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Abstract: Middle to Upper Jurassic bimodal volcanism developed during widespread extensional
tectonism within the Deseado Massif in Argentinean Patagonia. This geologic environment led to
the formation of numerous epithermal gold-silver deposits that are spatially and temporally related
to the volcanic activity. The age constraints of the volcanic rocks that host the veins define Upper
Jurassic ages for the volcanism. New U-Pb SHRIMP studies of zircons from ignimbrites from
Manantial Espejo and La Josefina epithermal prospects are reported. The Manantial Espejo pro-
spect dates (~ 167, ~ 163 and 158.9 + 0.45 Ma) suggest that mineralization took place 6 My after
the deposition of the host rock. The zircons of La Josefina prospect show a concordant age of
152.7 + 2.3 Ma that suggests temporal overlapping between volcanism and mineralization.

Key words: Au-Ag epithermal veins, Jurassic volcanism, U-Pb SHRIMP ages, Deseado Massif.

Abstrait: Pendant le Jurassique Moyen et Supérieur un volcanisme de type bimodal s’est dévelop-
pé avec une tectonique amplement distribué sur le Massif du Deseado, Patagonie Argentine. Cette
ambiance géologique favorise la formation de nombreux dépots épithermaux en or-argent qui sont
spatial et temporellement liés avec 1’activité volcanique. Les limites d’age des roches volcaniques
qui sont les roches encaissantes définissent les ages Jurassiennes du volcanisme. Nouveaux études
de SHRMP avec zircons provenant des ignimbrites des dépdts épithermaux Manantial Espejo et La
Josefina sont présentées ici. Les données d’age du prospect Manantial Espejo (~ 167, ~ 163 et
158.9 + 0.45 Ma) suggerent que la minéralisation a été placé 6 Ma apres la formation de la roche
encaissante. Les zircons du prospect La Josefina montrent un age concordant de 152.7 + 2.3 Ma
qui suggere une juxtaposition entre le volcanisme et la minéralisation.

Mot-clés: Dépots épithermaux en or-argent, Jurassique volcanisme, études de SHRIMP, Massif du
Deseado.
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Introduction

The Deseado Massif is a geological province with an
extension of about 60,000 km? located in the southern
part of Argentinean Patagonia (Fig. 1). The most impor-
tant units are silicic and mesosilicic volcanic rocks in-
cluded in the Chon Aike and Bajo Pobre Formations of
Jurassic age that cover more than half of the area of a
wide plateau.

Several epithermal gold and silver deposits and oc-
currences in the Deseado Massif, named Deseado Auro-
argentiferous Province by ScHALAMUK et al. (1999),
are spatially and genetically related to the Jurassic vol-
canic rocks (ARRIBAS et al. 1996; SCHALAMUK et al.
1997). At present, there are three ore deposits under
exploitation for gold and silver: Cerro Vanguardia,
Martha and San José Mines (Fig. 1). Cerro Vanguardia
is a world-class deposit composed of a quartz-vein filled
with proved and probable reserves (status end of the year
2006) over 0.9 and 6.9 Mt with an average grade of 7.09
gr/ton and 6.22 gr/ton of gold respectively (www.anglo-
goldashanti.com). Martha Mine is a small, high-grade
“bonanza” Ag vein deposit with proved reserves (status
end of year 2006) of 33,000 t containing ~ 2 Kgr/ton of
silver and 3.1 gr/ton of gold (http://www.coeur.com/
reserves). San Jose Mine hosts a number of epithermal
high-grade Ag-Au quartz veins with the Huevos Verdes
and Frea vein systems currently under development with
a current resource of 700,000 ounces of gold equivalent
(www.minandes.com). The Manantial Espejo District
was under feasibility studies that ended in 2007. Another
30 gold-silver projects are in different stages of explora-
tion. Their most advanced are: La Josefina, Cerro Ledn,
Martinetas-Microondas and Cerro Moro with the last two
situated in the eastern part of the Deseado Massif.

To be aware of the Jurassic volcanic evolution it is
imperative to understand the geological controls of the
mineral deposits in Patagonia. Constraining the age of
the volcanic rocks that host the mineralized veins is a
fundamental step in this direction. The geochronological
studies by different methods (DE Barrio 1989, 1993;
PANKHURST et al. 1993, 2000; PANKHURST & RAPELA
1995; ALDRIC et al. 1996; ARRIBAS et al. 1996; ZUBIA et
al. 1999; TESSONE et al. 1999; FERAUD et al. 1999; DUBE
et al. 2003; Gumpo 2002; Guipo et al. 2006) have
contributed to the knowledge of the Jurassic volcanism
of the Deseado Massif. These studies are restricted to the
volcanism in Bajocian to Tithonian (Middle to Late
Jurassic) times and support the idea that it represents a
calc-alkaline bimodal (andesite and rhyolite) volcanic
complex. The objective of the present contribution is
to present a geochronological study involving U-Pb
SHRIMP analyses of zircons in samples of ignimbrites

from the Chon Aike Formation of the central part of the
Deseado Massif (Fig. 1), specifically those from the
Manantial Espejo and La Josefina prospects. We present
the results and their relevance to the ore geology of the
province.

