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Article

Regional implications of U-Pb zircon ages from rhyolitic pebbles of
Suncho Formation conglomerates, northern Sierras Pampeanas (NW

Argentina)

Alejandro J. Toselli, Guillermo F. Acenolaza, Miguel A. Basei, Florencio Acenolaza,

and Juana N. Rossi
With 5 figures and 2 tables

Abstract: Conglomerates are scarce in the Neoproterozoic/Cambrian strata of the South American
Central Andean Basin. In NW Argentina, unusual conglomerates within meta-psammites of the Sun-
cho Formation contain rhyolite clasts that yielded 524.9 + 1.12 Ma and 525.1 + 1.3 Ma LA-ICP-MS
U-Pb zircon ages. These ages coincide with the reported youngest age populations obtained from
detrital zircons in the host rocks. The new geochronological data, the regional geology and published
data suggest that the source areas of these pebbles were located to the NE and E of the Suncho Forma-
tion, which may include some reworked older sedimentary levels of the Puncoviscana Formation. The
origin of the Suncho conglomerate is linked to Pre-Tilcaric magmatism which closed the Pampean
Cycle, whose ages are in the range 541-517 Ma. The match between the radiometric data and the age
provided by the Oldhamia trace fossils with both sedimentary and magmatic events occurring dur-
ing the Terreneuvian — Series 2 time span (“lower Cambrian”) is here emphasized. Considering that
the dated rhyolite clasts were derived from magmatic rocks, a Puncoviscana active margin can be
proposed as their source, and an active margin setting is proposed for Puncoviscana in this part of
the western margin of South America.

The knowledge of unusual facies within the Neoproterozoic/Cambrian sequences in the South Amer-
ican Andes provides a better understanding of the geology of little known areas in the western proto-
gondwanan margin.

Key words: Rhyolite pebbles, Cambrian conglomerates, Provenance, Suncho Formation, NW Ar-

gentina.

1. Introduction

The Sierra de la Ovejeria represents an important oro-
graphic unit of the Pampean Ranges (NW Argentina),
and is characterized as a fault-bounded block in the
southern branch of the Aconquija Range.

GonzaLez Bonorino (1950) and Duranp (1980)
provided the first detailed data on the stratigraphy
and the geological outline of the region. ACENOLAZA
& ToseLLr (1978) correlated the Suncho Formation
with the Puncoviscana Formation by comparing li-
thology and trace-fossil associations from both units.

©2015 E. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart, Germany
DOI: 10.1127/njgpa/2015/0447

DuranD (1985) described a polymictic conglomerate
and named it El Medano Member, which includes
rounded clasts of quartzites, greywackes, sandstones,
limestones and rhyolite pebbles. DuranD (1985) also
argued that the conglomerates occur as local intercala-
tions in the turbidite sequence of the Suncho Forma-
tion, and interpreted them as mud-supported turbidity
currents and debris flows.

Even though they show incipient metamorphism,
rocks still display remarkable primary sedimentary
structures such as well-defined bedding planes bear-
ing trace fossil associations characterized by Old-
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Fig. 2. Conglomerates of the Suncho Formation cropping out in the Quebrada del Médano (Catamarca, NW Argentina).

hamia isp. This suggests a Terreneuvian age for the
sequence (“Lower Cambrian”) as stated by MIRRE &
AceNoLaza (1972). The sedimentary rocks are mainly
represented by metawacke lithofacies, arranged most-
ly as 50 cm thick beds with sporadic shaly intercala-
tions containing the Terreneuvian-aged trace fossils
(DURAND 1985).

Geochronological data on the detrital zircons of
the Suncho Formation psammites display Meso-Pro-
terozoic and Early Neoproterozoic ages, with a major
age abundance peak between 552 and 514 Ma (U-Pb
ages; Apawms et al. 2011).

The purpose of this research is to pin-point the
age of rhyolite clasts in the conglomerates of the Sun-
cho Formation, and to address the relation of these
magmatic rocks with the important orogenic event
(Tilcaric phase) during the Ediacaran to Early Cam-
brian. These will enhance the understanding of one of
the most important Neoproterozoic / Early Paleozoic
basins in the Central Andes, the Puncoviscana Basin.

