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Abstract: The Puncoviscana Formation is an important stratigraphic sequence of sandstones and
shales, with intercalated conglomerates, limestones and volcanic roeks. It was deposited at the Neo-
proterozoic-Cambrian boundary in a shallow basin on the western margin of Gondwana. Trace fos-
sils of the Puncoviscana Formation s.I. are represented'by the Oldhamia and Nereites ichnoassocia-
tions and the geographical distribution of assemblagesare.aligned as parallel belts, with a shallower
eastern Nereites association and a deeper western Oldhamia association. They represent different
temporal levels on the evolution of the basin. Defrital zircon spectra display a wide range of ages,
which indicate their provenance from Neoproterozoic.to Cambrian source areas as well as Meso- to
Paleoproterozoic basement units, exhibiting typical Gondwanan ages. Thick limestone banks are
interbedded in the Puncoviscana Formation s.1. that included the siliciclastic sequences, with very
low- to medium-metamorphic grade. §13C.values for the limestones vary from -1.57 to +3.40/00
VPDB, while in the Sierras Pampeanas, 013C values vary from +2.6 to +80/00 VPDB. Also, reported
87S1/86Sr values allow a clear differentiation of two rock sets. The limestones interbedded with the
Puncoviscana Formation yielded values typical for the Neoproterozoic-Cambrian transition, between
0.70868 and 0.70896; while the limestones of the Sierras Pampeanas display values between 0.70748
and 0.70756, common in'the middle to late Ediacaran. Deformation and uplift of the Puncoviscana
Formation is clearly represented in northern Argentina by the Tilcarian unconformity, which is over-
lain by the Mesén Group.

Key words: Puncoviscana Formation, Nereites and Oldhamia associations, 813C values, Neoproter-
ozoic-Cambrian transition.

1. Introduction Pampeanas of northwest Argentina, continuing into
Bolivian territory, where it is known as San Cristobal
Formation (TurNeEr 1960; TurNER & Mon, 1979;

The Puncoviscana Formation of NW Argentina  SUAREZ Soruco 1992; AceNoLaza et al. 1999; Ramos

represents the basement unit in the South American
Early Paleozoic Central Andean Basin. It crops out
mostly in the Cordillera Oriental, Puna and Sierras
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1999; AceRoLazA & ToseLL1 2009).
These Ediacaran-Lower Cambrian rocks are
represented by a thick and heterogeneous succession
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of deformed and slightly metamorphosed sedimentary
rocks, with shales, greywackes, sandstones, carbonates,
volcanic rocks and conglomerates. Scarce fossiliferous
levels occur associated to shale intercalations. The
whole sequence is intruded by granitic plutons in
several sectors (AceENoLAZA & TosgLLl 2009).

To understand the structural outline of the basin
where the Puncoviscana Formation was deposited,
the pre-Ediacaran evolution of the Gondwana border
needs to be considered. Several hypotheses have been
proposed on this matter. We consider this basin as de-
veloped from a NNE-SSW- trending aulacogen (Ack-
NoLAzA & DuranD 1986) that evolved from the “Bo-
livian Triple Joint”, which occurs in the eastern plain
regions of the country (SUAREZ Soruco 1989, 2000).

The Puncoviscana Basin (Pampean Orogen) ex-
tends from Bolivia to Central Argentina, limited to
the west by the Arequipa-Antofalla terrane and to the
east by the Guaporé and Rio de la Plata cratons. In
the northern part of the basin very low- to low-grade
metasedimentary rocks dominate, while the south-
ern area is dominated by gneisses, migmatites and
medium-grade metamorphic rocks (ACENoLAZA et al.
2002) (Fig. 1). The contacts between isolated very-low
to low-grade metasedimentary rocks with the adjacent
gneisses and migmatites are mostly not exposed (Cami-
Nos 1979). Some authors (WILLNER 1990; WILLNER ‘&
MILLER 1986) argue that the more intensely deformed
and metamorphosed rocks represent deeper crustal
equivalents of the supra-crustal succession, whereas
Mon & HonGN (1991) interpret the variety.of metamor-
phic rocks related to different tectono-metamorphic
events. However, both successions are affected by the
Tilcaric orogeny and the Middle Cambrian to Early
Ordovician plutonic activity (RapeLa et al. 1998). The
sedimentary aspects of low-grade metasedimentary
rocks of the Puncoviscana Formation were described
by OmARINI (1983), JEZEK (1990) and DURAND (1990).

The depositional age of the thick clastic sequence

is essentially based on trace fossil data (e.g. DURAND &
AceNoLAzA 1990; AcENoLAzA & AceNoLAzA 2005) that
point to an Ediacaran-Early Cambrian age.

Southwards, the San Luis Formation (Prozzi &
Ramos 1988; Prozzi 1990) is exposed in two belts of
the homonymous range. It consists of alternating phyl-
lites and meta-quartzites with minor meta-conglom-
erates and meta-rhyolitic rocks (Sato et al. 2002, and
references therein). The succession is characterized
as a turbiditic sequence and compared with the Edia-
caran-Lower Cambrian Puncoviscana Formation. This
regional correlation is supported by the U-Pb crystalli-
zation age of 529 +/- 12 Ma obtained from meta-mag-
matic layers (SOLLNER et al. 2000).

Available Nd-isotope data for the low-grade
metasedimentary rocks (Bock et al. 2000) and medium-
to high-grade metamorphic_rocks (schists, gneisses
and calc-silicates; see PANKHURST et al. 1998, RAPELA
et al. 1998, and LuceAssenet al. 2000), represent only
restricted areas. . Reported model ages vary between
1.5 and 1.8 Ga'for the low-grade metasediments, and
1.5-2.1 Ga for the higher-grade metamorphic rocks.

Geochronological data of the eastern Sierras Pam-
peanas, in the Santiago del Estero and northern Cérdo-
ba'provinces, show that this area is mainly composed
by ‘a.series of granitoids of Late Proterozoic-Early
Cambrian with ages between 500-567 Ma (KOUKHAR-
sky et al. 2003; CasTELLOTE 1989). These intruded
into a metamorphic basement constituted by schists,
gneisses, amphibolites and migmatites with K/Ar ages
between 407 +/- 10 and 665 +/- 20 Ma (CASTELLOTE
1989). These metamorphic rocks and granitoids are in-
truded by volcanic rocks known as Los Burros Dacite
(513 Ma, LEeaL et al. 2003), dykes of the Oncan Rhyo-
lite (Rb-Sr isochron of 494 Ma, RAPELA et al. 1991),
and basaltic and andesitic to dacitic rocks that com-
prise the Balbuena Formation with an K-Ar age of 514
+/- 15 Ma (KoukHARSKY et al. 2003).

Fig. 1. Simplified geological map of Northwestern Argentina, showing the distribution of Ediacaran — Paleozoic sedimentary,
metamorphic and magmatic rocks of the Puncoviscana Formation and equivalents, including Ordovician outcrops. Locations
are: SA: Sierra de Ancasti; SF: Sierra de Fiambald; SFa: Sierra de Famatina; SC: Sierras de Cérdoba; SNC: Sierra Norte de
Cérdoba; SL: Sierras de San Luis, and SO: Sierra de la Ovejerfa. QH: Quebrada de Humahuaca, and QT: Quebrada del Toro.
Granites are: A: Ambargasta; C: Caiianf; T: Tipayoc, and SR: Santa Rosa). Localities with magmatic and metamorphic ages,
C and Sr isotopes and detrital zircons are shown and discussed in the text.
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Fig. 2. Correlation chart of the Puncoviscana Formation and equivalents including’granites, volcanic rocks, limestones,
metamorphic ages and trace fossils (modified after AcENoLAzA & ToseLL1 2009).

2. Geological setting

Ediacaran-Lower Cambrian rocks that constitute 'the
Puncoviscana Formation (TUrRNER 1960) are repre-
sented in northwest Argentina by a thick and hetero-
geneous succession of deformed and slightly meta-
morphosed sedimentary rocks. Theseare shales, grey-
wackes, sandstones, carbonates, volcanic rocks and
conglomerates, with sparse. fossiliferous levels. Con-
tinuous stratigraphic sections,are rare, which makes
formal subdivision impossible. However, maximum
ages of detrital zircons from the turbiditic facies of the
Puncoviscana Formation and equivalent units suggest
a certain decrease of ages of this facies from east to
west. In addition, whereas limestones are bound to the
lower parts of the Puncoviscana Formation s.l., vol-
canic rocks mostly occur in younger sections (Fig. 2)
Large tracts of higher-grade metamorphic equivalents
occur to the south, in Catamarca and Tucumdn prov-
inces (ACENOLAZA & MILLER 1982).

Sedimentological features indicate a range of
environments, ranging from above wave-base, shallow-
water mainly in the east, to mid-fan turbidites mainly
in the west. Greywacke (dominant)—siltstone-mudstone

graded-bed successions (Fig. 3) are widespread;
limestones and intercalated volcanic rocks are rare.

The sediments of the Puncoviscana Formation
and their higher metamorphic equivalents have been
identified as greywackes and lithic arenites by JEZEK et
al. (1985), JEZek & MILLER (1986). Geochemically the
source area corresponds to an uplifted orogen within a
stable continental margin (JEZex et al. 1985; Do Campo
& RIBEIRO GUEVARA 2005).

