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The Sierras Pampeanas orogen, in northwestern Argentina, hosts significant Sn—-W mineralization in a variety
of mostly epizonal granite stocks emplaced in variably metamorphosed country rocks. The San Blas, Huaco
and El Durazno granite stocks in the Sierra de Velasco, the La Quebrada granite in the Sierra de Mazan, the
Cerro Colorado granite in the Cerro Negro, and the Los Mudaderos and Sauce Guacho granite stocks in the
Sierra de Ancasti, are largely peraluminous (ASI between 1.05 and 1.38) and represent S-type granites, are
strongly fractionated (i.e., high Rb-Sr ratio), have a low oxidation state (low Fe,03/Fe,03 ratio) and are geo-
tectonically linked to syncollisional magmatism. The U-Pb SHRIMP analyses on zircons from the Cerro
Colorado and La Quebrada granites, located in the Cerro Negro and Sierra de Mazan, respectively, revealed
ages from Lower Ordovician (Tremadocian) to Carboniferous. All granites display elevated LREE values, low
HREE values and negative Eu anomalies. With regards to total REE values, two groups of granite stocks can
be recognized. The granites with lower REE contents are highly evolved granites and are related to Sn-W
mineralization. The mineralized granites display higher values of Sn, W and Rb, and lower values of Sr and
Ba compared to barren granites. These trace element characteristics appear to be diagnostic for Sn-W miner-
alized granite stocks in the western Sierras Pampeanas. The western Sierras Pampeanas contains locally geo-
chemically evolved Carboniferous granites, which are interpreted to be the main control of significant Sn-W
mineralization. The Carboniferous age of western Sierras Pampeanas Sn-W mineralization sets it apart from
the Triassic age of the Sn—-W mineralization in the Eastern Tin belt of Bolivia.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

The relationship between granitic rocks and Sn-W mineralization
is well known and numerous authors have referred to evolved gran-
ites that are associated with this type of mineralization (Kempe and
Wolf, 2006; Linnen, 1998; Olade, 1980; Srivastava and Sinha, 1997;
Tauson and Kozlov, 1973; Vriend et al., 1985; Xie et al., 2009). This
type of mineralization is particularly related to S- and A-type granite
intrusions, which are emplaced at shallow crustal levels, associated
with peralkaline to peraluminous magmas (Tischendorf, 1977).
These granites are enriched in F, B, Li and Rb, and contain typical min-
erals such as fluorite, topaz and Li-bearing mica (Pollard et al., 1987).

In Argentina, Sn-W mineralization has been described from vari-
ous Carboniferous granites in the Sierras Pampeanas orogen (Fig. 1)
such as Sierra de Velasco (Baez, 2006), Sierra de Mazan (Fogliata
and Baez, 2008) and Sierra de Fiambala (Fogliata et al., 2008). Despite
these numerous and detailed descriptions of Sn-W deposits and old
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workings, there is a distinctive dearth in geochemical characteriza-
tion, particularly rare earth element (REE) analyses, of granites host-
ing Sn-W mineralization.

The objective of this paper is the geochemical characterization and
U-Pb isotopic age dating of the granites associated with Sn-W miner-
alization in the western Sierras Pampeanas in order to constrain the:
(1) geochemical trends; (2) crystallization age; (3) fertility with re-
spect to Sn and W mineralization; and (4) whole rock major element,
trace element and REE characteristics (pathfinder elements) for fer-
tile Sn-W granitoid stocks. In combination, the petrological-
geochemical characterization and age dating of the granites provide
a geological framework of the Sn-W mineral system in the Sierras
Pampeanas, which can be used for exploration of these metals.

2. Regional geological setting

The Sierras de Velasco, Cerro Negro and Ancasti are located in the
Sierras Pampeanas (Fig. 1), which are defined by Gonzalez Bonorino
(1950) as mountain blocks that are elevated over reverse faults.
They are located in the central batholith zone (Toselli and Rossi de
Toselli, 1986), which corresponds to the western Sierras Pampeanas



A.S. Fogliata et al. / Ore Geology Reviews 45 (2012) 16-32

69° -68° -66° -B5°
27
FoY 9
A
. L_;;’ T
/ y
-30° JD ¥y
\ ( N
i -
p
\ —
-40° | o
] | Argentina2
so B o,
J [ &
et /@Amb  ®Catamarca
¥
®
v
@ w
La Rioja
0 50
I 00
F30°
Mountain Ranges g&‘ﬁ?ﬁﬁ - Lower Carboniferous
D> Vel Fiambal . L
il i - Ordovician I-type granitoids
Mazén @Emb Ambato
TR Cermo Negro € Famatina Ordovician S-type granitoids
i il 7] Ordovician metasedimentar
@t G sa,m"fias and metavolcanic rocks 4
CEeaw |:| Cambrian - Ordovician
metamorphic basement

Fig. 1. Regional geological map of the western Sierras Pampeanas showing locations of major mountain ranges and granitoid.

Modified after Grosse et al. (2009).

(Ramos, 1999) and are characterized by a significant volume of gra-
nitic intrusions and metamorphic rocks. The basement of the western
Sierras Pampenas corresponds to an Eopaleozoic orogen which, con-
sists of Ordovician metamorphic rocks and migmatites and contains
a series of Cambrian to Middle-Ordovician intrusive rocks varying
from tholeiitic gabbros to granites. These intrusive rocks are associat-
ed with subduction that culminated in the Upper Ordovician to Lower
Devonian (Ramos, 1999). During the Lower Carboniferous, post-
orogenic granites were emplaced. The internal structures of the
crystalline basement are complex and consist of products of the
different cycles of deformation, metamorphism and magmatic
events (Ramos, 1999). The basement is partly covered with conti-
nental sedimentary rocks of Carboniferous, Permian and Tertiary
age (Ramos, 1999).

2.1. Geology of the Sierra de Velasco

The Sierra de Velasco (Fig. 1) is located in the northwest of the La
Rioja city and is composed of mainly granitoids with different crustal
levels of emplacement, deformation, chemical composition and age of
crystallization. The granitoids have contrasting age dates, which vary
between Lower Ordovician and Lower Carboniferous. In the eastern
part of the Sierras de Velasco, low-grade metamorphic rocks are ex-
posed, which can be correlated with the La Cébila Formation
(Gonzalez Bonorino, 1951), and have recently been dated using ma-
rine fossils (Verdecchia et al., 2007) to be Lower Ordovician in age.

The Sierra de Velasco was affected by dynamic metamorphism
that resulted in subvertical units, which formed a deformation zone.
The western part of the Sierra de Velasco is composed of variably de-
formed granitoids, whereas the central and northern sectors consist
of predominantly undeformed syenite, monzogranite and two-mica
porphyry granite (Baez et al., 2005). In the south, granodiorites and
tonalites with biotite, hornblende and titanite indicate a different
genesis compared to granitoids in the other parts of the mountain
chain (Bellos et al., 2002). In the extreme north and in the central sec-
tor of the Sierra de Velasco, the undeformed San Blas, El Durazno and
Huaco granite stocks are exposed (Figs. 2 and 3). Sedimentary rocks
are sparsely represented in the Sierra de Velasco. In the central and
southern sector, sedimentary rocks appear to be arenites of the
Upper Carboniferous Libertad Formation and the Permian Sauces
and Prudencia Formations (Amos and Zardini, 1962). The Tertiary is
exposed in the north in the Salicas Formation and alluvial sediments
of Quaternary age.