2. Geological setting

The Suncho Formation crops out in the Sierra de La
Ovejerfa and is generally considered as a sequence
in association with the Puncoviscana Basin based on

common geological, petrographic and paleontologi-
cal signatures (Fig. 1A). A regional interpretation of
the Suncho Formation is difficult due to limited ex-
posure, the lack of a known stratigraphic basement
and the deformation affecting the sequences. The only
clear geological data on the stratigraphy of the unit is
given by the Ordovician Capillitas granite intruding
the whole sequence (RAPELA et al. 1999 reported ages
of 470 + 3 Ma by U-Pb SHRIMP on zircon), and the
Tertiary strata unconformably overlying it. The age of
sedimentation, based on trace-fossil associations with
the notable Oldhamia isp., was established by DURAND
(1980) as early Cambrian (Terreneuvian — Series 2).

Low grade metaconglomerates and shales with
preserved sedimentary structures were described by
DuranD (1982) as the typical facies of the unit. Undu-
late current ripple marks are common in the sequence.
Subsequent deformations have generated two main
oblique cleavage planes displaying chlorite and illite
as index minerals, denoting the transition from anchi-
zone to greenschist-facies metamorphism.

The conglomerates of the El Medano Member,
which are intercalated with meta-psammites of the
Suncho Formation, form a NNE-SSW oriented elon-
gate outcrop about 1200 m long and 200 m wide,
and have a maximum thickness of about 150 m (Fig.

Fig. 1. A — Location and distribution of outcrops in the Puncoviscana Basin, NW Argentina. B — Geological sketch map
of the Sierra de la Ovejeria, Catamarca Province, NW Argentina (modified from DuranD 1980). C — Quebrada de Suncho

locality (modified from DuranD 1985).
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1B-C). The conglomerates have also been metamor-
phosed, and are characterized by subrounded clasts
more or less dispersed in a dominant psammo-pelitic
matrix. The pebbles have average diameters of 4 to 6
cm and consist of sandstones, greywackes, quartzites,
limestones and rhyolites, defining a polymictic con-
glomerate (Fig. 2).

Detailed sampling of volcanic pebbles was per-
formed for the conglomerate facies of the Suncho
Formation along the Suncho Creek (Fig. 1). Forty-
nine fragments were obtained and used for macro-
scopic and microscopic petrographic characterization.
Among them, twelve rhyolite fragments were chosen
for geochemical and chronological analyses after me-
chanical reduction and homogenization of samples.
The geological characters of outcrops, the narrow
spread of the U/Pb zircon ages, and the petrographical
and geochemical homogeneity point to a single source
for the rhyolite clasts. The detrital zircon population of
the metasedimentary rocks unit has Mesoproterozoic
and early Neoproterozoic U-Pb ages, with a significant
peak between 552 and 514 Ma., in concordance with
the data obtained by Apawms et al. (2011) (Fig. 3A).

3. Petrography of rhyolites

Rhyolite clasts from the El Médano Member of the
Suncho Formation were derived from porphyritic rhy-
olites and rhyolitic ignimbrites of grayish color. The
ignimbrite pebbles display a porphyritic texture and
are composed of quartz, alkali feldspar, plagioclase
and opaque minerals (magnetite and hematite, Fig.
4). Subhedral quartz of ~1.5 mm dimension is com-
mon, displaying corrosion edges as a consequence of
reaction with the melt (Figs. 4B and F). Some crystals
show a polycrystalline texture and contain feldspar in-
clusions. Alkali feldspars are perthitic sanidine crys-
tals that are similar or larger in size than quartz (Fig.
4A) forming anhedral grains; Carlsbad-twinned indi-

viduals are common. Perthite exsolution textures are
common, and show a weak, superficial argillic altera-
tion. Small quartz crystals are dispersed in the matrix
with rare, partially sericitized plagioclase. The matrix
has developed a slightly banded flow structure. Previ-
ous shard glass is seen as an amoeboid recrystallized
mosaic developed around phenocrysts. The matrix is
partially altered to calcite and epidote. The size of
magnetite is variable, and it has subhedral to anhedral
crystal shapes.