Geology and mineralizations
of the Deseado Massif

Geology and stratigraphy of the Deseado Massif are
summarized in Figure 1 and Table 1. The oldest rocks
belong to the Rio Deseado Complex and the La Modesta
Formation. The Rio Deseado Complex is represented by
isolated outcrops of Upper Proterozoic to Lower Paleo-
zoic metamorphic and igneous rocks around the eastern
sector of the Deseado Massif (Guipo et al. 2004). The
presumed lower Paleozoic La Modesta Formation is
composed of low-grade metamorphic muscovite schists,
metavolcanic and calk-silicate rocks with minor contents
of magnetite and tourmaline occurring in the central-
western part of the Deseado Massif (MOREIRA et al.
2005).

A Permian to Triassic Gondwana sedimentary se-
quence (La Golondrina, La Juanita and El Tranquilo
Formations) overlies these basement rocks. The se-
quence was deposited in a rift basin during an initial
extensional phase, which was followed by block faulting
and the development of half-grabens containing lakes
and deltas. The rocks are fluvio-lacustrine sandstone,
siltstone and conglomerate, with the sequence evolving
upward to tuffaceous sandstone and laminated tuff.

In the last years, the Jurassic volcanic complex has
been studied particularly to detect possible genetic links
to epithermal deposits. The first magmatic evidence of
Jurassic volcanism in the study area includes the Lower
Jurassic granitoid rocks of La Leona Formation, fol-
lowed by Lower Jurassic tuffs and tuffites of the Roca
Blanca Formation and the intrusive basic rocks of the
Cerro Leén Formation. The bimodal volcanic rocks of
the Chon Aike Formation and Bajo Pobre Formation
represent more than 60% of the surface exposures of
the Deseado Massif, with a dominance of Chon Aike
Formation rocks. The Chon Aike Formation is composed
of volcaniclastic rocks (ignimbrites, tuffs, volcanic brec-
cias and tuffites) as well as magmatic units (domes, lava
flows, subvolcanic bodies and dykes). They are mainly
represented by calc-alkaline and peraluminous rhyolites
with few dacites. Most of the Bajo Pobre Formation is
composed of lava flows and minor volcaniclastic rocks
(tuffs, agglomerates and tuffites). They are mainly calc-
alkaline andesites to dacites with few basaltic andesites.

Jurassic volcanism is found in grabens in an exten-
sional tectonic setting. ECHAVARRIA et al. (2005) pro-
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Table 1. Geology and stratigraphy of the Deseado Massif.

Era Period Age (Ma) Stratigraphy and lithology
P -
Quaternary resent Modern deposits
1.75
Santa Cruz Gra\glddzposus
Cenozoic Formation Olivine Basalt P( o ,a'os‘
Neogene 1.75-23.5 Monte Leén and San (continental flows atagonicos)
Julian Formations sedimentary
(marine sedimentites) rocks)
Paleogene 23.5-65
Baqueré Formation
Cretaceous 65-145 Bajo Grande Formation (sandstones and (tuffs and sandstones)
tuffs)
Upper 145-161
Bajo Pobre F ti ilici
. Chon Aike Formation (volcaniclastic to o Fobre Orm.a on (me5(?51 ICI.C
. Middle 161-175 . . lava flows and minor volcaniclastic
Mesozoic . magmatic felsic rocks)
Jurassic rocks)
La Leona Formation Roca.Blanca Cerro Le6n Formation (intrusive
Lower 175-200 (granitoid rocks) Formation (tuffs mafic rocks)
g and tuffites) )
Triassic 200-251 El Tranquilo Formation (shales and sandstones)
La Juanita Formation (sandstones)
Permian 251-299
La Golondrina Formation (arkoses and shales)
Carboniferous 299-359
Paleozoic Devonian 359-416
Silurian 416-443 Rio Deseado | La h(;[OdeSta FO”T?“"“ .
Complex (igneous (low grade metamorphic rocks)
Ordovician 443-488 rocks)
Cambrian 488-542
Neopro- . .
. 542-1000 Rio Deseado Complex (metamorphic rocks)
terozoic

posed that the extension occurred simultaneously with
the eruption of the Jurassic volcanic rocks and ended at
the climax of volcanism or shortly thereafter. As yet it
was not possible to map each volcanic center within the
Jurassic volcanic province of the Deseado Massif. Lo-
cally, small calderas were reported (FERNANDEZ et al.
1996; ECHAVARRIA 1999; CHERNICOFF & SALANI 2002),
but they do not account for the great volume of effusive
rocks found in the area. The eruptions of large volumes
of ignimbrite may be fault-related fissure eruptions and
not central volcanoes (e. g. GusT et al. 1985).