2.2. Geology of the Sierra de Mazdn

The Sierra de Mazan is a nearly north-south oriented mountain
belt in the northeastern part of the La Rioja city (Figs. 1 and 4).
The oldest rocks correspond to the La Cebila Formation (Gonzalez
Bonorino, 1951), which consist of quartz-muscovite phyllites strik-
ing predominantly northwest-southeast and dipping 50° to 55°
northeast (or southwest), and outcropping mainly in the south
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Fig. 2. Geological location map of the northern part of the Sierra de Velasco.

Modified after Baez (2006).

and west of the mountains. These rocks were intruded by the Mazan
granite (Fogliata and Avila, 1997) of Ordovician-Silurian age
(Stipanicic and Linares, 1975), which in the south is bordered by a
mylonitic belt (Toselli and Toselli, 1990). The Mazan granite is a
large porphyry hosting Sn-W deposits (Fig. 4). The inequigranular
La Quebrada granite (Fogliata and Avila, 1997) intruded the Mazin
granite (Fig. 4). In addition, vein-shaped pegmatites and aplite,
granite, and quartz-granite dikes are observed (Fogliata, 1999).
The Cenozoic corresponds to arenites of the Tertiary Salicas Forma-
tion and sedimentary rocks of the Quaternary Coneta Formation.
The latter are composed of Lower Holocene fluvial and Upper Holo-
cene eolian sediments.

2.3. Geology of the Cerro Negro

This mountain chain is located in the southeast of the Catamarca
province and composed of Paleozoic crystalline basement (Fig. 5).

The northern part is characterized by deformed tonalites, whereas
in the south an undeformed calc-alkaline granite stock is exposed.
This stock is in contact with tonalites of the Cerro Colorado
(Martinez, 1978). The overlying units consist of clastic continental
sedimentary rocks of the Pliocene Salicas Formation and the Pleisto-
cene Las Cumbres Formation (Bossi et al., 1996). Modern sediments
include alluvial fans and Eolian deposits.

2.4. Geology of the Sierra Ancasti

The Sierra Ancasti is located in the southeastern part of the
Catamarca province (Fig. 1). It is elongated in a southern direction,
is asymmetrical with gently dipping eastern and steeply dipping
western parts. The oldest rocks are part of the Ancasti Formation,
which correlate with the Early Ordovician La Cébila Formation.
These Formations are composed of fine bands of mica schist and felsic
calc-silicates. Tonalites and granodiorites are Late Carboniferous
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Modified after Sardi (2005).

stocks intruding into the metamorphic country rocks (Fig. 6). Other
juvenile late tectonic plutons consist of tonalities, biotite granodiorites
and biotite-muscovite-garnet bearing granites, which appear to be
emplaced as discordant bodies. The last expression of plutonic activity
is the emplacement of pegmatites containing muscovite, spodumene,
beryl and tourmaline. The Late Paleozoic is represented by acid volcanic
rocks, Carboniferous tuff and basalts, and Permian continental arenites
deposited unconformably over the crystalline basement. The oldest
Quaternary sedimentary rocks consist of fanglomerates and arenites de-
posited unconformably at the foot of the mountain chain.

3. Granitoid-associated Sn-W mineralization in the
Sierras Pampeanas

Significant Sn-W mineralization in the Sierras Pampeanas is asso-
ciated with post-orogenic Carboniferous granitoids (Fig. 1). The most
important Sn-W regions (Fig. 1) include those that are subjects of this
investigation. The Sn-W mineralization in the Sierras de Mazan has
been studied in detail by Fogliata (1999), Fogliata et al. (1998) and
Fogliata and Avila (2001) and, therefore, only a brief summary is pro-
vided here. The Sn-W mineralizations in the Sierras de Velasco,
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Ancasti and Cerro Negro are less known and only partial descriptions
of the geology of abundant mines are available. Currently, there is
only limited exploration for and exploitation of Sn and W in the Si-
erras Pampeanas.

3.1. The San Blas, Huaco and El Durazno granitoids in the Sierra de
Velasco

The high-level, post-tectonic San Blas granite stock is exposed in
the northern part of the Sierras de Velasco (Fig. 2) and dated
33445 Ma (conventional U-Pb on zircons; Baez et al., 2004) and
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34043 Ma (U-Pb SHRIMP on zircons; Dahlquist et al., 2006). The
central zone of the granite stock was investigated in an area called
Casa Pintada (Fig. 2). The yellow syeno-monzogranite at Casa Pintada
has a porphyritic texture and is composed of quartz, megacrystals of
perthitic microcline, plagioclase, biotite, zircon, titanite and fluorite.
It contains miaroles of 6 to 8 cm in diameter filled with quartz and
tourmaline. An approximately 100 m wide corridor contains abun-
dant aplitic veins (0.4 to 0.5m in width), which are composed of



A.S. Fogliata et al. / Ore Geology Reviews 45 (2012) 16-32 21

Z,

San Fernando
del Valle de
Catamarca

PRECAMBRIAN -
EOCAMBRIAN

Ancasti Formation

QUATERNARY | | Sandstone and limestone
P

A

L

E

Sauce Guacho and

g CARBONIFEROUS El Mudadero granites

[0}

|

C

i -\ Foliation

}(' [@D] Fluorite deposit
4 Fault with dip direction
\\ Strike-slip fault

Fig. 6. Geological map of the Sierra de Ancasti.
Modified after Toselli et al. (1983).

quartz, plagioclase, potassic feldspar (microcline) and apatite. Selec-
tive and pervasive hydrothermal alteration in the central zone of
the San Blas granite is characterized by chlorite-biotite-tourmaline.
Chlorite replaced the igneous biotite. Multiple veinlets contain anhe-
dral biotite and tourmaline which overprint the igneous minerals.

In the northern zone of the Sierra Velasco, where the San Blas gran-
ite is exposed, Cravero (1983) described an alluvial Sn deposit with
detrital cassiterite in the Casa Pintada area and a quartz-muscovite-
tourmaline vein with 6% Sn. In the same area, Cravero (1983) described
a north-south striking and subvertical dipping, approximately 0.90 m
wide quartz-tourmaline vein with disseminated hematite crystals
and pockets of cassiterite with up to 250 ppm Sn.

The undeformed, subrounded El Durazno granite stock is located
southeast of the San Blas granite (Fig. 2), has a surface area of 8 km?
and intruded into deformed Ordovician Antinaco orthogneiss. It is a
white syeno-monzogranite, displaying an equigranular texture and

is composed of quartz, potassic feldspar, plagioclase, biotite, apatite
and zircon. The granite has subcircular black clusters (up to 4 cm)
of biotite and iron oxides. At the northern border of the El Durazno
granite, wolframite was exploited in the 1940's from quartz veins
hosted in the metamorphic orthogneiss. The roughly 0.25 m wide
veins are located in an irregular corridor, strike approximately
north-south and have a thickness of <0.25 m. The hydrothermal al-
teration is characterized by quartz veins containing thin lamellae of
muscovite.

