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Abstract. Scolecodonts were particularly abundant during the Ordovician, with low
extinction rates that experienced a slight increase in the Late Ordovician. In this work,
we describe for the first time a Late Ordovician scolecodont fauna from La Pola creek,
in the Sierra Villicum of the Eastern Precordillera. This fauna was collected from the
upper part of the La Pola Formation and the lower members of the Don Braulio
Formation. The recovery methodology included modifications to standard techniques to
obtain complete forms without mechanical and/or chemical damage. Two distinctive
scolecodont assemblages have been identified: The oldest assemblage, named
AssemblageA, located in the La Pola Formation, is characterized by Xanioprion sp. 1,
Xanioprion sp. 2, Oenonites aff. eichwaldi and Oenonites sp. The youngest assemblage,
Assemblage B, located in the Fossiliferous Mudstones and Sandstones Member,
includes Andiprion paxtonae, Xanioprion cf. borealis, Kettnerites sp., and forms of the
Ramphoprionidae family. Both assemblages span the Sandbian, Katian, and Hirnantian
sequences. A significant difference in polychaete diversity has been observed between
the two assemblages. This difference relates to geological events during the Katian—
Hirnantian period, including tectonic activity, sea level changes, glaciation, and the
potential for massive extinction (LOME).

Keywords. Late Ordovician. Scolecodonts. La Pola Formation. Don Braulio Formation.
Villicum Range. Eastern Precordillera.

Resumen. ESCOLECODONTOS DEL ORDOVICICO TARDIO DE LAS
FORMACIONES LA POLA'Y DON BRAULIO, SIERRA DE VILLICUM,
PRECORDILLERA ARGENTINA. Los escolecodontos fueron particularmente
abundantes durante el Ordovicico, con bajas tasas de extincion que experimentaron un
ligero aumento en el Ordovicico Tardio. En este trabajo se describe por primera vez una

fauna de escolecodontos del Ordovicico Tardio en la Quebrada La Pola, en la Sierra
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Villicum de la Precordillera Oriental. Esta fauna se recolecté de la parte superior de la
Formacion La Pola y de los miembros inferiores de la Formacion Don Braulio. La
metodologia utilizada para la recuperacion incluyé modificaciones a las técnicas
estandar, para poder obtener formas completas sin dafios mecéanicos y/o quimicos. Se
han identificado dos asociaciones distintivas de escolecodontos. La asociacion mas
antigua, Asociacion A, localizada en la Formacion la Pola, esta caracterizada por las
especies Xanioprion sp. 1, Xanioprion sp. 2, Oenonites aff. eichwaldi y Oenonites sp.
La asociacién mas joven, Asociacion B, localizada en el Miembro de Fangolitas y
Areniscas Fosiliferas incluye Andiprion paxtonae, Xanioprion cf. borealis, Kettnerites
sp.y formas de la familia Ramphoprionidae. Ambas asociaciones son atribuidas al
Sandbiense-Hirnantiense. Se ha observado una diferencia significativa en la diversidad
de poliquetos entre ambas asociaciones. Esta diferencia se relaciona con los eventos
geoldgicos durante el periodo Katiano-Hirnantiano, incluidos la actividad tectdnica, los
cambios en el nivel del mar, la glaciacion y el potencial de extincién masiva. (LOME).
Palabras clave. Ordovicico Tardio. Escolecodontos. Formacion La Pola. Formacién

Don Braulio. Sierra de Villicum. Precordillera Oriental.
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ScoLECODONTS are the jaws of polychaete annelids belonging to the Order
Eunicida. These have significant potential for stratigraphic application in Paleozoic
strata. They are resistant to acids, oxidation, thermal alteration, and recrystallization of
the carbonate matrix, just as other palynomorphs are (Jansonius and Craig, 1971).
However, our understanding of these groups within the paraphyletic annelids remains
limited (Parry et al., 2016).

Scolecodonts are particularly abundant in the Ordovician, Silurian, and
Devonian periods and can be found globally (Hints, 2000; Hints et al., 2004; Hints and
Eriksson, 2007; Whittle et al., 2008; Harper et al., 2020; Hints and Tonarova, 2023).
These organisms thrived in shallow marine environments (Harper et al., 2020; Hints
and Tonarova, 2023). Throughout the Ordovician Period, the extinction rates of
polychaetes were low, with a slight increase occurring only in the latest part of the Late
Ordovician (Hints and Eriksson, 2007).