Within the clastic sediments JEZEK et al. (1985)
distinguished 5 facies types: proximal, intermediate,
distal, pelagic and channel facies. The proximal
facies is characterized by massive graywackes, lithic
greywackes and subgreywackes of a psammite/pelite
ratio > 5. Load casts, and flute marks are typical
surface structures. The intermediate facies consists of
greywackes, siltstones and pelites, of a psammite/pelite
ratio of 1 to 5. Flute and ripple marks are frequent.
There are typical turbidites with Bouma sequences
starting with a scoured bed overlied by a massive A
bed, represented by the coarsest material settled out
of suspension as the turbidite current slowed. Above,
the plane laminated sandstones (unit B) represents
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Fig. 3. Facies and structures of the Puncoviscana Formation inNW Argentina; A — Heterolithic section with ripple-bedded
top at Cachiiial locality, Salta; B — Limestone facies at Ancajdn, Catamarca; C — Tight folds at El Alisal, Salta; D — General
view of the Tilcara unconformity showing the Meson Group overlying the Puncoviscana Formation at the homonymous
locality in Jujuy; E — Conlomerates at Papachacra with slates, limestone and volcanic clasts, Catamarca; F — Limestones
interbedded with shales at Papachacra Range, Catamarca; G — Folded slates cropping out at Quebrada Don Braulio, Salta;
H - Sandstone and slate beds in the western facies of Puncoviscana close to EI Mojon locality, Salta; I — Ripple-bearing
sandstones cropping out at Purmamarca, Jujuy.

highflow-regime plane beds. These are followed by
ripples and wavy lamination (unit C), indicative of
lower flow regime. Rarely the unit D is identified
in the unit by laminated silt. The distal facies type
is characterized by bed thicknesses < 10 cm which
are plane-parallel bedded, grain size is clay to silt,
siltstones and interbedded pelites. The psammite/pelite
ratio is <1. The pelitic facies is characterized by red,
structureless pelites possibly representing background
sedimentation. The channel facies, composed of
conglomerates, deserves a particular description (see
below).

Paleocurrent directions were obtained from
diverse structures: mostly from ripple marks, but also

from flute marks, pebble imbrication in conglomerates
and from the vergence of slump folds (JEZEk et al.
1985). Most data show flow directions from 45° to
150° that is from the East (JEZex et al. 1985). Fining-
upward successions indicate transgressive trends
during a uniform continuous subsidence period
causing basinward migration of the fan system. Thus,
deposition was continuously bound to the upper
parts of a slope with relatively regular shallow water
conditions.

The geochemical and petrological features of
the sediments suggest a recycled-orogen provenance
(Jezek et al. 1985; JEZEK & MILLER 1976; JEZEK 1990;
PANKHURST & RAPELA 1998; Do CampPo & GUEVARA
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2005; ZiMMERMANN 2005). OMARINI (1983) and OMARINI
et al. (1999b) considered the Puncoviscana Formation
to be mostly Late Proterozoic in age, with only a minor
Early Cambrian part but, on faunal evidence, DURAND
& AceRoLaza (1990) and AceNoLAzA & ACENOLAZA
(2005) assigned it mostly to the Early Cambrian,
and only minor parts to the Neoproterozoic. This
latter assignment is supported by Early Cambrian
U-Pb ages of euhedral (volcanic) detrital zircons in
greywackes near Cachi (Lork et al. 1990). This initial
geochronological work was considerably extended
with new U-Pb (single crystal) detrital zircon and
Rb-Sr metamorphic age studies (Apams et al. 2005,
2008, 2009, 2010) of the Puncoviscana Formation, and
similar work on possibly correlative rocks in central
and western Argentina (SCHWARTZ & GROMET 2004;
FINNEY et al. 2005; EscayoLa et al. 2007; RAPELA et al.
2007; GomEez PERAL et al. 2007).

Innorthwest Argentina,the PuncoviscanaFormation
was strongly folded and weakly metamorphosed,
and then intruded by granitoids during the Tilcarian
Orogeny in mid-Cambrian times. This orogenic event
is also known from metamorphic rocks of provinces
to the south, Catamarca and La Rioja, and in central
Argentina from the Sierras de Cérdoba and San Luis.
These metamorphic rocks have been compared with
the Puncoviscana Formation by AcENoLAZA & MILLER
(1982); Prozzi (1990); voN GOSEN & Prozzi (1998);
SOLLNER et al. (2000) and PANKHURST & RAPELA (1998),
and more recently confirmed by STEENKEN et al. (2008),
in contrast to STEENKEN et al. (2004).

Conglomerate deposits are interbedded with
psammites and shales of the Puncoviscana Formation
and metamorphosed equivalents; this facies constitutes
about 1% (Jezek 1990). They are subdivided in: pebbly
sandstones (Seclantds), pebbly mudstones (Escalchi,
Tin-Tin, Corralito and .Las' Tienditas), unorganized
conglomerates (Seclantds) and massive conglomerates
(Las Tienditas and Corralito). These outcrops are
located in Cordillera Oriental and Northwestern
Sierras Pampeanas.

In the Cordillera Oriental the conglomerates of
Corralito, Las Tienditas, Tin-Tin and Seclantds are
significant, which were studied among others by:
DuranD (1988, 1990); SpaLLETTI & DuURAND (1987);
OMARINI & BaLpis (1984) and Jezek (1986, 1990). They
are generally classified as polymictic conglomerates,
consisting of rounded granules to blocks, embedded
in a psammitic matrix (5%). Clasts in the Seclantds
conglomerate consist of greywackes, quartzites, purple
mudstones and rhyolites.

In the Northwestern Sierras Pampeanas DURAND
(1990) described at Sierra de la Ovejerfa a polymictic
conglomerate, with well rounded clasts of quartzites,
greywackes, sandstones, quartzites, limestones,
rhyolites and ignimbrites. According to DuranD (1990)
the conglomerates are intercalated in the turbidite
sequences of the Suncho Formation (equivalent to the
Puncoviscana Formation), which can be interpreted
as submarine fans, in which gravitational flows of
sliding, slumping and debris flows (JEZEK 1990).
The provenance of clastic material is probably from
consolidated sedimentary regions and low-grade
metamorphic rocks, and also from outcrops of acid
volcanics and limestones (SPALLETTI & DURAND 1987,
DuraND 1988).

The San Luis Formation (Prozzi & Ramos 1988) is
exposed in two belts of thecentral and western parts of
the Sierra de San Luis. [t consists of alternating phyllites
and meta-quartzitesswith ‘minor meta-conglomerates
and acid meta-magmatic rocks. The succession was
characterized as a turbiditic sequence, and compared
with the Puncoviscana Formation by Prozzi (1990)
and v. GoSEN & Prozzi (1998). The metamorphic grade
is lower- to'middle-greenschist facies.

3. Chemostratigraphy of carbonates

Thick limestone banks are interbedded in the Punco-
viscana Formation s.l. in the Salta, Jujuy, Tucumadn,
Catamarca, Santiago del Estero and Cérdoba provinc-
es. They are interbedded in the siliciclastic sequenc-
es, ranging from very low- to medium- metamorphic
grade (Fig. 1).

In the Salta province, limestones crop out in the
Castillejo Range and are known as Las Tienditas For-
mation. This formation, 160 to 240m thick, is com-
posed of fine-grained, dark limestones, alternating
with marls and brecciated limestones (Ortiz 1962;
SALFITY et al. 1975; BALDIS & OMARINI 1984).

In Jujuy, limestones are known at the localities
of Quebrada de Humahuaca at Ledn and Volcan.
These are represented by highly deformed, dark, fine-
grained micritic limestones that, in some sectors, are
found interbedded with shales and sandstones (Loss
& GIORDANA 1952). ScaNavINO & GUICHON (1971) mea-
sured for the sequence a maximum thickness of 800
meters, decreasing laterally.

013C values for the Las Tienditas Formation vary
from -1.57 to +3.4 %0 VPDB, with the highest positive
values close to the base of the sequence and decreasing
upsection, displaying a negative excursion at 15 me-
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ters below the top of the sequence. This excursion has
been formerly interpreted as the possible Precambri-
an-Cambrian boundary (SiaL et al. 2001). The Volcén-
Ledn limestones display 813C values from +6.11 to
+4.58%0 VPDB (ToskLLI et al. 2008).

The Sierra de Ancasti (Sierras Pampeanas of Cat-
amarca) is represented by the Ancasti and Sierra Brava
formations and the El Portezuelo Complex (ACENOLA-
za & ToseLLl 1977). Among them, the Sierra Brava
Formation displays the carbonatic La Calera Member,
integrated by a heterolithic sequence of fine- to me-
dium-grained limestones, interbedded with quartzites
and schists. Granoblastic texture is common, with the
presence of quartz and opaque minerals (magnetite
and graphite). Muscovite and dispersed calcite can be
observed as well (ToseLLI et al. 2008).

In the La Calera Member, 013C values start up with
+2.6%0 VPDB reaching a plateau around +8%o upsec-
tion. It is interesting to highlight that the homogeneity
of 813C close to +8%o is recognized worldwide to the
lapse of 600 to 730 Ma (JacoBseEN & Kaurman, 1999;
MEeLEzZHIK et al. 2001). Recent papers display addition-
al data on 013C values occurring ca. 850 and 750, and
again around 670-650 Ma (e.g. HALVERSON et al. 2010).
87S1/86Sr values allow to clearly differentiate two sets
of rocks:

(a) Limestones interbedded to the Puncoviscana
Formation (Las Tienditas and Volcan formations)
yielded values typical for the Neoproterozoic-Cambri-
an transition, between 0.70868 and 0.70896 ((TOSELLI
et al. 2010).

(b) Limestones of the Sierras Pampeanas’ of Cat-
amarca (La Calera and Ancajdn) display values of
0.70748 and 0.70756 (ToseLLI et al.. 2010), common
in the middle to late Ediacaran (e.g. GAUCHER et al.
2009a). The latter Sr-isotope.values fit 813C data be-
tween -1.0 and +1.0%0V PDB; typical for the early Cam-
brian period, while 813Cuvalues around +5%0VPDB
are common in the Ediacaran period. These current
data suggest older ages for the analyzed limestones of
the Sierras Pampeanas (Catamarca) and, younger ages
for the carbonates in the Cordillera Oriental (Salta and

Jujuy).