The undeformed, post-tectonic Huaco syeno- to monzogranite
stock (Grosse and Sardi, 2005) is a semi-ellipsoid stock in the central
sector of the Sierras de Velasco (Fig. 3). It is dated 35045 Ma and
358 +5Ma (conventional U-Pb on monazites) and 35444 Ma
(LA-ICP-MS U-Pb on zircons) by Grosse et al. (2009) and Séllner et
al. (2007), respectively. The Huaco stock intruded into metamorphic
rocks of the La Cebila Formation in the east and southeast and into
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variably deformed Ordovician granitoids in the west. The Huaco gran-
ite has a porphyritic texture with megacrystals of perthitic microcline,
up to 12 cm in length, and is composed of quartz, microcline, plagio-
clase, biotite, muscovite, apatite and zircon. It contains genetically re-
lated zoned pegmatites with pockets of beryl (Sardi, 2005). The
closed underground Las Diaguitas W mine contains a lode that strikes
north-northwest and is composed of quartz, wolframite (with 71.5%
of WOs3), tourmaline, molybdenite, magnetite, pyrite, bismuth and
traces of chalcopyrite (De Alba, 1979). Wolframite occurs as idiomor-
phic to subidiomorphic crystals. It is associated with quartz and idio-
morphic garnets.

3.2. The La Quebrada granitoid in the Sierra de Mazdn

The main outcrops of the post-tectonic, epizonal La Quebrada gran-
ite stock are located in the northern and south-eastern part of the Sier-
ra de Mazan (Fig. 4). The pink to white-yellow, medium to fine grained
granite stock has a monzogranitic composition and displays granular

texture. It intruded the Mazan porphyritic granite. The La Quebrada
granite is composed of quartz, microcline, plagioclase (albite), musco-
vite, apatite, zircon, tourmaline, monazite and locally andalusite, and
opaque minerals such as pyrite and arsenopyrite (Fogliata, 1999). La
Quebrada granite has pegmatite veins with large crystals of tourmaline
in the entire zone of the Estacion Vieja (Fig. 4). In the Sierra de Mazan,
the granite-related mineralization consists of greisen type Sn-W
deposits. Fogliata and Avila (2001) define two types of greisens:
quartz-muscovite-tourmaline and muscovite—quartz-topaz—
tourmaline. These Sn-W deposits are vein-hosted, for example the La
Descubridora (Sn) and Yanacoya (W) deposits. The Perseverancia
(W) deposit contains veinlets within the greisens. The cassiterite and
wolframite mineralization is disseminated and accompanied by schee-
lite, chalcopyrite, arsenopyrite, pyrite, sphalerite, ilemite-rutile, hema-
tite, scorodite and gypsum (Fogliata and Avila, 2001). The
hydrothermal alteration related to the greisen is principally observed
in the porphyritic Mazan granites, which host the Sn-W deposits,
and occurs as bands at the contact with the La Quebrada granite and

Fig. 7. Photomicrographs of selected samples of unaltered Carboniferous granites from the western Sierras Pampeanas which were used for petrographic and geochemical analyses.
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the quartz veins. The intense and pervasive alteration completely
masks the original texture of the Mazan granite.

3.3. The Cerro Colorado granitoid in the Cerro Negro

The Cerro Colorado granite is located in the south of the Cerro
Negro, at the western side of the Rio Salado. Its northern limit is
in contact with the basement, which it intrudes (Fig. 5). The pink
colored rock is a porphyritic syenogranite (Martinez, 1978) con-
taining microcline phenocrysts and a matrix of quartz, microcline,
plagioclase (oligoclase), biotite, and in minor proportions musco-
vite, sericite, apatite, zircon and various disseminated opaque min-
erals. This granite also contains pegmatites and aplite dikes.
Hydrothermal alteration consists of chlorite and sericite. The chlo-
rite is locally replaced by sericite. Five abandoned W mines are lo-
cated in the western part of the Cerro Negro. The main ore
minerals - scheelite and wolframite - and traces of native gold,
pyrite and chalcopyrite are disseminated in approximately NNE-
striking quartz-tourmaline-feldspar veins.

3.4. The Sauce Guacho and Mudadero granitoids in the Sierras Ancasti

The oval Sauce Guacho granite stock (Fig. 6) is about 10 km long, ap-
proximately NE-SW shaped, and is exposed in the northeast of the
Sierra de Ancasti (Fig. 6). The granite is tentatively dated at
334+ 11 Ma (whole rock by Rb-Sr; Kniiver, 1983) and intruded into
metamorphic rocks of the Ancasti Formation (Toselli et al., 1983). The
pink syeno- to monzogranite is medium to coarse grained, varies from
inequigranular to porphyritic texture and contains quartz, microcline,
plagioclase (oligoclase), muscovite, and minor quantities of biotite, gar-
net and opaque minerals. In the granite, pervasive hydrothermal alter-
ation consists of sericite-chlorite-fluorite, which selectively replaced
feldspars and micas, and veinlets of fluorite and quartz. The Sauce
Guacho granite is exposed at the abandoned Dal mine, which is charac-
terized by a hydrothermal fluorite and quartz vein.

The Mudadero granite is exposed southeast from the Sauce
Guacho granite (Fig. 6) and is tentatively dated at 373 4+ 10 Ma (bio-
tites by Rb-Sr; Kniiver, 1983). The suboval syenogranite stock strikes
NW-SE (Toselli et al., 1983). The reddish granite displays locally a
porphyritic texture with two distinct aplitic and granular facies

Table 1

Whole rock major oxide analyses (in wt.%) of selected samples from granite stocks in the Sierras Pampenas orogen, northwestern Argentina.
Sample Si0, AL,03 Fe,05 FeO MgO Cao Na,0 K0 TiO, MnO P,0s LOI Total
Detect. Limit 0.50 0.03 0.10 0.10 0.02 0.01 0.04 0.005 0.004 0.004 0.002
El Durazno granite stock (Sierra de Velasco)
ED5 75.88 13.92 0.76 0.48 0.05 0.33 3.54 445 0.05 0.13 0.27 0.63 100.50
ED6 73.49 15.45 0.82 0.52 0.02 0.50 547 2.51 0.03 0.16 0.35 0.44 99.75
ED7 74.16 14.79 0.66 0.25 0.01 0.32 4.75 3.73 0.02 0.23 0.26 0.49 99.67
ED9 73.95 15.19 0.76 0.57 0.01 0.42 430 4,09 0.03 0.08 033 0.40 100.12
ED10 74.58 14.85 0.59 0.29 0.01 0.43 4.46 3.86 0.02 0.11 0.31 0.52 100.03
La Quebrada granite stock (Sierra de Mazdn)
SM13 75.76 14.67 1.00 0.07 0.40 5.48 230 0.05 0.06 0.37 0.42 100.56
SM15 75.33 14.48 0.79 0.40 0.05 0.34 4.40 3.76 0.05 0.04 0.29 0.52 100.45
SM103 74.37 14.71 145 na 0.01 0.33 4.36 3.87 0.06 0.04 0.26 0.50 99.96
Mazdn barren granite stock (Sierra de Mazdn)
M18 68.66 15.73 4.78 na 1.78 0.97 223 4.26 0.68 0.09 0.19 1.48 100.86
Cerro Colorado granite stock (Cerro Negro)
CN19 7242 14.59 237 1.56 0.59 1.22 295 5.28 0.42 0.06 0.31 0.89 102.67
Mudadero granite stock (Sierra de Ancasti)
23 75.58 13.71 0.78 037 0.14 0.44 3.10 5.50 0.09 0.05 0.28 0.65 100.69
26 75.45 14.51 0.85 0.40 0.19 0.41 3.64 434 0.10 0.07 0.28 0.96 101.20
27 75.18 14.35 0.95 0.12 0.18 0.51 332 4.54 0.11 0.07 0.37 0.99 100.70
Mudadero granite, granular facies (Sierra de Ancasti)
24 71.56 14.65 2.38 1.42 0.67 1.16 3.03 5.03 0.46 0.09 0.38 0.76 101.59
25 73.28 14.32 2.07 0.92 0.53 091 3.27 4.67 0.38 0.06 0.29 0.83 101.52
Sauce Guacho granite stock (Sierra de Ancasti)
1 76.19 13.40 0.86 0.21 0.15 0.32 3.15 5.17 0.15 0.02 0.19 0.58 100.39
31 75.96 13.68 0.84 0.28 0.17 0.30 3.03 5.34 0.12 0.03 0.21 0.68 100.63
32 75.04 14.15 1.00 033 0.18 0.47 3.22 5.29 0.14 0.03 0.24 0.77 100.85
San Blas granite stock (Sierra de Velasco)
SB104 74.50 11.80 2.75 na 0.04 0.80 2.99 5.24 0.13 0.04 0.02 1.70 100.01
SB105 76.66 13.28 1.70 na 0.22 0.69 5.03 1.72 0.28 0.02 0.25 0.10 99.95
San Blas barren granite (porphyritic facies) stock (Sierra de Velasco)
SBP 6521 68.44 15.20 4,03 na 1.52 2.78 2.74 3.68 0.51 0.08 0.19 1.27 100.44
Huaco granite stock (Sierra de Velasco)
H6587 73.94 13.22 2.57 na 0.24 0.88 2.88 5.32 0.23 0.07 0.15 0.98 100.48
H6590 73.99 12.81 2.28 na 0.30 091 2.79 491 0.22 0.04 0.22 0.96 99.43