The rhyolites with porphyritic textures were cat-
egorized into two groups according to the matrix:
1. A porphyritic texture group defined by perthitic
sanidine phenocrysts, sericitized plagioclase, quartz
and opaque minerals, in a fine-grained matrix (Fig.
4) (8061A). Sanidine crystals of ~ 1.5 mm have re-
crystallized to perthitic microcline with reabsorption
edges displaying discontinuous twinning and perthitic
texture. Anhedral plagioclase phenocrysts are rare
and show fine polysynthetic twinning with incipient
argillic alteration. Euhedral to subhedral quartz phe-
nocrysts are noteworthy, with sizes up to 1.2 mm, and
display evidence of reaction with melt along their bor-
ders. The equigranular matrix is represented by a mo-
saic of alkali feldspar and amoeboid quartz. Magnetite
grains with polygon-like shapes are locally observed
in the matrix. A weak post-magmatic alteration is de-
fined by chlorite veinlets, fine white mica flakes and
pistacite formation. The microcline is probably de-
rived from sanidine and the transformation is due to
the regional metamorphism which affected the rocks
during the late Ediacaran to Early Cambrian.
2. A porphyritic texture defined by quartz and mi-
crocline phenocrysts in an aphanitic matrix (Fig. 4).
Quartz is abundant as euhedral crystals with linear
dimensions up to 2 mm; however, some quartz grains
are anhedral probably due to reaction with the altered
matrix. Alkali feldspar is represented by sanidine-mi-
crocline crystals of up 2.5 mm, displaying small twins
or perthitic textures. The matrix is composed of equi-

Fig. 3. A: Combined probability density plots and histogram for detrital zircon ages from the Suncho Formation. Ages
< 1000 Ma were calculated from the 2°°Pb/>*U ratios; and ages >1000 Ma from the 2°’Pb/?*Pb ratios (Apams et al. 2011).
B: Zr/Ti vs. SiO, discrimination diagram of WINCHESTER & FLoyD (1977). The samples plot in the rhyolite field. C: Multi-
element diagram normalized to C1 chondrite of Sun & McDonoucH (1989), displaying negative anomalies of Rb, Nb, Sr and
Y, typical for a volcanic arc and crustal genesis. D: Chondrite-normalized rare earth element diagram (Sun & McDoNoUGH
1989), displaying the steep slope of the LREE, the negative Eu anomaly and the flat HREE. E: ACNK diagram [AL O, / (CaO
+ Na,O + K,0)] of SHAND (1929). The rhyolite samples plot in the metaluminous field. F: Rb vs. Y + Nb tectonic discrimina-
tion diagram of PEARCE et al. (1984). The samples plot in the volcanic arc granite (VAG) field.
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i

Fig. 4. Photomicrographs of rhyolite in thin section. A — Rhyolite with partly resorbed quartz and feldspars phenocrysts in
an aphanitic matrix. B — Welded-tuff with development of vitreous-flow structures surrounded by recrystallized quartz and
feldspar crystals. C — Rhyolite with xenocrysts of alkali-feldspar and anhedral quartz in an aphanitic matrix. D — Rhyolite
with quartz, plagioclase and alkali-feldspar phenocrysts in a matrix of medium-grained quartz and feldspars.

granular microcrystalline crystals of quartz, feldspar
and calcite, with few dispersed opaque minerals.

4. Geochemical signatures

Major, minor and trace element concentrations of
whole rock samples were determined at the Actlabs
Laboratory (Canada; Table 1), using a standardized
method that is a combination of lithium metaborate/
tetraborate fusion and high precision INAA, ICP-
WRA and ICP-MS determinations, using external
standards of natural and synthetic materials for cali-

bration (detailed procedures at www.actlabs.com).

The major element compositions of rhyolite sam-
ples 8061a and 8061b and ignimbrite 8090 were com-
pared to average standards (e.g. LE MAITRE 1976; Low-
DER & CARMICHAEL 1970; McBIRNEY 1984; LaGo et al.
1992).

Table 1 (see Appendix) shows that the rhyolite peb-
bles of the conglomerates in the Sierra de La Ovejerfa
are higher in SiO, (76.18 and 78.49%) than the aver-
ages. Concentrations of TiO, (0.094 to 0.246%) and
AlLO; (11.44 to 8.66%) are lower than the averages,
and the meta-aluminous character of the samples is re-
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flected by ACNK values ranging from 0.755 to 0.968
[ALO, / (CaO + Na,O + K,0)] (Fig. 3B). The alkali
content (Na,O + K,0 =4.58 to 5.91%) is similar to that
of the standard and falls in the range of calc-alkaline
series. The high concentration of CaO (1.96 to 2.79
wt%) are due to the carbonate and epidotic alteration
described above.

The CIPW norm is shown in Table 1, indicating
normative minerals quartz, albite, orthoclase and
anorthite, and the accessory minerals are represented
by magnetite, apatite and hematite. Normative diop-
side (in wollastonite and enstatite) is the result of the
presence of secondary chlorite, calcite and epidote.