4. Paleontologic associations

As mentioned earlier, the Puncoviscana Formation
(s.1.) records a variety of trace fossils, few body fossils
and some problematical bio-sedimentary structures,
being all of them restricted to the slates and sandstone
facies of the unit (Fig. 4). No fossils have been found

yet in the associated limestone nor in the conglomer-
ates (ACeENOLAZA & AcCENOLAZA 2007).

The existence of exclusively Ediacaran fossils is
not clear due to the lack of a precise link between the
chronological data and the fossiliferous strata.

An updated review of the trace fossils in the
Puncoviscana Formation provides the following
list: Archaeonassa fossulata, Asaphoidichnus isp.,
Cochlichnus anguineus, Didymaulichnus lyelli, Di-
morphichnus obliquus, Diplichnites isp., Glockerich-
nus isp., Helminthoraphe isp., Helminthopsis abelli,
Helminthopsis tenuis, Helminthoidichnites tenuis,
Monomorphichnus lineatus, Monomorphichnus isp.,
cf. Multipodichnus, Nereites saltensis, Neonereites
uniserialis, N. biserialis, Oldhamia alata, O. antiqua,
O. curvata, O. flabellata, O. geniculata, O. radiata, cf.
Thalassinoides isp., Palaeophycus tubularis, Palaeo-
phycus isp., Protichnites isp., Protovirgularia isp.,
Tasmanadia cachiiy Treptichnus isp., Treptichnus cf.
aequalternus, and. T pollardi (AceERoLAzA et al. 2009).

The trace.fossils of the Puncoviscana Formation
s.l. are represented by the Oldhamia and Nereites
ichnoassociations, named after the homonymus trace
fossils (AceNoLAZA & DURAND 1986; ACENOLAZA &
AcEeNoLaza 2005). The spatial distribution of assem-
blages display a remarkable alignment as parallel belts,
with a shallower eastwards Nereites association, and a
deeper westwards Oldhamia associacion, that do not
represent archetypal ichnofacies. These are related to
the morphology of the basin, the chronological record
of the ichnofaunas, and may also represent different
temporal levels on the evolution of the Puncoviscana
sea.

Within the Oldhamia association most trace fossils
are small-sized, parallel to bedding planes, and bio-
turbation is essentially restricted to the first millime-
ters of strata. Deeper burrowers are recognized in the
base of sandstone layers of the sequences. This spatial
restriction of bioturbation with the frequent presence
of wrinkle marks denotes a mostly — but not only —
microbial mat related lifestyles of the fauna as it hap-
pens in other Neoproterozoic/Early Cambrian basins
(McCaLL 2006). Within the Nereites association, a
more diverse trace fossil set is recognized, with large
and mid size grazing and crawling traces developed in
sand-mud interfaces. Arthropod traces are common in
this association.

Although most trace fossils were found in the Salta
Province (NW Argentina), other material from Jujuy,
Catamarca, Tucumdn and La Rioja is important to
complete the picture of the Puncoviscana Basin, and
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Fig. 4. Selected fossils of the Puncoviscana Formation and equivalent units of NW Argentina. A — Oldhamia curvata;
B — Monomorphichnus lineatus; C.— Treptichnus cf. aequalaternus); D — Selkirkia sp.; E — Nereites saltensis (non
Psammichnites saltensis); F — 1. Neonereites biserialis; 2: N. uniserialis; G — Nemiana sp.; Scale = 1 cm

their significance for the Ediacaran-Early Cambrian
strata in the SW margin of Gondwana.

The co-existence of different tiering structures and
the non-exclusively biomat-related feeding strategies
require a more complex ecological structure for the
Puncoviscana Formation than previously suggested
(AceNoLAzA & AceNoLaza 2001; Buatols & MANGANO
2003; AceNoLaza 2005).

A few body fossils have been described from the

Puncoviscana Formation, such as Selkirkia sp. and
Ivesheadia sp. that are mentioned for the sandstone
levels cropping out at Choromoro locality, in the
Tucumdn province. Additional material has been re-
cently discovered and assigned to Sewkia, Aspidella
and Nemiana from the Cordillera Oriental of Salta and
Jujuy (AceNoLaza & AceNoLaza 2008), all data sup-
porting the existence of Ediacaran levels in the basin.
Westwards of Salta, possible Ediacaran strata have
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been recognised with the presence of algal impres-
sions (fucoid type material).

The sedimentary characteristics of the unit and the
presence of this particular suite of trace fossils, body
fossils, algal and microbial-mediated structures empa-
thises a sedimentation on a wave and tide affected sea
platform within the euphotic zone.

5. Detrital zircons, origin and maximum
depositional ages

The heavy mineral analyses including zircon grains
have been used as a method for correlation of depo-
sitional settings of sediments and their provenance ar-
eas. Furthermore, detrital zircon ages provide a maxi-
mum age estimate for deposition of sedimentary and
metasedimentary rocks.

The detrital zircon ages show that Puncoviscana
Formation age patterns contain three broad groups:
Paleoproterozoic-Mesoproterozoic (2400-1400 Ma),
late Mesoproterozoic-early Neoproterozoic (1150-850
Ma) and late Neoproterozoic-Early Cambrian (650-
515 Ma) (Apawms et al. 2008, 2010). The 2400-1400
Ma ages are scarce and statistically not significant.
The 1150-850 Ma age components are dominant in
greywackes with oldest late Neoproterozoic compo-
nents >600 Ma. The former diminish considerably
when late-Neoproterozoic components become domi-
nant and younger, reaching 515 Ma. A northernmost
greywacke sample from Purmamarca (Jujuy) is dis-
tinctive: whilst its zircon age pattern partly resembles
other Puncoviscana Formation samples, it contains no
Cambrian-late Neoproterozoic ages, the youngest ages
being early-Neoproterozoic.

The youngest age components,.c. 515 Ma, in a
greywacke from Rancagua (Cachi, Salta province),
dominate an almost unimodal pattern suggestive of
contemporary volcanic sources at a late Early Cam-
brian depocentre, similar to those obtained by Lork et
al. (1990) of 527 Ma.

An almost constant feature of the U-Pb detrital
zircon age patterns is the persistence of zircons de-
rived from a Late Mesoproterozoic source; in general,
in the range 1000-1090 Ma (Apawms et al. 2005, 2008,
2010; Droge et al. 2009). These zircon sources must
originate in extensive and voluminous complexes of
plutonic and metamorphic rocks, rather than more
limited and superficial volcanic successions. Clearly
a Precambrian craton offers the best environment, and
provides the possibility of an additional and variable
supply of older Paleoproterozoic and Archean zircons

(Apawms et al. 2008; Drogk et al. 2009). A Mesopro-
terozoic orogen would probably undergo prolonged
and substantial erosion in the Neoproterozoic-Early
Cambrian interval, and thus one could also expect the
amount of Mesoproterozoic zircons to decrease during
the period of deposition of the Puncoviscana Forma-
tion, which lasted perhaps more than 50 million years.
The late Neoproterozoic group of zircons is probably
related to the rising Brasiliano Orogen of south-east-
ern and central south Brazil (Apawms et al. 2008, 2010)
and possibly also to a magmatic belt of the Eastern
Sierras Pampeanas (LLamBiAs et al. 2003).

6. Igneous rocks, petrology and
geochemistry

Volcanic and plutonic.roeks are present in the Pun-
coviscana Formation. They can possibly be divided
in two phases: A) pre-Tilcarian (pre-mid Cambrian)
events and, B) Tilcarian (Middle Cambrian) events.
A) The existence of volcanogenic levels interbedded in
the Puncoviscana Formation was recognized at several
localities of the Cordillera Oriental, Puna and Eastern
Sierras Pampeanas; they correspond to the pre-Tilcar-
ian event. In ' most cases, the volcanic rocks are inter-
bedded bodies usually less than 3 m in thickness. They
are grey or greenish grey with porphyritic texture. The
outcrops in the Eastern Cordillera and Puna are most-
ly tholeiitic and alkaline basalts (Coira et al. 1990).
The petrographic and geochemical characteristics of
the volcanic rocks have been published by CHAYLE &
Coira (1987); Coira et al. (1990) and OMARINI et al.
(1999a).

The magmatism might be interpreted as a conse-
quence of several tectonic events and is recorded in
three different groups of volcanic rocks. They vary
from intraplate alkaline basalts and transitional tholei-
itic basalts (between continental and oceanic to island
arc basalts emplaced next to the continent). This in-
dicates a tectonic evolution from an intraplate setting
(alkaline basalts) becoming extensional (continental
and oceanic tholeiitic basalts) and finally turning into
a compressional subduction phase typical of oceanic
islands arc (oceanic basalts).

Geochronological data in the Santiago del Estero
and north of Cérdoba provinces, show that the regional
geology of this area is mainly composed of a series of
Late Proterozoic-Early Cambrian granitoids with ages
between 500-567 Ma (KoUKHARSKY et al. 1999; Cas-
TELLOTE 1982) which intruded in a metamorphic base-
ment made up of schists, gneisses, amphibolites and
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migmatites. Dacitic to rhyolitic domes and dikes were
intruded during the last stages of the batholiths, and
rhyolitic ignimbrites sheets, with a conventional U-Pb
zircon age of 584+22/-14 Ma, are intercalated with the
metaconglomerates of the La Lidia Formation (LLAM-
BIAS et al. 2003).

