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INTRODUCTION

The Lower Paleozoic Itacurubi Group (Harrington, 1972) is exposed in the western border of the
intracratonic Parana Basin of eastern Paraguay (Fig. 1). This group (c. 350 m thick) includes from base to
top the Eusebio Ayala, Vargas Pefia and Cariy siliciclastic formations. It was traditionally assigned to the
Llandovery (e.g. Harrington, 1950; Dyck, 1991; Benedetto et al., 1992; Benedetto, 2002; Galeano
Inchausti and Poiré, 2006; Uriz et al., 2008a, 2008b and references therein) based on a marine fossil
record mainly of graptolites, shelly fauna, and palynofacies assemblages. The new records of graptolites
and some trilobites from the Eusebio Ayala Formation, exposed in clay quarries to the east of Asuncién
allow the comparison with other sequences bearing similar faunal associations known in west Gondwana.
These records are discussed here, taken into account that the mentioned interval was a relevant
paleobiogeographical time slice during the Lower Paleozoic (Cocks, 2001).

GEOLOGY

The great South American Parana basin extends from the Asuncién arch, as a western boundary near
Paraguay River, to the south and southeast of Brazil, the central region of Uruguay, and northeastern
Argentina (Milani et al., 2007). The geological evolution of this intracratonic basin was influenced by the
geodynamics of southwestern Gondwana, with compressional stresses derived from an active convergent
margin. During the Late Ordovician—Lower Devonian, the basin was filled by continuous and thick
siliciclastic sequences named from base to top: Caacupé and Itacurubi groups. The latter represents a
complete transgressive-regressive cycle, where the sandstones of the Eusebio Ayala Formation mark the
base of this cycle, which is composed by yellowish, brownish, and reddish to purple micaceous sandstones
with intercalated mudstone-siltstone beds with iron rich levels. The sandstones are laminated and wave-
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Figure 1. Geological sketch map of the Itaugua-Eusebio Ayala region (east of Asuncién; based on Dionisi, 1999) with location of
the studied outcrops.

cross stratifications are frequent. Reddish fine sandstone levels are fossiliferous and have bedding planes
covered by detrital micas. Mudstones and siltstones show some bioturbation and wavy-linsen structures.
The sandstone unit that bears the invertebrate fossils was deposited at the beginning of the transgression
in a shallow marine environment during a flooding event described in the Parana Basin (Milani et al.,
2007).

GRAPTOLITE-TRILOBITE RECORD FROM THE HIRNANTIAN-LLANDOVERY INTERVAL

A low diversity graptolite fauna composed of Normalograptus persculptus, Normalograptus normalis
and Normalograptus medius, in association with the trilobite Mucronaspis sp. was recently described from
the Eusebio Ayala Formation, in beds also yielding brachiopods, bivalves and cephalopods (Alfaro et al.,
2011).The identification of the N. persculptus Biozone allows us to assign the studied stratigraphical levels
close to the Hirnantian-Llandovery interval (Fig. 2). As we can see in the composite graptolite-trilobite
range chart, the Hirnantian-Rhuddanian transition shows a low-diversity graptolite assemblage in the
upper part of the Eusebio Ayala Formation. During the Early Llandovery, the record of the first Silurian
graptolites and trilobites (Tortello et al., 2008a, 2008b) was accompanied by the arrival of a diverse fauna,
during a flooding event that improved the environmental conditions on the Parana Basin under a warm-
water influx, favoring a biological colonization. Climacograptus innotatus brasiliensis, an apparently
endemic South American graptolite (Underwood et al., 1998) was also recorded in the succession. The
sequence of graptolite taxa would reflect distinct faunal events, also known in other Gondwanan outcrops,
related to a dramatic change of environmental conditions during the Hirmantian-Llandovery transition.
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Figure 2. Composite graptolite-trilobite range chart for the Ordovician-Silurian boundary interval, in the Itacurubf
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CORRELATION WITHIN SW GONDWANA

In Western Gondwana, a large ice sheet is assumed to have covered most of Africa and South America.
The South Pole would have been located in west-central Africa at the time (Underwood et al., 1998; Cocks,
2001; Ghienne, 2003; Legrand, 2009). Late Ordovician glacial deposits are found in the Pakhuis Formation
in the Western Cape Fold Belt, South Africa (Young, 2004). The black shales of the Soom unit have been
assigned to the Late Ordovician N. persculptus graptolite Biozone.