The record of scolecodonts is limited in the Argentine Precordillera, with ages
spanning the Middle to Late Ordovician (Ottone and Holfeltz, 1992; Eriksson et al.,
2002; Gomez et al., 2024). Notable illustrated findings include a) the Gualcamayo
Formation (Darriwillian), located in Potrerillos creek on the western slope of Cerro
Perico, northeast of the city of Jachal (Ottone and Holfeltz, 1992), and b) the San Juan
Formation (Middle Ordovician), specifically the Talacasto section (Eriksson et al.,
2002). Additionally, in northwestern Argentina, scolecodonts have been reported from
the lower and upper sections of the Acoite Formation (Arenigian, today Floian) at Los
Colorados creek (Tumbaya department) and its lower section at the Rio Cajas
(Humahuaca department) by Ottone et al. (1992, see also Vergel et al. 2002), Cambro-
Ordovician strata at the Angosto de Chucalezna (Acefiolaza et al., 2003), and the upper

levels of the Casa Colorada Formation (Jujuy Province), as well as in Salta Province,
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the Pascha-Incamayo area (Toro et al., 2010) and the transitional interval between
Zanjon and Labrado formations, Rio Capilla section (Hints et al., 2017). No records
from Ordovician Bolivia and Brazil were documented.

This paper aims to report, for the first time, scolecodont fauna from the late
Katian? and Hirnantian La Pola and Don Braulio formations at La Pola creek in the
Villicum Range of the Argentine Precordillera. This record offers new insights into the
biostratigraphy of macro- and microfossil associations documented in these units.
Institutional abbreviations. Repository Laboratorio de Palinoestratigrafia y
Paleobotanica (LPP), institutional acronym CICY TTP-PI for palynologic collection
(rocks, residues, and slides), and CICYTTP-M for SEM specimens. Anatomical

abbreviations. MIR- MIIR, right maxillae I-11. MIL- MIIRL, left maxillae I-I1.

GEOLOGICAL SETTING

The Precordillera is a geological province in western Argentina (Furque and
Cuerda, 1979) and divided into three morpho-structural units: Western Precordillera
(Baldis et al., 1982), Central Precordillera (Baldis and Chebli, 1969) and Eastern
Precordillera (Ortiz and Zambrano, 1981), where La Pola creek is located, the object of
this study (Fig. 1). In the Villicum range, an Ordovician-Silurian succession from base
to top, is referred to the San Juan (Kobayashi, 1937; Furque, 1963), Gualcamayo
(Furque, 1963), La Cantera (Baldis et al., 1982), La Pola (Astini, 2001a), Don Braulio
(Baldis et al., 1982) and Rinconada (Amos, 1954) formations. This is the only section
where sediments of the La Pola Formation have been recorded, making it the type
locality (Astini, 2001a).

The Katian-Hirnantian succession is represented by the La Pola (Sandbian-

Katian) and the Don Braulio (Hirnantian-Llandovery) formations directly associated
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with glacial and postglacial events of the Late Ordovician period (Benedetto, 1986;
Peralta and Carter, 1990, 1999; Peralta and Baldis, 1992; Astini, 1993, 2001b; Astini
and Buggish, 1993; Buggish and Astini, 1993; Peralta, 1993, 1998; Gomez et al.,
2023a).

The La Pola Formation consists of various lithofacies, including block
paraconglomerates, pebbly mudstones, bioclastic sandy conglomerates, graded or
massive lenticular sandstones, thin rhythmites, and tabular silty-sandy mudstones. It is
regarded by Astini (2001a) as a relic of the Hirnantian glaciation. The fossil content
comprises notably well-preserved autochthonous and allochthonous specimens,
including a diverse association of brachiopods, bivalves, gastropods, and trilobite
fragments (Benedetto, 2003) and bryozoans (Ernst et al., 2022). Graptolites from the
Nemagraptus gracilis-Dicranograptus clingani Zone (Brussa, 2000), as well as the
conodont fauna of the Amorphognathus tvaerensis Zone, specifically the Baltoniodus
variabilis Subzone (Heredia and Milana, 2010), constrain the age of this unit, Sandbian-
Katian? (Brussa, 2000; Benedetto, 1998; 2003; Heredia and Milana, 2010). Palynomorphs
are being studied to provide an independent age (Gomez et al., 2024).

The Don Braulio Formation is associated with the Hirnantian postglacial event
(Figs. 2, 3). It has been divided into four members by Peralta (1993) and was deposited
during three postglacial transgressive pulses throughout the Hirnantian (Gémez et al.,
2023a). The Diamictitic Lower Member (first pulse) is a sequence composed of
greenish-grey siltstone bearing clasts, conglomerates, channel-fill sandstones, and
bioclastic remains. The channels extend laterally for tens of meters, and notably, the
typical Hirnantian Fauna has been identified in these deposits (Peralta, 1993). The
second pulse is represented by the Fossiliferous Mudstones and Sandstones Member,

composed of greenish-grey mudstones and fine-medium grained sandstones, including
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calcareous lenses and fossiliferous remains of trilobites, brachiopods, graptolites,
sponge spicules, bryozoans and gastropods (Levy and Nullo, 1975; Baldis and Blasco,
1975; Benedetto, 1986, 1990; Peralta and Baldis, 1990; Sanchez, 1985; Sanchez et al.,
1991; Jiménez-Sanchez et al., 2014; Beresi and Gomez, 2023; Gomez et al., 2023b;
Ferrari et al., 2024). Sanchez et al. (1991) suggest that this member developed on a
marine platform with abundant fauna of low diversity.