Abundances of trace elements such as Ba, Rb, Sr,
Zr (ppm) are similar to the published standard values,
but Y and Nb are depleted. Using the Zr/TiO, vs. SiO,
classification diagrams of WINCHESTER & FLoyD (1977)
(Fig. 3C), the samples are identified as rhyolites.
Chondrite normalized rare earth elements (REE) are
displayed in Fig. 3D (after Sun & McDoNouGH 1989).
These display a remarkable negative Eu anomaly, in-
dicating early plagioclase fractionation (Eu/Eu* = 0.18
to 0.25). The light REE (LREE) are weakly fraction-
ated, and the HREE pattern is almost horizontal and
gently concave [(La/Yb), = 5.69 to 9.28]. Total REE
concentrations are remarkable high for this type of
rocks (149.3 to 225.7 ppm)

Strong negative anomalies of incompatible ele-
ments (Rb, Sr, Y and Nb) in the chondrite normalized
multi-element diagram (Sun & McDonNouGH 1989)
suggest a volcanic arc origin for these samples. In ad-
dition, Th, U and Ta concentrations are very high (up
to 30-900 times chondrite), whereas those of the heavy
REE (HREE) and the high field-strength elements
(HFSE) reach 20 times chondritic concentrations (Fig.
3E). These values are known to reflect fractional crys-
tallization phenomena in shallow magmatic chambers.
In the Rb vs. Y+Nb diagram of PeaRrcE et al. (1984)
(Fig. 3F), the rhyolites fall in the volcanic arc field
(VAG), but very close to the border with the within
plate field (WPG).

4.1. Analytical procedures and U-Pb zircon ages

The zircons were separated from ignimbrites and
rhyolites and concentrated for analytical procedures at
the Geosciences Institute of the Sdo Paulo University
(IGc/USP — Brazil). The samples were disintegrated
to 100 and 250 mesh grain-sizes in a disc mill; the
fragments then classified in a Wilfley table, and the
fraction with heavy minerals was treated with bromo-

form and methyl iodide for separation. Concentrates
were processed in a Frantz magnetic separator, and the
final purification was carried out by hand picking un-
der a stereomicroscope. Individual zircons selected for
dating were mounted in epoxy resin. After polishing,
reflected, transmitted and CL images were obtained
to better choose the laser spot place (cathode lumines-
cence) (Fig. 5A and B).

LA-ICP-MS analysis were carried out at the
Geochronological Research Center, Sao Paulo Uni-
versity, Brazil, using a 193 nm excimer laser (Pho-
ton Machines) coupled to a Neptune multicollector,
double-focusing magnetic sector ICP-MS. Operating
procedures and parameters are discussed by Sarto et
al. (2011). Results are plotted on Tera Wasserburg dia-
grams (Fig. 5C, D and E) using Isoplot software (Lud-
wig et al. 2003). Using the “Concordia Age” model,
the calculated zircon ages are 5249 + 1.1 (MSWD
= 0.47) and 525.1 £ 1.3 Ma (MSWD = 0.038). These
values were obtained considering only the best points
after removing zircon xenocrysts that were incorpo-
rated into the magma, points with isotopic inheritance
and analyses showing Pb loss. As the obtained ages
are identical, we combined the data of both samples
which provides an age of 525.0 £ 0.85 Ma (MSWD =
0.44) (Fig. SE). This is the best estimate for the age of
formation of these volcanic rocks

5. Magmatism and detrital zircon ages in the
evolution of the Puncoviscana Basin

The Puncoviscana Basin developed during the Late
Neoproterozoic and the Early Cambrian, encompass-
ing an area from southern Bolivia to central Argen-
tina. Further extension of the basin towards the north
and south has also been suggested (AcCENOLAZA &
AceNoLAzA 2007; AceNoLaza et al. 2009). The basin
is interpreted as part of a western Gondwana shallow
marine sedimentary basin receiving sedimentary in-
put from older positive areas located to the north and
east. This situation dramatically changed around 520
Ma, during the Tilcarian orogeny, which generated a
major change in the sedimentary environment, with
significant magmatic plutonic and volcanic influence.

Igneous rocks are common in northwest Argentina,
with some remarkable units such as the Santa Rosa
de Tastil granite, of which the red granite has a 541
Ma U-Pb zircon age, the gray granite a 534 Ma age,
and a porphyritic dacite a 523 Ma age (Hauser 2011).
Westwards, near the town of Cachi in the Cordillera
Oriental, Lork et al. (1990) obtained U-Pb ages for
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volcanic detrital zircons in the range 530-560 Ma. The
chemical and geochronological data from tuffs inter-
bedded in the Puncoviscana Formation (EscayoLa et
al. 2011) are very similar to those the rhyolite clasts
presented herein. The abundance and distribution of
interbedded tuffs in the Puncoviscana Formation and
their chemical signatures highlight the importance of
the regional magmatism and allows a close compari-
son with the rhyolite clasts in the Suncho Formation.
Isotope geochemical data of rhyolite clasts indicate
that the continental magmatic arc was active up to 515
Ma (Hauser 2011; EscayoLa et al. 2011 and references
therein) therefore we suggest that arc magmatism was
related to the Tilcarian orogeny.