During Jurassic times, the geotectonic environment of
Patagonia was characterized by a very slow subduction
at the Pacific margin of Gondwana (Ramos 1988) caus-
ing extension and rifting in the Deseado Massif with
NW-SE grabens and hemigrabens being generated. In
combination with the possible existence of a mantle
plume (Karoo-Antartic-Tasmania; RILEY et al. 2000) this
resulted in a high thermal gradient and an important
magmatic activity in the back-arc. This rifting process
provides evidence for the beginning break-up of Gond-
wana.
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Later, in Upper Jurassic to Cretaceous times, conti-
nental pyroclastic and sedimentary rocks (Bajo Grande
and Baqueré Formations) were deposited in small ex-
tensional basins. The Tertiary period is mainly repre-
sented by marine (Monte Le6n and San Julian Forma-
tions) and continental sedimentary rocks (Santa Cruz
Formations). Tertiary and Quaternary are also character-
ized by several olivinic basaltic flows and gravel depos-
its (Rodados Patagénicos) that overlie most of the
Deseado Massif region and produce typical tableland
landscapes.

Deseado Massif epithermal deposits are represented
mainly by Au- and Ag-rich silica veins composed of
multistage fracture fillings that are characterized by a
gangue mineral assemblage comprising quartz, adularia,
calcite, and illite. Economic gold/silver mineralization is
normally hosted in ore shoots that are related to structur-
al openings within regional shear zones (ECHAVARRIA et
al. 2005). ScHALAMUK et al. (1997, 1999) proposed that
the general characteristics of the Deseado Massif
epithermal deposits (ore and gangue mineralogy, quartz
textures, alteration minerals, geochemistry and hydro-
thermal fluid signature) are very similar to the low
sulfidation type deposits studied by WHITE & HEDEN-
QUIST (1990, 1995) or the adularia-sericite type deposits
of HEALD et al. (1987).

Features of shallow epithermal deposits like siliceous
sinter and travertines characterize the western occur-
rences of the Deseado Massif (GUIDO & SCHALAMUK
2003).

In recent years, some distinct epithermal occurrences
have been found in the Deseado Massif. The Martha
mine is the best known example. It is an Ag-rich deposit
with an Ag : Au ratio of 1000 : 1 and high contents of
base metals. These characteristics were the reason for
GoNzALES GuiLLOT et al. (2004) to include it in the
intermediate sulfidation type deposit of HEDENQUIST et
al. (2000). Jovic et al. (2004) described a new metallo-
genetic association in Cerro Le6n characterized by the
anomalous presence of Sn, Cd and In together with
anomalies of Zn and Ag, and also high contents of Cu,
Mn, Pb, W and Bi, in a complex sulphur-rich mineralogy.

The Manantial Espejo Prospect

Manantial Espejo Prospect (MEP), currently under fea-
sibility studies, is the property of a joint venture between
Silver Standard Resources and Pan American Silver
Corporation companies. It is located in the central part
of the Deseado Massif, approximately 44 km east of
Gobernador Gregores (Fig. 1).

In 2006, proved reserves were 3.79 Mt with an aver-
age grade of 151 gr/ton of silver and 2.05 gr/ton of gold.

The estimated reserves are 3.7 Mt with an average grade
of 181 gr/ton of silver and 2.66 gr/ton of gold (http://
www.panamericansilver.com).

The Middle to Upper Jurassic volcanic and volcani-
clastic rocks from the Bajo Pobre and Chon Aike For-
mation are the representative units in the MEP (Fig. 2)
with a strong predominance of syneruptive over epiclas-
tic deposits. Fourteen volcanic units were identified,
mostly represented by ignimbrites with a dacitic and
rhyolitic composition (ECHEVESTE 2005b).

The quartz-gold-silver vein and veinlet assemblages
are arranged in fractures predominantly running in
WNW direction with nearly vertical inclinations and
their mineralized structures totaling 13.6 km in length.
Characteristic of the mineralization is that it is filling
open spaces. These structures are found in a strip of
about 16 km length running in WNW-ESE direction
and covering an area of 50 km?®. Maria vein is the most
important mineralized structure, because of its dimen-
sions and because it has been the target of most of the
exploration efforts. The ore veins present typical repla-
cement textures: those where crustiform texture is re-
placed by a colloform one as well as those where platy
calcite is replaced by silica. Main ore minerals are
argentite, electrum and native gold, associated minerals
include pyrite, marcasite, sphalerite, galena, chalco-
pyrite, bornite and tetrahedrite. Sphalerite contains trace
contents of Ag. The Au/Ag ratio is in the order of 1: 55.

The hydrothermal alteration most extensively found is
the silicification of fractures by quartz and chalcedony
and silica replacement of rocks with travertine, and
fragmental volcanic units rich in ash (ash flow tuffs).
Phyllic argillic alteration forms halos around the veins,
while the propylitic alteration affects mainly rocks with
dacitic and andesitic composition.

The La Josefina Prospect

La Josefina Prospect (LJP), currently under exploration,
is a property of the state company FOMICRUZ S. E. and
is located in the central part of the Deseado Massif,
approximately 130 km northwest of Cerro Vanguardia
Mine (Fig. 1). FOMICRUZ S. E. offered the prospect to
public sale in 2006; a junior company (Minera Cerro
Cazador S. A.) has started a four year project of new
exploration.