The Ochre Mudstones represent the third pulse and consist of yellowish
monotonous, massive, bioturbated mudstones with numerous tubular or irregular trace
fossils that are either vertical or oblique to the stratification. According to Gomez et al.
(2023Db), these deposits have been interpreted as upwelling deposits containing poorly
preserved biserial graptolite structures (Peralta and Carter, 1999) and palynomorphs
(Gomez et al., 2023b, 2024). The Upper Iron Member, characterized by transgressive-
regressive pulses, consists of reddish-brown iron-bearing sandstones and oolitic banks,
intercalated with massive black to dark grey shales and siltstones (Peralta, 1985; Astini,
1992). This member also contains graptolites (Peralta, 1985) and palynomorphs

(Volkheimer et al., 1980).

MATERIAL AND METHODS

Sixteen samples were prepared for palynological analyses in the LPP at the
CICYTTP. The productive samples come from the upper part of the La Pola Formation
and the lower two members of the Don Braulio Formation (Figs. 2, 3).
The scolecodonts are part of the palynological material obtained using the methodology
proposed by Gomez et al. (2024), which is modified from the standard laboratory
technique employed in the LPP at the CICYTTP, as described by di Pasquo and

Silvestri (2014). The process involves taking a sample of 20 to 30 grams, crushed into
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pieces not smaller than 2 cm to avoid fragmentation of larger palynomorphs.
Hydrochloric acid (20%) and hydrofluoric acid (45%) are applied, and then the solution
is washed with distilled water until it reaches neutrality. Residues are sieved carefully
through 25 pm and 10 um meshes to remove fine particles. The centrifuge is avoided.
The scolecodonts were carefully selected from residues in Petri dishes, which were
inspected under a stereomicroscope (Leica EC3) and photographed using a Leica 3 MP
video camera. The manual concentration of scolecodonts involved using a fine needle or
glass pipette. They were placed in temporary slides with water to be photographed using
an optical microscope (Leica DM500), equipped with an Amscope 14 MP video camera
and a fluorescence device (LED lamp with a filter block for fluorescein at
approximately 450 nm, Leica Macrosystems, Wetzlar, Germany). Then, these
specimens were carefully placed onto stubs to be imaged using a Scanning Electron
Microscope (SEM), Jenck Phenom ProX (Phenom -World BV, Eindhoven, The
Netherlands), under low vacuum, as it does not require metallization, according to di
Pasquo and Vila (2019). Additionally, residue drops were mounted in permanent slides
using a mixture of 70% alcohol and Trabasil NR2. According to the corresponding
collection, the materials were deposited under acronyms, i.e., CICYTTP-PI for
palynological preparations (Fig. 2) and CICYTTP-M for SEM specimens (indicated in

the caption of scolecodonts’ figure).

RESULTS

The polychaete fauna from La Pola creek contains at least 16 scolecodonts
attributed to 4 families, 5 genera and 3 species. Mostscolecodont specimens are
moderately preserved, brown to black, deformed, flattened, and fragmented. Fewer ones

are better preserved in three dimensions, showing original morphology. The degree of
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deformation and fragmentation depends on various physical, chemical, and biological
factors (Eriksson et al., 2004). For example, the chemical composition of the
scolecodonts and jaw morphology enhanced an easier or more frequent deformation of
some taxa. Factors such as water energy, sediment composition, bioturbation, the
presence of scavengers, postmortem transportation and burial, and weathering all
influence the grade of preservation. Therefore, our laboratory treatment was intended to
avoid fracturing the specimens. However, this proved neither easy nor successful,
especially when the same specimen was manipulated to be illustrated under optical and
SEM microscopes. The terminology is based on Jansonius and Craig (1971),

Szaniawski (1996), and Eriksson et al. (2004).

SYSTEMATIC PALEONTOLOGY
Family INCERTAE SEDIS
Genus Andiprion Hints, Tonarova & Eriksson, 2017
Andiprion paxtonae Hints, Tonarova & Eriksson, 2017
Figure 4.1
Referred material. CICYTTP-PI 2787 and CICYTTP-PI 2788.
Geographic occurrence. La Pola Creek.