B) The Tilcarian plutonic event of the Pampean
Cycle is classically restricted to the Jujuy and Salta
provinces, although rocks belonging to this cycle have
also been recognized further south in the Ancasti (Cat-
amarca province), Ambargasta and Cdérdoba ranges.
The granites described from the northern sector of Ar-
gentina are represented by the Cafiani, Tipayoc, Santa
Rosa de Tastil and Mojotoro plutons, all of which are
post-tectonic, and related to the diastrophic Tilcarian
orogenic phase, with ages between 536 and 514 Ma
(OmaARrINT et al. 1987a, b, 1999b; BAcHMANN et al. 1987,
MartTEINI et al. 2008; HonGN et al. 2010; HAUSER 2011).
The petrographic characteristics show that the plutons
are mainly tonalites, hornblende granodiorites, trond-
hjemites and biotite granites, and together with the
geochemical data that defines them as calc-alkaline
and meta- to peraluminous. The initial 87Sr/86Sr ra-
tio of 0.7050 allowed OmarINI et al. (1996, 1999) to
propose an origin by partial fusion of the continental
crust beneath a continental arc or related to continental
collision. HAusER (2011) also suggested a subduction-
related origin.

Basic and ultrabasic rocks associated to the Pun-
covicana Formation have been described from differ-
ent localities in the northwestern Sierras Pampeanas.
In the Sierra de Ancasti, Bassi (1952) and SCHALAMUK
et al. (1983) described the Albigasta/and Icafo basic-
ultrabasic rocks with K-Ar ages between 512 and 468
Ma, which intrude in the Ancasti Formation. Their
mineralogy consists of hornblende, plagioclase, bio-
tite, titanite, epidote and sulphides. In the Sierra de
Fiambald, Grisson et al.“(1998) recognized a two
phase metamorphic event, one related to greenschist-
amphibolite facies with ages between 550 and 540
Ma, and other associated to a 510-515 Ma old gabbro-
norite.

At the Santiago del Estero and north of Cdérdoba
provinces, late Proterozoic-early Cambrian granitoids
are intruded by sub-volcanic rocks known as Los Bur-
ros Dacite (513 Ma, LeaL et al. 2003), the rhyolitic
dykes known as the Oncdn Rhyolite (Rb-Sr isochron
of 494 Ma, RaPELA et al. 1991), and basaltic, andesitic
to dacitic rocks that give rise to the Balbuena Forma-
tion with a K-Ar age of 514 +/- 15 Ma (KOUKHARSKY et
al. 2003). Small outcrops of metasedimentary rocks in

the Sierra Norte de Cérdoba are intruded by granodio-
ritic and monzogranitc plutons of Cambrian age.

According to LEAL et al. (2003), the magmatic arc
might have developed during the Late Precambrian to
Early Cambrian as the result of eastward subduction.
This collision may have controlled extensive deforma-
tion and metamorphism at 530 Ma (KRAEMER et al.
1995; Sims et al. 1998; MIRO 1998; MIRO et al. 2004).

The meta-sedimentary sequence of the San Luis
Formation (Prozzi & Ramos 1988) is correlated with
the Puncoviscana Formation (Prozzi 1990; v. GOSEN
& Prozzi 1998). This correlation is supported by litho-
logical similarity and the U-Pb crystallization age of
529 +/- 12 Ma obtained from two meta-magmatic lay-
ers (SOLLNER et al. 2000).

The Neoproterozoic silicic ignimbrites, together
with the Cambrian calc-alkaline batholiths and related
volcanic rocks indicate the existence of a magmatic
arc associated with the active margin of the Gondwana
continent. This arc was active since Neoproterozoic
times, with a duration of more than 60 Ma. A correla-
tion of the late Neoproterozoic metasedimentary and
volcanicaocks of the Sierra Norte de Cérdoba with the
Puncoviscana Formation of Northwestern Argentina
was suggested by LLamBias et al. (2003).

7-Metamorphic ages

Rb-Sr whole rock isochron ages were obtained by Ap-
AMs et al. (2008b) from slates in the Puncoviscana For-
mation at Rio Choromoro (541 +/- 23 Ma), Quebrada
del Toro (540 +/- 33 Ma), and Quebrada Don Bartolo
(504 +/- 15 Ma). The ages from the Quebrada del Toro
and Rio Choromoro samples place the metamorphism
in the Early Cambrian or latest Neoproterozoic, and
are consistent with the maximum possible depositional
age that is constrained by the youngest detrital zircon
peaks at 636 +/- 7 Ma and 551 +/- 5 Ma, respectively,
from greywackes at the same localities. The anoma-
lously young Rb-Sr age of 504 +/- 5 Ma from Que-
brada Don Bartolo is likely due to the sample being
located within the thermal aureole of younger granites
exposed nearby at La Punilla.

8. Tilcarian Orogeny

The deformation process as well as the metamorphism
and associated plutonism which affected the Punco-
viscana basin begun in the Early Cambrian and fin-
ished in the early Middle Cambrian. These processes
were active through the closure of the basin, probably



Basin evolution of the margin of Gondwana 11

related to the Arequipa-Antofalla Terrane colliding
with the western Gondwanan margin, and the activ-
ity of the Paleo-Pacific Plate, resulting in folding with
open to closed structures and an axial plane cleavage,
mostly recognized in the pelitic facies. This folding
was characterized by WILLNER & MILLER (1986), and
WILLNER (1990) as F1 and F2. Axial planes of these
folds arranges are roughly NS and show a variable ver-
gence to the E or W in depending on the studied loca-
tion. There are areas where chevron folds and flank
slides are quite frequent.

Nevertheless, the metamorphic events north of
Tucumdn were of low grade with syn-kinematic and
thermal characteristics that are particularly distin-
guished near the granitic plutons. Metamorphism usu-
ally generates a weak recrystallization of the matrix
and an oriented biotite growth. In some areas meta-
morphism reaches the chlorite zone and even higher,
as in the Sierras Pampeanas south of Tucumdn. In
these localities it is not easy to determine whether the
metamorphic events correspond to the Tilcarian Orog-
eny or to later Ordovician events (Famatinian Cycle,
sensu ACENOLAZA & TOsSELLI 1976).

It is important to point out that from Tucumdn to
the north, the Tilcarian Orogeny terminates at the base
of the mid to late Cambrian Mesén Group which un-
conformably overlies the Puncoviscana Formation sl

9. Geodynamic model

Various geodynamic interpretations have been put for-
ward for the Puncoviscana Basin. In different papers
we have supported the idea of a typical aulacogenic
basin developed at the western margin-of Gondwana
(AcenoLaza & ToseLLi 2009, with.references).

The opening of the Puncoviscana Basin was due
to the interaction of continental plates and the paleo-
Pacific ocean plate, generating a distensive process
that allowed the sinking of the area and favoured the
development of an extensive epicontinental sea. These
characteristics are supported by the sedimentary re-
cord, with dominance of siliciclastic facies and minor
carbonatic bodies. Associated distensive volcanism,
faunal and trace fossil content and the overall environ-
mental interpretation, support a relatively shallow sea
with a moderate bottom relief allowing the formation
of turbidite flows (JEzEk 1990; AcCENOLAZA & TOSELLI
2009, with references).

Other interpretations (OMARINI & SUREDA, 1993;
OMmARINI et al. 1999) support a plate tectonic concept
that implies collisional models between different ter-

ranes named as Cuyania-Antofalla-Belén-Arequipa
(CABA). Within collisional schemes KeppiE & BAHL-
BURG (1999), LoEwy (2003), PANKHURST et al. (2006),
DrogE et al. (2009), SiegesmunD et al. (2009), and Ra-
PELA et al. (2010) consider a geodynamic interpreta-
tion with the interaction of the Kalahari Craton and the
terrane represented by the Puncoviscana Formation. A
major problem in these hypotheses is the lack of the
characteristic high pressure metamorphic units associ-
ated to these schemes.

Finally, contributions by Ramos (2010a, b, with
references) include a complex terrane transfer between
Laurentia and Gondwana, considering displacements,
detachments and amalgamations that include a hypo-
thetic craton named “Pampia Terrane”. The latter is
proposed to collide with the western margin of Gond-
wana on a problematic.model that considers its accre-
tion to the Amazonia Craton, remaining attached to it
after the Rodinia amalgamation.

Considering both.models there must be mentioned
that there is no typical collisional effect verified for
the region.

10. Conclusions

Neoproterozoic to Cambrian sedimentation, metamor-
phism, plutonism, and orogenesis constitute the “Pam-
pean Cycle” that is recorded in the Pampean Orogen.
The sedimentation and associated phenomena were de-
veloped on a peri-Gondwanan position. ZIMMERMANN
(2005), based on petrographic and geochemical data,
considered that the Puncoviscana Group represents a
foreland basin deposit, developed during the Neopro-
terozoic to Early Cambrian on the western part of the
Mesoproterozoic belt or the Rio de la Plata Craton.
Even though the eastern facies of the Puncoviscana
Formation accumulated in a shallow marine setting,
the generally accepted “deep-water” model for the
western facies is challenged by the present authors. A
deeper area is accepted when compared to the east-
ern facies, but an overall shallow marine environment,
deepening towards the west, is supported by sedimen-
tary and ichnological data (AceNoLaza et al. 2009).
Whereas exclusively Ediacaran fossils have not
been recognized in the Puncoviscana Formation,
metamorphic ages indicate that Ediacaran strata ex-
ist in the basin. Trace fossil associations and new data
on body fossils shall provide additional elements to
improve the biochronological knowledge of the unit.
In addition, the co-existence of different tiering struc-
tures and the non-exclusively biomat-related feeding
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strategies of trace fossil producer organisms require
a more complex ecological structure for the unit than
previously suggested.

