mainly controlled by WNW normal faulting
which resulted in horst and graben tectonics during the
Jurassic extensional regime; this was followed in the
Cretaceous by a more restricted compressional regime
that triggered an inversion of the faults.

According to Sillitoe (2009), the NW-striking
Escondida vein is a steeply south-dipping structure
interpreted as a growth fault and bounding the
southern side of a horst of Chon Aike rocks; during
active faulting a sequence of predominantly andesitic
epiclastic rocks accumulated along the hanging-wall
side of the fault as the progressive infill to grabens or
half-grabens. Corbett (2007) indicated that the struc-
ture is characterized by N—S extension on NW and NE
fractures, while small components of strike-slip
movements—associated with this extension—resulted

in dilatation on the E-W vein portions of the NW
fractures as settings for higher Au-Ag grade poly-
metallic mineralization; this is the case for the Zoe
ore-shoot. The width of the veins typically varies from
1 to 5 m, but may locally attain up to 10 m.

The Escondida vein is 8 km long and continues in
deep 250 m below the present land surface (Guzman et
al. 2012). This is the most significant structure in the
Cerro Moro district, hosting the base metal-rich and
high grade mineralization. Sillitoe (2009) indicated
that the bonanza grade of the base metal-rich vein
stage may be ascribed to intense boiling caused by
sudden release of overpressured ascendant fluids, as
suggested by the widely observed breccia and network
vein textures typical of the occurrence of semi-massive
sulfides.

On the basis of the hydrothermal alteration, the high
Au and Ag-grades (<60 ppm Au and 10,000 ppm Ag)
are closely related to the kaolinite subgroup and the
mica-group minerals (Aliaga 2012). Corbett (2007)
pointed out that these grades occur where fresh sulfides
are in contact with halloysite (possibly halloysite-7A); in
this context this kaolinite-subgroup mineral is considered
hypogenic. Corbett (2007) also suggested that mixing
mineralizing fluids with acidic waters is the most
efficient mechanism for the development of elevated
Au grades in epithermal Au deposits such as Cerro Moro.

According to Yamana Gold Inc. (2017), the high-
grade epithermal gold and silver deposits of Cerro
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Moro will be mined either through open pit or
underground mining. During the second part of 2018,
Cerro Moro reached commercial production and
exceeded expectations with production of 92,793
ounces of gold and 4,119,085 ounces of silver
(Yamana Gold Inc. 2018).

MATERIAL AND METHODS

Thirty-five samples from the most mineralized
sections of representative drill-holes were prepared as
conventional polished thin sections and described in
air and oil using polarizing reflected-light micro-
scopes. Chemical analyses of acanthite, argyrodite,
polybasite, and pearceite were obtained from the
Laboratorio de Microsonda Electronica, Instituto
GEA, Universidad de Concepcion (Chile), with a
JEOL JXA 8600 Superprobe, using a beam diameter of
10 pm and an acceleration potential of 20 and 25 kV.
A sample current of 10 nA was used, measured on a
Faraday cup, and counting times of 30 s for Au, Ge,
Fe, Se, As, Cu, Sb, and Te and 20 s for Ag and S. For
the background, 15 and 10 s were used, respectively.
The standards, analytical lines, and limits of detection
(wt.%) were as follows: Ag (silver, La, 0.12), Se
(CdSe, Ka, 0.16), As (InAs, Ko, 0.12), S (stibnite, Ko,
0.03), Fe (chalcopyrite, Ko, 0.03), Te (SbTe, La, 0.07),
Au (gold, Mo, 0.14), Sb (stibnite, Lo, 0.05), Cu
(chalcopyrite, Ko, 0.04), Ge (germanium, Ko, 0.11). A
ZAF correction routine was used. Additional data for
gold, silver, acanthite, argyrodite, stromeyerite,
mckinstryite, and jalpaite were obtained from the
Laboratorio de Microscopia Electronica y Analisis por
Rayos X (LAMARX), Universidad Nacional de
Cordoba (Argentina), with a JEOL JXA 8230 Superp-
robe, using a beam diameter of 2 pum and an
acceleration potential of 15 kV. A sample current of
10 and 20 nA was used, measured from a Faraday cup,
and a counting time of 10 s and 5 s for the background
for all elements but Ge and Ag (5 s for the element and
2.5 s for the background) and S (6 s for element and 3 s
for the background). The standards, analytical lines,
and limits of detection (wt.%) were as follows: Ag
(silver, La, 0.04), Se (NiSe, Lo, 0.02), Sn (tin, Lo,
0.02), As (nickeline, LB, 0.04), Pb (lead/galena, MP,
0.09), S (pyrite/galena, Ko, 0.01), Fe (hematite, Ko,
0.03), Te (coloradoite, Lo, 0.03), Zn (sphalerite, Ko,
0.04), Au (gold, Ma, 0.02), Sb (stibnite, Lo, 0.02), Cu
(chalcopyrite, Ko, 0.04), Ge (Bi;,GeO,, La, 0.04). A
CIT-ZAF correction routine was used.

