Available online at www.sciencedirect.com
-— g

“.* ScienceDirect

EARTH-SCIENCE

o L

e AN

ELS ER Earth-Science Reviews 83 (2007) 49 — 82

4

REVIEWS

www.elsevier.com/locate/earscirev

The Rio de la Plata craton and the assembly of SW Gondwana

C.W. Rapela ®*, R.J. Pankhurst ®, C. Casquet ¢, C.M. Fanning ¢, E.G. Baldo ®,
J.M. Gonzalez-Casado !, C. Galindo €, J. Dahlquist &

# Centro de Investigaciones Geoldgicas, CONICET-UNLP, Calle 1 No. 644, 1900 La Plata, Argentina
 NERC Isotope Geosciences Laboratory, British Geological Survey, Keyworth, Nottingham NG12 5GG, UK
¢ Departamento de Petrologia y Geoquimica, Universidad Complutense, 28040 Madrid, Spain
4 Research School of Earth Sciences, The Australian National University, Mills Road, Canberra, ACT 200, Australia
¢ Departamento de Geologia, Universidad Nacional de Cérdoba, 5000 Cérdoba, Argentina
T Departamento de Geologia y Geoquimica, Universidad Auténoma, 28049 Madrid, Spain
& CRILAR—CONICET, 5301 Anillaco, La Rioja, Argentina

Received 12 December 2006; accepted 28 March 2007
Available online 4 May 2007

Abstract

The extent and nature of the Archaean—Palacoproterozoic craton of Rio de la Plata of southern South America, a major but
poorly understood crustal component in Neoproterozoic plate reconstructions, as well as the depositional, metamorphic and
magmatic history of the surrounding orogenic belts, are reviewed and reassessed, in part through the analysis of material recovered
from deep boreholes in western Argentina that penetrated Palacozoic cover into basement. U-Pb SHRIMP zircon ages for these
samples of 2162+6 Ma (diorite), 2189414 Ma (amphibolitic schist) and 2088+6 Ma (granite) encompass the range of ages
determined for the major Palacoproterozoic orogenic events in the exposed parts of the craton close to the Atlantic coasts of
Uruguay and Argentina. Taken together with the geochemical and Nd-isotope characteristics of these samples and an olivine
gabbro from a further borehole that failed to yield zircon, these results strongly suggest that the Rio de la Plata craton is extremely
uniform in its dominant chrono-tectonic and lithological make-up, and that it extends westwards as far as the 535-520 Ma
Pampean orogenic belt, against which it probably has a fault contact.

U-Pb SHRIMP zircon detrital age patterns are presented for representative metasedimentary samples from the craton cover in
the Tandilia belt of eastern Argentina, and from the Pampean (Cambrian) and Famatinian (Ordovician) belts to the west of the
craton. Whereas the oldest cover rocks in Tandilia clearly show material derived from the underlying craton, such detritus only
appears in the younger (Ordovician) units to the west. Sedimentary protoliths in the Pampean belt were dominated by
Neoproterozoic (broadly ~600 Ma) and late Mesoproterozoic (broadly ~ 1100 Ma) provenance, and derivation from the Rio de la
Plata craton is highly unlikely. Regional considerations, including previously published zircon data, palaeocurrent and structural
data, suggest that these rocks must have had an origin within Gondwana-forming blocks, for which the closest identifiable sources
are ‘Brazilian’ and ‘African’ (Namaqua—Natal). Consequently, the preferred model for the Pampean orogeny is that the Rio de la
Plata craton reached its present position by large-scale dextral strike-slip movement against fore-arc sedimentary sequences that
had developed on the southern and western margins of the Kalahari craton during the Early Cambrian. In the final stage the
displaced sedimentary sequences outboard of the RPC collided with the Mesoproterozoic Western Sierras Pampeanas terrane,
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which was at the time attached to the large Amazonia craton and other smaller continental blocks, such as Arequipa—Antofalla and

Rio Apa. Protracted relative displacement of the RPC after the Pampean Orogeny led to its final position.
© 2007 Elsevier B.V. All rights reserved.
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U-Pb zircon dating

1. Introduction and Rio de la Plata group of cratons including other

minor blocks such as Parana (Fig. 1) (Cordani et al., 2003;
Tohver et al., 2006; Trindade et al., 2006). If correct, this
collision along the Transbrasiliano lineament implies a
major revision of existing tectonic hypotheses for the
amalgamation of southwest Gondwana and development

Recent palacomagnetic studies suggest that West Gond-
wana was finally assembled in mid-Cambrian times as a
result of the collision of the Amazonia, Rio Apa and
associated minor blocks against the Sdo Francisco/Congo
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Fig. 1. Precambrian tectonic framework of central South America (modified from Kroner and Cordani, 2003; Cordani et al., 2003). Dashed lines
indicate inferred boundaries of major crustal units beneath Phanerozoic cover. TB = Transbrasiliano lineament.
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Fig. 2. Satellite image of central South America showing the inferred limit of the Rio de la Plata craton and its main recognized units: (1) Tandilia belt,
(2) Pando belt (Tandilia terrane), (3) Piedra Alta terrane, (4) Nico Pérez terrane, (5) Rivera block, (6) Tacuarembo block, (7) Asuncion arch. Also
shown are the subsurface Early Palacozoic Las Brefias basin (8) and the location of boreholes in the Chacoparanense basin from which our new data
were obtained (see text). The eastern sector of the craton is composed of Archaean and Palacoproterozoic terranes that have been affected by
Neoproterozoic orogenesis (hatched areas), while most of the RPC consist solely of Palaeoproterozoic igneous and meta-igneous complexes without

Neoproterozoic overprint.

of the proto-Andean margin. The 535—-520 Ma Pampean
orogeny of the Eastern Sierras Pampeanas, which has
been interpreted as due to parautochthonous terrane col-
lision against the proto-Pacific margin of the supercon-
tinent (Rapela et al., 1998), affected an area south of
the westernmost end of the Transbrasiliano lineament
(Trindade et al., 2006) (Fig. 1) and is another integral
feature of West Gondwana assembly.

The Rio de la Plata craton (RPC) has an important
role in this scenario and is a key tectonic unit for testing
these models. It is classically considered to be autochtho-
nous Palaeoproterozoic continental crust in southwestern
Gondwana (e.g. Ramos, 1988; Rapela, 2000). However
its outcrops are restricted to type areas near the Atlantic
margin of southern South America (Figs. 2—4), so hin-
dering analysis of more exact tectonic and crustal growth
models for Gondwana. Here we present high-quality

U-Pb SHRIMP data for zircon separates from samples
from deep boreholes through the Chacoparanense basin,
Cordoba province, 600—700 km west of the typical areas
of the craton. Coupled with geochemical and Nd isotope
data, and particularly with U-Pb provenance age patterns
obtained from Neoproterozoic and Lower Palaeozoic
sedimentary and metasedimentary units deposited on and
surrounding the craton, we are able to address and refine
aspects of the following issues:

1— the westward extension of the craton

2— definition of the age and compositional character-
istics of the RPC

3— the role of the RPC as a source for the surrounding
belts

4— the characteristics of the boundary between the
craton and the proto-Andean Palaeozoic belts
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Fig. 3. Neoproterozoic platforms of the Rio de la Plata craton and the Cuchilla Dionisio terrane: (a) Southeastern Uruguay: SBSZ = Sierra Ballena
Shear Zone, SYSZ = Sarandi del Yi Shear Zone, CSZ = Colonia Shear Zone (adapted from Gaucher et al., 2005; Pamoukaghlian et al., 2006);
(b) Tandilia belt (from Ifiiguez, 1999). Palacocurrents are from Teruggi (1964) and Dalla Salda and Ihiguez (1979).

5— relationships with the Kalahari craton and conse-
quent constraints on the assembly of southwestern
Gondwana leading to our preferred tectonic
model.

2. Regional geology and previous geochronology
2.1. Outcrops of the Rio de la Plata craton

Dominated by juvenile Palacoproterozoic rocks but
with restricted Archaean sectors, the RPC is the south-
ernmost craton of the American continent (Cordani
et al., 2000, figure 15). Most reconstructions place it at
the core of southwestern Gondwana, bounded by the

Sierras Pampeanas and the Precordillera terrane on the
proto-Pacific margin and the Cuchilla Dionisio terrane
on the proto-Atlantic margin (Fig. 1). Internally, the
RPC includes so-called terranes, blocks and belts, with
very little control on their physical boundaries (which
are covered by modern sediments) except perhaps in
southeastern Uruguay (see Table 1). The most conspic-
uous of these continental fragments are the Tacuarembo
block in southern Brazil, the Nico Pérez and Piedra Alta
terranes in Uruguay, the Tandilia belt in Argentina and
the southern sector of the “Asuncion arch” in Paraguay
(Fig. 2). Attachment of the Palaeoproterozoic Parana
block (=Parapanema block) to the RPC in Neoproter-
ozoic times has not been confirmed in recent studies
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Fig. 4. Schematic geological map of the Atlantic region in southern Brazil, Uruguay and east-central Argentina displaying the Precambrian basement
units (modified from Santos et al., 2003; Gastal et al., 2005). U-Pb ages for Proterozoic units are from Santos et al. (2003) (southern Brazil), Peel and
Preciozzi (2006) (Piedra Alta terrane, Uruguay), and from Hartmann et al. (2002b) and Cingolani et al. (2005) (Tandilia belt, Argentina).

(Kroner and Cordani, 2003; Mantovani and Brito
Neves, 2005 and references therein). Neoproterozoic
(Brasiliano) belts have not been observed or detected
geophysically within the egg-shaped inferred limits of
the craton discussed below.

The boundary contacts of the RPC (Table 2) are only
exposed in southern Uruguay, where the Mesoproter-
ozoic to Neoproterozoic Cuchilla Dionisio terrane was
emplaced against the Archaean to Palaecoproterozoic
Nico Pérez terrane by sinistral lateral accretion along the
Sierra Ballena Shear Zone at about 530 Ma (Bossi and
Gaucher, 2004) (Fig. 2). The Cuchilla Dionisio terrane,
composed of metamorphic basement (1006+37 Ma, U—
Pb, Preciozzi et al., 1999) intruded by syn-collisional to

late-collisional 680 to 550 Ma granites, extends to
southern Brazil (Pelotas region, Bossi and Gaucher,
2004 and references therein). The Late Neoproterozoic
to Early Cambrian components of this area are usually
referred to as the Dom Feliciano orogenic belt — see
Basei et al. (2000) and Bossi and Gaucher (2004) for a
review of nomenclature. This eastern limit can be ex-
trapolated southwards to the easternmost tip of the
Tandilia belt, where low-grade metapelites found in the
Punta Mogotes borehole have K—Ar ages of 576 to
615 Ma and have been correlated with similar rocks in
the Cuchilla Dionisio terrane in Uruguay (Cingolani and
Bonhomme, 1982; Dalla Salda et al., 1988) (Figs. 2 and
3a). Farther south, the basement of the Palacozoic Sierra
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de la Ventana Fold Belt is composed of 607+5 Ma
Brasiliano collisional granites intruded by 531-524 Ma
A-type granites, and 509+5 Ma peralkaline rhyolites
(U-Pb SHRIMP, Rapela et al., 2003). This indicates that
the RPC does not continue below the Sierra de la
Ventana fold belt, and its southern limit probably swings
to the WNW, sub-parallel to the strike of the Tandilia
belt (Fig. 2).

To the northwest of the Tandilia belt the craton is
covered by the Palacozoic—Mesozoic Chacoparanense
basin and Cenozoic sediments, and its limits towards the
Eastern Sierras Pampeanas can only be inferred from
geophysical studies and boreholes drilled for oil
exploration. Seismic reflexion cross-sections and bore-
holes at 34°S, 64°W indicate that the faulted margin of a
deep Early Cretaceous rift basin probably reflects the
Early Palaeozoic boundary of the RPC with the Sierras

Table 1
Main geological units of the Rio de la Plata craton and overlying
Neoproterozoic and Early Palaeozoic platforms

Block/belt/terrane

1) Tandilia belt
Balcarce Formation:

Age/lithology

<480 Ma (Silurian?), quartzite-dominated
siliciclastic succession.

Sierras Bayas Group  Neoproterozoic, 350 m thick carbonate—
siliciclastic succession.

2.26-2.07 Ga tonalitic to granitic gneisses,
amphibolites and migmatites. Thick mylonite
belts. 1.59 Ga tholeiitic dyke swarm.

Basement complex

2) Piedra Alta terrane
Basement complex: 2.22-2.02 Ga, abundant tonalites,

metavolcanic and metasedimentary belts
injected by voluminous K-rich granites.

1.79 Ga tholeiitic dyke swarm.

3) Nico Pérez terrane

Arroyo del Soldado ~ Vendian to Lower Cambrian, 5000 m thick
Group: alternation of carbonates

and siliciclastic rocks.

3.41-3.10 Ga greenstone belt

(ultramafic schists, amphibolite and

tonalites), with a 3.3-2.76 Ga platform

cover (marbles, quartz, metapelites);

2.6-2.0 Ga felsic

meta-trondhjemites and granulites.