The Jurassic pyroclastic rocks of Bajo Pobre and
Chon Aike Formations are the most representative units
in the La Josefina Prospect (Fig. 3). The Bajo Pobre
Formation, mainly andesitic-dacitic rocks, includes por-
phyritic and aphanitic flows partially self-brecciated as
well as porphyries, sills and ring-dykes surrounding
rhyolitic domes. The Chon Aike Formation covers ap-
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SHRIMP dating (this work)

Photolineaments

Fault (low block)
Quartz veins (Jr)

\//l/

Calcite and jasperoid veins (Jr)

Post Jurassic rocks

} Chon Aike
Formation

Tuffs and ignimbrites (Jr)

7+ | ME1Dacitic ignimbrite

- Bajo Pobre Formation (Jr)

Fig. 2. Simplified geological map of the Manantial Espejo Prospect. Modified from ECHEVESTE (2005 b).

proximately 60% of the LJP area. MOREIRA (2005)
defined six members with lithofacial criteria which in-
clude magmatic facies (lava flows and domes) and vol-
caniclastic facies (principally ignimbrites and minor
tuffs, tuffites, volcanic breccias and surge pyroclastic
flows). They are mainly calc-alkaline and peraluminous
rhyolites, with some rhyodacitic rocks. Also Early Pa-
leozoic low-grade metamorphic rocks (MOREIRA et al.
2005) of La Modesta Formation and Cenozoic basaltic
flows occur in the region.

The mineral occurrences in LJP are represented by
Au-bearing (minor Ag) structurally controlled veins and
veinlets that extend over a strip about 12 km long and
between 500 and 1200 m wide. The veins are filled with
multiple generations of banded and brecciated quartz,
with late carbonate-replacement texture accompanied by
scarce adularia, illite and later barite. The hypogene
mineral assemblage comprises native gold, electrum,
Ag-bearing sulphosalts, pyrite, specular hematite, minor
arsenopyrite with base metal sulfides represented mainly
by sphalerite and galena, along with smaller amounts of
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Table 2. Summary of the published ages for the Chon Aike Formation. DM = Deseado Massif.

Age (Ma) Unit DM location Material Method Reference
160 =7 tuff Roca Blanca Farm whole rock K-Ar CAZENEUVE (1965)
166 =5 unknown Bahia Camarones whole rock K-Ar CREER et al. (1972)
155+ 15 ignimbrite Rio Pinturas whole rock unknown BAKER et al. (1981)
162 + 10 rhyolitic dyke Bajo La Leona whole rock unknown MARQUEZ (1981)
160 + 10 ignimbrite Bajo de San Julidn whole rock K-Ar
157 + 10 ignimbrite Bajo de San Julidn whole rock K-Ar
138 + 10 rhyolitic dyke Bajo de San Julidn whole rock K-Ar
SPALLETTI et al. (1982)
149 = 10 Lava Bajo de San Julidn whole rock K-Ar
161 = 10 ignimbrite Bajo de San Julidn whole rock K-Ar
123 + 10 ignimbrite Bajo de San Julidn whole rock K-Ar
1575 ignimbrite Bajo Grande whole rock K-Ar
HEecHEN & Homovc (1985)
153 +5 ignimbrite Bajo Grande whole rock K-Ar
123 +5 ignimbrite El Tranquilo whole rock K-Ar
DE Barrio (1989)
161 £ 11 ignimbrite Bajo Pellegrini whole rock Rb-Sr
161 £5 ignimbrite Bajo Pelegrini Farm whole rock Rb-Sr DE BARrIO (1993)
168 + 2 ignimbrite Puerto Deseado whole rock Rb-Sr PANKHURST et al. (1993)
177.6 £ 0.7 ignimbrite Puerto Deseado Sanidine Ar-Ar
ALRIC et al. (1996)
151.5 £ 0.5 ignimbrite El Recreo Sanidine Ar-Ar
1532 £ 3.6 ignimbrite La Josefina prospect Biotite K-Ar
151.5 + 3.6 ignimbrite La Josefina prospect Biotite K-Ar
ARRIBAS et al. (1996)
149.6 £ 3.5 ignimbrite La Josefina prospect Biotite K-Ar
148.8 + 3.6 lava La Josefina prospect Biotite K-Ar
171.0 = 1 ignimbrite Vanguardia Zircon U-Pb ZUBIA et al. (1999)
148 £ 2 ignimbrite central sector whole rock Rb-Sr TESSONE et al. (1999)
168.6 + 0.4 ignimbrite north central sector Sanidine Ar-Ar
153.4 £ 0.3 ignimbrite northwestern sector Sanidine Ar-Ar
1777 + 0.4 ignimbrite Puerto Deseado Sanidine Ar-Ar
177.8 + 0.4 ignimbrite Puerto Deseado Sanidine Ar-Ar
FERAUD et al. (1999)
154.6 £ 0.5 ignimbrite Zona noroccidental Sanidine Ar-Ar
151.5 £ 0.5 ignimbrite Zona noroccidental Sanidine Ar-Ar
1584 +0.3 ignimbrite near Manantial Espejo Sanidine Ar-Ar
1579 £ 0.5 ignimbrite near Manantial Espejo Sanidine Ar-Ar
168.4 = 1.6 Unknown Cabo Daifioso Zircon U-Pb
162.7 £ 1.1 Unknown San Julian Zircon U-Pb
156.2 + 1.8 Unknown Rio Pinturas Zircon U-Pb
PANKHURST et al. (2000)
169.1 £ 1.6 Unknown Puerto Deseado Feldspar Ar-Ar
156.4 £ 2.4 Unknown Rio Pinturas Feldspar Ar-Ar
177.8 + 0.8 Unknown Cabo Dafioso Feldspar Ar-Ar
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chalcopyrite and bornite. The supergene association
consists of remobilized gold, argentite, chalcocite-cov-
ellite, cerusite-anglesite and malachite-azurite. The aver-
age Au : Agratiois ~ 1 : 12.