The distribution of Detrital zircon age populations
suggests a sediment provenance from a continental
hinterland having a stabilized, extensive Late Meso-
proterozoic — Early Neoproterozoic orogen, 1080-850
Ma, with minor Paleoproterozoic and Archean precur-
sors (>1800 Ma), and more variable Late Neoprotero-
zoic (650-540 Ma) regions. Source of these sediments
may have been the Brazilian shield and Rio de la Plata
craton, Mesoproterozoic belts (Sunsds) and Late Neo-
proterozoic orogens (Brasiliano), which are consid-
ered the main sediment source for the rivers flowing
towards the passive margin of the palaeo-Pacific ocean
(Apawms et al. 2005, 2008; GAUCHER et al. 2009a, b).

The youngest U-Pb detrital zircon ages in grey-
wackes of the Puncoviscana Formation probably origi-
nated from contemporary volcanic sources, indicating
a maximum depositional age of late Early Cambrian,
and this age range might extend down into the latest
Neoproterozoic.

The morphology of zircons supports a coeval vol-
canic provenance for these youngest beds, which oc-
curred in the Early Cambrian near the depositional
areas of the Puncoviscana Formation. Contemporary
volcanism developed in the Early Cambrian close to
depositional sites in Cachi (Salta) and La Ovejerfa
(Catamarca) ranges.

In addition, biostratigraphical and isotopic dataare
consistent, suggesting a depositional age for the 'Pun-
coviscana Formation, encompassing the, Ediacaran-
early Cambrian (AceENoLAzZA & AceNOLAZA 2007; AcE-
NoLAZA et al. 2009, and references therein).

The limestones are interbedded.in the Puncovis-
cana Formation and in the phyllites and schists of
the northwestern Sierras Pampeanas. The 87Sr/86Sr
values allow to clearly differentiate two sets of rocks
(ToseLL1 et al. 2010): (a) Limestones interbedded to
the Puncoviscana Formation (Las Tienditas and Vol-
cdn formations) yielded values typical for the Neo-
proterozoic-Cambrian transition, between 0.70868
and 0.70896, and (b) Limestones of the Sierras Pam-
peanas of Catamarca (La Calera and Ancajdn) display
values of 0.70748 and 0.70756, common in middle to
late Ediacaran. The former Sr-isotope values fit 013C
data between -1.0 and +1.0%¢VPDB, typical for the
early Cambrian period, while 813C values around +5
%oV PDB are common in the Ediacaran period. These
current data suggest older ages for the analyzed lime-
stones of the Sierras Pampeanas (Catamarca) and,

younger ages, for the carbonates in the Cordillera Ori-
ental (Salta and Jujuy).

Rb-Sr and K-Ar metamorphic ages of slates, in the
range 540-500 Ma (Apawms et al. 1990, 2008; CorDANI
et al. 1990), are consistent with an Ediacaran- Early
Cambrian depositional age.

The magmatic rocks associated with the Punco-
viscana Formation can be adscribed to two events,
pre-Tilcarian (pre-mid Cambrian), and Tilcarian (mid
Cambrian). The first one is related to the evolution of
the Puncoviscana Formation, with intraplate alkaline
basalts and transitional evolution to tholeiitic basalts,
typical of extensional settings, and finally oceanic
basalts that correspond to a subduction phase, pres-
ent in oceanic island arcs. In the Santiago del Estero
and northern Cérdoba provinces, granitoids intruded
into a high-grade metamorphic basement, and rhyo-
litic domes with ignimbrites are interpreted as part of
a calc-alkaline magmatic arc (LLAMBIAS et al. 2003).

Tilcarian granitic. plutons occur in Jujuy and Sal-
ta provinces, and likewise in the Sierras Pampeanas,
with ages between 536 and 514 Ma. Their geochemical
calc-alkaline affinity is probably related to a continen-
tal arc or continental collision environment (OMARINI
et al. 1996, 1999). In the Sierras Pampeanas basic-ul-
trabasic rocks are associated with granites.

We envisage a geodynamic model that considers
the Puncoviscana Basin as a large aulacogenic struc-
ture developed at the western margin of Gondwana.

Acknowledgements

The authors are grateful to the CIUNT - 26G438 project
of Universidad Nacional de Tucuman, and the PIP 0595
Project of CONICET, for financial support. Valuable
recommendations for improving the manuscript by Dr.
Craupio GAUCHER and an anonymus reviewer are gratefully
acknowledged.

References

AceNoLAzA, F.G. & AceNoLAza, G. (2005): La Formacion
Puncoviscana y unidades estratigraficas equivalentes en
el Neoproterozoico — Cambrico Temprano del Noroeste
Argentino. — Latin American Journal of Sedimentology
and Basin Analysis, 12: 7-91.

AceNoLAzA, F.G. & AceRoLaza, G. (2008): El Ediacarano-
Cdmbrico temprano de la provincia de Jujuy: Caracteres
paleontoldgicos, Paleoecoldgicos y Paleogeogrificos.
— In: Comra, B. & ZappeTTINI, E. (Eds.): Geologia y Re-
cursos Naturales de la provincial de Jujuy. Relatorio, 17°
Congreso Geoldgico Argentino, 29-3;. Jujuy.

AceNoLaza, F.G., Buarois, L.A., MANGANO, M.G., ESTE-
BAN, S.B., TorTELLO, M.E. & AceNoLaza, G.F. (1999):



Basin evolution of the margin of Gondwana 13

El Cdmbrico-Ordovicico del noroeste Argentino y
Famatina. — In: Caminos, R. (Ed.): Geologia Regional
Argentina. Anales del Instituto de Geologia y Recursos
Minerales, 29: 169-187.

AcgnNoLAzA, F.G. & DuranD, F. (1986): Upper Precambrian-
Lower Cambrian biota from northwest of Argentina. —
Geological Magazine, 123: 367-375.

AcenNoLaza, F.G. & MiLLer, H. (1982): Early Paleozoic
orogeny in southern South America. — Precambrian Re-
search, 17: 133-146.

AcenoLAzA, F.G. & ToseLLl, A.J. (1976): Consideraciones
estratigréficas y tectonicas sobre el Paleozoico inferior
del noroeste argentino. — II Congreso Latino-Americano
de Geologia Venezuela, 2: 741-754.

AcenoLaza, F.G. & ToseLLi, AJ. (1977): Esquema geologi-
co de la Sierra de Ancasti, pcia. de Catamarca. — Acta
Geoldgica Lilloana, 14: 233-259.

AceNoLaza, FG. & ToserLL, A.J. (2009): The Pampean
Orogen: Ediacaran-Lower Cambrian Evolutionary His-
tory of Central and Northwest region of Argentina. —
In: GAucHER, C., SiaL, A.N., HALVERSON, G.P. & Frim-
MEL, H.E. (Eds.): Neoproterozoic-Cambrian Tectonics.
Global Change and Evolution: a focus on southwestern
Gondwana. Developments in Precambrian Geology, 16:
239-254.

AceNoLAzA, F.G., ToseLLI, A. & MILLER, H. (2002): Protero-
zoic-Early Paleozoic evolution in western South Ameri-
ca — A discussion. — Tectonophysics, 354: 121-137.

AceNoLaza, G.F. & AceNoLaza, F.G. (2001): Ichnofossils
and microbial activity in the Precambrian/Cambrian
transition of Northwestern Argentina. — Palacoworld,
13: 241-244.

AceNoLAzA, G.F., GErms, G.J.B. & AcerNoLaza, F.G. (2009):
Trace Fossils and the Agronomic Revolution at the
Neoproterozoic-Cambrian transition in Southwest
Gondwana. — In: GaucHER, C., SiaL, A.N., HALVERSON,
G.P. & FrimMEL, H.E. (Eds.): Neoproterozoic-Cambrian
Tectonics. Global Change and Evolution: a focus on
southwestern Gondwana. Developments in Precambrian
Geology, 16: 39-347.

Apawms, C.J., MILLER, H., AcENoLAzA, F.G., ToseLLI, A.J. &
GrirrIN, W.L. (2010): 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 setting. — Gondwana Research, doi:10.1016/j.
£r.2010.05.002.

Apawms, C.J., MILLER, H. & TostLL1, A.J. (2005): Rb-Sr age of
metasediments of the Puncoviscana Formation, north-
west Argentina, and U-Pb detrital zircon age evidence
for their provenance. — In: PANKHURST, R.J. & VEIGA,
G.D. (Eds.): Gondwana 12: Geological and Biological
Heritage of Gondwana, Abstracts. Academia Nacional
de Ciencias, Cérdoba, Argentina, p. 35.

Apawms, C.J., MILLER, H. & ToseLLI, A.J. (2008a): Detrital
zircon U-Pb ages of the Puncoviscana Formation, Late
Neoproterozoic — Early Cambrian, of NW Argentina:
provenance area and maximum age of deposition. (VI
SSAGI). — In: LINARES, E., CABALERI, N.G., Do Campro,
M.D., Duchos, E.I. & PaNARELLO, H.O. (Eds.): VI South
American Symposium on Isotope Geology, Compilers

Proceedings: Trabajo CD Room, 4 pp.

Apawms, C.J., MiLLER, H. & ToseLLi, A.J. (2009): Detrital
zircon U-Pb ages of the Puncoviscana Formation and
its metamorphic equivalents in Catamarca and La Ri-
oja, northwest Argentina. — In: WORNER, G. & MOLLER-
McNeTrT, S. (Eds.) Lateinamerika-Kolloquium 2009.
Abstract and Program, 20-21; Goéttingen (Universitéts-
verlag).