Basement complex:

4) Tacuaremboé block
Basement complex:  2.55-2.51 Ga meta-trondhjemites and
mafic garnet granulites,

metamorphosed at 2.03-2.02 Ga.

5) Asuncion Arch
Basement complex: ~ 2.02 Ga orthogneisses, banded granulites,
amphibolites and quartzites, rejuvenated at

0.620-0.61 and 0.55-0.50 Ga.

Table 2
Pre-Silurian terranes and belts surrounding the Rio de la Plata craton

Belt/terrane Age/lithology

1) Eastern boundary: the Cuchilla Dionisio terrane

Rocha Group: 0.60—0.55 Ga siliciclastic
succession of chlorite phyllite,
graphitic phyllite and meta-arenite.
0.64—0.59 Ga volcanic arc and
syn-collisional granites;
0.55—0.538 post-orogenic

alkaline granites.

1.0-0.9 granitic orthogneisses

and migmatites.

Neoproterozoic batholiths:

Basement complex:

2) Southern boundary: the Sierra de la Ventana Fold Belt

Basement complex: 0.607 Ga granitic paragneisses
intruded by A-type (0.53 Ga)
and I-type (0.524 Ga) granites;
0.509 Ga peralkaline rhyolites.

3) Western, proto-Pacific boundary

(a) Eastern Sierras Pampeanas, Pampean belt

Northern sector Upper Vendian—Early Lower

(Puncoviscana Formation): Cambrian thick sequences of
folded low-grade metapelites
and metaturbidites. Restricted
alkaline lava, sills and dykes.
Intrusion of 0.536-0520 Ga
peraluminous and calc-alkaline
granites.
Medium to high grade equivalents
of the Puncoviscana formation:
banded schists, gneisses and
migmatites; 0.54-0.53 Ga calc-
alkaline granites; 0.52 migmatites
and S-type granites.
(b) Eastern Sierras Widespread 500-463 Ma
Pampeanas, Famatinian belt ~magmatism: I- and S-type
granites, minor TTG suites;
coeval volcanism. Latest
Cambrian to Llanvirn epiclastic
deposits, interbedded with
volcaniclastic and shallow
marine siltstones. Equivalent
medium-to-high grade rocks.
~1200-1000 Ma scattered
basement blocks west of the
Famatinian belt, from 29° to
36°46” S. Basic to ultrabasic
igneous complexes, trondhjemite
plutons and siliciclastic and
calc-silicate metasedimentary
sequences. Neoproterozoic calc-
silicate metasedimentary platform.
Strong Ordovician overprint in
some sectors.

Southern Sector (Sierras de
Cordoba, Ancasti):

(c) Western Sierras
Pampeanas

Pampeanas (Webster et al., 2004) (Fig. 2). Magneto-
telluric studies indicate that the western limit between
the RPC and the Early Palacozoic basement of the
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Pampean belt of the Eastern Sierras Pampeanas is
remarkably sharp (Booker et al., 2004; Lépez de Luchi
et al., 2005). This limit is most probably also a complex
faulted margin reactivated by Early Cretaceous normal
faulting during the opening of the South Atlantic (Web-
ster et al., 2004) and the subsequent reverse faulting that
raised the Sierras de Cordoba over the Pacific flat-sub-
duction zone in Miocene times (Ramos et al., 2002). The
only likely evidence of the original characteristics of this
contact is ductile F2 dextral shearing observed in the
easternmost sector of the Pampean belt (von Gosen and
Prozzi, 2005). Here, NNE-trending dextral mylonite
belts of inferred Early Cambrian age (Martino, 2003) are
related to a magmatic arc (Lira et al., 1997; Rapela et al.,
1998). An interval of 528—538 Ma can be inferred for
this deformation from U-Pb SHRIMP dating of granites
variously affected by and intruding the mylonites at
30° 41'S, 64° 19'W (our unpublished data with N.
lannizzotto).

In the northwest (Fig. 2), the limit of the RPC is
thought to follow the NE-SW main fault bounding the
Early Palaecozoic subsurface Las Brefias basin (Fernan-
dez Garrasino et al., 2005 and references therein),
whereas the northern limit lies to the north of high-grade
Palaecoproterozoic rocks in the Asunciéon Arch of
Paraguay (Cordani et al., 2001). The northeastern limit
is equated with the boundary fault between the Tacua-
rembo and the 900—700 Ma Sao Gabriel arc (Kroner and
Cordani, 2003; Saalman et al., 2006).

2.2. Geochronology of the Rio de la Plata craton

In southern Uruguay three discrete terranes have
been recognized within the RPC (Table 1), separated by
strike-slip faults that developed 6—8 km thick mylonite
zones (Figs. 2 and 3a). The Nico Pérez terrane is
separated from the Piedra Alta terrane and the Pando
belt by the N-S dextral Sarandi del Yi megashear
(Bossi and Campal, 1992; Bossi et al., 2005). The
Pando belt, separated from the Piedra Alta terrane by
the E-W Colonia sinistral shear zone (Fig. 3a) has been
correlated with the Tandilia belt in Argentina, jointly
defining a Tandilia terrane according to Bossi et al.
(2005). This is consistent with palacomagnetic studies
suggesting that both sectors were part of a single
continental block at 550 Ma (Rapalini, 2005, 20006).
The Piedra Alta terrane in Uruguay is composed of
magmatic rocks of various compositions that show a
range of U-Pb ages between 2.22 and 2.02 Ga (Hart-
mann et al., 2000, 2002a; Santos et al., 2003; see also
Peel and Preciozzi, 2006 for further references). The
Tandilia belt (Dalla Salda et al., 2005 and references

therein) includes the southernmost exposures of the
RPC (Fig. 2) and consists of tonalitic to granitic
gneisses, amphibolites and migmatites, all affected by
thick mylonite belts; rare schists, marbles and metavol-
canic rocks are also present. U-Pb SHRIMP data
obtained for tonalites, trondhjemites, granites, and char-
nockitic gneisses from classic localities provide a range
of ages between 2.26 and 2.07 Ga (Hartmann et al.,
2002b; Cingolani et al., 2005). Calc-alkaline dykes in
Tandil are coeval (2020+24, 2007424 Ma) with the
youngest granites of the belt and are considered to re-
present a transtensional stage of the Transamazonian
orogeny (lacumin et al., 2001; Teixeira et al., 2002). In
the Pando belt of Uruguay (Santos et al., 2003), gneisses
(2.17 Ga) and charnockites (2.06 Ga) fall in the same age
range as those of the Tandilia belt. Swarms of tholeiitic
dykes intruded into both the Tandilia belt (1.59 Ga) and
the Piedra Alta terrane (1.79 Ga, Fig. 4) have been
associated with extensional tectonic stages 200—400 Ma
after the Transamazonian orogeny (Hall et al., 2001;
Tacumin et al., 2001; Teixeira et al., 2002).

The oldest rocks in the RPC have been identified in
the southern part of the Nico Pérez terrane, where a
3.41-3.10 Ga Archaean greenstone belt and its de-
formed sedimentary cover of marbles, quartzites and
metapelites were thrust-stacked at 2.7 Ga (Hartmann
et al., 2001). Palacoproterozoic granulites dominate the
northern sector (2.06 Ga), while meta-trondhjemites
formed at 2.15 Ga and metamorphosed at 2.08 Ga ap-
pear in the Rivera block, which is considered part of the
Nico Pérez terrane (Fig. 2) (Santos et al., 2003). Neo-
archaean rocks — meta-trondhjemites and mafic garnet
granulites of 2.55-2.51 Ga metamorphosed at 2.03—
2.02 Ga have been also described from the Tacuarembo
block (Fig. 2) (Hartmann et al., 1999). Finally, in the
southern sector of the “Asuncion arch”, U-Pb SHRIMP
ages and Rb—Sr and Sm—Nd measurements obtained in
a basement composed of orthogneisses, banded granu-
lites, amphibolites and quartzites indicate that this is a
2.02 Ga basement rejuvenated in two distinct tecto-
nothermal events, at 620-610 Ma and 550-500 Ma
(Cordani et al., 2001) (Fig. 2).

The most significant evolutionary characteristics of the
RPC are: (i) a lithology dominated by juvenile Palaeo-
proterozoic rocks of the Transamazonian cycle, with Nd
model ages of 2.0-2.7 Ga and a Sm—Nd isochron age of
2140+ 88 Ma (Preciozzi et al., 1999; Pankhurst et al.,
2003) and (ii) the lack of any major Mesoproterozoic or
younger event, except for the tholeiitic dyke swarms.
However, it is worth noting that the age patterns of the
different terranes and blocks of the RPC are also present in
other Archaean/Palaeoproterozoic blocks and microplates
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of southern Brazil, such as those in the Santa Catarina and
Parana areas (Fig. 4), but that U-Pb ages younger than
2.0 Ga have not yet been found in any Transamazonian
terrane in Brazil (Santos et al., 2003). The tectonic activity
in these southern Transamazonian blocks has been
associated with the 2.25-2.12 Ga accretionary Encanta-
das orogeny, and a 2.10-2.08 Ga collisional overprint, the
Camboriu orogeny (Hartmann et al., 2002b).

2.3. Platform sequences of the Rio de la Plata craton

The RPC is covered by Neoproterozoic and Early
Palaeozoic platform sequences (Table 1), the former being
particularly conspicuous in the Nico Pérez terrane and
in the Tandilia belt. The Arroyo del Soldado Group in
Uruguay (Fig. 3a) is a 5 km thick succession, charac-
terized by alternation of carbonates and siliciclastic rocks,
in which fossils and chemostratigraphic studies indicate a
Vendian to Lower Cambrian age (Gaucher et al., 2004,
2005 and references therein). 8’St/*°Sr and 6'*C varia-
tions suggest that sedimentation started at about 580 Ma
and culminated at about 530 Ma (Gaucher et al., 2004).
South of the Colonia shear zone, preliminary C- and
O-isotope analyses of limestones that occur at the top of
the Piedra de Afilar siliciclastic formation suggest a Cryo-
genian to Ediacaran age (Pamoukaghlian et al., 2006).

In the Tandilia belt (Fig. 3b), the Neoproterozoic
carbonate—siliciclastic succession represented by the
Sierras Bayas Group and the Cerro Negro Formation is
comparatively thinner (350 m) (Poiré and Spalletti, 2005
and references therein). Recent litho-, bio- and chemos-
tratigraphical correlations between the Arroyo del Sol-
dado Group and the Sierras Bayas Group/Cerro Negro
Formation, suggest that these units formed an extensive
marine shelf of late Ediacaran age developed over a large
part of the RPC, possibly under tropical climate con-
ditions (Gaucher et al., 2005; Gomez Peral et al., 2007).
In the Tandilia belt, there is also a siliciclastic succession,
the Balcarce Formation (Fig. 3b), dominated by quartz-
ites with minor pelitic intercalations that carry abundant
trace fossils indicating an Early Palaeozoic age (Cam-
brian?—Ordovician?) (Poiré et al., 2003; Poiré and
Spalletti, 2005). The recognition of thick progradational
clinoforms indicates that the Balcarce sea was open to
the south, as has also been inferred from coast-sub-
parallel, west-directed palaecocurrents (Teruggi, 1964;
Dalla Salda and Iniguez, 1979; Poiré et al., 2003)
(Fig. 3b).

Provenance studies in the 600—550 Ma siliciclastic
Rocha Group in the Cuchilla Dionisio terrane (Fig. 3a)
indicate a close correlation with the Oranjemund Group
of the Gariep basin in southwestern Africa, with an

inferred back-arc setting (Basei et al., 2005). Closure of
the Adamastor ocean formed a huge 640—590 volcanic
arc and would have juxtaposed the RPC and the
Kalahari cratons, the suture between them being the
crustal-scale Sierra Ballena Shear Zone (Basei et al.,
2005, Fig. 3a).

2.4. The proto-Andean Palaeozoic and Mesoproterozoic
belts

Adjacent to the western edge of the RPC, the Eastern
Sierras Pampeanas (Fig. 5) are uplifted basement blocks
produced by Miocene—Recent flat-slab subduction
in the 27°-33°30’S Andean segment (Ramos et al.,
2002). The eastern sector of this province, known as the
Pampean belt, is characterized by Late Neoproterozoic
sedimentation and Cambrian deformation, magmatism
and metamorphism. The western sector, the Famatinian
belt, is characterized by Upper Cambrian to Middle
Ordovician marine sedimentation and conspicuous
Early Ordovician magmatism (Rapela, 2000). Ordovi-
cian magmatism also affected the Pampean belt
(Pankhurst et al., 2000) and the Western Sierras Pam-
peanas (Baldo et al., 2005), and in the latter Ordovician
metamorphism overprinted a Grenville-age basement
(Casquet et al., 2001).