The attributes of the veins in LJP are consistent with
the model of an epithermal gold-rich deposit associated
with quartz + calcite + adularia + illite gangue mineral
assemblages (SIMMONS et al. 2005).

Spatially, the veins are associated with hydrothermal
eruption breccias, silica sinter terraces, geyserites, car-
bonate stromatolitic deposits, and blankets of steam-
heated acid alteration, mainly to the north of the pro-
spect.

Previous geochronology

Geochronological data on the Jurassic volcanic rocks
(Chon Aike and Bajo Pobre Formation) of the Deseado
Massif (Table 1 and Table 2) show a spread of ages
between 177 and 150 Ma. The volcanic activity spanned
more than 25 My, but each eruptive event was fairly
short-lived lasting about 1 — 2 My (PANKHURST & Ra-
PELA 1995). Geochronological dates were obtained with
different methodologies (most of them K-Ar and Ar-Ar

methods in total rock samples). There are only three
published U-Pb SHRIMP dates reported by PANKHURST
et al. (2000) for Jurassic volcanic rocks from the eastern
(168.4 £ 1.6 and 162.7 = 1.1 Ma) and western (156.2 +
1.8 Ma) portions of the Deseado Massif.

A published geochronological age on Chon Aike
Formation from Manantial Espejo is 159.9 + 0.5 Ma
(SIMS U-Pb on zircon; DUBE et al. 2003). This absolute
age is close to the ages obtained by FERAUD et al. (1999)
in ignimbrites near the MEP sector (Table 1) and in-
dicates that the MEP volcanism occurred between 158.4
+ 0.3 and 159.9 = 0.5 Ma.

MOoREIRA (2005) proposed that this volcanic activity
in LJP was developed in the Upper Jurassic (Oxfordian)
and spanned ~4 My. The lower member consists of
crystal-rich, welded ignimbrite dated at 153 + 3,6 Ma
(K-Ar on biotite; ARRIBAS et al. 1996) with the youngest
units composed of rhyolitic lavas and ignimbrites dated
at 148.8 + 3.6 Ma (K-Ar on biotite).

Geochronological data on epithermal adularia and
illite from veins and hydrothermal alteration halos at
different locations support the genetic relationship be-
tween Jurassic volcanism and the epithermal mineraliza-
tion in the Deseado Massif (Table 3). The age of the

Table 3. Summary of the published ages for the Bajo Pobre Formation. DM = Deseado Massif.

Age (Ma) Unit DM location Material Method Reference
P R
175 andesite eastern sector whole rock Rb-Sr ANKHURST & RAPELA
(1995)

156.7 +2.3 andesite Bajo Pobre plagioclase Ar-Ar ALRIC et al. (1996)
164 =2 basaltic andesite unknown plagioclase Ar-Ar MERTZ et al. (1996)
173 + 8 andesite eastern sector whole rock Rb-Sr TESSONE et al. (1999)

164.1 £ 0.3 basaltic andesite Bajo Pobre whole rock Ar-Ar

160.5 + 0.5 basaltic andesite Bajo Pobre whole rock Ar-Ar

FERAUD et al. (1999)

152.8 +2.6 andesite central sector plagioclase Ar-Ar

1527+ 1.2 andesite central sector plagioclase Ar-Ar

150.6 £ 2.0 basaltic andesite Bajo Pobre biotite Ar-Ar PANKHURST et al. (2000)

150.6 + 4.1 agglomerate San Jose prospect biotite Ar-Ar

1513 £ 0.7 andesite San Jose prospect plagioclase Ar-Ar DIETRICH et al. (2005)

1444 + 1 andesite San Jose prospect plagioclase Ar-Ar

177 = 4 basaltic andesite eastern sector plagioclase Ar-Ar
Guipo et al. (2006)

1513 +34 basaltic andesite eastern sector whole rock K-Ar
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MEP mineralization was determined as 142.6 + 3.2 and
124.8 + 3 Ma (K-Ar on adularia; ARRIBAS et al., 1996)
and 134 + 5 Ma (adularia; DUBE et al. 2003). The
differences in ages between adularia and volcanic rock
samples are attributed by ECHEVESTE (2005b) to radio-
genic Ar loss during alteration. The age of the miner-
alization in LJP is not well constrained; the Rb-Sr error-
chron is 156 + 2 Ma (FERNANDEZ et al. 1999).