In addition, felsic magmatism was also reported
from different areas in the Central Andean region,
namely: (i) Sierra de Ambargasta in the Eastern Pre-
cordillera (KoukHARSKY et al. 2003) with volcanic se-
ries composed of rhyodacites, dacites, andesites and
basaltic andesites having a 514 Ma K-Ar age and the
geochemical characteristics of a continental volcanic
arc; (ii) the Sierra Norte de Cérdoba with magmatic
arc related ignimbrites intercalated in conglomerates,
with a 584 Ma conventional U-Pb age for magmatic
zircons (Lramsias et al. 2003). Based on geochemi-
cal data, GosskN et al. (2009) suggested the succession
formed in a continental island arc and were interca-
lated with sedimentary rocks during deposition in the
same tectonic environment.

Although JeZek (1990) proposed a NE to E regional
paleo-current direction, this is not clear for the Sierra
de La Ovejeria area. It is reasonable to assume that
the volcanic outcrops containing the rhyolite clasts
have been transported in the same direction (NE to
E); however, we cannot rule out additional provenance
from other regions.

6. Final remarks

The different lithofacies of the Suncho Formation and
the nature and age of clasts in the conglomerate facies
indicate that the sources were meta-sedimentary and

igneous rocks belonging to the Puncoviscana Forma-
tion and its intrusive rocks (Neoproterozoic—Terre-
neuvian, Series 2).

The presence of irregularly shaped, up to 6 cm
long black limestone clasts within the conglomerates
strongly suggests that carbonate sequences were part
of an unknown, but nearby source area. The presence
of limestones and the ages of the associated rhyolite
clasts reinforce a regional link with outcrops in the
Catamarca, Salta and Jujuy provinces. In addition, the
rhyolite pebbles have a volcanic arc geochemical af-
finity.

On the basis of the regional paleocurrent patterns,
the source area of the siliciclastic, carbonatic and vol-
canic material deposited in the Suncho Formation
must have been located to the E and NE of the present
outcrop.

Low temperature phases such as microcrysts,
glassy and microcrystalline products indicate fast
cooled effusive volcanism. Calc-alkaline and meta-
aluminous rhyolites are common, characterizing
evolved volcanic arcs. In addition, the ages and min-
eral compositions are similar to some of tuffs in the
Puncoviscana Formation cropping out in the northern
Salta and Jujuy provinces (515.1 = 5.9 Ma and 520.1 +
7.6 Ma; EscayoLa et al. 2011).

The deposition of the Suncho Formation has a spe-
cial significance in the geological tectonic evolution
of the Lower Paleozoic of northwest Argentina and
West Gondwana. The youngest detrital zircon U-Pb
ages from the psammites display a noteworthy peak
in the range 514-552 Ma. Some older ages found in the
same unit (541-552 Ma) may correspond to the deeper
sedimentary series that were sourced from magmatic
rocks, while younger ages are related to the associated
rhyolitic volcanism (514-520 Ma).

From the geochronological data of the Suncho For-
mation, we conclude that: 1) the age of sedimentation
of the Suncho Formation cannot be greater than 525
Ma, which is the age of the vulcanite pebbles. 2) the
sedimentary dynamics of the unit reflects reworking
of the older Puncoviscana Formation (sensu lato). 3)

Fig. 5. A-B — Cathode luminescence images A — Zircons included from the rhyolites; B — Zircons from the ignimbrite. The
circles indicate the analyzed points and are labelled with the corresponding ages. C — Tera-Wasserburg diagram for rhyolite
zircons. Age: 525.1 + 1.3 Ma, with MSWD = 0.038 and a 0.84 probability of concordance. D — Tera-Wasserburg diagram for
zircons from ignimbrite pebbles. Age: 524.9 + 1.1 Ma, with MSWD = 0.47 and a probability of 0.49. E — Tera-Wasserburg
diagram for rhyolite and ignimbrite zircons. Combined age: 525.0 + 0.85 Ma, with MSWD = 0.44 and a 0.51 probability of

concordance.
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rhyolitic units belonging to early levels of the multi-
phased Puncoviscana Formation, and were interlay-
ered in the meta-sedimentary sequence of the source
area. Its erosion produced the material for the Suncho
Formation. 4) The ages obtained are consistent with
those established by Oldhamia sp., included in the as-
sociated meta-sedimentary sequences. 5) The young-
est detrital zircon ages of 524.9 + 1 and 525.1 + 1.3
Ma in the Suncho Formation were derived from acid
volcanic rocks similar to that of the clasts in the con-
glomerates of the same unit. All data suggest a close
affinity of the rhyolites with the tuffs levels described
by Escayora et al. (2011) in the Puncoviscana Forma-
tion of the Salta and Jujuy provinces (523 and 569 Ma).