Abbreviations: bdl =below detection limit; na=not analyzed.



24 A.S. Fogliata et al. / Ore Geology Reviews 45 (2012) 16-32

documented. Igneous minerals in the granite include quartz, perthitic
microcline, plagioclase, biotite, muscovite, zircon, apatite and euhe-
dral opaques. The hydrothermal alteration minerals are kaolinite—
sericite and sericite-chlorite, which replaced the igneous micas and
feldspars. The Mudaderos granite is associated with various fluorite
mines displaying similar characteristics as the Dal mine.

4. Granitoid geochemistry
4.1. Sample selection

A total of 23 granite samples were collected from outcrops in
the western Sierras Pampeanas and were geochemically analyzed.
The granite samples are from the Sierra de Velasco (San Blas, El
Durazno and Huaco granite stocks), Sierra de Mazan (La Quebrada
granite stock), Cerro Negro (Cerro Colorado stock) and Sierra de
Ancasti (Mudadero and Sauce Guacho stocks). For petrography
and geochemical analyses, care was taken to select granite samples
that were devoid of hydrothermal alteration and deformation

(Fig. 7).

4.2. Geochemical analyses

The samples were crushed with a steel jaw crusher at the Univer-
sity of Tucuman to a size of 1 to 2 cm. Crushed rock samples were
milled and analyzed for major and trace elements at the Department
of Earth Sciences Royal Holloway (DESRH) University of London
(England) and for REEs at the Acme laboratory at Vancouver
(Canada). Major oxides and trace elements were analyzed with
X-ray fluorescence (XRF) spectrometry in wt.% and ppm, respectively.
Major oxides were analyzed on fusion beads using flux with La,;03
heavy absorber and calculated on a volatile free basis. Trace elements
were analyzed on pressed pellets and calculated on a ‘wet’ basis. The
accuracy of major oxides analysis for the international granite stan-
dard MAN lies within typical uncertainty of the XRF data except
P,05 (see Thirlwall et al., 1997 for information on this standard).
The precision (two standard deviations (20)) of major oxide analysis
of six laboratory replicates was within 0.10 wt.%. The accuracy of
trace element analysis for the international standard NIM-G lies with-
in typical uncertainty of the ICP-MS data (see Thirlwall et al., 1997 for
information on this standard). The precision (20) of trace element
analysis of six laboratory replicates was within 3 ppm, except Ba

Table 2
Trace element analyses (in ppm) of selected samples from granite stocks in the Sierras Pampeanas orogen, northwestern Argentina.

Sample Ba Cr Cs Ga Ge Li Nb Pb Rb
ppm ppm ppm ppm ppm ppm ppm ppm ppm

Detection limit 2 1 4 2 1 0.5 0.6 0.8 0.8

El Durazno granite stock (Sierra de Velasco)

ED5 30 3 19 23 3 124 35 13 636

ED6 28 12 bdl 20 7 277 51 13 468

ED7 29 7 4 22 5 483 41 10 782

ED9 16 8 21 22 6 421 27 10 831

ED10 10 3 6 26 4 240 29 12 790

La Quebrada granite stock (Sierra de Mazdn)

SM13 7 2 196 22 5 na 19 5 521

SM15 9 35 58 23 4 137 21 7 524

SM103 3 na 52 23 na na 20 na 511

Mazdn barren granite (Sierra de Mazdn)

SM18 455 58 16 20 2 48 16 21 193

Cerro Colorado granite stock (Cerro Negro)

CN19 288 8 25 22 2 131 23 29 334

Mudadero granite stock (Sierra de Ancasti)

23 65 22 25 23 2 117 29 26 499

26 15 3 16 27 2 99 38 14 627

27 41 27 17 27 2 102 41 12 642

Mudadero granite, granular facies (Sierra de Ancasti)

24 327 27 45 23 2 181 25 28 437

25 235 38 33 23 2 149 24 25 399

Sauce Guacho granite stock (Sierra de Ancasti)

1 136 2 14 19 2 85 18 25 437

31 75 27 16 21 2 114 26 21 475

32 96 29 12 22 2 89 25 24 444

San Blas granite (Sierra de Velasco)

SB104 53 na bdl 27 na na 75 na 548

SB105 39 na 19 19 na na 31 na 261

San Blas barren granite (Sierra de Velasco)

SBP6521 241 35 7 16 na na 15 20 174

Huaco granite stock (Sierra de Velasco)

H6587 185 na 37 24 na na 45 na 457

H6590 181 na 21 20 na na 30 na 343

Sn Sr Th Tl §) \Y Y Zn Zr Au W
Ppm_ ppm  ppm  ppm  ppm . ppm . ppm . ppm . ppm  ppb  ppm
3 2 1.5 0.8 1 3 0.6 0.8 1.5 1 0.5
9 9 5 3 2 6 7 38 17 5 424
5 77 8 3 3 6 4 91 16 29 6.6
4 49 5 4 5 15 6 56 18 10 4.7
5 31 5 5 3 6 7 39 12 3 2.8
32 23 2 4 6 6 5 60 14 1 54
49 12 bdl 2 2 12 9 59 14 na 7.7
40 12 bdl 3 14 7 7 45 19 8 10.0
41 16 2 bdl 2 bdl 4  na 14 na 10.9
7 95 12 bdl 3 77 27 69 164  bdl  bdl
9 72 24 2 5 32 24 64 163  bdl 43
5 30 4 3 2 12 13 20 30 4 13.5
5 15 4 4 3 13 12 184 37 bdl 315
8 25 5 3 2 15 14 282 37 6 17.0
7 100 39 3 4 43 21 86 194 2 4.0
7 91 27 2 3 38 21 71 154 bdl 119
bdl 46 7 2 12 13 9 24 46 bdl 6.8
6 34 6 3 1.1 10 10 37 39  bdl 158
5 42 6 2 2 20 12 28 47 4 25.6
13 16 58 1.0 11 bdl 105 na 218 na 6.5
177 20 37 bdl 4 9 24  na 212 na 9.6
4 91 11 12 2 67 26 55 134 na 5.8
19 46 45 3 16 8 65 na 221 na 6.4
12 48 29 3 10 11 38 na 181 na 34

