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INTRODUCTION

Uppermost Ordovician (Hirnantian) marine sedimentary 
rocks have good records throughout Western Gondwana 
(Astini, 2003 and references therein; Benedetto et al., 2013). 
Successions from this region carry evidence of a major glacial 
event and associated mass extinction recognized worldwide in 
coeval stratigraphic units. Such Hirnantian global events are 
well biostratigraphically based on brachiopods, graptolites, 
conodonts and trilobites, and include extinctions of late Katian 
associations and onset of nearly cosmopolitan index taxa such 
as the brachiopod Hirnantia Lamont, 1935, the graptolite 
Normalograptus persculptus (Salter, 1865) and the trilobite 
Mucronaspis Destombes, 1963 (Cheng, 2003).

A typical Hirnantian trilobite assemblage includes the 
dalmanitid trilobite Mucronaspis along with the odontopleurid 
Eoleonaspis Sheng, 1974. See also Congreve & Lieberman 
(2008) for a discussion of other typical Hirnantian trilobites. 
In spite of the abundant record of Mucronaspis in well-known 
reported Hirnantian associations from Western Gondwana, no 
accompanying odontopleurids trilobites had been identifi ed 
up to date.

In the particular case of the Argentine Precordillera, 
despite detailed investigations of Hirnantian units and 
intensive sampling mainly focused on the Don Braulio 
Formation (Hirnantian), only the trilobites Mucronaspis and 
Eohomalonotus Reed, 1918 had been reported (Baldis & 
Blasco, 1975; Waisfeld & Vaccari, 2003).

In this contribution, is reported an extremely rare record of 
an odontopleurid trilobite from the upper member Don Braulio 
Formation. Paleobiogeographical and biostratigraphical 
implications of this new fi nding are briefl y commented.

GEOLOGICAL SETTING

The study area embraces the Villicum Ranges, a set of small 
mountains belonging to the Eastern Argentine Precordillera, 
located nearly 20 km to the north of San Juan city in San 
Juan Province, Argentina (Figura 1A). The Villicum Ranges 
record a thick and nearly homoclinal sedimentary succession, 
exhibiting an east dip, which involves a number of Paleozoic 
units ranging from the Cambrian to the Silurian (from west 
to east). In these ranges the Ordovician-Silurian boundary 
is recorded within the Don Braulio Formation (Baldis et al., 
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1982), a thin siliclastic unit (46 m of maximum thickness at 
the type section of the Don Braulio Creek), which outcrops 
continuously for almost 3 km in the area. Usually the Don 
Braulio Formation overlies, throughout an unconformity, the 
La Cantera Formation (Sandbian) and underlies the Mogotes 
Negros Formation (Silurian). However, at other sections in 
the area studied, the La Pola Formation (Sandbian) overlies 
the La Cantera Formation and underlies the Don Braulio 
Formation. The Don Braulio Formation is divided in two 
members: the lower member is interpreted as glacial-marine 
diamictite deposits, and the upper member is considered as 
a transgressive-regressive marine sequence (see Astini & 
Buggisch, 1993; Astini, 2001). 

The Figure 1B shows a detailed stratigraphic column of 
the Don Braulio Formation at the La Pola Creek, where its 
features are the closest to the type section. This section was 
surveyed in order to correlate our fossiliferous levels, which 
come from an undescribed outcrop. In the La Pola Creek, the 
Don Braulio Formation reaches 35 m in thickness. The lower 
member begins with 8,2 m of a diamictite with an erosive base 
which bears striated, rounded and angular blocks. This basal 
diamictite was interpreted as deposited in a marine-glacial 
environment by Astini (2001), and related with the well-
known Hirnantian Gondwanan glacial event (Peralta & Carter, 
1990; Astini & Buggisch, 1993; Astini, 2003 and references 
therein). The section continues with the upper member: 26,5 
m of a muddy platform sequence interbedded with occasional 
tabular and lenticular beds of sandstones. The fi rst 5 m of 
this muddy stratigraphic interval are composed of greenish 
bioturbated siltstones containing sandy carbonate nodules and 
lenses with the trilobites Eohomalonotus and Mucronaspis 
(Baldis & Blasco, 1975; Waisfeld & Vaccari, 2003). The next 
21,5 m, consist of ocher siltstone with the fi rst appearance of 
Normalograptus persculptus (see Toro & Brussa, 2003). At 
the top of the succession, three beds of oolitic ferruginous 
sandstones occur. These beds are interpreted as shallow 
marine bars, and used for regional correlation (Astini & 
Benedetto, 1992).