THE SILVER- AND GOLD-BEARING
MINERAL ASSOCIATION

Based on the vein mineralogy, textures, and cross
cutting relationships, four mineralizing stages were
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identified at Cerro Moro. The first stage is character-
ized by whitish grey and locally violet-colored quartz
+ adularia veins (<20 cm thick), with scarce
quantities of pyrite and galena. The most common
textures are replacement lattice and parallel bladed
quartz; comb and massive textures are poorly repre-
sented. The second stage is characterized by quartz-
adularia (* fluorite) veins (~5 cm thick) with variable
quantities of pyrite, sphalerite, chalcopyrite, galena,
acanthite, and gold, locally attaining 20% in volume.
The main primary textures in the veins are comb,
crustiform, and botroidal. The third stage of mineral-
ization occurs as veins (<35 cm thick) and cementing
fragments of previous brecciated veins. This mineral-
izing stage is known as “Black Silica”, being dark
grey in color and mainly composed of fine-grained to
variable sized subhedral quartz grains (up to 2 mm)
associated with variable quantities of fine-grained
flakes and patches of muscovite; the most abundant ore
minerals are Fe-poor sphalerite, chalcopyrite, galena,
and acanthite, with lesser pyrite and marcasite. Gold of
varying fineness and silver may locally reach high
grades, such as 536 g/t Au and 11300 g/t Ag.
Representative textures are massive, crustiform, and
banded. The last stage of mineralization is represented
by light grey whitish and lesser light violet quartz —
adularia = chalcedony * calcite veins (<15 cm thick)
with variable quantities of sphalerite, chalcopyrite, and
less abundant pyrite, acanthite, and gold. Comb and
infilling textures are common.

According to Guzman et al. (2012), up to 42.8%
and 19.8% of the total mineralization in Cerro Moro is
contained in the Escondida vein and Zoe ore-shoot,
respectively. In these mineralized structures ore
minerals are mainly related to the third stage of
mineralization. A detailed study of polished thin
sections led to the identification of precious-metal
bearing minerals hosted in the quartz veins and the
hydrothermal breccias of the third stage of minerali-
zation. In addition to gold, silver, and acanthite, the
presence of polybasite, pearceite, stromeyerite,
mckinstryite, argyrodite, and jalpaite is reported for
the first time in Cerro Moro.

Gold grains are common. They occur in quartz as
irregular isolated grains from 10 to 60 pm in size,
occasionally up to 750 pm. Gold is also related to
acanthite, developing irregular inclusions and as
exsolved grains and blebs (10 to 230 um). Occasion-
ally it may be found as inclusions (~15 pum) in pyrite
and/or chalcopyrite (Fig. 2a, b); locally, vermicular
grains of gold may infill fractures in pyrite grains. The
gold fineness ranges from 315 to 762, therefore from
Au-rich silver to Ag-rich gold. The compositions of
representative gold grains indicate that, besides Ag, Te
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FiG. 2. Photomicrography mosaic showing: (a) Chalcopyrite (Cp)-gold (Au) intergrowth; pyrite (Py) and acanthite (Ac)
developing a worm-like texture. (b) Acanthite associated with chalcopyrite, gold (Au), and silver (Ag). (c) Acanthite and
marcasite (Mrc) aggregate. (d) Argyrodite (Agy) partially replacing acanthite on grain boundaries; chalcopyrite and lesser

pyrite are also present.

and S may be present (up to 0.27 and 0.23 wt.%,
respectively).

Silver grains (~50 to 200 pm) are less abundant
than Au-rich silver or Ag-rich gold grains. They were
observed spatially related to acanthite, chalcopyrite
(Fig. 2b), and, to a lesser extent, sphalerite and pyrite.
In general, S, Cu, and Te contents measured by EPMA
were 0.05 to 1.66 wt.%, 0.08 to 0.22 wt.%, and 0.30 to
0.45 wt.%, respectively.