From 22°S to 27°S the Pampean belt is dominated by
the Puncoviscana Formation (Table 2), composed
of thick sequences of low-grade metamorphic rocks
including metapelites and metaturbidite beds with well-
preserved primary structures that indicate an east to
west-northwest pattern of sediment transport (Jezek,
1990). Trace fossils suggest an Ediacaran to Early
Lower Cambrian age (Acefiolaza and Acefiolaza, 2005).
Alkaline lava flows, sills and dykes in the lower part
of the section show “oceanic island” to “within-plate”
signature (Coira et al., 1990), while rift-related alkaline
to transitional alkaline to MORB-like basalts appear
higher in the section (Omarini et al., 1999). The whole
succession is tightly folded and intruded by Cambrian
granites, and is unconformably overlain by the late
Early Cambrian to Middle Cambrian siliciclastic sedi-
ments of the Meson Group (see Mangano and Buatois,
2004; Acefiolaza and Acenolaza, 2005 for detailed
references). A supracrustal source (or sources) has been
inferred for the entire basin (Zimmermann, 2005).

From 27° to 33°S only metamorphic equivalents of
the Puncoviscana Formation are exposed, e.g. in the
Sierra de Cordoba and the Sierra de Ancasti (Fig. 5).
There is a continuous variation from unmetamorphosed
turbiditic rocks in the north, through weakly foliated
pelites, to schists with well-developed pressure solution
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Fig. 5. Digital image of central-west Argentina and central Chile showing the inferred western limit of the Rio de la Plata craton, the proto-Andean
belts and sampling localities. Boreholes in the Chacoparanense basin: (1) Santiago Temple, (2) Saira, (3) Camilo Aldao, (4) Ordofiez. Pampean belt:
(5) Sierra de Ancasti, Famatinian belt: (6) La Cébila Formation, (7) Famatina Basin, Suri Formation. Western Sierras Pampeanas: (8) Sierras de
Umango, Maz and Espinal, (9) Sierra de Pie de Palo, (10) Sierra de El Gigante.

cleavage, and finally to compositionally-banded schists
and gneisses (Pinan-Llamas and Simpson, 2006). A
540-530 Ma Late Precambrian to Early Cambrian vol-
canic arc and a Cambrian low- to high-grade metamor-
phic sequence intruded by S-type anatectic granites at
520 Ma, make up most of the southern part of the
Pampean belt (Lira et al., 1997; Rapela et al., 1998,
2002). Ophiolitic remnants ascribed to a back-arc basin
have also been described (Escayola et al., 1996) and
assigned a late Neoproterozoic age of ca. 625 Ma on the
basis of Sm—Nd data (Escayola et al., 2005). Several
tectonic models have been proposed for Pampean
sedimentation, including (A) a Neoproterozoic passive
margin developed in the western margin of the RPC
(e.g. Coiraetal., 1982; Jezek et al., 1985; Kraemer et al.,
1995; Rapela et al., 1998; Pifidn-Llamas and Simpson,
2006), (B) deposition in a fore-arc or foreland basin
during the Pampean orogeny (e.g. Keppie and Bahlburg,
1999; Schwartz and Gromet, 2004; Zimmermann, 2005)
and (C) development at the margin of or within back-arc
basins of terranes located outboard of the Gondwana
margin, with which they subsequently collided (e.g.

Ramos, 1988; Escayola et al., 2005). Identification of
the arc source of the Neoproterozoic zircons is a signif-
icant problem for all these models.

The Famatinian belt (Table 2) consists of widespread
500-463 Ma (Early and Middle Ordovician) arc-related
magmatic rocks (the Famatinian magmatism), latest
Cambrian to Darriwilian sedimentary rocks of the
Famatina basin, and low- to high-grade metamorphic
rocks (Pankhurst et al., 2000; Astini, 2003; Dahlquist
et al., 2005). A distinctive characteristic of the Sierra de
Famatina is Lower- to Middle Ordovician epiclastic
deposits interbedded with volcaniclastic, volcanogenic
and volcanic rocks, together with intervals of fossilifer-
ous siltstones with shallow marine fauna such as bra-
chiopods, trilobites and conodonts (Astini, 2003 and
references therein). Recently-found well-preserved
Lower Ordovician fossils in amphibolite-grade metase-
dimentary rocks in the eastern part of the Famatinian belt
(La Cébila area, Fig. 5) suggest extensive development of
the original Ordovician basin (Verdecchia et al., 2007).

Basement blocks located to the west of the Fama-
tinian belt, known as the Western Sierras Pampeanas,
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such as the sierras of Pie de Palo, Maz, Espinal and
Umango (Fig. 5) are characterized by abundant basic and
ultrabasic rocks, calc-silicate sequences and volumetri-
cally small and scarce granitic bodies, and were re-
cognized as lithologically distinct from the Eastern
Sierras Pampeanas (Caminos, 1979). Mesoproterozoic
igneous rocks that were contemporaneous with the
Grenville orogeny of eastern and northeastern North
America (~1.0—1.2 Ga) have been reported in the Sierra
de Pie de Palo (Fig. 1, McDonough et al., 1993; Pank-
hurst and Rapela, 1998; Vujovich et al., 2004). U-Pb,
Sm—-Nd and Rb—Sr Mesoproterozoic ages have also
been reported in the Sierra de Umango (Varela et al.,
2004), Sierra de Maz (Casquet et al., 2005a), Ponon
Trehue (Cingolani and Varela, 1999), and as far south as
Las Matras block at 36°S, 67°W, where an undeformed
1.2 Ga tonalite—trondhjemite pluton has been described
(Sato et al., 2000). These Mesoproterozoic rocks have
been considered to be the easternmost exposures of the
basement to the Precordillera terrane, a supposed Lau-
rentian continental block accreted to Gondwana during
the Famatinian orogeny (Astini et al., 1995; Thomas and
Astini, 2003, and references therein) and equivalent to
the Cuyania terrane of Ramos et al. (1998). However, the
boundaries of the Mesoproterozoic Western Sierras
Pampeanas belt are still poorly defined, and its alleged
allochthoneity has been challenged (Galindo et al.,
2004). Furthermore, the similarities between the Are-
quipa craton and the Western Sierras Pampeanas,
including the existence of Grenvillian massif-type
anorthosites in both sectors, suggested that these two
regions were part of a single continental crustal block
from Mesoproterozoic times onwards (Casquet et al.,
2005b, 2006). Finally, Ordovician garnet-bearing gran-
ites reported intruding the Sierra de Pie de Palo suggest
that this sierra was part of the upper plate during the
Famatinian event, and therefore was not part of the
basement of the Precordillera terrane (Pankhurst and
Rapela, 1998; Baldo et al., 2005).

3. Borehole stratigraphy of the Chacoparanense basin

With the outcrops of the RPC restricted to the
Atlantic margin, more than 80% of the postulated
extension of the craton is covered by Phanerozoic sedi-
ments of the Chacoparanense basin. Geophysics and
boreholes sunk for oil exploration show that the oldest
components of the basin are generally Upper Palaeozoic
sedimentary rocks. Additionally, Lower Palaeozoic
sediments are found in the northwestern corner (Las
Brefias basin, Fig. 2; Russo et al., 1979; Fernandez
Garrasino et al., 2005), underlying well-known Silurian

iron-rich levels. A Cambrian to Ordovician age has thus
been assigned to this 5000 m thick depocentre, which
started with marine quartzites and intercalated grey
slates that have been correlated with the Cambrian
Meson Group (A. Mingramm in Russo et al., 1979, and
references therein).

The only direct evidence for the composition and age
of the basement to the basin comes from samples of
magmatic and metamorphic rock recovered from the
bottom of four deep boreholes in the central-western
part of the craton (Figs. 2, 5) (Russo et al., 1979). As
shown in the stratigraphic columns constructed from
these boreholes, basement was reached at 10463340 m
below surface (Fig. 6). In all cases Late Palacozoic
successions dominated by Upper Carboniferous to
Lower Permian diamictites rest unconformably on the
basement, reaching a thickness of 2200 m in the
Ordonez borehole (Russo et al., 1979; Winn and
Steinmetz, 1998). Three K—Ar ages have previously
been reported for basement samples: 787100 Ma
(Santiago Temple olivine gabbro), 441+ 10 Ma (Ordo-
fiez granite) and 1516+150 Ma (Saira diorite) (Russo
et al., 1979), suggesting Meso- to Neoproterozoic and
Ordovician cooling ages. If these ages were correct, they
would indicate a completely distinctive age pattern for
this sector and would suggest that the limit with the
Palaeoproterozoic/Archaean terranes should be placed
farther east (e.g. Ramos, 1995; Keppie and Bahlburg,
1999; Leal et al., 2003). However, our results revise
significantly the age of the basement and do not support
the idea of Mesoproterozoic substrata.

4. Petrography and geochemistry of borehole samples
4.1. Mineralogy

Santiago Temple borehole (31° 23'S, 63° 26'W).
The sample is a banded olivine gabbro-norite that
underwent localized subsolidus alteration during at least
one metamorphic event. The igneous association con-
sists of undeformed clinopyroxene (diopside—augite),
minor othopyroxene (Eny;), olivine (Foss_77), plagio-
clase (Angs_o3) and phlogopite. Subsolidus alteration is
represented by progressively lower-temperature interac-
tion between minerals and mainly aqueous fluids.
Recorded zoning consists of: (A) local symplectitic
intergrowth of pargasite, spinel (Sp4;_s2) and epidote
(Psy9) adjacent to plagioclase of the higher-T igneous
assemblage, (B) a thin outer lower-temperature zone
consisting of hornblende (low-Al pargasite, pargasitic
hornblende, tschermakitic hornblende and Mg-horn-
blende); hornblende can also be found as replacements
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along pyroxene—pyroxene and pyroxene—plagioc lase
boundaries with no related symplectites, (C) a third
zone represented by tremolite—Mg-rich actinolite and
haematite. Diablastic growth of Mg-rich chlorite
blades took place between zones A and B, and pla-
gioclase is partially converted into muscovite—sericite
and clinozoisite close to the mafic alteration zones.
Zone A probably resulted from reaction between pri-
mary mafic minerals and an aqueous fluid under upper
amphibolite or granulite facies conditions. In a SiO,—
Al,03;—-CaO—(Fe, Mg)O projection, the compositional
plane pargasite+epidote+spinel, intersects the composi-
tional volume olivine+clinopyroxene+orthopyroxene+
plagioclase, suggesting that the symplectite arose by an
oxidizing reaction of the type (abbreviations after Kretz,
1983):

Ol 4 Cpx + Opx + Pl + H,O + O, = Hb + Sp + Ep

Oxidizing conditions persisted during formation of
zone C, as evidenced by the formation of haematite,

suggesting that the three zones resulted from a unique
oxidizing hydrothermal event. Subsolidus formation in
the corona assemblage of OH-bearing minerals such as
amphibole, epidote and chlorite at the expense of
anhydrous igneous minerals implies the participation of
a mainly aqueous fluid such as water, which could not
be derived from the primary igneous assemblage. This
statement is particularly true in the case of epidote,
which requires values of Xy,o close to unity. A final
hydrothermal event is represented by microfracture
fillings of calcite and serpentine minerals.

Hornblende—spinel symplectites have been described
from granulite facies meta-gabbros and meta-troctolites
(e.g., Lang et al., 2004 and references therein). The
presence of epidote in the Santiago Temple meta-gabbro
remains puzzling, however. TWQEE (Berman, 1991)
computation of equilibrium reactions between amphi-
bole and spinel end-members suggests significant
chemical disequilibrium. However, the possibility that
symplectitic epidote formed later than hornblende—
spinel symplectite cannot be excluded.
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Table 3

Geochemical and isotope data of borehole samples

Sample Santiago Temple Saira Camilo Aldao Ordofiez
Major elements (wt.%)*

SiO, 46.44 51.03 59.92 72.53
TiO, 0.33 1.77 0.68 0.21
AlLO3 6.45 20.44 14.21 13.88
Fe,0st 8.08 8.61 7.39 1.99
MnO 0.18 0.11 0.11 0.02
MgO 20.22 1.39 5.69 0.39
CaO 13.08 9.85 4.82 1.28
Na,O 0.44 4.29 3.00 3.57
K,0 0.22 0.37 1.10 491
P,0s 0.01 0.18 0.13 0.03
LOI 332 1.77 2.76 0.84
Total 98.73 99.10 99.81 99.65
Trace elements (ppm)*

Cs 0.5 0.6 0.9 1.5
Rb 5 6 27 158

Sr 81 536 387 196
Ba 76 172 1013 1068
La 1.83 3.01 18.7 55.1
Ce 4.93 7.46 39.5 102

Pr 0.81 1.18 5.02 10.6
Nd 4.14 5.47 18.5 31.5
Sm 1.25 1.51 3.58 4.48
Eu 0.44 1.47 1.02 0.63
Gd 1.64 1.98 3.5 2.33
Tb 0.29 0.34 0.58 0.27
Dy 1.72 2.08 3.32 1.08
Ho 0.34 0.43 0.66 0.19
Er 0.96 1.27 1.92 0.57
Tm 0.13 0.19 0.29 0.09
Yb 0.81 1.19 1.83 0.64
Lu 0.11 0.16 0.26 0.11
U 0.05 0.05 0.92 3.87
Th 0.2 0.18 3.1 14.6
Y 10 13.2 20.5 6.8
Nb 0.5 1 5.1 3.1
Zr 13 13 119 187
Hf 0.6 0.6 34 53
Ta 0.01 0.04 0.38 0.2
Sc 61 18 20 3
Ga 6 24 16 17
Nd isotope data**

Sm (ppm) 1.26 1.86 3.73 421
Nd (ppm) 3.88 6.8 18.89 31.33
147Sm/"**Nd 0.1966 0.165 0.1193 0.0812
3N/ *Nd 0.512722 0.512322 0.511645 0.511139
eNdt 1.7 2.6 1.5 1.7
Tom (Ma) 2327 2303 2340 2312

*Analyses carried out by ACTLABS, Canada.