Acknowledgements

Authors are indebted to STANLEY FINNEY and DIEGO GARCiA-
BEeLLIDO for field discussions and the early reading of manu-
script. The reviewer’s comments and suggestions greatly
contributed to improve the final paper. Authors acknowl-
edge the support from the Instituto Superior de Correlacion
Geoldgica (INSUGEO, Tucumdn. Argentina) and the Cen-
tro de Pesquisas Geocronoldgicas (CpGeo, Sao Pablo. Bra-
zil).

References

AcenoLAzA, F.G. & ToseLLi, A.J. (1978): Consideraciones
petrogréficas y tectnicas sobre el Paleozoico inferior
del NW argentino. — 2™ Congreso Latinoamericano de
Geologia, 2: 755-764.

AceNoLAzA, G.F. & Acenoraza, E.G. (2007): Insights in the
Neoproterozoic / early cambrian transition of NW Ar-
gentina: Facies, environments and fossils in the Proto
Margin of Western Gondwana. — In: Vickers-RicH, P.
& Komarower, P. (Eds.): The Rise and the Fall of the
Ediacara Biota. — The Geological Society of London,
Special Publication, 286: 1-13.

AceNoLazA, G.E., Germs, G. & AceNoLaza, F.G. (2009):
Trace fossils and the agronmomic revolution at the Neo-
proterozoic — Cambrian transition in Southwest Gond-
wana. — Developments in Precambrian Geology, 16:
339-347.

Apawms, C.J., MILLER, H., AceNoLAzA, F.G., ToseLLI, A.J. &
GRrIFFIN, W.L. (2011): The Pacific Gondwana margin in
the late Neoproterozoic-early Paleozoic: Detrital zircon
U-Pb ages from metasediments in northwest Argentina
reveal their maximum age, provenance and tectonic set-
ting. — Gondwana Research, 19: 71-83.

Duranp, E.R. (1980): Geologia de la Sierra de La Ovejeria,
provincia de Catamarca. — PhD. Thesis (Facultad de
Ciencias Naturales e Instituto Miguel Lillo, Universidad
Nacional de Tucumadn), pp. 1-365 (unpublished).

Duranp, F.R. (1982): Caracteres geoldgicos del basamento
de la Sierra de La Ovejeria, Provincia de Catamarca. —
Acta Geologica Lilloana, 16: 93-109.

Duranp, FR. (1985): Caracterizacion geoldgica y paleoam-
biental de las psefitas de la Formacién Suncho (Precdm-
brico Superior — Cdmbrico Inferior). Provincia de Cat-
amarca. — Acta Geologica Lilloana, 18: 337-345.

EscayoLa, M.P., VaN StaaL, C.R. & Davis, W.J. (2011): The
age and tectonic setting of the Puncovscana Formation
in northwestern Argentina: An accretionary complex
related to Early Cambrian closure of the Puncoviscana
Ocean and accretion of the Arequipa-Antofalla block. —
Journal of South American Earth Sciences, 32: 438-459.

GonzaLEz BonoriNo, F. (1950): Geologia y petrografia de
la Hoja 12d (Capillitas) y 13d (Andalgald). — Direccion
General Industria y Mineria, Boletin, 70: 1-216.

Hauser, N. (2011): Petrologia y geologia isotdpica de las
rocas igneas y estudios de proveniencia (U-Pb y Lu-
Hf) de las rocas metasedimentarias del basamento del
Paleozoico inferior en las dreas de Tastil, Nifio Muerto,
Rio Blanco y Rio Grande, Cordillera Oriental, Noroeste
Argentino. — PhD. Thesis (Facultad de Ciencias Exactas
y Naturales, Universidad Nacional de Salta), pp. 1-248
(unpublished).