Acanthite is abundant and widespread (Figs. 2 and
3). It occurs as olive-grey colored irregular grains
(~200—-600 pm), usually found included in quartz and/
or as thin veinlets associated with chalcopyrite and
galena. Acanthite is usually found with irregular gold
inclusions (~10 um) or spatially associated with silver
grains and gold grains (~30 pm to <230 pm) of
varying fineness. It commonly occurs replacing galena
on its margins and, to a lesser extent, chalcopyrite.
Electron probe microanalysis results show some
variations in acanthite chemistry where variable

concentrations of Te, Cu, and Se were detected in
different samples (Table 1).

Polybasite occurs as irregular grains in the range 10
to 80 um and occasionally up to 3 mm. Polybasite
grains are not very abundant; they partially replace
pearceite (Fig. 3a, b) and are in close association with
galena, acanthite, and chalcopyrite. Polybasite may be
locally replaced by acanthite along grain boundaries
(Fig. 3d) and fractures; locally, thin margins of
chalcopyrite may develop in the contact between these
minerals.

Pearceite grains (<80 um) are less abundant
compared to polybasite. Clear differentiation of these
two minerals by optical microscopy was impossible,
mainly due to their similar optical properties; EPMA
was used to distinguish them. Representative chemical
analyses of both are presented in Table 1.

Stromeyerite and mckinstryite generally occur in
close proximity, as irregular aggregates (~20 to 120
pm). Mckinstryite is commonly found replacing
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Fic. 3. BSE image mosaic. (a) Polybasite (Plb) grains partially replaced by pearceite (Pea); both replaced by acanthite. (b)
Acanthite partially replacing polybasite and pearceite. (c) Stromeyerite (Smy) partially replaced by mckinstryite (Mck) on
grain boundaries. (d) A small jalpaite (Jal) grain closely related to acanthite.

stromeyerite on grain boundaries and fracture lines
(Fig. 3c); stromeyerite may partially replace chalcopy-
rite. Small grains of covellite partially replace stro-
meyerite along cleavage planes. Electron probe
microanalysis of stromeyerite shows slight enrichment
in S and depletion in Ag (Table 1). The calculated
mineral formula is (CUQ_99Ag0_83F60_11)21_9351_06. The
chemical composition of mckinstryite is in good
agreement with published values for this mineral; the
calculated empirical formula is (Ag;.16Cug.g1
Feoo1)=1.9851.01-

Argyrodite was locally identified; it is very scarce
and occurs as small grains (<20 pum, Fig. 2d) forming
aggregates with acanthite. Two representative chemical
analyses of this mineral are presented in Table 1, where
only minor amounts of Fe (up to 0.95 wt.%), Cu (up to
0.89 wt.%), and Te (up to 0.46 wt.%) were detected;
small quantities of Se were locally present. The average
mineral formula is (n = 5) (Agg.02,Cuo.11)ss8.13
(Geo84F€0.13)50.97(S5.85,T€0.035€0.02)5.90-

Small grains of jalpaite (up to 6 pum in size) are
very scarce and were found spatially related to
acanthite and, to a lesser extent, pyrite, chalcopyrite,
galena, polybasite, and covellite (Fig. 3d). Due to its
small size, the identification of this mineral was done
on the basis of its chemical composition by EMPA
(Table 1). The calculated empirical formula is
Agr97Cu1.01S2.02.

Discussion

The mineralization in Cerro Moro, and especially
in the Escondida vein and Zoe ore-shoot area, was
strongly controlled by the Jurassic extensional regime.
As previously noted by Corbett (2007), the extension
of NW—SE fractures and associated dilatation on E-W
vein portions of NW fractures were important features
as settings for higher Au-Ag grade polymetallic
mineralization, which is the case for Escondida and
Zoe.
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TABLE 1. REPRESENTATIVE CHEMICAL COMPOSITIONS OF THE Ag-BEARING MINERAL ASSOCIATION