Major elements determined by ICP spectrometry.

Minor elements determined by ICP-MS spectrometry.

** Analytical methods as in Pankhurst and Rapela (1995):
Sm and Nd by MS isotope dilution at NIGL (£0.1%, lo).
143/144Nd measured on MAT 262 (£0.005%, 10).

Tpm for crustal sources after DePaolo et al. (1991).
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Saira borehole (32° 30" 40”S, 62° 04’ 14"W). The
Saira diorite is an Fe-rich rock that shows strong low- to
medium-grade alteration. Preserved igneous minerals
are homogeneous plagioclase (Ang;_49), probably
former pigeonite crystals consisting of clinopyroxene
(Woy46_4gEnsyFsrg 31) lamellac and interleaved alter-
ation products after probable orthopyroxene, and some
quartz. Ore minerals (ilmenite and magnetite) and
apatite are also considered primary phases. Microfrac-
turing, particularly of plagioclase crystals is the only
deformation feature shown by this rock. Microfractures
and grain boundaries focused most of the subsolidus
fluid—rock alteration. Alteration of mafic minerals
produced Fe-rich chlorite (FeO1=33.3-35.8 wt.%)
with Al,O; contents between 15.0 and 16.6 wt.%,
together with a variety of amphiboles, epidote, calcite
and quartz. Plagioclase, however, was replaced only by
chlorite richer in Al and Fe than the first type (Al,O5
between 19.4 and 20.2 wt.% and FeOr between 36.0

and 38.5 wt.%). Amphiboles display a wide composi-
tional spectrum. Textural evidence in the form of zonal
arrangements suggests that the earlier amphiboles were
either Fe-actinolite (Fe*=Fe/(Fe+Mg)=0.58—0.60) or
Fe-rich cummingtonite (Fe*=0.64—0.68), the latter as
by-products of alteration of probable orthopyroxene
lamellae after pigeonite, in association with the Al-
poorer chlorite type. Fe-hornblende (Fe*=0.69-0.70)
developed later and was in turn followed by a distinct
stage of blue Fe-tschermakite formation at the rims. Fe-
tschermarkite (Fe*=0.83—0.88) is the youngest second-
ary mineral in the Saira diorite, suggesting that this rock
underwent prograde metamorphism from low- to
probably medium-grade conditions. The chemical
composition of amphiboles evolved accordingly with
increasing Al and Fe content.

Camilo Aldao borehole (33°07' 29”S, 62° 06’ 23" W).
The sample is an amphibolitic schist with a basic to
intermediate chemical composition (Table 3). It shows a
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Fig. 7. Geochemical characteristics of borehole samples of the Rio de la Plata craton: (a) trace element abundances normalized to N-MORB (Sun and

McDonough, 1989), (b) rare earth element diagram normalized to chondrite

discrimination diagram (Wood, 1980).

values (Nakamura, 1974), (c) Th-Hf/3-Ta tectonomagmatic
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microtexture with euhedral and randomly orientated
0.5—1 mm large porphyroblasts of Mg-hornblende (A1
0.7-1.1, Fe* 0.30-0.37, Na® 0.20-0.24) and 0.5—
0.7 mm of plagioclase (core Anyy, rim Anso_33). Both
minerals show simple twins, and are surrounded by a
grano-lepidoblastic groundmass of Qtz, Pl (Anss), Czo
(Psyg), Ep (Ps3), Bt (Fe* 0.41), Fe-Par (Al 1.56—1.63,
Fe* 0.43-0.44, Na® 0.38-0.45), Tr (Al 0.38-0.62,
Fe* 0.22-0.26, Na® 0.06—0.14), Chl (Fe* 0.41), Ttn,
Ap, Ilm, and Zrm. The foliation is due to the orientation
of groundmass Fe-pargasite and biotite. Increases of
Fe*, Al and Na® in calcic amphibole are strongly
temperature dependant (Blundy and Holland, 1990) so
that Fe-pargasite is the amphibole that equilibrated at
higher temperature. The mineral assemblage Fe-Par+Bt
+Pl (Ans;_35)+Czo+Qtz defines the themal peak at
575-595 °C (Hbl-PI thermometry, Holland and Blundy,
1994). The assemblage of Chl+Tr+Ep+I1+Ttn repre-
sents re-equilibration at greenschist-facies conditions
during a retrograde metamorphic event. Mg-hornblende
and plagioclase porphyroblasts probably preserve com-
positions previous to the thermal peak.

Ordoiiez borehole (32° 40'S, 62° 52'W). The
basement in the Ordofiez borehole is a medium-grained
biotite monzogranite that has a primary igneous
assemblage composed of plagioclase (Ans_;o, 34%),
K-feldspar (24%), quartz (32%) and accessory minerals
(All, Ttn, Zr, Ap, totalling 9%). Chl, Ms, Ep, Cal, Ilm
and Ser are common as low-temperature subsolidus
minerals. The granite does not show evidence of
metamorphism or deformation, with the exception of
microcracks and quartz with undulose extinction formed
in a fragile late-stage event.

4.2. Geochemistry and tectonomagmatic affinities

Whole-rock chemical analyses and Nd isotope
compositions of the borehole samples are shown in
Table 3. Normalized to N-MORB, the Santiago Temple
meta-gabbro and the Saira diorite are enriched in large
ion lithophile (LIL) elements such as Cs, Rb, Ba and K,
and the light rare earth elements (LREE) La and Ce,
while they are depleted in high field strength elements
such as Nb, Ta, Y and Zr (Fig. 7a). This pattern is
considered typical of subduction zones in which the
mantle wedge has been contaminated by fluid release
from the subducted slab (e.g. Davidson, 1996). The
relative depletion of Ta compared to Hf and Th is
considered characteristic of basic rocks formed in arc
environments; this feature is shown by all four borehole
samples, which plot in the arc field of Fig. 7c.
Chondrite-normalized REE patterns of the basic rocks

(Santiago Temple and Saira) are flat (La/Yb.,=1.5-1.7)
and sub-parallel, although the Saira diorite shows
positive Sr and Eu anomalies (Eu/Eu*=2.6) and
Al,O5 enrichment (Fig. 7, Table 3), suggesting plagio-
clase accumulation. The Camilo Aldao amphibolitic
schist (52.9% Si0,) is a metasedimentary rock derived
from an immature siliciclastic rock containing sub-
rounded zircon grains (Fig. 8). The original sediment
was probably formed in turn by erosion of basic to
intermediate igneous source rocks. It shows a moder-
ately sloping REE pattern (La/Yb.,=6.8), a small
negative Eu anomaly (Eu/Eu*=0.9), and MREE
depletion suggesting minor feldspar and amphibole
fractionation. The Ordofiez granite (72.5% SiO,) shows
more evolved and distinct patterns (Fig. 7a, b), with an
Alumina Saturation Index of 1.03, a steep REE pattern
(La/Yb.,=57.6), a negative Eu anomaly (Ew/Eu*=0.6),
MREE depletion and low abundances of high field
strength elements such as Nb, Ta and Y.

The Nd isotope signature of the four samples is
primitive, with positive eNdt values regardless of the
silica content (Table 3). Coupled with the geochemical
characteristics, this feature of the analysed basic to inter-
mediate rocks corresponds to that found in intra-oceanic
subduction systems (Leat and Larter, 2003) or in prim-
itive continental arcs. Although the Ordofiez granite is
also isotopically primitive, its geochemical signature is
more evolved than those of felsic igneous rocks usually
found in oceanic island arcs (e.g. Smith et al., 2003),
suggesting evolution in an arc system emplaced in con-
tinental crust. All these juvenile geochemical and
isotopic characteristics are otherwise common in 2.0—
2.2 Garocks in the Brazilian shield corresponding to the
Transamazonian orogenic cycle (Cordani et al., 2000).

5. U-Pb geochronology
5.1. Analytical methods

Zircon grains were separated from total rock samples
using standard crushing, washing, heavy liquid (Sp. Gr.
2.96 and 3.3), and paramagnetic separation procedures.
For the detrital samples the zircon-rich heavy mineral
concentrates were poured onto double-sided tape,
mounted in epoxy together with chips of the reference
zircons (FC1, and SL13), sectioned approximately in
half, and polished. For the geochronology samples,
zircon grains were hand-picked and mounted in the
same way.

Reflected and transmitted light photomicrographs,
and cathodo-luminescence Scanning Electron Micro-
scope (SEM) images were prepared for all zircon grains.



Table 4
Summary of SHRIMP U-Pb zircon data for crystallization ages
Radiogenic ratios Age (Ma)
Grain. spot U Th ThU  *%Pb*  *¥Pb/ 1206 % "Pb/ =+ b/ o+ b/ o+ p 2%pp/ o+ LS % Disc.
(ppm) (ppm) (ppm) 206Pb 238U 235U 206Pb 238U 206Pb

Saira
1.1 72.0 151 021 254 0.00001 0.01 0.4113  0.0056 7.699 0118 0.1357 0.0010 0.89 2221.0 263 2173.7 123 -22
2.1 154.1 31.6 021 52.0  0.00002 0.03 0.3935  0.0048 7.297  0.102  0.1345 0.0009 0.87 21389 22.6 21575 12.2 0.9
3.1 68.1 187 027 23.0 - <0.01 0.3919  0.0056 7.369  0.120  0.1364 0.0010 0.88 2131.7 27.0 21815 13.3 2.3
4.1 73.6 21.6 029 258 0.00004 0.06 0.4078  0.0062 7.553  0.128 0.1343  0.0010 090 22049 293 21553 131 -23
5.1 111.0 46.0 0.41 38.1 0.00005 0.07 0.3997  0.0052 7.363  0.107 0.1336  0.0009 0.89 2167.6 239 21459 1.3 —1.0
6.1 157.9 327 021 53.5 - <0.01 0.3946  0.0048 7.423  0.101  0.1364 0.0009 0.88 21440 22.0 21825 11.2 1.8
7.1 216.9 66.5 031 75.7  0.00001 0.01 0.4063  0.0048 7.614  0.103  0.1359 0.0009 0.88 2197.8 222 21758 1.1 -1.0
8.1 198.2 758  0.38 66.9  0.00001 0.02 0.3931  0.0047 7.329  0.094 0.1352  0.0007 093 2137.0 21.6 2167.0 8.4 1.4
9.1 169.0 685 041 58.0 - <0.01 0.3996  0.0056 7.394  0.110 0.1342 0.0007 094 2167.0 25.7 21539 88 —0.6
10.1 142.0 57.5 0.40 48.7 - <0.01 0.3994  0.0049 7.343  0.099 0.1333  0.0007 092 2166.5 22.7 21422 94 —1.1
11.1 1713 74.1 043 58.3 0.00001 0.02 0.3962  0.0048 7.365 0.097 0.1348 0.0007 0.92 21513 222 21619 9.0 0.5
12.1 126.3 492 0.39 44.0 - <0.01 0.4055  0.0051 7.526  0.104 0.1346  0.0008 091 21945 24,6 21588 100 -1.7
13.1 179.3 76.0  0.42 61.3 0.00002 0.03 0.3980  0.0048 7.383  0.097 0.1345 0.0007 091 2159.8 219 2158.0 9.5 -0.1
14.1 129.8 527 041 44.0  0.00004 0.06 0.3945  0.0050 7302 0.103  0.1342  0.0008 0.89 2143.7 23.0 21543 11.0 0.5
15.1 112.0 434 039 382 - <0.01 0.3974  0.0051 7.426  0.106  0.1355 0.0008 091 21569 23.7 21709 10.5 0.6
16.1 138.0 52,6  0.38 47.9  0.00000 0.00 0.4043  0.0050 7.542  0.102  0.1353  0.0007 091 2188.7 23.0 21678 9.6 —1.0
17.1 317.7 137.7 043 108.3 0.00003 0.05 0.3967  0.0044 7.350 0.087 0.1344  0.0005 0.95 21539 205 21558 6.7 0.1