JEZEk, P. (1990): Andlisis sedimentoldgico de la Formacion
Puncoviscana entre Tucumdn y Salta. — In: ACENOLAZA,
F.G., MiLLER, H. & ToseLLi, A.J. (Eds.): El Ciclo Pam-
peano en el Noroeste Argentina. — Serie Correlacién
Geoldgica, 4: 9-35.

KoukHARSKY, M., BRoDTKORB, M., KAy, S. & MUNIZAGA,
F. (2003): La Formacion Balbuena, integrante del arco
magmdtico pampeano en la Sierra de Ambargasta, pro-
vincia de Santiago del Estero. — Revista de la Asociacién
Geoldgica Argentina, 58: 583-592.

Laco, M., ALvVARO, J., ARRANZ, E., Pocovi, A. & VAQUER,
R. (1992): Condiciones del emplazamiento, Petrologia
y Geoquimica de las riolitas, calco-alcalinas y stepha-
niense-pérmicas, en las Cadenas Ibéricas. — Cuaderno
Laboratorio Xeoloxico de Laxe, 17: 187-198.

LE MaITRE, RW. (1976): The chemical variability of some
common igneous rocks. — Journal of Petrology, 17: 589-
637.

LLawmBiAs, E., GREGORI, D., BAasel, M.A., VARELA, R. & Proz-
z1, C. (2003): Ignimbritas rioliticas neoproterozoicas en
la Sierra Norte de Cérdoba. Evidencia de un arco mag-
madtico temprano en el ciclo Pampeano? — Revista de la
Asociacion Geoldégica Argentina, 58: 572-582.

Lork, A., MILLER, H., KrRamM, U. & GRAUERT, B. (1990):
Sistemadtica U-Pb de circones detriticos de la Formacion
Puncoviscana y su significado para la edad mdxima
de sedimentacion en la Sierra de Cachi (Provincia de
Salta, Argentina). — In: AceNoLazA, F.G., MILLER, H. &
ToseLLi, A.J. (Eds.): El Ciclo Pampeano en el Noroeste
Argentina. Serie Correlacion Geoldgica, 4: 199-208.

Lowbper, G.G. & CARMICHAEL, I.S.E. (1970): The volcanoes
and caldera Talasea, New Britain: Geology and Petrol-
ogy. — Bulletin of the Geological Society of America,
81: 17-38.

Lupwig, K.R. (2003): Isoplot/Ex version 3.00. A Geo-
chronological Toolkit for Microsoft Excel. — Berkeley
Geochronology Center. Special Publication, 4: 1-73.

MCcBIRNEY, A.R. (1984): Igneous Petrology. — Freeman
Cooper & Co., pp. 1-509.

MIRRE, J.C. & AceNoLazA, F.G. (1972): El hallazgo de Old-



Regional implications of U-Pb zircon ages from rhyolitic pebbles 43

hamia sp. (traza fosil) y su valor como evidencia de edad
cambrica para el supuesto Precambrico del borde occi-
dental del Aconquija, provincia de Catamarca. — Ameg-
hiniana, 9: 72-78.

PEARCE, J.A., HARRIS, N.B.W. & TINDLE, A.G. (1984): Trace
element discrimination diagrams for the tectonic inter-
pretation of granitic rocks. — Journal of Petrology, 25:
956-983.

RapeLA, C.W., PANKHURST, R.J., DAHLQUIST, J. & FANNING,
C.M. (1999): U-Pb SHRIMP ages of Famatinian Gran-
ites: New constraints on the timing, origin and tectonic
setting of I-and S-type magmas in an ensialic arc. — II
South American Symposium on Isotope Geology (IIS-
AGI), 264-267.

Sato, K., Basel, M.A.S., FERREIRA, C.M., SPROESSER, W.M.,
ViacH, S.R.F,, IvanucH, W. & Onor, A.T. (2011): U-Th-
Pb analyses by excimer laser ablation / ICP-MS on MG
Brazilian xenotime. — Goldschmidt Conference Ab-
stracts. — Mineralogical Magazine: 1801.

SHAND, S.J. (1929): Eruptive Rocks. — D. Von Nostrand Co.,
New York, pp. 1-360.

Sun, S.S. & McDonNoucH, W.E. (1989): Chemical and iso-
topic systematics of oceanic basalts: Implications for
mantle composition and processes. — In: SAUNDERS, A.D.
& Norry, M.J. (Eds.): Magmatism in the Ocean Basins.
Geological Society of London, Special Publication, 42:
313-345.