Acanthite Argyrodite Polybasite Pearceite Stromeyerite  Mckinstryite Jalpaite

1 2 1 2 1 2 1 2 1 1 1
S (wt.%) 1324 1513 1741 17.06 1536 1523 16.22 14.88 17.42 15.40 14.55
Fe b.d.l. b.d.l 0.95 0.37 b.dl b.d.l. 0.04 0.15 3.29 0.33 b.d.l.
Cu 0.04 0.67 0.54 0.14 7.37 8.67 8.95 6.08 32.50 24.39 14.33
Zn 0.17 n.a. n.a. 0.09 n.a. n.a. n.a. n.a. b.d.l. b.d.l. 0.22
Ge n.a. n.a. 5.20 593 n.a. n.a. n.a. n.a. n.a. n.a. n.a.
As n.a. na. b.d.l n.a. 0.79 213 6.89 5.85 n.a. n.a. b.d.l.
Se b.dl.  b.dl b.dl 0.17 023 b.dl bdl 020 0.07 b.d.l. b.d.l.
Ag 87.01 84.18 75.47 76.44 66.15 66.64 67.06 71.83 46.07 59.35 71.78
Sb b.d.l. na. b.dl b.dl 10.22 735 054 0.46 b.d.l. b.d.l. b.d.l.
Te 0.30 n.a. 0.25 0.37 na. n.a. n.a. n.a. 0.16 0.19 b.d.l.
Au b.dl.  b.dl b.dl b.dl b.d.l. b.dl. b.dl b.dl 0.17 0.22 b.d.l.
Pb 0.15 n.a. n.a. b.d.l. n.a. n.a. n.a. n.a. 0.43 b.d.l. b.d.l.
Total 100.91 99.98 99.82 100.49 100.11 100.02 99.70 99.46 100.11 99.88 100.66
S (apfu) 1.01 112 6.07 597 10.64 1045 10.74 10.25 1.06 1.01 2.02
Fe - - 0.19 0.07 - - 0.02 0.06 0.11 0.01 -
Cu 0.00 0.03 0.10 0.02 2.58 3.00 299 211 0.99 0.81 1.01
Zn 0.01 - - 0.02 - - - - - - -
Ge - - 0.80 0.92 - - - - - - -
As - - - - 0.23 063 195 1.72 - - -
Se - - - 0.02 0.06 - - 0.06 0.00 - -
Ag 1.97 185 7.82 795 13.62 13.59 13.20 14.71 0.83 1.16 2.97
Sb - - - - 1.86 1.33 0.09 0.08 - - -
Te 0.01 - 0.02 0.03 - - - - 0.00 0.00 -
Au - - - - - - - - 0.00 0.00 -
Pb - - - - - - - - 0.01 - -
Total 3.00 3.00 15.00 15.00 29.00 29.00 29.00 29.00 3.00 3.00 6.00

b.d.l. = bellow detection limit. n.a. = not analyzed. Bismuth and Sn were always under the limits of detection.

The ore minerals described in this contribution,
including gold, silver, acanthite, polybasite, pearceite,
stromeyerite, mckinstryite, argyrodite, and jalpaite, are
characteristic of epithermal type deposits; most of
them, except gold, silver, and acanthite, are reported
for the first time in the Cerro Moro area.

Gold and pure silver grains are commonly found in
vein samples from most mineralizing stages. The
former is absent in the second stage, while Ag was
only identified in the third stage of mineralization.
Both minerals are usually related to acanthite and, to a
minor extent, pyrite and chalcopyrite. Gold is very
common and widely distributed mainly as an alloy; no
further controls on the spatial distribution of these
minerals were identified.

Besides gold and silver, the most abundant and
widespread precious metal mineral in the Escondida
vein is acanthite. It is found in most samples and is
usually related to galena and, to a lesser extent,
chalcopyrite and sphalerite, being younger than the
base metal minerals. Though Cu-enrichment was
detected in many grains of acanthite (0.17 to 2.47

wt.%), previous observations from Ramdohr (1980)
and others indicate that no extensive Cu content can be
held by the acanthite structure. On the basis of this
information and the close association of this mineral
with jalpaite, chalcopyrite, and covellite, it might be
possible that the Cu content in acanthite is due to
nanoinclusions of these Cu-bearing minerals. More-
over, Shikazono (1978) indicates that this apparent Cu
content in acanthite may be attributed to EMPA
analyses that incorporate Cu X-rays from chalcopyrite
which encloses the acanthite, which may locally
explain some of the acanthite Cu enrichment.