Camilo Aldao
1.1 473 33.0 0.70 15.3 0.00000 0.01 0.3766  0.0054 6.688  0.111  0.1288 0.0011 0.86 2060.5 25.1 2081.7 15.0 1.0
2.1 207.7 201.7 097 68.0  0.00001 0.01 0.3812  0.0042 7.195 0.084 0.1369 0.0005 0.94 2081.7 19.5 21885 6.8 4.9
3.1 259.6 793 031 79.8  0.00010 0.15 0.3571  0.0039 6.458 0.077 0.1312  0.0006 093 1968.6 18.8 2113.5 7.9 6.9
4.1 27.9 36.8 1.32 10.0  0.00007 0.10 0.4176  0.0069 7.885 0232 0.1369 0.0033 0.56 2249.7 31.6 2188.9 423 -28
5.1 95.9 69.7 0.73 322 - <0.01 03912 0.0049 7.483  0.105 0.1387 0.0009 090 21284 22.7 22115 10.8 3.8
6.1 342.5 197.1  0.58 158.9  0.00004 0.05 0.5398  0.0058 16.909 0.198 02272 0.0010 0.92 2782.8 244 30323 7.4 8.2
7.1 49.2 55.0 112 13.9  0.00015 0.23 0.3285  0.0048 5862 0.115 0.1294 0.0017 0.74 1831.1 232  2090.1 232 124
8.1 83.0 1112 1.34 29.5 0.00000 0.01 0.4134  0.0052 7.691  0.109  0.1349  0.0009 0.89 22303 23.7 21632 1.5 =31
9.1 120.9 522 043 43.1 - <0.01 0.4151  0.0049 7.809  0.109 0.1364 0.0010 0.85 22382 224 21824 127 =26
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10.1
11.1
12.1
13.1
14.1

Ordoriez
1.1
2.1
3.1
4.1
5.1
6.1
7.1
8.1
9.1
10.1
11.1
12.1
13.1
14.1
15.1
16.1
17.1
18.1

53.4
128.0
81.8
46.0
103.8

597.8
426.0
398.3
389.4
562.8
389.1
365.7
421.1
390.5
2446.4
4222
837.6
1895.6
529.0
817.6
1073.8
719.4
180.2

349
190.8
349
34.1
79.5

1572
273.0
229.0
241.1
2432
250.8
265.0
311.3
306.0
1687.9
336.5
622.1
4433
435.6
273.7
125.8
356.1
74.8

0.65
1.49
0.43
0.74
0.77

0.26
0.64
0.57
0.62
0.43
0.64
0.72
0.74
0.78
0.69
0.80
0.74
0.23
0.82
0.33
0.12
0.50
0.42

18.6
43.9
28.3
16.3
35.6

107.8
111.9
129.4
127.0
181.7
129.1
120.8
132.1
129.1
270.2
138.8
226.6
220.7
165.6
145.2
218.4
198.9
102.4

0.00005

0.00007

0.00004

0.00147
0.00016
0.00011
0.00002
0.00009
0.00005
0.00034
0.00031
0.00001
0.01172
0.00006
0.00063
0.00053
0.00028
0.00047
0.00034
0.00016

0.08
<0.01
0.11
<0.01
0.06

2.45
0.24
0.17
0.03
0.14
0.07
0.51
0.48
0.02
20.74
0.09
0.99
0.93
0.42
0.79
0.56
0.25
<0.01

0.4058
0.3998
0.4018
0.4116
0.3995

0.2048
0.3050
0.3775
0.3796
0.3753
0.3858
0.3824
0.3633
0.3847
0.1019
0.3823
0.3118
0.1343
0.3628
0.2051
0.2354
0.3210
0.6616

0.0061
0.0049
0.0051
0.0059
0.0048

0.0024
0.0033
0.0040
0.0041
0.0040
0.0041
0.0056
0.0039
0.0041
0.0020
0.0041
0.0034
0.0014
0.0042
0.0021
0.0024
0.0034
0.0076

7.540
7.457
7.590
7.959
7.615

3.631
5.334
6.707
6.748
6.738
6.882
6.812
6.399
6.837
1.557
6.812
5.537
1.870
6.418
3.372
3.820
5.633
24.028

0.207
0.100
0.122
0.138
0.104

0.107
0.065
0.077
0.076
0.075
0.078
0.115
0.080
0.077
0.406
0.078
0.085
0.030
0.090
0.047
0.050
0.064
0.284

0.1348
0.1353
0.1370
0.1402
0.1382

0.1286
0.1268
0.1289
0.1289
0.1302
0.1294
0.1292
0.1277
0.1289
0.1108
0.1292
0.1288
0.1010
0.1283
0.1192
0.1177
0.1273
0.2634

0.0022
0.0008
0.0014
0.0014
0.0009

0.0035
0.0007
0.0005
0.0004
0.0005
0.0005
0.0011
0.0008
0.0005
0.0288
0.0005
0.0014
0.0012
0.0010
0.0011
0.0009
0.0005
0.0008

0.86
0.90
0.78
0.82
0.89

0.40
0.88
0.93
0.95
0.95
0.95
0.86
0.85
0.95
0.07
0.94
0.71
0.65
0.82
0.75
0.80
0.93
0.97

2195.7
2168.2
2177.5
22223
2166.9

1200.9
1716.1
20064.5
2074.5
2054.5
2103.4
2087.5
1997.9
2098.0

625.6
2086.8
1749.5

812.1
1995.6
1202.7
1362.5
1794.8
32733

27.8
223
233
26.8
223

12.8
16.1
18.9
19.0
18.7
19.2
26.0
18.4
19.2
11.5
19.2
16.8

7.8
19.8
11.5
12.7
16.4
29.4

2161.0
2167.4
2189.5
2230.1
2205.3

2079.1
2054.4
2082.6
2083.3
2100.6
2089.5
2087.1
2067.1
2083.2
1812.4
2087.7
2081.7
1643.3
2074.6
1944.8
1921.6
2060.4
3267.2

28.7
10.1
17.3
17.2
10.7

47.5
10.1
7.3
6.1
6.2
6.3
15.2
11.5
6.2
472.4
6.8
18.9
224
14.2
16.5
14.1
7.4
4.7

-1.6
0.0
0.5
0.4
1.7

42.2
16.5
0.9
0.4
22
-0.7
0.0
33
—0.7
65.5
0.0
16.0
50.6
3.8
38.2
29.1
12.9
-0.2

Notes: 1. Uncertainties given at the 1o level.
2. £206 % denotes the percentage of 2°°Pb that is common Pb.

3. Correction for common Pb made using the measured 2**Pb/2°Pb ratio.

4. For % Disc., 0% denotes a concordant analysis.
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The cathodo-luminescence images were used to deci-
pher the internal structures of the sectioned grains and to
ensure that the ~20 pm SHRIMP spot was wholly
within a single age component — usually the youngest
for the detrital zircon analyses.

The U-Th—Pb analyses were made using SHRIMPs
II, RG and I at the Research School of Earth Sciences,
The Australian National University, Canberra, Austra-
lia. SHRIMP analytical method follows Williams (1998,
and references therein). U/Pb ratios were normalized
relative to a value of 0.01859 for the FC1 reference
zircon, equivalent to an age of 1099 Ma (see Paces and
Miller, 1993) and data were reduced using the SQUID
Excel macro of Ludwig (2001). For the geochronology
samples each analysis consisted of 6 scans through the
mass range, with the FC1 reference grains analysed for
every three unknown analyses. For the detrital samples,
each analysis consisted of 4 scans through the mass
range, with a reference zircon analysed for every five
unknowns and zircons on the mount were analysed
sequentially and randomly up to a total of at least 60
grains for each sample. Data for the geochronology
samples are given in Table 4; uncertainties given for
individual analyses (ratios and ages) are at the 1o level.
Data for the detrital zircon analyses are presented as a
Supplementary data to this paper.

Tera—Wasserburg Concordia plots, probability den-
sity plots with stacked histograms, and weighted mean
20ph/23Y age calculations were carried out using
ISOPLOT/Ex (Ludwig, 2003). The “mixture model-
ling” algorithm of Sambridge and Compston (1994),
included in ISOPLOT/ExX, was used to un-mix statistical
age populations or groupings; from these groups
weighted mean *°°Pb/***U ages were calculated, with
uncertainties reported as 95% confidence limits.

5.2. Geochronology of borehole samples

The zircons from the Saira borehole diorite form a
simple population of clear euhedral to subhedral crys-
tals, with pyramidal terminations, or fragments of such
grains. Under CL they have broad oscillatory zoning,
with relatively large homogeneous areas typical of zir-
cons having crystallized from a mafic magma. The 17
grains analysed yield uniformly concordant data on a
Wetherill plot (Fig. 8) with a Concordia age of 2162+
6 Ma (MSWD of concordance=0.16). This is inter-
preted to be the crystallization age of zircon formed
during magmatic emplacement of the diorite.

The Ordofiez granite zircons are elongate crystals,
many with bi-pyramidal terminations. The grains are
either strongly zoned and cracked, or are simple clear

crystals under transmitted light; some have inclusions of
apatite. The cathodo-luminescence images show a
dominantly simple oscillatory-zoned igneous internal
structure. The zircon analysed as grain 18 is anomalous,
being a larger, more equant grain with a zoned internal
structure. The SHRIMP U-Pb analyses range from
concordant to significantly discordant, with 2°°Pb/***U
ages ranging from ~ 625 to ~3275 Ma. The analysis of
grain 18 is anomalously old and may represent an in-
herited zircon component or a contaminant from the
mineral separation. The other 17 analyses form a linear
array on the Wetherill plot (Fig. 8) with an upper Con-
cordia intercept at ~2090 Ma and a poorly defined
lower intercept between ~ 150 and 370 Ma. The dis-
cordia line shows that there has been Phanerozoic
radiogenic Pb-loss. The upper intercept is well con-
strained by seven analyses that have a Concordia age of
2086+4 Ma, and this is taken as the crystallization age
of the granite.

Scarce zircons obtained from the Camilo Aldao
schist are small, up to 100 um in length, subhedral to
sub-round grains. Under cathodo-luminescence they
show a variety of internal features from dominantly
simple oscillatory zonation to complex structures. Only
14 grains were hand-picked from the heavy mineral
concentrate. The SHRIMP U-Pb analyses are also
variable, with a single Archaean grain, some discordant
areas with an upper Concordia intercept at about
2200 Ma and a subordinate, dispersed series of
207pp/2%Ph ages between ~2200 Ma and ~2100 Ma.
The analyses do not define a simple discordia trend, but
a reasonable interpretation from the relative probability
plot of *°’Pb/?°°Pb ages suggests a major zircon crys-
tallization event at 2189+ 14 Ma, with either subsidiary
provenance or radiogenic Pb-loss event at about
2100 Ma. There is no evidence for any younger zircon
crystallization in this sample.

5.3. Detrital zircon geochronology

For the geochronological provenance study, zircon
grains were concentrated from two siliciclastic units
from the Tandilia belt and four metasedimentary rocks
from the Eastern and Western Sierras Pampeanas. The
results obtained are presented as both age histograms
(Fig. 9) and Tera—Wasserburg Concordia diagrams
(Fig. 10).

A basal quartzite of the Sierras Bayas Group (Villa
Monica Formation) was collected from the Barker area
of the Tandilia belt, overlying the Palacoproterozoic
basement (sample FSB 260, Fig. 3b, 37° 37’ 41.05”S,
59° 25’ 05.2”W). It is a highly compacted quartzite with
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Fig. 9. U-Pb provenance patterns for sedimentary and metasedimentary samples from the Tandilia belt (a, b), the Pampean belt (c), the Famatinian
belt (d, e) and the Western Sierras Pampeanas (f). The curves in the right-hand column are relative probability trends (Ludwig, 1999) based on
preferred ages derived from individual measurements, which are also shown as histograms in the left-hand column. For ages less than 1000 Ma, the
238U_2%Ppp is preferred after correction for initial common Pb using the °’Pb measurements; for ages of 1000 Ma and more, the ***Pb-corrected
207pp2%P age is preferred. The vertical grey bands represent the nominal age ranges of Brasiliano (540—680 Ma), ‘Grenvillian® (1000—1250 Ma)
and Transamazonian (2.0-2.2 Ga) orogenic sources. The last only occurs in the Villa Ménica and Famatinian samples, whereas the first two are
dominant in the Balcarce and Ancasti (Pampean) samples.
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Fig. 10. Tera—Wasserburg Concordia plots for the detrital zircon U-Pb data shown in Fig. 9. To demonstrate concordance, plotted data are corrected
for common Pb as in Table 5, except for the white-filled symbols, where the statistics of the >**Pb measurement are considered to be too poor for a
meaningful correction. A few very discordant points are omitted in some cases.

>95% quartz and interstitial smectitic clay. The 55
analysed grains have ages strongly concentrated at
2200 Ma (89%), with a minor peak at 1150 Ma (Fig. 9a).
This indicates that the siliciclastic sequence is mostly
derived from the underlying, locally exposed, Palaco-
proterozoic basement of the RPC. Analyses of at least
three grains are almost concordant at ~ 1150 (Fig. 10)

which is thus interpreted as approximating their crys-
tallization age; this suggests a distant or restricted
Mesoproterozoic source at the time of deposition of the
Villa Monica Formation.

The second sample from the Tandilia belt is a quartz-
ite from close to the type area of the Balcarce Formation
(sample FBA 264, Fig. 3b, 37° 56’ 59.7”S, 59° 19’
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54.6”W). It shows grain-to-grain compaction and 3—5%
smectitic clay. Although this sample is located only
80 km east of the Barker area, the age pattern is
remarkably different from that of the Sierras Bayas
sample, indicating a completely different source area for
the younger siliciclastic platform of the Tandilia belt
(Fig. 9b). The zircon population is dominated by
Neoproterozoic (“Brasiliano”, 675-560 Ma), Mesopro-
terozoic (1170—1030 Ma) and Late Palacoproterozoic
(1890-1680 Ma) grains (Fig. 9b). A zircon peak as
young as 480 Ma gives an estimate for the maximum
depositional age of the Balcarce Formation.