SHRIMP geochronology
Samples and methodology

Samples in MEP and LJP were collected to determine
the connection between the mineralization age and the
local volcanic processes. In the MEP, the sample col-
lected for the isotopic study consists of an ignimbrite
from the Chon Aike Formation called “MEI Dacitic
ignimbrite” by ECHEVESTE (2005b, Fig. 2). This unit
hosts the northern part of the Marfa vein, has a strong
hydrothermal alteration (pyritization and phyllic altera-
tion) and is the oldest Jurassic unit in the area. In the LJP,
the sample collected consists of an ignimbrite from the
Chon Aike Formation equivalent to the “Piedra Labrada
Member” defined by MoOREIRA (2005, Fig. 3). This unit
hosts the greater part of the Au-Ag epithermal quartz
vein and veinlet systems. It is considered the oldest unit
in LJP based on its stratigraphic position.

Zircons were separated from the rock at Universidade
Federal do Rio Grande do Sul (Porto Alegre, Brazil). For
each sample, about 3 kg of rock were collected for zircon
separation. Samples were crushed, milled, sieved and

166 £+ 1,24 Ma

165+ 1,15 Ma

washed to remove very fine material (clay and silt sizes).
The 60 - 250 mesh fractions were treated with heavy
liquids to remove light minerals and with magnetic
separator to concentrate the less magnetic minerals such
as zircon. Zircon was hand-picked and mounted in epoxy
resin together with the zircon standard CZ3 (564 Ma;
206pp/238U = 0.0914). The mount was polished and
carbon-coated for SEM (Scanning Electron Microscope)
study.

Back-scattered electron images (BSE) were obtained
with a JEOL6400 SEM at the Center for Microscopy and
Microanalyses at University of Western Australia.
Images of zircon (Fig. 4) are critical for identifying
internal features such as core and rims and to help avoid
areas with high common lead content (inclusions, frac-
tures, and metamict areas). These images also provide
important information on zircon morphology and inter-
nal structure which cannot be obtained from conven-
tional optical microscopy.

Zircon U-Th-Pb isotopic analyses were carried out on
the U-Pb SHRIMP (Sensitive High Resolution Ion Mi-
croprobe) at the Curtin University of Technology in
Perth (Western Australia). SMITH et al. (1998) describe
the analytical methods, and the decay constants used are
those recommended by STEIGER & JAGER (1977). The
uncertainties of individual ages are quoted at 1 o whereas
the ages at the plots are calculated at 2o level (about
95% confidence). SHRIMP data were reduced using
SQUID software (LupwiG 2003) and plots are prepared
using ISOPLOT/Ex (LupwiG 2001).

158,8 £ 1,56 Ma

Fig. 4. Back-scattered electron images of zircon crystals from the Manantial Espejo Prospect showing euhedral zoning.

The white circles show the analyzed areas.
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Table 4. Geochronological data for several mineralized epithermal rocks of the Deseado Massif. DM = Deseado Mas-

sif.
Age (Ma) Material DM location Unit Method Reference
149.5 + 3.5 e . hydrothermally altered
152.4 + 3.6 illite Co Vanguardia Vanguardia vein K-Ar
i:?g i z: illite Co Vanguardia hygrotlizrmgl.ly altt.:red K-Ar
o svaldo ez vein ARRIBAS et al. (1996)
1385 +33 adularia Co Vanguardia Natalia vein K-Ar
124.8 £ 3.0 . . . L
142.6 3.5 adularia Manantial Espejo Maria vein K-Ar
1719 + 1 zircon? Co Vanguardia hyd“’til;:r;;ﬁiy[:hered U-Pb ZUBIA et al. (1999)
150 £ 4 total rock La Josefina hydrotilllge;rir;zgiiealtered Rb-Sr FERNANDEZ et al. (1999)
153.4 = 1.46
1529 £ 2.75 adularia Co Vanguardia Osvaldo Diez vein Ar-Ar SHARPE et al. (2002)
155.1 £3.0
157 £ 1.5 adularia Co Vanguardia Osvaldo Diez vein Unknown
134 +5 adularia Manantial Espejo Maria vein Unknown
DusE et al. (2003)
hydroth lly altered
159.9 + 0.5 zircon? Manantial Espejo Y ro. er.m 2 y atere U-Pb
ignimbrite
167.9 = 1.71 adularia Martinetas Coyote vein Unknown
151.1 = 1.2 adularia San José vein Ar-Ar
1512 +0.5 adularia San José vein Ar-Ar DIETRICH et al. (2005)
152.1 £ 0.5 adularia San José vein Ar-Ar
Results The 2°°Pb/**®U analyses in LIP zircons yield dates

Zircon crystals are euhedral, have a 2 : 1 aspect ratio, and
display euhedral internal zoning commonly considered
typical of crystals precipitated from a melt. Crystal sizes
analyzed in this investigation are 80 — 150 pum.

The SHRIMP zircon U-Pb isotopic results are shown
in Table 4. The MEP dates obtained a range from ~ 156
to 168 Ma (ten spots), but two groups of data are
recognized (Fig. 5SA). The oldest one is from the central
portion of the crystals with determination values between
~ 167 and 163 Ma. The younger ones are from the edge
of the crystals and the date obtained from five spots is
158.9 + 0.5 Ma (c*: 93.8%, MSWD: 1.7 and probability
of concordance of 0.19).

between ~ 156.4 and 150.5 Ma (eight spots with an
irregular distribution). The Concordia diagram of figure
5B shows a concordant age at 152.7 + 2.3 Ma from five
spots (c* 95%, MSWD: 8.6 and probability of concor-
dance: 0.003).