Based on previous research (e.g., Petruk & Owens
1974, Petruk et al. 1974, Shikazono 1978, Simon et al.
1997, Cocker et al. 2012), the presence of Se and Te in
acanthite is not uncommon in epithermal deposits. In
Cerro Moro, only isolated contents of Se were detected
in acanthite (up to 3.45 wt.%) and, to a lesser extent, in
argyrodite, polybasite, pearceite, and stromeyerite
(Table 1). The occurrence of Se-enriched minerals
rather than silver selenides may indicate a low Se/S
ratio in the ore fluids and also that the oxidizing state
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in the mineralizing fluid was below or very close to the
hematite-magnetite buffer, leading to reduced fluids
(Simon et al. 1997). The latter is confirmed by the
absence of hypogene hematite in the mineral associ-
ation. As it is frequent in Toyoha (Pb-Zn) and Ikuno
(polymetallic) vein-type deposits (Shikazono 1978),
and Au-Ag epithermal deposits, where selenium
cannot be separated effectively from sulfur during
mineral deposition (Simon er al. 1997). In most
contemporary interpretations, Te and Se are consid-
ered to be transported as aqueous species and vapor in
epithermal fluids (Ciobanu ef al. 2006, Saunders &
Brueseke 2012). On the basis of these observations we
consider that both Se- and Te-enrichments in the Ag-
bearing sulfides from Cerro Moro are possibly due to
their scarcity in the fluids, allowing only a partial
substitution of S by those elements.

In this article, argyrodite grains are reported from
the Cerro Moro deposit for the first time. Scarce grains
of this mineral occur in isolation or related to acanthite
and chalcopyrite. Based on the composition of the
argyrodite, a slight enrichment in Cu, Te, and Se was
detected. Tin was analyzed but not detected. The

presence of argyrodite, even if scarce, may be an
indication of the high sulfur activity of the mineral-
izing fluids, because when the sulfur activity is low to
moderate, germanium concentrates in sphalerite and
does not form its own sulfides. Therefore, the presence
of Fe-poor sphalerite grains (<1.88 wt.% Fe) in the
third stage of the mineralization may be indicative of a
high sulfur pressure in the fluid from which deposition
took place (Ramdohr 1980). Thought not abundant, the
presence of argyrodite indicates the potentiality to find
more critical element-bearing minerals in the area.
The Cu—Ag-S ternary system represented in Figure
4 summarizes most of the minerals described in this
contribution, where ideal compositions were also
plotted for comparison. According to Skinner (1966),
the exceedingly fast reaction rates encountered
throughout this particular system demonstrate that
very few of the observed assemblages are likely to
preserve an unaltered record of the specific conditions
of ore formation, even of supergene processes. An
example of the later is the intimate association of
acanthite and jalpaite (Fig. 3d), which may be
interpreted as the breakdown product of a pre-existing
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Cu-rich acanthite grain, indicating a deposition
temperature higher than 176.7 °C. This interpretation
may locally explain the Cu contents in acanthite.
Shikazono (1978) indicated that although the area of
analysis would now be composed of a mixture of two
phases, such as acanthite and jalpaite, it is certain that
one homogeneous phase containing considerable
amounts of Cu, and Se when Se-enrichment is present,
was originally precipitated at the time of the ore
deposition.

The S versus Cu and Se diagram for acanthite (Fig.
Sa) confirms previous observations regarding Cu and
Se contents in the acanthite from the study area, with a
wide range of variability in their quantities. Selenium
and Cu contents in polybasite (Fig, 5b) match well its
ideal composition (Bindi ef al. 2007).

CONCLUSIONS

A distinct Ag- and Au-bearing mineral association
related to the Jurassic magmatism and metallogenesis
at the Cerro Moro deposit has been described in this
contribution. Based mainly on the mineral occurrence,
associations, and chemistry, the main conclusions are:

1) Gold and silver are common and widespread in the
area; gold is frequently found as an alloy, with Au
contents reaching up to 76 wt.%; high-fineness
silver is less abundant than Au-rich silver and Ag-
rich gold.

Acanthite is very common and abundant, generally
replacing galena and polybasite. A fine mixture of
jalpaite and acanthite was observed and may be
interpreted as the breakdown product of a pre-
existing Cu-rich acanthite grain; this observation

2)

may partially explain the Cu-enrichment in some
acanthite grains.

The occurrence of Se-enriched minerals rather than
silver selenides likely indicates a low Se/S ratio in
the ore fluids and also a reduced state. The presence
of scarce tellurium in the sulfides from the study
area is probably related to a low Te content in the
mineralizing fluid, considering that this element is
highly incompatible. Though the presence of
argyrodite is relatively common in several epither-
mal deposits from Bolivia and Argentina, this first
mention in Cerro Moro may indicate that other Ge-
bearing mineral species may be present as well,
improving the economic potential of this deposit in
relation to this critical or strategic element. More
complete mineralogical investigation of the Cerro
Moro vein system is required to evaluate this
potential.

3)
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