Abbreviations: bdl = below detection limit; na=not analyzed.
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(6 ppm), Cr (13 ppm) and Ni (3.7 ppm). The samples for REE analyses
were fused in graphite crucible at 950 °C before they were analyzed in
an inductively coupled plasma mass spectrometry (ICP-MS) using a
Perkin Elmer Elan 5000 instrument. The accuracy of REE analysis for
the international standard NIM-G lies within typical uncertainty of
the ICP-MS data. The precision (20) of REE analysis of a laboratory
replicate was within 15%, except Eu (32%), Gd (25%), Yb (16%) and
Lu (43%). Detection limits for major oxide, trace elements and REEs
are provided in Tables 1, 2 and 3, respectively.

The major oxide FeO was determined (in wt.%) using the volumet-
ric titration method at Ultra Trace Pty. Ltd. in Perth. Precision of a re-
peat sample was within 14% relative error. Gold, Pt, Pg (in ppb) and Li
(in ppm) were also analyzed at Ultra Trace Pty. Ltd. Gold, Pt and Pd
were analyzed by firing and cupellation of a 40 g portion of a sample
following the fire assay process. The noble metal prills we parted with
nitric acid, dissolved in aqua regia and diluted for ICP-OES analyses.
Precision of a repeat sample was 20% relative error. Lithium was de-
termined by ICP-MS with a sub-sample digested with sulphuric and
hydrofluoric acids. Precision of a repeat sample was 5% relative error.

4.3. Results

The whole rock major element, trace element and REE data of the
various granitoid samples are presented in Tables 1, 2 and 3, and

compared to the average geochemical composition of granite as de-
fined by Krauskopf (1979) in Kamilli and Criss (1996).

4.3.1. Major oxide

All of the analyzed granitoids are rich in SiO, (>72%), present nor-
mal K, and, with respect to CaO values (Table 1), are similar in content
to the normal granites of Tischendorf (1977). The highest Na,O values
with respect to the content of normal granites (cf. Tischendorf, 1977)
are best represented by the El Durazno, San Blas (aplitic facies) and La
Quebrada granite stocks (Table 1). The majority of the studied granit-
oids are peraluminous with Aluminium Saturation Index (ASI) be-
tween 1.05 and 1.38 (Fig. 8). In addition, all granites are evolved
(high Rb/Sr ~1 to 100) and display an intermediate oxidation state
(Fe;03/Fe0~0.1 to 1.0). In the SiO, versus Na,O + K,0 diagram, all
the studied granitoids fall within the Sn-W field (Baker et al., 2005;
Fig. 9). It is important to note that this result pertains also to the gran-
itoids of the Sierra Ancasti, even though no Sn-W mineralization has
been reported yet from at area.

4.3.2. Trace elements

In the modified ternary Rb-Ba-Sr diagram of El Bousely and El
Sokkary (1975), it is clear that all of the studied granites are highly
fractionated, with the La Quebrada and El Durazno granite stocks
being the most fractionated, the Mudadero, San Blas, Sauce Guacho

Table 3

REE analyses (in ppm) of selected samples from granite stocks in the Sierras Pampeanas orogen, northwestern Argentina.
Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Suma REE Lay/Luy Eu/Eu*
Detection limit 0.1 0.1 0.02 0.3 0.05 0.02 0.05 0.01  0.05 0.02 0.03 0.01 0.05 0.01
El Durazno granite stock (sierra de Velasco)
ED5 2.800 5500 0720 2.700 0580 0.060 0460 0.100 0.680 0.130 0460 0.100 0.890 0.150 15.33 2.00 0.35
ED6 1.200 1.900 0260 0.800 0.160 0.040 0.150 0.050 0.160 0.060 0.140 0.050 0.280 0.080 5.33 1.60 0.79
ED7 1.800 2.600 0440 1.700 0340 0.080 0320 0.080 0310 0.090 0.210 0.070 0390 0.090 8.52 214 0.74
ED9 1.700 3300 0400 1.400 0360 0.030 0.280 0.060 0.350 0.090 0250 0.060 0.490 0.080 8.85 230 0.29
ED10 1.500 1.600 0260 0900 0190 0.030 0.190 0.040 0220 0.060 0.170 0.040 0.310 0.060 5.57 2.70 0.48
La Quebrada granite stock (sierra de Mazdn)
SM13 1.400 3400 0420 1.500 0.510 bdl 0.370 0.090 0.400 0.080 0200 0.050 0.490 0.090 9.0 1.7 0.07
SM15 39500 90900 11.360 45300 7.370 0.840 5360 0.750 3.660 0.700 1910 0310 1.990 0.330 2103 12.8 0.41
SM103 1.900 4200 0590 2100 0.700 0.020 0.550 0.120 0.720 0.100 0360 0.070 0.670 0.100 122 2.0 0.10
Mazdn barren granite (sierra de Mazdn)
M18 43.176 90.009 10513 43.207 8988 1.551 8593 1519 7.705 1464 3.931 0.569 5296 0.605 227.1 7.7 0.55
Cerro Colorado granite stock (cerro Negro)
CN19 49.800 118.900 13.950 56.400 10.770 0.990 8.600 1230 6.490 1.140 3.040 0.390 2.760 0390 2749 13.70 0.31
Mudadero granite stock (sierra de Ancasti)
23 6.800 13.200 2.040 8400 1860 0270 1520 0.280 1.690 0.350 1.080 0.180 1.250 0.180 39.1 4.0 0.49
26 10400 17400 2620 10200 1910 0.170 1520 0260 1490 0260 0.760 0.110 0910 0.120 48.1 93 0.30
27 10.700 20.500 2990 12400 2380 0.250 2.000 0320 1.880 0340 0.990 0.140 1.060 0.150 56.1 7.6 0.35
Mudadero granite, granular facies (sierra de Ancasti)
24 53.900 130400 15.340 60.700 10.070 0950 6.730 0.850 3.950 0.670 1910 0.260 1.970 0.270 288.0 21.4 0.35
25 2.400 6.600 0850 3.200 0950 <0.02 0.700 0.150 0.900 0.130 0410 0.080 0.760 0.120 173 2.1 0.04
Sauce Guacho granite stock (sierra de Ancasti)
1 10200 22.000 2650 9900 1710 0310 1260 0210 1.080 0210 0.600 0.110 0.730 0.130 51.1 8.4 0.64
31 8200 18.400 2220 8100 1.780 0210 1470 0250 1.560 0.320 0.990 0.150 1.180 0.170 45.0 5.2 0.39
32 9300 21500 2590 9300 1930 0250 1580 0.270 1.610 0320 0.960 0.160 1.190 0.160 51.1 6.2 0.44
San Blas granite (sierra de Velaco)
SB104 89.400 185300 23.610 83.600 16.730 0.400 14.770 2.930 18260 3.450 10400 1.570 9.600 1.220 461.2 7.9 0.08
SB105 13.900 31.600 4.170 15700 3.940 0.220 3.860 0.820 5.010 0.830 2420 0410 2510 0330 857 45 0.17
San Blas barren granite (sierra de Velaco)
SBP 6521 23.000 48.600 5.790 21400 4.830 0900 4.060 0.810 4.610 0.900 2.500 0410 2.430 0.350 120.6 6.7 0.62
Huaco granite stock (sierra de Velasco)
H6587 47400 107.000 12.800 45.800 10.900 0.820 9.540 1.950 12.000 2.250 5.990 0.970 5.580 0.740 263.7 6.9 0.25
H6590 30.020 86.000 8270 29.600 16.980 0.730 6230 1.280 7360 1.230 2960 0440 2570 0.330 194.0 9.7 0.34