Apawms, C.J., MILLER, H., ToseLLi, A.J. & GRrIFrIN, W.L.
(2008b): The Puncoviscana Formation of northwest
Argentina: U-Pb geochronology of detrital zircons and
Rb-Sr metamorphic ages and their bearing on its strati-
graphic age, sediment provenance and tectonic setting.
— Neues Jahrbuch Geologie und Paldontologie, Abhand-
lungen, 247: 341-352.

BacHMANN, G., Grauert, B., Kramm, U., Lork, A. &
MILLER, H. (1987): El magmatismo del Cdmbrico me-
dio - Cdmbrico superior en el basamento del noroeste
argentino: Investigaciones isotdpicas y geocronoldgi-
cas sobre los granitoides«de los complejos intrusivos de
Santa Rosa de Tastil y Cafani. — Actas 10° Congreso
Geoldgico Argentino, 4:.125-127.

BaLpis, B. & OmarINg, R. (1984): El grupo Lerma (Precdm-
brico-Cdambrico).enla’comarca central Saltefia y su pos-
icion en el.borde Pacifico Americano. — Actas 9° Con-
greso Geoldgico Argentino, 1: 64-78.

Bassi, H.G.L.(1952): Los depdsitos de ilmenita y magnetita
titanifera de la Mina Podestd (ex-Romay). Dpto. El Alto
(Catamarca). — Boletin Direccion Nacional de Mineria,
77:5-25.

Bock;"B., BAHLBURG, H., WORNER, G. & ZIMMERMANN, U.
(2000): Tracing crustal evolution in the Southern Cen-
tral Andes from Late Precambrian to Permian with
geochemical and Nd and Pb isotope data. — Journal of
Geology, 108: 515-535.

Caminos, R. (1979): Sierras Pampeanas Noroccidentales,
Salta, Tucumdn, Catamarca, La Rioja, San Juan. —
Academia Nacional de Ciencias en Cdrdoba, II Simpo-
sio Geologfa Regional Argentina, 1: 225-291.

CASTELLOTE, P. (1989): Estudio geologico y geocronolégico
del basamento cristalino del sector septentrional de la
Sierra Norte de Cdérdoba. — Actas Geoldgica Lilloana,
17 (1): 61-66.

CHAYLE, W. & Coira, B. (1987): Vulcanitas bdsicas a ultra-
bdsicas y mesosiliceas de la Formacién Puncoviscana
en el drea del Cerro Alto de Las Minas, departamento
Tilcara, Jujuy, Argentina. — Actas 10° Congreso Geol6g-
ico Argentino, 4: 296-298.

CoIra, B., Manca, N. & CHAYLE, W. (1990): Registros vol-
cdnicos en la Formacion Puncoviscana. — Serie Correla-
cion Geoldgica, 4: 53-60.

Do Cawmro, M. & RiBEIRO GUEVARA, S. (2005): Provenance
analysis and tectonic setting of late Neoproterozoic
metasedimentary successions in NW Argentina. — Jour-
nal of South American Earth Sciences, 19: 143-153.

DroBge, M., LorEz DE LucHi, M., STEENKEN, A., FrEl, R.,
Naumann, R., SiEGesmunD, S. & WomMER, K. (2009):
Provenance of the late Proterozoic to early Cambrian
metaclastic sediments of the Sierra de San Luis (Eastern
Sierras Pampeanas) and Cordillera Oriental, Argentina.
— Journal of South American Earth Sciences, 28: 239-



14 A.J. Toselli et al.

262.

Duranp, FR. (1988): Los depdsitos psefiticos del basa-
mento metamarfico en el noroeste argentino. — Actas V
Congreso Geoldgico Chileno, 2: C105-C119.

Duranp, FR. (1990): Los conglomerados del Ciclo Pam-
peano en el Noroeste Argentino. — In: AceNoLAzA, F.G.,
MiLLER, H. & TosgLLi, A.J. (Eds.): El Ciclo Pampeano
en el Noroeste Argentino. — Serie Correlacion Geoldg-
ica, 4: 61-69.

Duranb, F.R. & AceNoLaza, F.G. (1990): Caracteres biofau-
nisticos, paleoecoldgicos y paleogeograificos de la For-
macion Puncoviscana (Precimbrico superior-Cambrico
inferior) del Noroeste Argentino. — In: AceNoLaza, F.G.,
MiLLER, H. & ToseLLl, A.J. (Eds.): El Ciclo Pampeano
en el Noroeste Argentino. — Serie Correlacion Geoldg-
ica, 4: 71-112.

EscayoLa, M.P., PIMENTEL, M.M. & AMSTRONG, R. (2007):
Neoproterozoic back-arc basin: sensitive high-resolu-
tion ion microprobe U-Pb and Sm-Nd isotopic evidence
from the Eastern Sierras Pampeanas, Argentina. — Geol-
ogy, 35: 495-498.

FINNEY, S., PERALTA, S., GEHRELS, G. & MARSAGLIA, K.
(2005): The Early Paleozoic history of the Cuyania
(greater Precordillera) terrane of western Argentina:
evidence from geochronolgy of detrital zircons from
Middle Cambrian sandstones. — Geologica Acta, 3 (4):
339-354.

GAUCHER, C., Bossi, J. & BLaNco, G. (2009a) : Paleogeogra-
phy. Neoproterozoic — Cambrian evolution of the Rio de
la Plata palaeocontinent. — In: GAUCHER, C., SiaL. A.N.,
Havrverson, G.P. & FrimMmEL, H.E. (Eds.): Neoprotero-
zoic — Cambrian tectonics, global change and evolution
: a focus on southwestern Gondewana. — Developments
in Precambrian Geology, 16: 131-141.

GAUCHER, C. PoIrg, D., GomMEZ PErAL, L. & CHiGLINo, L
(2005): Litoestratigraffa, bioestratigrafia y correlaciones
de las sucesiones sedimentarias del Neoproterozoico-
Cdmbrico del Cratén del Rio de La Plata (Uruguay y
Argentina). — Latin American Journal of Sedimentology
and Basin Analysis, 12 (2): 145-160:

GAUCHER, C., SiaL, A.N., Poirg, D., GOMEZ-PERAL, L., FER-
REIRA V.P. & PIMENTEL, M.M. (2009b): Chemostratigra-
phy. Neoproiterozoic-Cambrian evolution of the Rio de
la Plata Palaeocontinent. — In: GAUCHER, C., SiaL. A.N.,
Havrverson, G.P. & FrimmeL, H.E. (Eds.): Neoprotero-
zoic—Cambrian tectonics, global change and evolution:
a focus on southwestern Gondwana. Developments in
Precambrian Geology, 16: 115-122.

GOMEZ PERAL, L., PoIrE, D.G., ZIMMERMANN, U. & STRAUSS,
H. (2007): Chemostratigraphic and diagenetic con-
straints on Neoproterozoic successions from the Sierras
Bayas Group, Tandilia System, Argentina. — Chemical
Geology, 237: 127-146.

Gosen, W. v., BucaiscH, W. & Prozzi, C. (2009): Prove-
nance and geotectonic setting of Late Proterozoic-Early
Cambrian metasediments in the Sierras de Cérdoba and
Guasaydn (western Argentina): a geochemical approach.
— Neues Jahrbuch Geologie und Paldontologie, Abhand-
lungen, 251: 257-284.

Gosen, W. v. & Prozzi, C. (1998): Structural evolution of
the Sierra de San Luis (Eastern Sierras Pampeanas, Ar-

gentina). — In: PANKHURST, R.J. & RapeELA, C.W. (Eds.):
The Proto-Andean margin of Gondwana. — Geological
Society of London, Special Publications, 142: 235-258.

GrissoM, G.C., DEBARI, S.M. & SNEE, L.W. (1998): Geology
of the Sierra de Fiambald, northwest Argentina: impli-
cations for Early Palacozoic Andean tectonics. — In:
PankHURsT, R.J. & RaPELA, C.W. (Eds.): The Proto-An-
dean margin of Gondwana. Geological Society of Lon-
don, Special Publications, 142: 297-324.

HavversoN, G.P., Wapg, B.P., HurTtceN, M.T. & BARoVICH,
K.M. (2010): Neoproterozoic chemostratigraphy. — Pre-
cambrian Research, 182: 337-350.

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. — Tesis Doctoral Universidad Nacional de
Salta, 248 pp. (unpublished).

HongN, R.D., Tusia, J.M.,, ARANGUREN, A., VEGAS, N., MoN,
R. & DunninG, G.R!(2010): Magmatism coeval with
lower Paleozoic shelf basins in NW-Argentina (Tastil
batholith): Constraints on current stratigraphic and tec-
tonic interpretations.='Journal of South America Earth
Sciences, 29: 289-305.

JacoBsen, S.B. & KAUrMAN, A.J. (1999): The Sr, C and O
isotopic evolution of Neoproterozoic seawater. — Chemi-
cal Geology, 161: 37-57.

Jezek, P. (1990): Andlisis sedimentoldgico de la Formacién
Puncoviscana entre Tucumdn y Salta. — In: ACENOLAZA,
F.G., MiLLER, H. & ToseLL1, A.J. (Eds.): El Ciclo Pam-
peano en el Noroeste Argentino. — Serie Correlacion
Geoldgica, 4: 9-35.

Jezek, P. & MILLER, H. (1986): Deposition and facies distri-
bution of turbiditic sediments of the Puncovicana For-
mation (Upper Precambrian — Lower Cambrian) within
the basement of the NW-Argentine Andes. — Zentral-
blatt fiir Geologie und Paldontologie, Teil I (9-10): 1235-
1244.