Medium to high-grade metasedimentary sequences
make up most of the basement of the southern sector of
Pampean belt, such as the Sierra de Ancasti and Sierras
de Coérdoba (Fig. 5). In the Sierra de Ancasti we have
sampled the regionally developed banded schists of the
Ancasti Formation (Willner et al., 1983). This is
characterized by a N—S foliation defined by alternation
of biotite-rich 0.5 cm layers and light-coloured 1-2 cm
granoblastic layers of Qtz, Pl, Bt and Grt. Sample ANC
10018 (29° 00" 30.7”S, 65° 27’ 52.6”W) has the
following mineral assemblage: Bt (XMg=0.52, TiO,
1.6%), Qtz, Pl (Anyg), Ms, Grt (Almgs, Spy9), [lm/Mag,
Tur, Ap, Zrn, (Chl). Detrital zircons in the sample have a
generally bimodal age distribution, dominated by
Mesoproterozoic (1100-960 Ma, 40%) and Neoproter-
ozoic (680—570 Ma, 40%) components, with youngest
grains indicating a Neoproterozoic depositional age
(<570 Ma) (Fig. 9¢c). A minor component represented
by Late Palaeoproterozoic concordant grains is also
observed (~ 1850 Ma), but the absence of concordant
zircons in the 2.02-2.26 Ga interval of the RPC is
notable (Fig. 10).

In the Quebrada de La Cébila, southwestern Sierra de
Ambato (Fig. 5), we sampled quartzo-feldspathic
metasedimentary rocks in a medium- to high-grade se-
quence carrying relatively well-preserved Lower Ordo-
vician fossils (Verdecchia et al., 2007). Sample QCE
6004 (28° 43’ 16.0”S, 66° 21’ 40.0”W) is a meta quartz-
arenite with Qtz > Pl, Kfs, Bt, Ms, Tr, Cal, Op, Tur, Ap,
Zr, with irregular layers richer in biotite and muscovite
as well as remnants of cross-bedding structures. The age
pattern is dominated by Neoproterozoic zircons with a
peak at 640 Ma (26%), although the six youngest con-
cordant grains form a discrete subpopulation at
~530 Ma (Fig. 9d), indicating that detrital Cambrian
zircons from the nearby Pampean belt were incorporated
into the original Ordovician sediment. Less well-defined
peaks occur at 790, 1770 and 2100 Ma, with minor
contributions of Mesoproterozoic and Archaean age.
The Palaeoproterozoic population from 2200 to

2000 Ma is defined by 11 grains (17%), 8 of which
are near-concordant; this age interval is coincident with
that of the RPC (Fig. 10). Finney et al. (2003, 2004)
reported a zircon age distribution pattern from La Cébila
determined by ICP-MS (originally mistakenly ascribed
to the Lower Cambrian Cerro Totora Formation of the
Precordillera). Our results (Figs. 9d and 10) are similar
to those labelled “Cerro Totora” (now La Cébila)
reported by Finney et al. (2003, their figure 2), but
that show an even more pronounced 2.25-2.00 Ga
Palaeoproterozoic peak, and thus confirm the age
pattern for these Ordovician metasediments.

Farther west, Lower Ordovician Famatinian sedi-
mentary sequences were sampled from Sierra de
Famatina (sample FAM 7082, Fig. 5; 29° 02’ 47.8”S,
67° 56’ 15.9”W). This sector has been included in the
Suri Formation of the Famatina Group (Astini, 2003).
This sample is a quartz-feldspar wacke with >10% of
clay matrix that also contains clastic biotite (2—3%) and
opaque minerals. The age pattern is dominated by a
younger subpopulation with an age peak at 485 Ma
(38%) indicating that this immature volcaniclastic
succession was largely derived from coeval Famatinian
magmatic rocks (Pankhurst et al., 2000). Minor older
peaks appear at 615, 900—700, 1300—1000 and four
grains between 2200 and 2000 Ma, the latter within the
typical age range of the RPC (Fig. 9¢).

Finally, in Sierra El Gigante (Fig. 5) the most
abundant rock type is mica schist, included in Los
Morteritos unit by Gardini and Dalla Salda (1997). Our
schist sample GIG 6106 (32° 51’ 26.7”S, 66° 54’
05.8”W) is part of a greenschist-facies arenite-to-pelite
metasedimentary sequence that alternates with thin
layers of marble and amphibolite, all affected by an
E—W syn-metamorphic foliation. The mineral associa-
tion is Qtz, P1, Kfs, Ms, Bt, Cal, Op, Ap, Zr, (Chl, Ser),
and the foliation is defined by lepidoblastic domains
of Ms+Bt that alternate with granoblastic domains of
Qtz+Pl+Kfs. The zircon age distribution is unimodal,
with a peak at 1200 Ma, albeit extending to a minor peak
at 1300—1400 Ma (Figs. 9f and 10d). The pattern lacks
the ubiquitous Neoproterozoic peak of the Eastern Sierras
Pampeanas and the Ordovician sediments (Fig. 9c¢, d, ),
and represents an older Mesoproterozoic component that
is usually found in metasedimentary rocks of the Western
Sierras Pampeanas (Rapela et al., 2005).

6. Nd isotope data
A plot of Nd model ages (7Tpy) versus stratigraphic

ages for the RPC, the Eastern and Western Sierras
Pampeanas, the Puncoviscana Formation and the
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Arequipa craton is shown in Fig. 11. Model ages of the
borehole samples define a cluster at ~2.3 Ga, which is
only 140—150 Ma older than the crystallization ages of
the basic rocks of Saira and Camilo Aldao, and
~220 Ma older than the Ordofiez granite. This indicates
rapid extraction from the mantle for this sector of the
RPC. Elsewhere, the Tandilia belt and Piedra Alta
terrane show a larger spread in Tpy ages, including
many 2.5-2.7 Ga Archaean ages (Fig. 11), indicating a
longer period of residence and thus a more mature
crustal source. The Nd isotope signature of the Santiago
Temple meta-gabbro is similar to that of the other
boreholes, while its geochemical trace element pattern is
similar and sub-parallel to that of the Saira diorite
(Fig. 7), clearly indicating that this gabbro is part of the
Palaeoproterozoic complex.

Palaeoproterozoic and (rare) Archaean 7y ages have
been determined in the Northern and Central Domains of
the Arequipa massif, as well as in some sectors of the
Western Sierras Pampeanas, but Palaeoproterozoic crys-
tallization ages in the range of the RPC have not been
reported from any proto-Pacific terrane (Fig. 11). Tpy
model ages in the RPC are older than, and do not overlap
with, those in the Pampean belt and the Puncoviscana
Formation (Fig. 11). This indicates that the Palacoproter-
ozoic crust of the RPC was not the source of the igneous
rocks of the Pampean belt, nor was it a significant source
for the Neoproterozoic to Early Cambrian Puncoviscana
and equivalent sedimentary basins.
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7. Discussion

7.1. Age, metamorphism and isotope signature of the
western RPC

A central piece of evidence reported here is that the
basement underlying Late Palaeozoic and younger sedi-
ments at the western edge of the Chacoparanense basin
is Palaeoproterozoic crust. The 2.09-2.19 Ga U-Pb
SHRIMP crystallization ages obtained from the bore-
hole samples fall within the predominant range of crys-
tallization ages reported for the Tandilia belt, and the
Uruguayan and Brazilian terranes of the exposed RPC.
All three mafic samples, i.e., the Santiago Temple
gabbro, the Saira diorite and the Camilo Aldao amphi-
bolitic schist, underwent at least one metamorphic event
that led to partial (or, in the case of Camilo Aldao,
complete) transformation of the igneous minerals.
Camilo Aldao also developed a synmetamorphic
foliation, but in the first two samples deformation is
very weak (microfracturing) or absent. The Ordofiez
granite does not show evidence of either metamorphism
or deformation and is also the youngest of the three
dated samples (2088 +6 Ma). In consequence, the age of
metamorphism and deformation can be well bracketed
as Palaeoproterozoic for the entire western sector of the
RPC between 31° and 33°S.

Another significant feature of the metamorphism of
the mafic rocks is that it was apparently prograde, from
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Fig. 11. Stratigraphic age versus Ty (depleted mantle model ages for crustal sources, DePaolo et al., 1991) for the borehole samples, based on the
data in Table 3 for the Rio de la Plata craton and significant crustal fragments and units of the southwestern margin of Gondwana. The heavy dashed

line is the unique isochron — the closer the samples plot to this line, th

e more juvenile were their sources. Data sources: Rio de la Plata craton

(Tandilia belt: Hartmann et al., 2002b; Pankhurst et al., 2003; Piedra Alta Terrane: Preciozzi et al., 1999); Arequipa craton (Loewy et al., 2004),
Precordillera xenoliths (Kay et al., 1996), Western Sierras Pampeanas (Porcher et al., 2004; Casquet et al., 2005b; Pankhurst, R.J., unpublished data),
Pampean belt (Rapela et al., 1998) and the Puncoviscana Formation (Bock et al., 2000).
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low- to medium-grade conditions in the Camilo Aldao
and Saira samples, whilst it was apparently retrograde in
the Santiago Temple meta-gabbro (amphibolite/granu-
lite to low-grade). Significantly, the Camilo Aldao and
Saira samples are relatively close to each other, whereas
the Santiago Temple borehole is distant (Fig. 5). We can
conclude that the RPC basement under the Chacopar-
anense sedimentary cover comprises significantly
different tectonothermal domains of Palaeoproterozoic
age that underwent contrasting evolution during at least
one orogenic event.

Three of the borehole samples are basic igneous/
metamorphic rocks with juvenile oceanic island arc sig-
natures (Fig. 7). The Camilo Aldao amphibolitic schist
(2.19 Ga) and the Saira diorite (2.16 Ga) are precisely
contemporaneous with the dominant rock formation age
reported for the Tandilia belt at ~2.15 Ga (total range
2.26-2.07 Ga; Hartmann et al., 2002b; Cingolani et al.,
2005). However, the Nd isotope signatures and model
ages of the Tandilia belt (eNdt=+2.17 to —12.2; Tpm=
2735-2031 Ma; Hartmann et al., 2002b; Pankhurst et al.,
2003) and the Piedra Alta terrane (eNdt=+4.9 to —1.6;
Tom=2486—1989 Ma, recalculated from Preciozzi et al.,
1999) extend to much more negative values than those
of the borehole samples, which are consistent at +1.5
to +2.6 (Table 3, Fig. 7). This suggests that part of
the craton was mature continental crust, dominated in
Tandilia and the Piedra Alta terrane by granitic massifs.
The rock formation peak at ~2.15 Ga in the Tandilia
belt has been ascribed to a major accretionary event, the
Encantadas orogeny (2.25-2.12 Ga), recognized in south-
emn Brazil and other Transamazonian terrains (Hartmann
etal., 2002a,b). In fact, the 2.2—2.0 Ga interval is the main
period of continental crust formation in the Brazilian
shield (Cordani et al., 2000), and the juvenile basic arc
rocks in the western part of the RPC analysed here were
clearly part of this extensive event.

The age of the geochemically most evolved borehole
sample, the Ordofiez granite (Figs. 7 and 8), is within the
error range of the youngest granites in the Tandilia belt
(2065+9 Ma and 2073+6 Ma, Hartmann et al., 2002b).
At least one 3270 Ma inherited concordant zircon grain
suggests contamination from old crust (Fig. 8). In south-
ern Brazil, Uruguay and the Tandilia belt, a second major
event was recognized — the collisional Camborit oroge-
ny (2.10-2.00 Ga), defined by granulite-facies metamor-
phism and granite formation at shallow crustal levels
(Hartmann and Delgado, 2001; Hartmann et al., 2002b).
The Ordonez granite was emplaced during the time in-
terval of the collisional Camborili orogeny, although its
primitive Nd signature (eNdt=+1.7; Tpy=2312 Ma)
precludes generation by remelting of Archaean crust. The

REE pattern shows HREE-depletion, suggesting the pres-
ence of garnet in the source, while the Eu anomaly
indicates moderate feldspar fractionation (Fig. 7). The
origin favoured here involves melting of juvenile basic to
intermediate island arc source rocks at intermediate
pressure during arc accretion to the continent.

7.2. Boundaries and internal structure of the RPC

This is the first robust evidence indicating that the
main Palacoproterozoic crustal component of the RPC is
also found 500—600 km to the northwest and west of the
typical Atlantic outcrops (Fig. 2). The location of the
boreholes, some of them adjacent to the eastern limits of
the Sierras Pampeanas, suggests that the Palaeoproter-
ozoic crust extends westwards as far as this Palaeozoic
province, leaving no room for any other form of base-
ment province (e.g. the “Chaco terrane” of Keppie and
Bahlburg, 1999). In view of the sharp limit between the
Sierras Pampeanas and the RPC shown by magneto-
telluric studies at 32°S (Booker et al., 2004), there is
most probably a complex faulted margin between the
RPC Palaeoproterozoic crust and the Neoproterozoic to
Early Cambrian Pampean belt.