The sampling area comprises a new locality named Varves 
Creek section, corresponding to an undescribed isolated 
outcrop mainly constituted by the lower part of the Don 
Braulio Formation. The Varves Creek section is located at 
a little secondary creek, adjacent to the base of the La Pola 
Creek section, two kilometers to the south of the Don Braulio 
type section, at 31°13’22,3”S/68°29’24,5”W (Figure 1B).

There are some stratigraphic differences between the type 
section, the La Pola section and the Varves Creek section. 
Stratigraphic sucession of the Varves Creek starts with 4 
m of the basal diamictite, followed by a 20 cm layer of 
conglomerates. Then, almost 3 m of a succession of varves-
like siltstones interbedded with fi ne sandstones beds, which 
were interpreted by Astini (2003) as incompletes Bouma’s 
series. At the top of the lower part of the Don Braulio 
Formation, it is recognized another thin conglomerate, 
which most probably correlates with the ravinement surface 
observed in other sections at the top of the diamictite. 
Higher in the section, 3,8 m of massive greenish bioturbated 

siltstones continue, with two interbedded fine grained 
tabular sandstones. This stratigraphic interval bears typical 
brachiopods of the Hirnantia fauna, and also the trilobites 
Mucronaspis and Eohomalonotus, together with the new 
odontopleurid specimen.

AGE OF THE FAUNA

The fossils found in the Varves Creek Section are 
Hirnantian in age, based on the occurrence of trilobites 
constrained to the latest Ordovician, such as Mucronaspis 
sudamericana (Baldis & Blasco, 1975) and Eohomalonotus 
villicumensis (Baldis & Blasco, 1975), along with 
elements of the brachiopod Hirnantia Fauna as Hirnantia 
sagittifera  (M’Coy, 1851), Dalmanella aff. D. testudinaria 
(Dalman, 1828), Paromalomena polonica (Temple, 1965) and 
Eostropheodonta hirnantiensis (M’Coy, 1851) (see Benedetto, 
1986). In addition, 80 cm above the sampling point we identify 
the fi rst appearance of Normalograptus persculptus which 
indicates the Hirnantian 2 (Hi2), according to Bergström 
et al. (2009).

MATERIAL AND METHODS

The new fossil locality named Varves Creek is referred to 
in a geologic map using GPS coordinates (Figure 1A). The 
stratigraphic section was surveyed in detail, sampling layer 
by layer (Figura 1B), yet only one odontopleurid trilobite 
specimen was recovered. Despite the examination of more 
than 1,700 specimens belonging to 34 paleontological 
samples housed in repository, obtained during previous fi eld 
works from coeval strata of the nearly area, no additional 
odontopleurid specimens were identifi ed.

The odontopleurid specimen studied is preserved in 
greenish-grey siltstones, mostly replaced by iron reddish 
oxides, and covered by a light outer carbonate coating. 
Associated fauna include scolecodonts, bryozoans (Helopora 
sp. and Phylloporinidae indet.; Carrera & Halpern, 2011), 
bivalves (Modiolopsis cuyana Sanchez, 1990 and Paleoneilo 
sp.; Sánchez et al., 1991), gastropods (Holopea sp.; Bertero 
& Halpern, 2012), graptolites, trilobites and brachiopods 
(mentioned above), and crinoids.