JEZEk, P., WILLNER, A.P., AceEnoLazA, F.G. & MILLER, H.
(1985): The Puncoviscana trough-a large basin of Late
Precambrian to Early Cambrian age on the Pacific edge
of the Brazilian shield. — Geologische Rundschau, 74:
573-584.

KEeppiE, J.D. & BaHLBURG, H. (1999): Puncoviscana For-
mation of northwestern and central Argentina: Passive
margin or foreland basin deposits? — In: Ramos, V.A.
& KEeppig, J.D. (Eds.): Laurentia-Gondwana connections
before Pangaea. — Geological Society of America, Spe-
cial Publications, 336: 139-144.

KoukHARskY, M., BrobTkorB, M.K., KAy, S.M. & Muni-
7AGA, F. (2003): La Formacion Balbuena, integrante del
arco magmadtico pampeano en la sierra de Ambargasta,
provincia de Santiago del Estero. — Revista de la Asoci-
acion Geoldgica Argentina, 58 (4): 583-592.

KRAEMER, P., EscayoLa, M. & MaRrTINO, R.D. (1995): Hipé-
tesis sobre la evolucién tecténica neoproterozoica de las
Sierras Pampeanas de Cérdoba (30°40°-32°40’). — Re-
vista de la Asociacion Geoldgica Argentina, 50: 47-59.

LeaL, PR., HarT™MANN, L.A., SaNTOS, J.O.S., MIRG, R. &
Ramos, V.A. (2003): Volcanismo posorogénicos en el



Basin evolution of the margin of Gondwana 15

extremo norte de las Sierras Pampeanas Orientales:
Nuevos datos geocronoldgicos y sus implicancias
tectonicas. — Revista de la Asociacion Geoldgica Argen-
tina, 58 (4): 593-607.

LramBias, E.J., GREGORIL, D., BASEl, M.A., VARELA, R. & Pro-
zz1, C. (2003): Ignimbritas rioliticas neoproterozoicas en
la Sierra Norte de Cérdoba jevidencia de un arco mag-
mdtico temprano en el ciclo Pampeano? — Revista de la
Asociacién Geoldgica Argentina, 58 (4): 572-582.

Lork, A., MILLER, H., KrRamMm, U. & GRAUERT, B. (1990):
Sistematica U-Pb de circones detriticos de la Fm. Pun-
covicana y su significado para la edad mdxima de sedi-
mentacion en la Sierra de Cachi (Prov. Salta, Argenti-
na). — In: AceRoLaza, F.G., MILLER, H. & ToseLLI, A.J.
(Eds.): El Ciclo Pampeano en el Noroeste Argentino.
Serie Correlacion Geoldgica, 4: 199-208.

Loss, R. & GiorpaNA, A. (1952): Osservazioni sul Protero-
zoico di Jujuy (Argentina). La formazione calcario car-
bonosa di Ledn-Volcan. — Tai della Societd Italiana di
Scienze Naturali, 41: 141-189.

Lucassen, F., Becchio, R., WiLkg, H.G., Franz, G., THIR-
LwALL, M.F., VIRAMONTE, J. & WEMMER, K. (2000): Pro-
terozoic-Paleozoic development of the basement of the
Central Andes (18-26°S) — a mobile belt of the South
American Craton. — Journal of South American Earth
Sciences, 13: 697-715.

MartTEINI, M., HAUSER, N., PIMENTEL, M.M., OMARINI, R.,
Dantas, E.L. & Bunn, B.M. (2008): Combined in situ
U-Pb, Lu-Hf and Sm-Nd systematics applied to the
Tastil batholith, Eastern Cordillera, NW Argentina: Im-
plications for the evolution of Western margin of Gond-
wana during the Early Paleozoic. — VI South American
Symposium on Isotope Geology. 4 pp. + CD-ROM.

MELEzHIK, V.A., GorokHOV, I.M., FaLLick, A.E. & GIELLE,
S. (2001): Strontium and carbon isotope geochemistry
applied to dating of carbonate sedimentation: an exam-
ple from high-grade rocks of the Norwegian Caledo-
nides. — Precambrian Research, 108: 267-292.

Miro, R.C. (1998): U-Pb, Th-Pb and ArAr Geochronology
from the southern Sierras Pampeanas: implication for
paleozoic tectonic evolution of ‘the western Gondwana
margin. — In: PANKHURST, R./& RaPELA, C.W. (Eds.): The
Proto-Andean margin of Gondwana. Geological Soci-
ety of London, Special Publications, 142: 259-281.

Mir6, R.C., Scuwartz, J.L. & /GroMmET, P. (2004): Magma-
tismo calcoalcalino en la Sierra Norte de Cdordoba, su
extension temporal. — In: AceNoLAzA, F.G., ACENOLAZA,
G.E., HONICKEN, M., Rossi, J.N. & ToseLLi, A.J. (Eds.):
Simposio Bodenbender. — Serie Correlacion Geoldgica,
19: 199-210.

Mon, R. & Hong, E.D. (1991): The structure of the Pre-
cambrian and Lower Paleozoic basement of the Central
Andes between 22° and 32° S Lat. — Geologische Rund-
schau, 80 (3): 745-758.

OmariNg, R.H. (1983): Caracterizacion litoldgica, diferen-
ciacién y génesis de la Formacién Puncoviscana entre el
Valle de Lerma y la Faja Eruptiva de la Puna. — Unpu-
blished Thesis Universidad Nacional de Salta. 202 pp.

OwmariNI, R.H., Apraricio YAGUE, A., PicHOvVIAK, S., VIRA-
MONTE, J., DamMm, W. & Garcia CacHo, L. (1987b): Santa
Rosa de Tastil Granitic Complex, Salta, Argentina: an

unusual S type granite. — Actas 10° Congreso Geoldgico
Argentino, 4: 119-121.

OwmaRriNI, R.H., Araricio YAGUE, A. & VIRAMONTE, J. (1987a):
Cafan{ granitic complex, Salta, Argentina. Geochemi-
cal and Petrological Approach. — Actas 10° Congreso
Geoldgico Argentino, 4: 122-124.

OmaRrINI, R.H. & BaLpis, B. (1984): Sedimentologia y me-
canismos deposicionales de la Formacion Puncovicana
(Grupo Lerma, Precdmbrico-Cdmbrico) del norte ar-
gentino. — Actas 9° Congreso Geoldgico Argentino, 1:
383-398.

Owmarini, R.H., Sureba, R.J., Gotze, H.J., SEILACHER, A.
& PrLUGER, F. (1999b): Puncoviscana folded belt in
northwestern Argentina: testimony of Late Proterozoic
Rodinia fragmentation and pre-Gondwana collisional
episodes. — International Journal of Earth Sciences, 88:
76-97.

OMmAaRINI, R.H., Surepa, R.J., ToseLL, A.J. & Rossi, J.N.
(1999a): Magmatismo. — In: Gonzdlez Bonorino, G.,
Omarini, R. & Viramonte; J. (Eds.): Geologia del No-
roeste Argentino. Relatorio del XIV Congreso Geoldgi-
co Argentino, 1: 29-40.

OmMARINI, R.H., TorrES, J.G. & Mova, S.L. (1996): El stock
Tipayoc: Génesis. magmdtica en un arco de islas del
Cdmbrico inferior en el Noroeste de Argentina. — XIII
Congreso Geolégico Argentino y III Congreso de Ex-
ploracion de Hidrocarburos, 5: 545-560.

ORrTI1Z, A. (1962): Estudio geoldgico de la Sierra de Castille-
jo. — Unpublished doctoral Thesis Universidad Nacional
de Salta. 110 pp.

PanknHURST, R. & RapeLa, C.W. (1998): The proto-Andean
margin of Gondwana: an introduction. — In: PANKHURST,
R. & RapreLa, CW. (Eds.): The proto-Andean margin
of Gondwana. — Geological Society of London, Special
Publications, 142: 1-10.

PAaNKHURST, R., RaPELA, C., FANNING, C. & MARQUEZ, M.
(2006): Gondwanide continental collision and the ori-
gin of Patagonia. — Earth Science Reviews, 76: 235-257.

PANKHURST, R.J., RaPELA, C.W., SAAVEDRA, J., BALDO, E.,
DaHLQuisT, J., Pascua, 1. & Fanning, C.M. (1998): The
Famatinian magmatic arc in the central Sierras Pam-
peanas: an early to Mid-Ordovician continental arc on
the Gondwana margin. — In: PANKHURST, R.J. & RAPELA,
C.W. (Eds.): The protoandean margin of Gondwana. —
Geological Society of London, Special Publications,
142: 343-367.

Prozzi, C. (1990): Consideraciones acerca del basamento de
San Luis. — Actas 11° Congreso Geoldgico Argentino,
1: 452-455.

Prozzi, C. & Ramos, G. (1988): La Formacion San Luis.
1° Jornadas de Trabajo de las Sierras Pampeanas (San
Luis). — Abstracts, p. 1.

Ramos, V.A. (1999): Rasgos estructurales del territorio Ar-
gentino. 1. Evolucion Tecténica de la Argentina. — In:
Caminos, R. (Ed.): Geologia Argentina. — Anales del
Instituto de Geologia y Recursos Minerales, 29: 715-
784.

Rawmos, V.A. (2010a): The Grenville-age basement of the
Andes. — Journal of South American Earth Sciences,
29: 77-91.

Ramos, V.A. (2010b): Pampia: A large cratonic block miss-



16 A.J. Toselliet al.

ing in the Rodinia supercontinent. — Journal of Geody-
namics. Doi:10.1016/j.jog.2010.01-019.