Eu/Eu * = Euy/(Smy Gdy)%®
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and Huaco granite stocks being medium fractionated, and the Cerro
Colorado granite stock being the least fractionated (Fig. 10). In the
Ba versus Rb diagram (Fig. 11a), which is used to distinguish between
mineralized (fertile) and barren granites (Dall Agnol et al., 1994; Ruiz
et al., 2008; Tauson and Kozlov, 1973), the majority of samples fall in
the fertile field, with respect to Sn-W mineralization, except samples
from the Cerro Colorado, granular facies of the Mudadero granite
stocks, and the Huaco granite (Fig. 11a). In the Sr versus Rb diagram,
most of the granitoids plot in the fertile field with the exception of the
Cerro Colorado, Mudadero granular facies and sample ED10C of the
Durazno granite stock (Fig. 11b).

The concentrations of trace elements in the analyzed granitoids
were normalized to worldwide average trace element abundance
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Fig. 9. Plots of the Sierras Pampeanas granitoid samples in the Na,0 + K50 versus SiO,
diagram of Le Maitre (1989) and fields for typical Sn, W and Au-Bi bearing granitoids
(Baker et al., 2005).

in granites (Fig. 12) in order to differentiate mineralized from barren
granites as far as Sn-W mineralization is concerned. The mineralized
granites display a strong difference with respect to unmineralized
granites from the same area. The Mazan and San Blas barren granites
have high Ba and low Rb contents. The granitoids associated with Sn-
W mineralization are enriched in Rb, Sn and W (e.g., the La Quebrada
and aplitic facies of San Blas granites), and display low Sr values
(Fig. 12). The average content of Sn and W in unmineralized granites
is approximately 6 ppm (Table 2). Mineralized granites, in contrast,
contain an average of 64 ppm Sn in the La Quebrada and San Blas
granites, 12 ppm W in the El Durazno granite and 9.6 ppm W in the
La Quebrada granite (Table 2).

Using trace element discriminators, Srivastava and Sinha (1997)
proposed the Geochemical Characterization Index (GCI)

Rb® x Li x 10*
GCl = 10810 370~ e Ba x 5
for the differentiation of W-bearing and barren granites in India. The
samples of mineralized granite with detectable Li plot in the GCI field
of W granites (Fig. 13), whereas a sample of barren granites has a
negative GCI. This indicates that the GCI can be used as an exploration
tool. Positive GCI values were obtained from the Sierra de Ancasti
granite, indicating its potential to host W mineralization.

4.3.3. REEs

The distribution of REEs can be used as a tool for discriminating
between barren and mineralized granites (Irber, 1999; Monecke et
al., 2002; Takahashi, et al., 2002). The analyses of lanthanides in the
studied granitoids show major enrichment in light REEs, with respect
to heavy REEs, and a negative Eu anomaly (Fig. 14). With respect to
total REE concentrations the granite stocks can be subdivided in two
groups. The first group comprises: the Huaco, Cerro Colorado, the
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Fig. 10. Plots of the Sierras Pampeanas granitoid samples in the ternary Rb-Ba-Sr diagram.
Modified from El Bousely and El Sokkary (1975).
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granular facies of the San Blas and Mudadero granite stocks, which
have a total REE of >100 ppm. The second group of granitoids com-
prises the aplite facies of the San Blas, El Durazno, La Quebrada and
Sauce Guacho stocks, which have a total REE of <100 ppm (Table 3).
The Lan/Luy ratio normalized to chondrite C1 (Anders and Grevesse,
1989) is approximately 1 in the El Durazno and La Quebrada granite
stocks and between 4 and 20 in the others granites (Table 3).

5. Geochronology

Three samples were selected for geochronology: sample CN19
from the Cerro Colorado granite stock in the Cerro Negro (Fig. 1),
sample LD 1 from the granite stock in the Sierra de Mazan (Fig. 1)
and sample SM 13 from the La Quebrada granite stock in the Sierra
de Mazan (Fig. 1).

5.1. U-Pb SHRIMP analysis

The rock samples were crushed, milled and sieved through
60 mesh and the heavy minerals were separated using heavy liquid
(TBE tetra-bromo-ethane; d=3) and magnetic separation tech-
niques. The final separation of the zircon was by hand picking the
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Fig. 12. Spider diagram of trace element contents of samples from the Sierras Pampea-
nas normalized to worldwide average crustal abundance of trace elements in granites
from Levinson (1974).

grains. The zircons were mounted on epoxy disks with fragments of
standards, ground and polished until nearly one third of each grain
was removed, photographed in transmitted and reflected light, and
imaged (backscattered electrons) for their internal morphology
using a scanning electron microscope at the Centre for Microscopy
and Microanalysis at the University of Western Australia. The epoxy
mounts were then cleaned and gold-coated to have a uniform electri-
cal conductivity during the SHRIMP analyses (Table 4).

The zircon standards used were BR266 (559 Ma, 903 ppm U) as
the main standard and OGC1 (3647 Ma) to monitor the 2°7Pb/?°°Pb
ratio. The isotopic composition of zircon was determined using
SHRIMP II — Sensitive High-mass Resolution lon MicroProbe (De
Laeter and Kennedy, 1998), using methods based on those of
Compston et al. (1992). A primary ion beam of ~2.5-4nA,
10 kVO, 2~ with a diameter of ~25 um was focused onto the mineral.
Each zircon U-Pb analysis on SHRIMP used five to six scans collecting
nine measurements on each ('9°Zr,0, 2%4Pb, background, 2°°Pb,
207pp, 208pp, 238y, 248ThQ and 2°*U0). Corrections for common Pb
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Fig. 13. Plots of the Sierras Pampeanas granitoid samples in a diagram of geochemical
characterization index (GCI) and fields of W-bearing and W-barren granites from
Srivastava and Sinha (1997).
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Fig. 14. REE concentrations in the studied samples of Sierras Pampeanas granites normalized to C1 chondrite (Anders and Grevesse, 1989).

were made using the measured 2°*Pb and the Pb isotopic composition
of Broken Hill galena. For each spot analysis, initial 60-90 s were used
for pre-sputtering to remove the gold, avoiding the analysis of com-
mon Pb from the coatings. Zircons data are reduced using SQUID
(Ludwig, 2002) software. Data were plotted on concordia diagrams
using ISOPLOT/Ex software (Ludwig, 1999), in which error ellipses
on concordia plots are shown at the 95% confidence level (20). All
ages obtained are weighted mean 2°°Pb/228U ages.