In southern Uruguay, Hartmann et al. (2001) pointed
out that the 2.7-3.4 Ga sectors of the Nico Pérez terrane
were not affected by the strong 2.07 Ga Palacoproter-
ozoic event of the nearby Piedra Alta terrane, thus in-
dicating that the two terranes were not formed in the
same relative position as today, but that they are an
allochthonous collage. On the other hand, Neoarchaean
and Palaeoproterozoic crustal blocks in southern Brazil,
such as the Tacuarembo block, were affected by the
550-900 Ma tectonothermal events of the Brasiliano
cycle (Gastal et al., 2005 and references therein). Taking
into account the age, internal characteristics and tectonic
boundaries of the terranes and continental blocks that
made the RPC, it is useful to make a primary distinction
between those composed only of Palacoproterozoic
sequences lacking evidence of Neoproterozoic orogen-
esis (deformation, metamorphism or granite generation),
and those composed of Archaean to Palacoproterozoic
sequences with, in most cases, Neoproterozoic over-
prints (Fig. 2). Within the first group are the Piedra Alta
terrane and the Pando belt in Uruguay, and the Tandilia
belt in Argentina. Samples from the western side of the
RPC studied in this paper suggest the central western
sector of the craton is composed also of Palaeoproter-
ozoic sequences of the first group. In the second group
are the Nico Pérez terrane and the Rivera block in
Uruguay, the Tacuarembd block in Brazil and the
Asuncion arch in Paraguay (Fig. 2). Note however that
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similar Neoarchaecan and Palacoproterozoic basement
inliers affected by the extensive 660—550 Ma batholiths
of the Brasiliano cycle crop out along the coast of
southeastern Brazil (Fig. 4), for which reason the north-
eastern limit of the RPC is somewhat arbitrary.

7.3. Provenance of the sedimentary basins

The U-Pb crystallization ages reported here for the
borehole samples are consistent with U-Pb geochrono-
logical studies in all exposed sectors of the RPC and
other terranes in southern Brazil, which have predom-
inantly yielded crystallization ages in the range 2260—
2080 Ma, i.e. Rhyacian, corresponding to the Transa-
mazonian cycle (Hartmann et al., 2002b; Santos et al.,
2003). This age range, with peaks at 2186+7 Ma and
2102+13 Ma (Hartmann et al., 2002b), is therefore
considered the fingerprint age component of the RPC,
and is thus key evidence for evaluation of its role as a
source during the crustal growth of southern South
America. The Neoproterozoic and Lower Palaeozoic
siliciclastic units of the Tandilia belt show completely
different zircon provenance patterns (Fig. 9a). The
2230 Ma age peak in the Neoproterozoic Sierras Bayas
Group (Villa Ménica Fm.) shows provenance dominated
by the older Palacoproterozoic component of the RPC,
an age group often found in the TTG island-arc rocks
that define the Encantadas orogeny in southern Brazil
(Hartmann et al., 2002a). A minor peak at 1150 Ma
(Fig. 9a) is the only evidence of a Mesoproterozoic
component, and there is no geological evidence to show
if these zircons came from a source outside the RPC or
whether there are restricted, unexposed Mesoprotero-
zoic sectors within it. The absence of a Neoproterozoic
“Brazilian” peak in the Villa Ménica quartzite is signifi-
cant, suggesting either that the quartz-arenite was de-
posited before the Neoproterozoic or that the Brazilian—
Pan African arc was located far away from the eastern
margin of the RPC. On the other hand, the Palaeozoic
Balcarce Fm. does not contain significant detrital zir-
cons in the typical age range of the RPC (Fig. 9b), and
the only feasible explanation is provenance from nearby
source areas to the east of the RPC, an idea supported by
consistently westward palaeocurrents (Fig. 3b). Further-
more, the Neoproterozoic, Mesoproterozoic and Late
Palacoproterozoic detrital age peaks observed in the
Balcarce Fm. (Fig. 9b) are characteristics of the Neo-
proterozoic Rocha Group in the Cuchilla Dionisio
terrane (Fig. 3a); they are thus also identical to the
patterns shown by the Oranjemund Group of the Gariep
belt in Africa (Basei et al., 2005). Such similarity has
been taken as conclusive evidence that the Rocha and

Oranjemund groups formed in the same basin, and that
their provenance was predominantly from the Kalahari
craton, the Namaqua—Natal belt and a 640—-590 mag-
matic arc developed on the African side (Basei et al.,
2005). Although it is younger than the Rocha Group, the
Balcarce formation has a provenance pattern also sug-
gestive of an African source, located to the east of the
Tandilia belt prior to South Atlantic opening.

The bimodal pattern of the Ancasti Formation, with
peaks at 1100-960 and 680-570 Ma (Fig. 9c), is also
characteristic of the metasedimentary rocks of the Sierras
de Cordoba (Sims et al., 1998; Pankhurst et al., 2000;
Schwartz and Gromet, 2004; Escayola et al., 2005) and
the eastern sector of the Sierra de San Luis (Steenken
et al., 2006), indicating that the source area for the whole
Pampean belt was dominated by Meso- and Neoproter-
ozoic components. The limited presence of ~ 1850 Ma
Late Palacoproterozoic zircon in the Ancasti Fm.
(Fig. 9c), has been also observed in the Sierras de
Cérdoba (Schwartz and Gromet, 2004). What is most
remarkable in all these patterns is the absence of Palaeo-
proterozoic peaks in the typical 2.26-2.02 Ga of the
RPC. But perhaps the most surprising aspect of the zircon
age patterns of the Pampean belt is their equivalence to
those in the Oranjemund Group in Africa and the Rocha
Group in Uruguay (Basei et al., 2005), indicating an
African affinity in the Neoproterozoic basins on both
sides of the craton. Furthermore, the zircon patterns of the
Cambrian low-grade metasediments that represent the
basement of NE Patagonia are also dominated by
Neoproterozoic and Mesoproterozoic peaks, with scarce,
if any, Palaeoproterozoic zircons in the RPC range of
ages (Pankhurst et al., 2006). Consequently, the conclu-
sion concerning relationships between the RPC as a
potential source for sediments, and the now adjacent
Neoproterozoic to Cambrian basins that surround the
craton to the east, south and west, is that there is no
relationship. In this sense, it seems the RPC behaved as a
“ghost craton”, not contributing in any significant amount
to these basins (i.e. this differs from previous usage of
this terminology, e.g. Leite et al., 2000).

The Ordovician sediments of La Cébila and Famatina,
located farther west in the Famatinian belt (Fig. 5), still
show a 640—-615 Ma Neoproterozoic peak, but a less
conspicuous ~ 1000 Ma Mesoproterozoic component
than in the Pampean belt (Fig. 9d, ). Local provenance
indicated by peaks at 530 and 485 Ma is important
in both sectors, but what is considered significant are
minor groups of 2200-2100 Ma concordant zircons, in
the range of the RPC (Figs. 9d, e and 10). These indicate
that the RPC was available as a source in Early Ordo-
vician times, marking a very significant contrast with the
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absence of detrital zircon in the Late Neoproterozoic
sediments of the Pampean belt. Contributions from an
RPC source to the Famatinian belt would be coherent
with the present respective terrane locations, showing
that the Cambrian was the critical period during which
the RPC attained its present position amongst the SW
Gondwana fragments.

The unimodal zircon age distribution of the quartz
arenite from the Sierra del Gigante, with a peak at
1200 Ma extending to 1300—1400 Ma, indicates a
dominant source of this age (Figs. 9fand 10d). The most
obvious source for these sediments is in the Western
Sierras Pampeanas (Fig. 5), where the 1200 Ma age is
characteristic of in situ igneous and metamorphic rocks
(e.g. Rapela et al., 2005; Casquet et al., 2005b, 2006).
Note that detrital zircons with ages in the interval 1400—
1200 Ma have not been detected in the Pampean belt,
while minor subordinate peaks defined by concordant
zircons are observed in the Ordovician sediments of the
Famatinian belt (Figs. 9 and 10). The mixed zircon
population of the Ordovician sediments shows domina-
tion by rapid denudation of local sources, including
RPC and Western Sierras Pampeanas components. This
suggests that the marine basin of the Famatinian belt
received sediments from both eastern and western posi-
tive areas, and that the present geographical relation-
ships were established by that time.

7.4. Palaeomagnetic constraints on Cambrian
reconstruction

A mechanistic explanation for the observed relation-
ships is developed below, but we first present our pre-
ferred reconstruction of continental masses at the end of
the Early-to-mid Cambrian orogenies (Fig. 12). This is
based on the palacomagnetic model of Trindade et al.
(2006), who argued that Amazonia (and the Rio Apa
craton) separated from Laurentia but did not join
Gondwana until 525 Ma upon closure of the Clymene
ocean. Following previous conclusions, we include
the Arequipa—Antofalla and, significantly, the Western
Sierras Pampeanas basement in this Laurentia-derived
assemblage (Casquet et al., 2005b, 2006). The latter arca
shows evidence for provenance from a 1400 Ma igneous
protolith (Fig. 9f; Rapela et al., 2005) not known in other
areas of Gondwana. Goodge et al. (2004) ascribed such
detritus in the Transantarctic Mountains as having been
derived prior to 1000 Ma from the Trans-Laurentian
igneous province.

The RPC is joined to the Kalahari craton across the
closed Adamastor ocean, as in the model of Basei et al.
(2005), as part of the West Gondwana plate assem-

Fig. 12. Palacogeographical reconstruction for 525 Ma (inverted and
modified from Trindade et al., 2006). A: Australia, AN: Antarctica,
I: India, CS: Congo-Sao Francisco, K: Kalahari, WA: West Africa,
RP: Rio de la Plata, AM: Amazonia, AA: Arequipa—Antofalla, RA:
Rio Apa, WSP: Western Sierras Pampeanas, L: Laurentia. Light grey
shading indicates the Laurentia—Amazonia group of cratons; dark
grey, the components of West Gondwana prior to Cambrian
collision; mid-grey, those of East Gondwana. Neoproterozoic
collisional orogens: (1): East African—Antarctic; (2): Dom Feliciano
(3): Pampean—Araguaia. For clarity we have simplified this
reconstruction by omitting the ?570-530 Ma Kuunga orogenic
belt, which Squire et al. (2006) suggest may be an intra-cratonic belt
of relatively little significance, and pre-630 Ma Brasiliano—Pan
African belts.

blage. The evolution of East Gondwana is beyond the
scope of this paper, apart from its docking with West
Gondwana through closure of the Mozambique ocean.
The main orogenic belts that formed during the assembly
of these fragments are the 650—500 Ma (and older)
East African—Antarctic orogen (EAAQ) (Jacobs and
Thomas, 2004 and references therein) between East
and West Gondwana, the joint Gariep and Dom
Feliciano belts of Southwest Africa and Brazil-Uruguay,
and the Pampean belt of Argentina, together with its
northern continuation in the Trans-Brazilian Araguaia
belt.

7.5. Geological constraints on tectonic models

A tectonic model for the assembly of SW Gondwana
involving the Pampean belt, the Famatinian belt and the
Western Sierras Pampeanas should take into account the
relationships between all these units and the RPC,
as well as terranes to the east, an issue that has been so
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far poorly understood. The main constraints discussed
above are:

(1) Geophysical evidence shows that the boundary
between the RPC and the Pampean mobile belt
is a first-order fault; probably active as early as the
late Neoproterozoic. The recognition that longi-
tudinal dextral ductile shear zones were associated
with contemporaneous magmatism during the

(a) 640-580 Ma

(i)

Pampean orogeny (see Section 2.1) suggests that
this orogeny was transpressional and right-lateral
and not orthogonal as formerly assumed.

On the eastern margin of the RPC, the Cuchilla
Dionisio terrane (part of the Dom Feliciano—
Gariep orogen) was tectonically emplaced against
the eastern edge of the Nico Pérez terrane by the
sinistral Sierra Ballena Shear Zone (Bossi and
Gaucher, 2004).

(b) 550-540 Ma
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(iii) The sedimentary and metasedimentary rocks of the

Pampean belt and the Neoproterozoic basin of the
Cuchilla Dionisio terrane do not contain detrital
zircon of the typical 2.26—2.02 Ga age range of the
RPC, indicating that the RPC is “exotic” to these
now neighbouring Neoproterozoic basins. Models
depicting the sediments of the Pampean belt as
initially formed on a passive margin platform at the
western margin of the RPC (e.g. Coira et al., 1982;
Jezek et al., 1985; Kraemer et al., 1995; Rapela
et al., 1998; Pifian-Llamas and Simpson, 2006) are
difficult to reconcile with this absence.

(iv) Tpy model ages of the RPC and the Pampean belt

are distinct, also consistent with this conclusion
(Fig. 11). Even models that considered the Pampean
sediments as formed in a peripheral foreland basin
fed mainly from an eastern fold—thrust belt
developed on the western edge of the RPC (e.g.
Zimmermann, 2005), cannot easily explain the
absence of RPC components.