In order to obtain the external latex mould of the librigena, 
the sedimentary matrix was removed using pneumatic 
vibrators. Oxides were mechanically removed using needles, 
whilst carbonate material was eliminated using diluted (10%) 
hydrochloric acid.

For illustrating the arrangement of the epiborder spines 
(preserved as reddish spots), the natural external mould was 
photographed in color submerged in water, and illuminated 
using fl ush lamplight (Figure 2C). The material was also 
stained with black paint, and then whitened with ammonium 
chloride sublimate (Figures 2A,B,D,E). Images were captured 
using a digital camera Canon Power Shot S50 mounted on a 
binocular magnifi er Leica MZ75. 

The material is housed in the paleontological collection 
of the Centro de Investigaciones Paleobiológicas (CIPAL) of 
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the Universidad Nacional de Córdoba, Córdoba (Argentina) 
under repository number CEGH-UNC 25725. Morphological 
abbreviations: sag., sagittal/sagittally; exsag., exsagittal/
exsagittally; tr., transversal/transversely. The open 
nomenclature follows the criteria of Bengtson (1988).

SYSTEMATIC PALEONTOLOGY

Family ODONTOPLEURIDAE Burmeister, 1843
 Subfamily ODONTOPLEURINAE Burmeister, 1843

Eoleonaspis Sheng, 1974

Eoleonaspis? sp.
(Figure 2)

Type species. Acidaspis shanensis Reed, 1915, Hirnantian of 
the Pangsha-pye Formation, Shan States, Burma, by original 
designation.
Material from Argentina. One left librigena, CIPAL, 
CEGH-UNC 25725.
Description. Nearly complete left librigena of sag. length 
about, 10,7 mm. Librigenal fi eld gently sloping (Figures 
2A,B,D) and concave, moderately narrow (tr.), evenly covered 
by very fi ne granules, and bearing coarse and scattered 
tubercles which have subtle associated ridges, arranged so 
as to weakly insinuate very faint rows nearly radiating from 
near the eye base (Figures 2A,B). Lateral border furrow 
narrow (tr.) and shallow. Lateral border weakly convex 
dorsally, evenly covered by fi ne granules and irregularly by 
coarser ones, bearing spiny tubercles and epiborder spines 
and/or tubercles of various sizes dorsally not conspicuously 
arranged in a regular pattern (Figure 2C). An epiborder 
furrow could not be identifi ed. Lateral margin evenly curved 
and bearing nine preserved spines arranged in a marginal 
row, being progressively longer, more inclined and more 
separated backwards, and disposed in a same horizontal 
plane (in lateral view, Figure 2D). Each marginal spine 
moderately long, slender, pointed and bended backwards at 
the tip, dorsally convex and ventrally fl at, slightly convex 
anteriorly and concave posteriorly, evenly covered by fi ne 
and irregularly distributedcoarse granules (these are more 
frequent and spiniform at the base of each marginal spine). 
Base of the genal spine (Figure 2E) relatively narrow (tr.), 
barely convex dorsally, bearing several dorsal spines like the 
lateral border; these rapidly decrease in number backwards 
(exsag.). Genal spine (Figure 2A) very long and narrow 
(tr.), narrowing evenly backwards, gently curved laterally 
(outwardly convex), laterally outstanding from the curvature 
of the lateral margin, of barely convex dorsal surface and 
nearly fl at ventral side, evenly covered by fi ne granules and 
irregularly by scarce coarser ones especially near the base, 
exhibiting in the proximal quarter a large outer marginal spine 
similar to those of the lateral margin. Ocular area and facial 
sutures poorly preserved. 
Remarks. According to the concept of the subfamilies 
Odontopleurinae and Acidaspidinae given by Ramsköld 

& Chatterton (1991, p. 357), our material is considered an 
odontopleurine based on the slender base of the genal spine 
(Figure 2E) and considerable spinosity of the exoskeleton 
(Figure 2C).