5.2. Results

Sample CN19 (Cerro Colorado granite) has large and clear zircon
crystals of 100-300 um in length. Zircons can be separated in two
main groups: magmatic and inherited. Magmatic zircons are relative-
ly U-rich (average =479 ppm) and have a pooled inverse concordia
age of 350.3+2.5 Ma (20, MSWD = 0.52, probability =0.89, n=28),
Lower Mississippian, Tournaisian (Figs. 15 and 16). The sample has
a population of inherited zircon with a mean average of 2°°Pb/238U
ages at 477.14+2.0 Ma (Lower Ordovician, Floian). Some of the zir-
cons of this population may be metamorphic as indicated by the ab-
sence of zoning and the very low Th/U ratios of 0.039.

Sample LD (Mazan granite) has a population of large grains of zir-
con (about 200 um long), which are significantly fractured, inclusion-

rich and partially metamict. Only a few grains have unaltered areas to
be analyzed. Metamictization is explained by the high content in U
(average is 975 ppm), whereas the Th content is low (52 ppm) as
are the Th/U ratios (average is 0.057). It is interpreted that all zircons
of this sample have crystallized during an Ordovician magmatic event
(Fig. 17). The age of this magmatic event is 471+5Ma
(MSWD =0.28, probability=0.60, at 20, n=9), which is within
error of the age of the inherited zircon of sample CN19 (477 £ 2 Ma).
Sample SM13 (La Quebrada granite) is zircon-poor and only 20
grains were recovered from the sample preparation process. Among
these 20 grains some are too small to be analyzed (<20 pum), whereas
others are too poor in U (<20 ppm). Only eight acceptable analyses
were obtained. The content in radiogenic Pb is very low (<10 ppm)
and the amount of 2°’Pb is minimal (<0.5 ppm). This fact impedes
using the concordia plots and the calculated age is a mean average
of the 2°5Pb/238U ages: 352.3 4 3.9 Ma (MSWD = 2.6, 20). This value
corresponds to the Lower Mississippian, Tournaisian (Fig. 18).

6. Discussion
All of the studied granitoids in the western Sierras Pampeanas can

be considered specialized granites (cf. Tischendorf, 1977; Table 1).
They are unaltered peraluminous granites (Fig. 5). The undeformed
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Table 4
U-Pb-Th SHRIMP data on zircons of selected samples from granitoids in the Sierras Pampeanas orogen, northwestern Argentina.
Ratios Ages
4) Th Th 206pp 4206 207pp 207pp 205pp, Error 208pp 206pp 205pp Disc.
Spot ppm  ppm U ppm % 206pp 235y 28y Correl.  32Th 28y 207pp %
LD, Mazdn barren granite (La Descubridora zone)
a3-1 935 26 0.03 62.2 012  0.05577+1.73  0.5953+2.06 0.0774+1.12 0545 0.0160+27.21  480.7+5.2 443+38 -8
a4-1 700 41 0.06 452 0.05 0.056324+149 058274188 0.07504+1.15 0611 0.0226 +7.39 4664452  465+33 0
a.5-1 789 48 0.06 522 —0.03 0.05724+1.09 0.60754+1.58 0.0770+1.13  0.720 0.0257 4+3.49 4781452 501+24 5
a.6-1 1059 58 0.06 68.0 0.02 0.057734+1.05 059494153 0.07474+1.12 0727 0.0221 4+-4.67 4646450 520+23 11
a7-1 924 69 0.08 60.5 0.09 0.05595+1.23 0.5878+1.68 0.0762+1.15 0.683 0.0220 + 5.02 4734452  450+27 -5
a.10-1 887 63 0.07 58.9 0.01 0056104121 0.59804+1.66 0.0773+1.13  0.680 0.0232 +4.90 480.0+5.2  456+27 -5
all-1 1336 55 0.04 87.2 0.08 0057224083 059874143 0.07594+1.17 0815 0.024146.38 4715453 500+18 6
a.13-1 910 77 0.09 58.8 0.62 0.05668+1.79  0.5841+2.16 0.0747+1.22 0564 0.0207+10.82  464.7+55 479+39 3
al4-1 1235 30 0.02 78.8 0.00 0.055614+090 056944138 0.0743+1.04 0.755 0.0231+3.50 461.8+4.6 437+20 -6
SM13, La Quebrada Granite
e2-1 197 109 0.57 96 —0.15 0.05607+3.08 0.4380+3.34 0.0567+1.28 0.384 0.0178 +-2.84 3553+44 455+68 22
e2-2 198 138 0.72 94 0.04 0.05337+292 04096+3.16 0.0557+1.29 0401 0.0171+2.54 3492443 345465 -1
e3-1 95 326 3.56 46 030 0.0488245.01 037724534 0.05604+1.85 0347 0.0168 4-2.40 3515463 139+£118 —152
e3-2 132 131 1.03 6.5 0.18 0.0521448.63 037724534 0.05604+1.85 0347 0.0168 4 2.40 357.8+52 293+193 —22
ed4-1 56 202 3.75 26 —145 0.07093+3.75 0.5458+4.41 0.0558+232 0.526 0.0197 +2.84 350.1+£79 955+77 63
e.6-1 116 201 1.79 5.2 0.01 0062384574 049464+6.19 005754231 0374 0.01724+3.58 3604+49 687+122 48
e7-1 116 201 1.79 5.2 0.01 0.057224+3.61 041324391 005244152 0388 0.0169+2.31 329.14+£49 500+79 31
e7-2 128 314 2.54 6.0 0.00 0.0614542.48 0.469043.02 0.05544+1.71 0.567 0.017442.20 3473458 655453 47
CN19, Cerro Colorado Granite
d.1-1 1603 26 0.02 1053 0.03 0.056084+0.70 0.59134+1.13 0.07654+0.89  0.787 0.0233 4+ 6.1 4750+41 455+15 —4
d.1-2 315 30 0.10 20.9 0.07 0.05627+1.50 0.5477+2.65 0.0772+1.09 0381 0.0225+10.50  479.7+49  403+59 —-19
d.2-1 428 167 0.40 20.5 030 0.053034+2.21 040704+243 0.0557+1.01 0414 0.0172+2.5 3492434  330+50 -6
d.2-2 157 145 0.95 7.6 024 0053394336 041304358 0.05614+1.23 0344 0.01754+2.2 3519442 346+76 -2
d.2-3 77 184 2.48 37 060 0.055024531 042634556 0.056241.68 0301 0.01774+2.5 3524457 413+£119 15
d.3-1 407 24 0.06 26.8 0.06 0.05584+1.50 0.5893+1.80 0.07654+0.99 0552 0.0249+5.7 4754+46  446+33 -7
d.3-2 563 68 0.13 276 069  0.05309+3.33 04155+3.47 0.0568+0.99 0284 0.0174+11.4 3559434 333+76 -7
d.4-1 539 196 0.38 23.2 0.69 0.0529943.85 036434400 0.04994+1.06 0.265 0.0167 +-4.2 313.74£32 329487 5
d.4-2 433 52 0.12 289 0.11 0.05608+1.91 059994217 0.07754+1.04 0478 0.0243 £+ 5.5 4813+48 457+42 -5
d4-3 393 29 0.08 249 0.00 0.05820+1.42 05918+1.80 0.0737+1.10 0614 0.0255+3.8 458.7+49 537+31 15
d4-4 450 174 0.40 214 080 0.054814+3.29 041514348 0.05494+1.15 0329 0.0169+4.1 3447439 404+74 15
d.5-1 132 242 1.89 6.4 036  0.053814+3.56 041684+3.79 0.05624+1.31 0345 0.0175+2.4 3523445 363+80 3
d.5-2 142 159 1.15 6.7 0.01  0.053394+4.41 040274463 0.05474+141 0304 0.018142.5 3433447 346+100 1
d.5-3 81 136 1.74 4.0 159 0.05253+10.8 0.4085+11.0 0.0564+197 0.179 0.0172+3.8 353.74+6.8 3094247 —15
d.6-1 684 87 0.13 454 0.05 0056444116 0.60114+154 0.07724+1.01 0.657 0.0239+3.1 4796+47 470+26 -2