Von Gosen, W., Bucaisch, W. & Prozzo, C. (2009): Prove-
nance and geotectonic setting of Latte Proterozoic-Ear-
ly Cambrian metasediments in the Sierras de Cérdoba
and Guasaydn (western Argentina): a geochemical ap-
proach. — Neues Jahrbuch fiir Geologie und Paldontolo-
gie, Abhandlungen, 25: 257-284.

WINCHESTER, W. & Froyp, P.A. (1977): Geochemical dis-
crimination of different magma series and their differ-
entiation products using immobile elements. — Chemical
Geology, 20: 325-343.

Manuscript received: June 2nd, 2014.
Revised version accepted by the Potsdam editor: September
15th, 2014.

Addresses of the authors:

DimMiTRA  MaNTZOUKA, NIcOLAOS TSAPARAS, VASILEIOS
Karaxkitsios, National and Kapodistrian University
of Athens, Faculty of Geology and Geoenvironment,
Department of Historical Geology and Palacontology,
Greece;

e-mails: dmantzouka@geol.uoa.gr, ntsapar@geol.uoa.gr,
vkarak@geol.uoa.gr,

ALEJANDRO J. ToseLLl, Instituto Superior de Correlacion
Geoldgica (INSUGEO - CONICET / Universidad Nacional
de Tucumdn). Miguel Lillo 205. 4000, Tucumdn. Argentina.
GuiLLErMO F. AceNoLaza (corresponding author), Instituto
Superior de Correlacién Geoldgica (INSUGEO - CONICET
/ Universidad Nacional de Tucumdn). Miguel Lillo 205.
4000, Tucumdn. Argentina.

e-mail: gfacenolaza@gmail.com

FLORENCIO AcCENOLAZA, Instituto Superior de Correlacion
Geoldgica (INSUGEO - CONICET / Universidad Nacional
de Tucumdn). Miguel Lillo 205. 4000, Tucumdn. Argentina.
Juana N. Ross, Instituto Superior de Correlacién Geoldgica
(INSUGEO - CONICET / Universidad Nacional de
Tucumadn). Miguel Lillo 205. 4000, Tucumdn. Argentina.
MiGueL A. Basgl, Centro de Pesquisas Geocronoldgicas
(CPGeo), Instituto de Geociéncias, Universidade de Sao
Paulo, Cidade Universitaria, Rua do Lago 562 (05508-900),
Sao Paulo. Brasil.



44 A.J. Toselli et al.

Appendix
Table 1. Major, trace and rare earth element concentrations and CIPW norms.
Sample 8061 8061b 8090
(oxide Wt%)
SiO, 78.49 76.18 76.95
AlLO 8.66 11,44 10.10
Fe,O,T 1.49 2.58 1.52
MnO 0.095 0.054 0.037
MgO 0.35 0.61 0.28
CaO 2.79 2.01 1.96
Na,O 2.57 3.13 3.31
K,O0 2.01 278 2.59
TiO, 0.094 0.246 0.132
P,O, 0.03 0.06 0.02
LOI 3.09 1.66 2.16
Total 99.66 101.8 99.06
(ppm)
Sc 3 6 3
\ 8 25 9
Co 32 18 30
Ga 11 10 12
Rb 72 81 72
Sr 196 176 200
Y 31 27.6 31
Zr 114 210 161
Nb 18 11.5 18
Cs 3.7 3 4.3
Ba 506 785 737
Hf 4.5 5.9 5.6
Ta 4.3 2.97 4.1
T1 0.3 0.4 0.4
Pb 79 17 30
Th 21.1 13.1 234
U 5.2 3.02 5.8
La 40,1 243 46,6
Ce 95,8 60.3 89.9
Pr 9.47 6.98 10.8
Nd 33.1 24.7 38.1
Sm 6.8 5.29 77
Eu 0.38 0.772 0.58
Gd 5.7 5.32 6.0
Tb 1.0 0.96 1.0
Dy 6.2 6.01 6.1
Ho 1.3 1.17 1.2
Er 3.6 3.36 3.5
Tm 0.56 0.499 0.53
Yb 3.8 3.06 3.6
Lu 0.63 0.464 0.57
Eu/Eu* 0.18 0.44 0.25
La/Yb)N 7.57 5.69 9.28
CIPW norms
8061 8061b 8090
Q 54.40 42.83 46.24
Or 12.31 16.59 15.81
Ab 22.49 26.70 28.87
An 6.32 9.01 5.19
Di -Wo 1.05 0.30 0.84
Di -En 091 0.25 0.72
Hy -Ms B 1.28 -
Mt 0.04 0.18 0.12
He 1.52 2.48 1.48
Ap 0.07 0.13 0.05
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