Latest Ordovician odontopleurine trilobites include a 
small group of relative genera (see Ramsköld & Chatterton, 
1991; Curtis & Lane, 1998; Cocks & Fortey, 2002). Among 
these, Kettneraspis Prantl & Přibyl, 1949 has only been 
tentatively reported from Ordovician strata (e.g. Lespérance & 
Weissenberger, 1998), it includes species only reliably known 
from the Silurian and Devonian. In addition, an emended 
diagnosis provided by Curtis & Lane (1998), indicates a 
wide (tr.) base of the genal spine as a generic character for 
Kettneraspis. So that, on stratigraphic and morphological 
grounds, we consider that our librigena (with narrow genal 
spine base and certain Hirnantian age) as not belonging to 
Kettneraspis. 

This conclusion can also be extended to Leonaspis Richter 
& Richter, 1917, a Silurian-Devonian Gondwanan genus 
closely allied to Kettneraspis, according to the exhaustive 
taxonomic revision performed by Ramsköld & Chatterton 
(1991). Instead, there are no morphological evidences for 
separating our librigena from that of the Late Ordovician-
Early Silurian genus Eoleonaspis, and putative taxa of closest 
taxonomic relationships (remarkably Primaspis Richter & 
Richter, 1917 and Bojokoralaspis Šnajdr, 1984). Eoleonaspis 
was originally proposed as a subgenus of Leonaspis by Sheng 
(1974), and later erected as a valid genus by Ramsköld & 
Chatterton (1991), but without providing a diagnosis. The 
generic concept was later precised by Curtis & Lane (1998), 
although unfortunately without mentioning librigenal characters 
of taxonomic signifi cance. In spite of this, we consider that our 
material most probably corresponds to Eoleonaspis because 
it is the odontopleurine trilobite most commonly reported 
from rocks of uncontroverted Hirnantian age. This trilobite, 
in addition, occurs typically accompanied by the dalmanitid 
trilobite Mucronaspis and the brachiopod Hirnantia, as in our 
case (see paleobiogeographical discussion below).

The generic status of Bojokoralaspis from the Ordovician 
of Bohemia, is rejected herein in spite of a different criterion 
by Shaw (2000) or Mergl (2011). Bojokoralaspis was initially 
postulated as subgenus of Primaspis by Šnajdr (1984), but due 
to the absence of consistent apomorphies, it has been steadily 
interpreted as junior subjective synonym of Eoleonaspis by 
the majority of authors up to date (Sheng, 1974; Ramsköld 
& Chatterton, 1991; Curtis & Lane, 1998; Vaněk & Valiček, 
2001; Budil et al., 2011). In contrast, taxonomic criteria for 
separating the very closely allied genus Primaspis (mainly 
recorded in the Ordovician of Bohemia) from Eoleonaspis, 
have been discussed at length by several authors, as it has 
been exhaustively summarized by Curtis & Lane (1998). 
These authors focused on a series of subtle morphological 
differences, postulating an Ordovician-Silurian lineage 
involving both taxa in an ancestor-descendant relationship. 
However, Cocks & Fortey (2002) called attention to Primaspis 
being probably paraphyletic in this proposal, thus questioning 
the reasons for its taxonomic recognition at generic level. This 
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Figure 1. Geological map and stratigraphic columns of the studied area. A, geological map situating the studied sections of the Don Braulio 
Formation in the Argentine Precordillera; B, stratigraphic columns of the typical section of the Don Braulio Formation at the La Pola Creek, and 
the new fossil locality at the Varves Creek, showing the stratigraphic levels with Mucronaspis and Eoleonaspis?.
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Figure 2. Eoleonaspis? sp., left librigena. A, latex mould dorsal view; B, detail of marginal spines; C, dorsal view of the original fossil submerged 
under water; D, latex mould lateral view; E, detail of the genal spine base and associated spines. Scale bars = 1mm.

opinion would suggest that Primaspis should be considered as 
senior synonym of Eoleonaspis, pending a profound revision 
and cladistic analysis, like that of Ramsköld & Chatterton 
(1991), which is beyond the scope of this work. 