Notes: Isotopic ratios errors in%

All Pb in ratios are radiogenic component corrected using >**Pb content.
disc. = discordance, as 100-100{t[2°°Pb/223U]/t[2°"Pb/2°°Pb]}

£206 = (common 2%Pb)/(total measured 2°°Pb) based on measured 2°*Pb.
Uncertainties are 10.

Carboniferous granite stocks from the Sierras de Velasco, Mazan,
Ancasti and Cerro Negro, can be classified as late to post-tectonic
granites (cf. Baez, 2006; Fogliata, 1999; Toselli et al., 1983).

In this paper, we used Rb, Sr, Ba, Li, Zr and Th, as pathfinder ele-
ments as proposed by Olade (1980), who used them to define miner-
alized Sn-W and barren granites in the north of Nigeria. In the
granites of the western Sierras Pampeanas, there is a distinct enrich-
ment of Rb and Li and depletion of Ba and Sr in the mineralized gran-
ites. This is reflected in Figs. 10 and 13 using the ternary Rb-Ba-Sr
diagram by El Bousely and El Sokkary (1975) and GCI by Srivastava
and Sinha (1997), respectively.

The total contents of REE <100 ppm may be due to fractionation of
accessory minerals such as apatite and zircon, and/or mobilization of
REE through complex CI-REE and F-REE in late post-magmatic fluids
(Irber, 1999; Taylor et al., 1981). The total contents of granites with
REE of <100 ppm correspond to the most evolved and related miner-
alization such as the Carboniferous granites of the Central Iberian
Zone with Sn and W associated mineralization (Ruiz et al., 2008).
The ratio Lay/Luy reflects the degree of REE fractionation with the
lowest values compatible with low total REE contents. The Sn-W
bearing granites in the study area are characterized by low Lay/Luy
ratios.

Using conventional U-Pb, SHRIMP and Rb-Sr dating reveals that
all the studied granites in the Sierras Pampeanas crystallized in the
Tremadocian-Carboniferous. The El Durazno granite was not dated
but intruded the Antinaco orthogneiss and is undeformed. Both of
these characteristics are common for Carboniferous granites of the Si-
erra de Velasco. Therefore, the El Durazno granite is likely to be the
same age as the San Blas granitoid (i.e., 33445 Ma; Baez et al,,
2004). However, the Cerro Colorado and La Quebrada granite stocks
contain inherited zircons that point towards a metamorphic environ-
ment (based on absence of zoning, low Th and Th/U ratios) during
crystallization. Those zircons yielded Floian (Lower-Ordovician)
ages, which are consistent with regional metamorphism during the
Ordovician in the Sierras Pampeanas.

Based on our study, there is a distinct relationship between Car-
boniferous magmatism and Sn-W mineralizations in the western Si-
erras Pampeanas. The Sn-W mineralization in the western Sierras
Pampeanas is related to granitic magmas with significant crustal
component, emplaced at a high crustal level in an extensional envi-
ronment during the Late Devonian-Early Carboniferous, significantly
after the compressive deformation that characterizes the country
rocks. The new geochronological data presented here is compatible
with observations by Fogliata et al. (2008), who propose that the
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Fig. 15. Back-scattered electron image of zircons in sample CN19 showing the locations
of the analytical spots (white circles) and the 2°°Pb/?*3U ages.

Carboniferous magmatism W as the main metallogenic control in the
western Sierras Pampeanas. This marks a difference from granites
that are associated with Sn-W mineralization in the Eastern Tin belt
of Bolivia, which are Late Permian (Arce-Burgot and Goldfarb,
2009). Other worldwide examples of Carboniferous granites that are
associated with Sn-W mineralization include the leucogranites of
the Jalama batholiths in the central Iberian zone (Ruiz et al., 2008).

7. Conclusions

The geochemical and geochronological investigations on the San
Blas, Huaco and El Durazo granite stocks from the Sierra de Velasco,
the La Quebrada granite from the Sierra de Mazan, Cerro Colorado
from the Cerro Negro, and Mudaderos and Sauce Guacho granite
stocks from the Sierra de Ancasti, in the western Sierras Pampeanas
have revealed the following:

1. The majority of the studied granites are peraluminous (ASI be-
tween 1.05 and 1.38). They represent S-type granites emplaced
in an extensional regime.

2. Based on total alkalis versus silica, all the studied samples repre-
sent Sn- and W-bearing granites.

data-point error ellipses are 20
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Fig. 16. SHRIMP conchordia plots for zircons in geochronological sample CN19.
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Fig. 17. SHRIMP conchordia plots for zircons in geochronological sample LD (Mazan
barren granite).

3. The undeformed and unaltered granite stocks in the Sierras
Velasco, Mazan, Ancasti and Cerro Negro are late to post-tectonic
granites.

4. Mineralized granites display higher values in Sn and Rb, and lower
values in Sr and lower values of Ba compared to barren granites.

5. The geochemical characterization index (GCI), confirms known
mineralized and barren granites in the Sierras Pampeanas. In the
Sierra de Ancasti granite, there is presently no known associated
Sn-W mineralization but GCI values from samples indicate that it
is highly prospective.

6. All the sampled granites display elevated values of LREEs, low
values of HREE and negative Eu anomalies. In terms of total REEs
values, the studied granite can be subdivided into two groups:
(1) the Huaco, Cerro Colorado, the granular facies of the San Blas
and Mudadero granite, which have a total REE of >100 ppm; and
(2) aplite facies of the San Blas, El Durazno, and La Quebrada and
Sauce Guacho, which have a total REE of <100 ppm. The lower
REE contents could be due to fractionation of accessory minerals
and/or the mobilization of REE to late post-magmatic fluids. The
second group represents highly evolved granites (i.e., high Rb/Sr
ratios). This REE behavior is characteristic of Carboniferous Sn-W
granites in the western Sierras Pampeanas.
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Fig. 18. Calculated age from zircons in geochronological sample SM13.
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7. The new geochronological data from the Cerro Colorado and the La
Quebrada granites support the idea that Sn-W mineralization in
the western Sierras Pampeanas is related to evolved Carboniferous
granites.

8. The Carboniferous contains significant Sn—-W mineralization in the
western Sierras Pampeanas, which is in contrast to the Late Perm-
ian Sn-W mineralization in the Eastern Tin belt of Bolivia. There-
fore, the western Sierras Pampeanas is not simply the southern
geological extension of the latter.
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