RapeLA, C.W., PANKHURST, R.J. & BonaLumi, A.A. (1991):
Edad y geoquimica del pdrfido granitico de Oncan, si-
erra Norte de Cordoba, Sierras Pampeanas, Argentina.
— Actas 6° Congreso Geoldgico Chileno, 1: 19-22.

RaAPELA, C., PANKHURST, R., CAsQUET, C., BALDO, E., GALIN-
Do, C., FANNING, C. & DaHLQuIsT, J. (2010): The western
Sierras Pampeanas: Protracted Grenville-age history
(1330-1030 Ma) of intra-oceanic arcs, subduction-ac-
cretion at continental-edge and AMCG intraplate mag-
matism. — Journal of South American Earth Sciences,
29: 105-127.

RareLa, C.W., PankHURsT, R., Casquer, C., BaLpo, E.,
SAAVEDRA, J., GaLINDO, C., FANNING, C.M. (1998): The
Pampean orogeny of the southern proto-Andes: Cam-
brian continental collision in the Sierras de Cdérdoba.
— In: PANKHURST, R. & RapeLa, C.W. (Eds.): The Proto-
Andean Margin of Gondwana. Geological Society of
London. Special Publications, 142: 181-217.

RapPELA, C.W., PANKURST, R., CASQUET, C., FANNING,C., BAL-
Do, E., GoNzALEZ CASADO, J., GALINDO, C. & DAHLQUIST,
J. (2007) The Rio de la Plata Craton and the assembly
of SW Gondwana. — Earth-Science Reviews, 83: 49-82.

SALFITY, J., OMARINI, R., BaLDIS, B. & GUTIERREZ, W. (1975)
: Consideraciones sobre la evolucidon geoldgica del
Precambrico y Paleozoico del Norte Argentino. — II°
Congreso Iberoamericano de Geologia Econdmica, 341-
343.

Saro, A.M., GonzALEZ, P.D. & Liramsias, E.J. (2002): The
Ordovician of Sierra de San Luis. Famatinian Mag-
matic Arc and Low to High-Grade Metamorphism. ‘~
In: Acenoraza, F.G. (Ed.): Aspects of the Ordovician
System in Argentina. INSUGEO, Serie de Correlacion
Geoldgica, 16: 327-346.

ScanaviNno, R. & GuicHon, MLE. (1971): Observaciones
Geoldgicas en la Quebrada de Santuyo, Voledn (depar-
tamento Tumbaya), Jujuy. — Revista del Museo de La
Plata, Nueva Serie, 7: 39-52.

SCHALAMUK, 1., DALLA SALDA, L., ANGELELLL, V., FERNANDEZ,
R. & ETCHEVERRY, R. (1983): Rocas mdficas y ultramafi-
cas. Petrologfa y mineralizacion.— In: AcenoLaza, F.G.,
MiLLER, H. & ToseLL, A.J. (Eds.): La Geologia de la Si-
erra de Ancasti. Miinstersche Forschungen zur Geologie
und Paldontologie, 59: 31-78.

ScHwaRTzZ, J.J. & GroMET, L.P. (2004): Provenance of a late
Proterozoic-early Cambrian basin, Sierras de Cordoba.
— Precambrian Research, 129: 1-21.

SiaL, A.N., FERREIRA, V.P., ToseLLI, A.J., AcENoLAzA, F.G.,
PIMENTEL, M.M., PARADA, M.A. & ALONSO, R.N. (2001):
C and Sr isotopic composition of probable Vendian-
Tommotian carbonate sequences in NW Argentina. —
III South American Symposium on Isotope Geology (111
SSAGI), p. 433. CD-ROM. Chile.

SIEGESMUND, S., STEENKEN, A., MARTINO, D., WEMMER,
K., Lorez pE Luchi, M.G., Frel, R., PRESNYAKOV, S. &
GuUERESCHI, A. (2009): Time constraints on the tectonic
evolution of the Eastern Sierras Pampeanas (Central
Argentina). — International Journal of Earth Sciences,
Published online. Doi: 10.1007/s00531-009-0471-z

Sivs, J.P., IRELAND, T.R., CAMACHO, A., LYONS, P., PIETERS,

P.E., Skirrow, R.G., StTuArT-SMITH, P.G. & MIRO, R.
(1998): U-Pb, Th-Pb and Ar-Ar geochronology from
the Sierras Pampeanas, Argentina: Implications for the
Palaeozoic tectonic evolution of the western Gondwana
margin. — In: PANKHURsT, R.J. & RapreELa, C.W. (Eds.):
The Proto-Andean Margin of Gondwana. Geological
Society of London, Special Publications, 142: 259-281.

SOLLNER, F., BRoDTKORB, M., MILLER, H., PEzZzUTTI, N. &
FErNANDEZ, R. (2000): U-Pb zircon ages of metavolca-
nic rocks from the Sierra de San Luis, Argentina. — Re-
vista de la Asociacion Geoldgica Argentina, 55: 15-22.

SpaLLETTI, L. & DuranD, ER. (1987): Estudio de las facies
sedimentarias del basamento de la regién de Corralito,
prov. Salta, Argentina. — Actas 10° Congreso Geoldgico
Argentino, 1: 311-314.

STEENKEN, A., LorEz DE LucHi, M.G., SIEGESMUND, S., WEM-
MER, K. & PawLiG, S. (2004): Cristal provenance and
cooling of the basement complexes of the Sierra de San
Luis: An insight into the tectonic history of the proto-
Andean margin of Gondwana. — Gondwana Research,
7 (4): 1171-1195.

STEENKEN, A., SIEGESMUND,'S., WEMMER, K. & LOPEZ DE
Luchi, M.G. (2008): Time constraints on the Famatinian
and Achalian structural evolution of the basement of the
Sierra de San'Luis (Eastern Sierras Pampeanas, Argen-
tina). — Journal of South American Earth Sciences, 25
(3): 336-358.

SuAREZ Soruco, R. (1989): Desarrollo tectonosedimentario
del Paleozoico inferior de Bolivia. Informacion Geolo-
gica UAFT. — Simposio Bodas de Oro de la Universidad
Tomas Frias, Potosi, 2: 1-11.

SUAREZ Soruco, R. (1992): El Paleozoico Inferior de Boli-
via y Peru. — In: GUTIERREZ-MARCO, J.C., SAAVEDRA, J.
& RABaNo, 1. (Eds.): El Paleozoico Inferior de Ibero-
América. — Publ. Especial, Universidad de Extremadu-
ra, 225-239.

SuAREZ Soruco, R. (2000): Compendio de Geologia de Bo-
livia. — Revista Técnica de Yacimientos Petroliferos Fi-
scales Bolivianos, 18 (1-2): 1-144.

ToseLLl, A.J., AceroLaza, F.G., SiaL, A.N., Rossi, J.N. &
FErrEIRA, V.P. (2008): Carbon isotope behavior of Up-
per Neoproterozoic carbonates of Sierra de Ancasti,
NW Argentina. (VI SSAGI) — VI South American Sym-
posium on Isotope Geology. CD-ROM.

ToseLLl, A.J., GaucHiEr, C, AceNoLazaA, G.F., Frei, R.,
AceNoLAzA, F.G., SiaL, A.N. & Rossi, J.N. (2010): New
87Sr/86Sr data on limestones of the Puncoviscana For-
mation and Sierras Pampeanas of Catamarca, Argenti-
na. VII — South American Symposium on Isotope Geol-
ogy (VII-SSAGI). Brasilia. Publicacion CD-S0440.

TURNER, J.C. (1960): Estratigraffa de la Sierra de Santa Vic-
toria (Argentina). — Boletin de la Academia Nacional de
Ciencias en Cdrdoba, 41: 163-196.

TURNER, J.C.M. & Mon, R. (1979): Cordillera Oriental. — In:
Turner, J.C.M. (Ed.): Academia Nacional de Ciencias
en Cordoba, Publicacion Especial, 1: 57-94.

WILLNER, A. (1990): Divisién tectonometamorfica del ba-
samento del noroeste argentino. — In: AceNoLAza, F.,
MIiLLER, H. & TosELLi, A. (Eds.): El Ciclo Pampeano en
el Noroeste Argentino. Serie Correlacion Geoldgica, 4:
113-159.



Basin evolution of the margin of Gondwana 17

WILLNER, A. & MIiLLER, H. (1986): Structural division
and evolution of the Lower Paleozoic basement in the
NW-Argentina Andes. — Zentralblatt fiir Geologie und
Palédontologie, Teil. I, (9-10): 1245-1255.

ZIMMERMANN, U. (2005): Provenance studies of very low-to
low-grade metasedimentary rocks of the Puncoviscana
Complex, northwest Argentina. — In: VAUGHAN, A., LEAT,
P. & PankHuURsT, R. (Eds.): Geological Society of Lon-
don, Special Publication, 246: 381-416.

Manuscript received: April 30th, 2011.
Revised version accepted by the Bonn editors: May 8th,
2012.

Addresses of the authors:

Prof. Dr. ALeianpro J. ToseLui, Prof. Dr. GuiLLERmO F.
AceNOLAZA, Prof. Dr. FLorENcCIO G. AceERoLAzA, Prof. Dr.
Juana N. Rosst, Instituto Superior de Correlacién Geoldgica
(INSUGEO), Miguel Lillo 205, CP. 4000 Tucumdn,
Argentina;

e-mail: insugeo@csnat.unt.edu.ar

Prof. Dr. HuBerRr MILLER, Department of Geo- and
Environmental Sciences, Ludwig-Maximilians-Universitét
Miinchen, Germany;

e-mail: h.miller@Imu.de

Prof. Dr. CHrisToPHER ApAaMs, GNS Science, Private Bag
1930, Dunedin, New Zealand;
e-mail: C.Adams@gns.cri.nz