In South America, there is evidence of the record of this glacial event in the 'Central Andean Basin', in
the Precordillera region (Cuyania terrane), and in the Amazonas, Parnaiba and Parana intracratonic basins.
In Perd, Bolivia and northwestern of Argentina, as part of the 'Central Andean Basin', identification of
diamictites and an erosional surface near the Ordovician-Silurian boundary characterizes the setting of a
glaciogenic environment that would have extended to Silurian times (Benedetto et al., 1992; Diaz-
Martinez, 1997; Diaz-Martinez and Grahn, 2007). These glaciogenic conditions in northwestern Argentina
are recognized in the Late Ordovician levels of the Zapla Formation and in the lowermost levels of the
Lipedn Formation (Monteros et al., 1993), as well as in their equivalent units from southern Bolivia
(Schonian et al., 1999). In the Precordillera region (part of the Cuyania terrane) of San Juan, Argentina,
tillite levels were recorded at the base of the Don Braulio Formation (Peralta and Carter, 1999). Benedetto
(1986) recognized a brachiopod association at the base of this unit and referred it to the Hirnantia fauna,
while Peralta and Baldis (1990) described N. persculptus towards the top of the same sequence. Also in
the regions of Talacasto and Cerro del Fuerte-Cerro La Chilca (San Juan) it was possible to define the
boundary between both systems by the record of the N. persculptus and P. acuminatus biozones (Cuerda
et al., 1988; Astini and Benedetto, 1992; Rickards et al., 1996). On the Rio de la Plata craton (Tandilia
System, Argentina) the presence of a diamictite level was mentioned in the Balcarce Formation;
Zimmermann and Spalletti (2009) based on mineralogical provenance studies suggested a possible
Himantian age for this glacial event. In the Amazonas and Parnaiba intracratonic basins, northeastern
Brazil, there are potential tillite deposits referred to the Late Ordovician, suggesting a glaciogenic influx.

For the western border of the Parana Basin (Paraguay), in the quarries bearing N. persculptus, N. medius
and N. normalis within the Eusebio Ayala Formation, typical glacial sediments were not found, although
tillites were described from drill cores (Figueredo, 1995). Fifty meters of tillites were described at the base
of these cores, followed by 150 m of sandstones with conglomeratic levels, and 200 m of fine sandstones
with interbedded shales and claystones. Preliminary palynostratigraphic studies for the interval between -
198 to -385 m reveal Upper Ordovician-Lower Silurian ages for the section (Gonzalez Nufiez et al., 1999),
while Steemans and Pereira (2002) described an interesting Llandovery palynomorph assemblage coming
from three boreholes from central Paraguay. A graptolite association collected in the upper levels of the
Eusebio Ayala Formation (Uriz et al., 2008a) indicated a Rhuddanian age. Another record that proves the
continental glaciation in other sectors of the Parana Basin is revealed in the Ponta Grossa structural arch in
the Apucaran sub-basin (Brazil) where the less than 20m-thick lapé Formation is essentially composed of
diamictites covering large areas, and included in the ‘Rio Ivai Supersequence’ (Milani et al., 2007).

The Paraguayan lower Itacurubi Group that documented the Ordovician-Silurian transition (Fig. 2) and
recorded graptolites and other invertebrate groups, could be a suitable sequence for high-resolution
studies on stable isotope chemostratigraphy. These may constraint shallow-water environmental changes
associated with a mass extinction in Western Gondwana, and may be used to correlate the organic-
inorganic carbon isotope excursion models known from other paleocontinents such as Baltica, Laurentia,
South China and North Gondwana (Finney et al., 2007).
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