Hence, all in all, evidences indicate our material most 
probably corresponds to Eoleonaspis. Nevertheless, because 
the characters of highest taxonomic signifi cance among 
commented odontopleurine taxa mainly derive from the 
cranidium and pygidium, this affi liation is only tentatively 
proposed.

PALEOBIOGEOGRAPHICAL AND 
BIOSTRATIGRAPHICAL CONSIDERATIONS

Most of the trilobites known for the Latest Ordovician 
commonly integrate highly endemic associations, constituted 
by relicts of earlier local faunas (Owen, 1986; Congreve & 
Lieberman, 2010, 2011). 

As an exception, a few cosmopolitan genera conform to a 
recurrent Hirnantian association (Owen et al., 1991), which 
is characterized by abundant dalmanitids (Mucronaspis/
Dalmanitina Reed, 1905) and homalonotids of discussed 
phylogenetic affi nities (typically Platycoryphe Foerste, 
1919/“Brongniartella” Reed, 1918 and Eohomalonotus; 

Congreve & Lieberman, 2008), usually accompanied by 
scarce odontopleurids (Štorch & Mergl, 1989; Zhan & Jin, 
2007; Budil et al., 2011; Zhou et al., 2011). Within this 
assemblage, Eoleonaspis is the most frequent odontopleurid. 
Indeed, the Mucronaspis-Eoleonaspis association has been 
recorded in the Sibumasu plate (Cocks & Fortey, 2002), 
South China plate (Zhan & Jin, 2007; Rong et al., 2008; 
Zhou et al., 2012), Eastern Gondwana (Cocks & Cooper, 
2004), Laurentia (Lespérance, 1988, Owen, 1986; Wright, 
1968), Perunica (Štorch & Mergl, 1989; Ramsköld & 
Chatterton, 1991), Avalonia (Ramsköld & Chatterton, 
1991) and Baltica (Ramsköld & Chatterton, 1991), see 
Figure 3.

As was already mentioned, although Western-Gondwana 
Hirnantian stratigraphy has been thoroughly studied, no 
odontopleurid trilobites have been mentioned so far. Hence, 
Eoleonaspis seems to be restricted to low and middle latitudes, 
according to the paleogeographical reconstruction of Cocks 
& Torsvik (2002; Figure 3).

In coincidence with global patterns, the Hirnantian strata 
studied here contain a low diversity trilobite assemblage 
comprising the dalmanitid Mucronaspis and the homalonotid 
Eohomalonotus, as the most abundant taxa, in association 
with an extremely rare odontopleurid.

A B C

D E
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Taking into account that the Argentine Precordillera was 
situated at higher latitudes during the latest Ordovician, 
probably at 45º/50ºS (Benedetto, 2004; Benedetto et al., 
2011), this new occurrence suggests that Eoleonaspis would 
have inhabited cooler waters than previously thought. In 
addition, according to the paleoenvironmental interpretations 
of the fossil-bearing beds of the Don Braulio Formation, they 
were developed in relatively deep siliciclastic facies, situated 
below the storm wave base (Sánchez et al., 1991). Hence, 
our evidence agrees with the idea that Eoleonaspis would be 
a eurytopic, widespread genus, distributed along a latitudinal 
gradient ranging from equatorial to peripolar regions, and 
dwelling in several bathymetric zones and substrate conditions. 
Accordingly, Eoleonaspis seems to exhibit a truly cosmopolitan 
distribution accompanying Mucronaspis. Here is hypothesizing 
that the typical absence from major Hirnantian biogeographical 
regions, as the Edgewood and Bani Provinces (Rong & Harper, 
1988), might be explained by its extreme rarity.

This report from the Argentine Precordillera confi rms 
the presence of odontopleurids in Western Gondwana during 
Hirnantian times. Although our material is just tentatively 
referred to Eoleonaspis, it suggests that the Mucronaspis-
Eoleonaspis association is nearly cosmopolitan and could 
become a useful biostratigraphic indicator.
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