Discussion and conclusions

In the MEP, the oldest ages (~ 167 and 163 Ma) are
interpreted as the crystallization age of the zircons from
the “ME1 Dacitic ignimbrite”. The age of 158.9 = 0.5
Ma found is interpreted as a later thermal event, related
to strong hydrothermal alteration. This alteration af-



36 P. Moreira et al.

0.0266 - A

0.0258 -

206
_Pb
238 -
0.0250
0.0242 .
0.15 0.17 0.19
2
207, 235

0.0252 -

208, 0.0244 - 156
238
U
- 4
0.0236 - (
' g
0.0228 | S S
0.11 013 015 0.7
207, 235,

Fig. 5. Concordia diagram A. of the Manantial Espejo Prospect, B. of the La Josefina Prospect. Ellipses drawn with 2o
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fected the analyzed sample and destroyed most of its
minerals. Although not clear from the zircon images, we
interpret the youngest age as caused by partial resetting
of the zircon crystals with Pb loss through diffusion or
recrystallization processes in the edge of grains. This
suggests that mineralization in the MEP took place 6 My
after the host rock solidification.

This interpretation of the MEP zircons being reset is
supported by some authors. For example, GEISLER et al.
(2002) showed experimentally that chemically attacking
zircon crystals results in loss of some elements on some
sectors of these crystals. Resetting of zircon ages were
indicated also by the studies of Ross et al. (2004) in the
Kanowna Belle Gold Mine vein system in Western Aus-
tralia and by HoGDHAL et al. (2001) in Paleoproterozoic
zircons of the Fennoscandic shield in Sweden.

We interpret the age of MEP adularia crystals studied
by ARRIBAS et al. (1996) and DuUBE et al. (2003) — 124.8
+ 3.0 Ma, 142.6 &+ 3.5 Ma and 134 = 5 Ma — as
minimum ages indicative of a post-mineralization ther-
mal event that led to the partial Ar radiogenic loss in the
adularia crystals.

In the LJP, U-Pb zircon age was determined from the
“Piedra Labrada” member. This date is interpreted as
zircon crystallization age (152 + 2.8 Ma) and is broadly
consistent with its position in the stratigraphic succes-
sion studied by MOREIRA (2005). The studied unit is
older than the lavas effusion of 150 Ma (ARRIBAS et
al. 1996) and is concordant with the K-Ar date (153.2
+ 3.6 Ma) obtained by these authors. MOREIRA (2005)
proposed that this volcanic activity in LJP was developed

in the Upper Jurassic (Oxfordian) and lasted ~ 4 My It is
possible that volcanism and mineralization overlapped in
the LJP, because of the presence of mineralization in the
oldest volcanic rocks and age delimitation by FERNAN-
DEZ et al. (1999).

FERAUD et al. (1999) indicated a regular decrease of
ages (“’Ar/*° Ar method) in the Deseado Massif from the
ENE (187 Ma) to the WSW (144 Ma) along a distance of
about 650 km and apparently related to the tectonic
structure in half-grabens oriented in NNW - SSE direc-
tion. PANKHURST et al. (2000) proposed that the Jurassic
volcanism in Patagonia and Antarctic Peninsula spanned
more than 30 My, but defined three episodes on the basis
on peak activity: V1 (188 — 178 Ma), V2 (172 — 162 Ma)
and V3 (157 - 153).

ALRIC et al. (1996), FERAUD et al. (1999) and PANK-
HURST et al. (2000) assumed that volcanic activity
migrated from east to west and from north to south with
time. However, PANZA & HALLER (2002) noted that such
migration should be analysed with caution due to the
complexity of the sample location within the strati-
graphic column of Jurassic volcanism and that more data
were needed to better constrain such an interpretation. In
the same way, GuIDO et al. (2004) interpreted the ten-
dency to yield younger ages to the west in the Deseado
Massif as a consequence of a deeper structural level of
exposure in the eastern part of this geological province.

The U-Pb SHRIMP dates of zircon from Jurassic
ignimbrites that we report delimit the ages of the oldest
felsic volcanism in MEP and LJP. The U-Pb crystal-
lization ages obtained in the MEP are older than ex-
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Table 5. U-Pb SHRIMP data for zircon from the Manantial Espejo (MEP) and La Josefina Prospects (LJP).