(v) The Pampean model of Escayola et al. (2005) has

700-650 Ma west-dipping subduction with
development of a back-arc basin between a
Neoproterozoic arc to the east and the foreland of
a Grenville-age terrane to the west, culminating in
Early Cambrian collision and high-grade metamor-

jemund group in southern Africa has been ex-
plained by a model involving eastward subduction
in the proto-Atlantic Adamastor ocean, develop-
ment of a back-arc basin on the African side
(Gariep—Kaoko belts), followed by oblique colli-
sion with the schist belt and the Nico Pérez,
Rivera and Tacuaremb6 blocks on the South
American side (Basei et al., 2000, 2005). The
common detrital pattern is defined by two major
peaks at ~600 Ma and ~1000 Ma, and a sub-
ordinate but well-defined peak at 1700—2000 Ma.
The older peaks accord with the pre-Neoproter-
ozoic geology of southwestern Africa (Namaqua—
Natal belt and Eburnean sectors, respectively; e.g.,
Eglington, 2006), whereas the ~600 Ma detrital
zircon peak corresponds to the 640—590 Ma age of
the Brasiliano batholiths in southwestern Brazil
and Uruguay (Fig. 4; Basei et al., 2000). This
provenance, with the major peaks at ~600 Ma and
~1000 Ma, is also typical of the Neoproterozoic
sediments produced by erosion of the EAAO
(Squire et al., 2006). This is not surprising, as the
southern sector of the Kalahari is dominated by the
~1000 Ma Natal basement, overprinted by Pan-
African granites of the EAAQO (Jacobs and
Thomas, 2004).

phism. However, the postulated Neoproterozoic
arc, particularly that corresponding to the dominant
~ 600 Ma igneous component in the metasedimen-
tary rocks (Fig. 9) and the ~1000 Ma basement
accreted against the western edge of the RPC have
never been observed in sifu, nor can they be in-
ferred in the sub-surface from the evidence pre-
sented in this paper.

(vi) The remarkable similarity between the detrital
zircon patterns of the Rocha basin and the Oran-

The compelling conclusion must be that the Neo-
proterozoic—Early Cambrian sediments of the Pampean
belt and the Cuchillo Dionisio Terrane were deposited
in an environment with a common provenance that
was unrelated to the RPC. Schwartz and Gromet (2004)
noted an affinity between the Puncoviscana and Gond-
wanan sources in South Africa on the basis of 2°’Pb/**°Pb
ages for 19 detrital zircon grains and comparison of the
207pp/2%Ph compositions for Pampean igneous rocks, the

Fig. 13. Schematic geotectonic model showing the Neoproterozoic to Middle Cambrian assembly of southwestern Gondwana. (a) At 640 Ma the
narrow Adamastor ocean that separated the Rio de la Plata craton from the western edge of the Kalahari craton started to close, developing a magmatic
arc and a wide back-arc basin on the African side (Basei et al., 2005 and references therein). The RPC was separated by the Clymene ocean from the
Amazon craton (Trindade et al., 2006). Other associated minor cratons such as Rio Apa, Arequipa—Antofalla and the Western Sierras Pampeanas
were also attached to the Amazon craton along with Laurentia (Loewy et al., 2004; Casquet et al., 2006). (b) The oblique and left-lateral southward
closing of the Adamastor was completed at 545 Ma (Frimmel and Frank, 1998; Rozendaal et al., 1999), and denudation of this collisional belt
developed a large submarine fan of turbidites at the southern tip of the RPC and the Kalahari craton, which may also had been fed by detritus from the
East African—Antarctic orogen during closing of the Mozambique ocean (heavy grey arrows show probable transport directions) and from the
Grenville-age Namaqua—Natal belt. Dextral displacement of the fore-arc turbidite deposits of the Puncoviscana Formation and the Saldanian Belt
started along the western margin of the newly assembled RPC—Kalahari continental block. Closure of the Clymene ocean was taking place at this
time. (c) The last major episode of accretion in southwestern Gondwana developed at 540—520 Ma with the right-lateral collision (the Pampean
orogeny) between Arequipa—Antofalla and the Western Sierras Pampeanas cratons and the Puncoviscana Formation foreland. Widespread anatexis
and peraluminous magmatism (525-520 Ma) represent the culmination of the Pampean orogeny, which was preceded by emplacement of
metaluminous calc-alkaline plutons (540530 Ma) (Rapela et al., 1998). (d) Continued right-lateral movement displaced the Pampean mobile belt to
its present position alongside the Rio de la Plata craton. Abbreviations: RPC, Rio de la Plata craton; K, Kalahari craton; AM, Amazonia; AA,
Arequipa—Antofalla terrane; WSP, Western Sierras Pampeanas; ROBAB, Rocha/Oranjemund back-arc basin; AFPB, Aigua—Florianopolis—Pelotas
batholith; EAAO, East African—Antarctic orogen; DF-G, Dom Feliciano—Gariep orogen; AN, Antarctica.
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former now fully justified by the data presented here.
They proposed that the Puncoviscana Formation was
deposited in a trough marginal to the Kalahari craton, and
was later emplaced against the western margin of the RPC
by lateral strike-slip displacement.

7.6. Tectonic model

The model begins at 780 to 750 Ma with the
progressive opening of the proto-Atlantic Adamastor
ocean as part of the break-up of Rodinia (Rozendaal
et al.,, 1999). Also at this time, the Clymene ocean
separated what subsequently became West Gondwana
from the Amazonia craton group (Trindade et al., 2006);
A-type magmatism in the Western Sierras Pampeanas
dated at 774+6 Ma (Baldo et al., 2000) is consistent
with early rifting heralding separation of the latter from
Laurentia (Tollo et al., 2004).

Inversion of the Adamastor ocean began as early as
640 Ma (Fig. 13a) by southward subduction and devel-
opment of a large back-arc basin along the western margin
of the Kalahari craton (Basei et al., 2005), although a
northward subduction vector has been inferred by others
(Frimmel et al., 1996; Saalman et al., 2006). A magmatic
arc represented by the large Aiguad—Florianopolis—Pelotas
batholiths of southern Brazil and Uruguay developed
between 640 and 590 Ma. The age of equivalent calc-
alkaline granites decreases from north to south (Basei
et al., 2000), suggesting that opening of the back-arc
basin started in the north. Ar—Ar ages of 600+7 Ma and
610+ 16 Ma obtained from amphibole in mafic rocks of
the Marmora terrane (Gariep belt), are minima for the
timing of oceanic crust formation in the back-arc basin
(Frimmel and Folling, 2004). The siliciclastic rocks of the
Rocha Group of'the Punta del Este terrane (Dom Feliciano
belt, Uruguay) and those of the Oranjemund Group of the
Pan-African Gariep Belt of SW Africa, were deposited in
this common back-arc basin between at least 600 Ma and
500 Ma (Basei et al., 2005).

Closing of the Adamastor ocean along the western
margin of the Kalahari occurred simultaneously with
sinistral closure of the Mozambique ocean than led to
the collisional EAAO (Jacobs and Thomas, 2004). The
terminal areas of both the Dom Feliciano—Gariep
orogen and the EAAQ are the proposed sources of the
sediments of the Puncoviscana Formation (Pampean
belt), and the probably correlative sedimentary succes-
sions of the Saldania belt deposited along the southern
margin of the Kalahari craton (Fig. 13b). Detrital zircon
age patterns in the Pampean belt are compatible with
provenance from a Grenville-age source (such as the
Namaqua—Natal belt) and Brasiliano—Pan-African

source (such as the Dom Feliciano and EAAO orogenic
belts). The Saldania belt is largely composed of Neo-
proterozoic siliciclastic sedimentary sequences that
were intruded by granitoids of the Cape granite suite
with ages (S- and I-type only) between ca. 550 and
520 Ma (Da Silva et al., 2000; Scheepers and
Armstrong, 2002). This age interval embraces that of
the recorded I- and S-type plutonism in the Pampean
belt and the I- and A-type plutonism in the basement of
the Sierra de la Ventana (538—520 Ma). The Saldania
belt is unconformably overlain by the post-orogenic
Kansa Subgroup molasse with a maximum sedimenta-
tion age of ca. 520 Ma (Barnett et al., 1997). The Sal-
danian orogeny in South Africa thus took place in the
Late Neoproterozoic and the Early Cambrian and is here
correlated with the Pampean orogeny.

Final collision of the RPC with the Kalahari craton
(Fig. 13¢) took place at ca. 545 Ma (Frimmel and Frank,
1998). Subduction and collision during this orogenic
cycle (Brasiliano—Pan-African orogeny) were oblique
and left-lateral (Rozendaal et al., 1999; and references
therein). The sinistral Sierra Ballena Shear Zone referred
to above, which separates the RPC from the Cuchilla
Dionisio terrane in Uruguay, probably represents one of
the shear zones along which lateral accretion of terranes
took place during this orogeny (e.g., the Dom Feliciano
belt; Bossi and Gaucher, 2004).

Following collision of the RPC with the Kalahari
craton, continued southward (relative) movement of the
new combined Rio de la Plata and Kalahari continent,
along with a correlative oblique approach of the Amazo-
nia craton group from the southwest, led to the pro-
gressive closure of part of the Clymene ocean, triggering
the Pampean—Saldanian orogenies along the southern and
western active margins of Kalahari and Rio de la Plata
cratons respectively (Fig. 13b, c). Collision may have
been complete in the case of the Pampean mobile belt, but
incomplete in the case of the low-grade Saldanian belt.
Northward continuation of the Pampean into the Araguaia
orogen of Brazil (Trindade et al., 2006) suggests that
collision involved a very long section of both the Clymene
margin and the proto-Pacific margin of Gondwana.

Protracted late- and post-orogenic right-lateral move-
ment of the Araguaia—Pampean—Saldanian belts along
the southern margin of the Rio de la Plata and Kalahari
cratons led to their final position (Figs. 12, 13d).

8. Conclusions
The new geochronological results presented here

for drill-core material in western Argentina show that
early Palaeoproterozoic (2.3-2.0 Ga) igneous rocks
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of the Rio de la Plata craton extend over approxi-
mately 1000 km E—W, from the Tandilia outcrops on
the Atlantic coast to within about ~20 km of outcrops
of the Pampean belt around Coérdoba. This, together
with the positive &Ndt values of the borehole
material, reinforces the idea that the craton is domi-
nated by juvenile rocks of that age that have suffered
very little subsequently tectonothermal history, except
for Neoproterozoic and Palaeozoic rejuvenation noted
in the northeastern outcrops of the craton (Fig. 2).

However, sedimentary rocks deposited both on the
RPC and in the orogenic belts on its western flank
rarely show input of detrital zircons derived from 2.3
to 2.0 Ga sources, essentially eliminating the possibil-
ity of significant provenance from the craton. The
absence of such detritus is particularly striking in the
metasedimentary sample of the Pampean orogenic
cycle immediately adjacent to the western margin, and
it only reappears in the Early Ordovician rocks of the
Famatinian belt. This absence, and the presence
instead of ~600 Ma and ~ 1000 Ma detritus is notable
in data published by other authors (see Section 7.3).
This is explained in our model by deposition of the
Neoproterozoic Pampean sediments as a voluminous
fore-arc sequence along the proto-Pacific margin,
derived from erosion of the 680-540 Ma (Dom
Feliciano—Gariep) and East African—Antarctic
(EAAO) collisional belts located at either side of the
southern Kalahari (Fig. 13). These orogens are super-
imposed on the 1000 Ma Namaqua—Natal belt, which
is a potential source for the ~ 1000 Ma detrital zircons
in the Pampean and Famatinian belts and an alternative
to the ‘Grenville-age’ basement of the Western Sierras
Pampeanas.

The key feature of this model is the Early Cambrian
oblique dextral collision of a large Laurentia-derived
block (Amazonia, Arequipa and the Western Sierras
Pampeanas) with the Pampean belt (Fig. 13c). A dextral
shear zone occurred at the contact between the RPC and
the Pampean belt, now hidden beneath the Chacopar-
anense basin, and is inferred here to be the southern
extension of the Transbrasiliano lineament (Cordani
et al., 2003), which has been previously placed farther
east (Leal et al.,, 2003) (Fig. 5). This involved also
protracted relative displacement of the RPC after the
Pampean Orogeny, dextral on the proto-Pacific flank
and sinistral on the proto-Atlantic one.

The rather short-lived Pampean orogeny is thus
dominated by transpressional structures and dextral
mylonitic belts (Martino, 2003; von Gosen and Prozzi,
2005), along with high 7—P metamorphism and late-
orogenic anatexis that generated peraluminous magma-

tism farther south in the Pampean belt (Rapela et al.,
1998). Large volumes of late-tectonic A2-type granites
intruded ca. 530-490 Ma are characteristic of this stage
in the southern part of the East African—Antarctic orogen
(Jacobs and Thomas, 2004), as well as in the Sierra de la
Ventana (Rapela et al., 2003).

Although this represents a significant and radical
revision of Gondwana assembly models, many details
remain elusive. Variants of the collisional back-arc
and transcurrent models, such as those described above,
are still possible alternatives, and the presence of
possible ~1000 Ma belts in the zone between the
Rio de la Plata craton and Patagonia remains a
possibility. Future precise palacomagnetic studies in
the Neoproterozoic basins and Hf determinations in the
detrital zircon populations may be able to provide
additional constraints.
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