Isotopic ratios Ages [Ma]
U Th ™ | 2pp | £206 206pp, 207py, 207py, 206p, 207py, Conc.
Spot [pp- | [pp- U (ppml (%] 2385 2355 206pp, 2385 206p, (%]

m] m]
MEP sample
1 280 169 | 0.62 6.0 0.00 0.0251 = 0.95 0.1775 = 2.74 0.0513 £ 2.6 1598 £ 1.5 253 + 59 37
2 468 142 | 0.31 10.4 0.00 0.0258 + 0.48 0.1803 = 2.29 0.0507 + 1.2 164.3 £ 0.8 226 =27 27
3 332 178 | 0.56 7.2 0.12 0.0254 + 0.58 0.1698 = 1.26 0.0486 + 2.2 161.5 £ 0.9 127 + 52 -28
c.32-2 338 128 | 0.39 7.3 0.13 0.0250 + 0.36 0.1647 = 1.93 0.0478 + 1.9 159.1 £ 0.6 89 + 45 -78
c.29-1 320 167 | 0.54 7.3 0.28 0.0265 + 0.41 0.1739 = 2.76 0.0476 + 2.7 168.5 = 0.7 81 + 65 -107
c.28-1 241 70 0.30 5.2 0.12 0.0252 + 0.91 0.1674 = 2.72 0.0482 + 2.6 160.2 = 1.4 111 £ 61 -44
c.28-2 140 36 | 0.27 3.1 0.00 0.0262 + 0.59 0.1867 = 2.20 0.0517 = 2.1 166.7 £ 1.0 272 + 49 39
c.24-1 226 89 | 0.41 5.1 0.00 0.0263 + 0.65 0.1877 = 3.13 0.0517 = 3.1 167.5 = 1.1 273 £ 70 39
c.37-1 355 168 | 0.49 7.7 0.09 0.0253 + 0.34 0.1688 = 1.81 0.0484 + 1.8 160.9 = 0.5 121 £ 42 -33
LJP sample
d.2-2 132 52| 0.44 2.7 0.52 0.0245 + 1.01 0.1446 = 6.47 0.0428 + 6.39 156.2 + 1.6 -181 = 60 186
d.2-1 80 31 0.58 1.7 0.01 0.2963 + 0.48 4.5700 = 0.70 0.1119 = 0.51 1673.0 £ 7.0 1830 = 173 9
d.2b-1 68 25 0.38 14 0.00 0.0241 £ 0.85 0.1581 = 7.34 0.0477 £ 7.29 1533+ 1.3 83+9 -85
d.3-1 124 48 | 0.40 2.6 0.21 0.0239 + 0.88 0.1591 = 7.64 0.0482 + 7.59 1525+ 1.3 110 = 179 -39
d.4-1 136 57 | 0.89 2.9 0.03 0.0249 + 0.66 0.1675 = 2.57 0.0488 + 2.49 1585+ 1.0 139 + 58 -14
d.4b-1 244 113 0.48 5.2 0.37 0.0246 + 0.45 0.1581 = 3.71 0.0467 + 3.68 156.4 £ 0.7 35 + 88 -352
d.4c-1 363 315 0.57 7.8 0.00 0.0252 + 0.57 0.1729 = 2.86 0.0498 + 2.81 160.1 + 0.9 188 + 65 15
d.7-1 158 88 [ 0.40 34 0.96 0.0242 + 1.13 0.1407 + 8.26 0.0421 + 8.18 1545+ 1.7 =222 + 206 170
d.6-1 101 35 0.36 4.3 0.14 0.0496 + 0.58 0.3589 + 2.89 0.0524 +2.83 3124 £ 1.8 304 + 65 -3
d.8-1 117 65 0.41 29.8 0.86 0.0236 = 1.05 0.1401 = 10.21 0.0430 = 10.15 150.5 + 1.6 -167 + 253 190

Uncertainties are 1o. Isotopic ratios errors are %
All Pb in ratios are radiogenic component.
Conc. = concordance, as 100 {t [*°°Pb/***U] / t [**"Pb/**°Pb]}

206 = (common 2°°Pb) / (total measured 2°°Pb) based on measured 2**Pb or 2°*Pb.

pected following the volcanic migration proposed by
FErRAUD et al. (1999) and PANKHURST et al. (2000) but
in LJP the age is concordant.

The apparent difference in the ages determined in the
MEP is interpreted in two ways. First, the “°Ar/*°Ar ages
obtained by FERAUD et al. (1999) may be minimum ages
because the dated rocks may be hydrothermally altered.
In this way, PANKHURST et al. (2000) proposed that the
“OAr/*Ar method in feldspar of the Deseado Massif is
not reliable because of two reasons, the radiogenic Ar
loss by hydrothermal alteration and the initial “’Ar ex-
cess.

Another interpretation is that FERAUD et al. (1999)
dated one of the younger ignimbrites that are predomi-
nant in the MEP area whereas in this work we studied the
oldest Jurassic unit that has an areal distribution smaller

than the other Jurassic acid volcanism manifestations.
The precise location of the samples dated by FERAUD et
al. (1999) is not known so we are unable to make more
precise interpretations. Considering all evidence, we
now know that the acid volcanic activity in the MEP
started between ~ 167 and 163 Ma (this work) and
continued up to ~ 1579 = 0.5 Ma (FEraUD et al.
1999), with a main hydrothermal event at 158.9 + 0.5
Ma (this work).

The MEP and LJP Jurassic volcanic and hydrothermal
evolution corresponds to the V3 episode defined by
PANKHURST et al. (2000). The MEP period is in agree-
ment with the older limit of this episode while the LIP is
near the youngest one.

Different explosive volcanic events were registered in
the Chon Aike Formation of the Deseado Massif. The
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detailed geological studies allow the qualified interpreta-
tion of the geochronological ages in the considered areas
and their relationship with the gold-silver mineralization.
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