Stratigraphic horizon. Don Braulio Formation, Fossiliferous Mudstones and

Sandstones Member. Age: Hirnantian.

Description. The MI and dentary were recovered. The specimen measures 150 pm in
width and 200 pm in maximum length. The anterolateral margin, extending from
anterior to posterior, is convex, with the ramus slightly pointed and directed posteriorly

into the jaw. The dentary is prominently bent towards the outer margin. It contains 9-10
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denticles, which decrease in size towards the inner part of the dentary. Individual
denticles show a slight inclination. Because it is a fragment of the upper part of the
dorsal margin of the jaw, the end of the dentary, internal margin, angular ramus, and

shank are not visible.

Comparison. The jaw fragment is similar to the MIR of the Andiprion paxtonae
species, specifically in Fig. 2D, E, and | of Hints et al. (2017). However, the absence of

a complete apparatus prevents a more specific description.

It is similar to the specimen of anterior maxillae MIIR described as Gen et sp.
indet. 1 in Hints et al. (2015, plate I, 17) but differs in the denticles-ramus relationship,
which is less pronounced or less convex than in Andiprion paxtonae. This same
difference can be observed in the reconstruction of the jaw of Ramphoprion and
Kettnerites, proposed by Hints et al. (2017, Figs. 4D and 2E, respectively), and in the
dorsal view of the species Xanioprion walliseri Szaniawski and Wrona 1973, in

Szaniawski (1996, Plate 2.D).

Occurrence. This species is recorded from the Dapingian of Argentina, in the upper
part of the Zanjén Formation or its transition to the Laja Morada Member of the

Labrado Formation in the Rio Capillas area (Hints et al., 2017).
Andiprion sp.
Figure 4.2
Referred material. CICYTTP-PI 2785 and CICYTTP-PI 2788.
Geographic occurrence. La Pola Creek.

Stratigraphic horizon. Don Braulio Formation and the Diamictite Lower Member

Fossiliferous Mudstones and Sandstones Member. Age: Hirnantian.
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Description. Two fragments of the MIIL were recovered. The specimen measures 50-
70 pm in width, 200-225 pm in maximum length, and 60 pm in depth. It corresponds to
a pointed mandible; the ramus and the anterior margin are not observed. The
posterolateral margin is straight or slightly inclined towards the anterolateral margin.
The dentary has 5 to 6 denticles, with the size of the denticles decreasing toward the

posterior margin. The denticles exhibit both erect and slanted forms.

Comparison. This form is similar to Andiprion paxtonae Hints et al. (2017, Fig. 3.D),
and Kalloprion sp. A Hints (2000, PI. 2.23, Right MI). However, it differs in the outer
and anterior margins due to fragmentation. The genus Paulinites exhibits similar MII
and MIII morphotypes (Szaniawski, 1996), as well as Ramphoprion cf. deflexus (Eller,
1942), noted in Hints (2000, PI. 2.19, M2). Unfortunately, the fragmentation of our

specimens hindered a more accurate comparison.

Family PAULINITIDAE Lange, 1947
Genus Kettnerites Zebera, 1935
Kettnerites sp.
Figure 4. 9-10
Referred material. CICYTTP-PI 2788.
Geographic occurrence. La Pola Creek.

Stratigraphic horizon. Don Braulio Formation, Fossiliferous Mudstones and

Sandstones Member. Age: Hirnantian.

Description. A fragment of the MIIR measures 240 pum in length and 75 pum in width. It

is sharp-pointed toward the posterior margin, and its concave ventral margin. The

11



254  distance from the base of the dentary to the ventral margin is 65 um in depth. The

255  dentary is complete and contains between 13 denticles. The upper denticles are the
256 largest, measuring approximately 20 um; they are erect and inclined toward the center.
257  The lower denticles, located at the posterior margin, are flattened and are roughly half

258  the size of the upper denticles.

259  Comparison. This form is assigned to the genus Kettnerites, following the description
260 made by Tonarova et al. (2012, Fig. 6, AC), which shares features such as its elliptical
261  shape, the characteristics of the denticles, and the shallow depression that separates the
262  inner margin from the posterior part. However, due to the insufficient material for

263  reconstructing the mandible, it is not possible to identify this specimen at the species

264  level.

265 It also resembles Kettnerites kosoviensis Zebera in Tonarova (2008, P1. 1, 3), but
266  this specimen has a longer ramus. Other similar forms include Gen et sp. indet. 2 (right
267  MI), described by Hints et al. (2015, PI. 1, 12), which has fewer denticles and a wider
268  ramus. Additionally, Oenonites spp., illustrated by VVandenbroucke et al. (2013, Fig. 5,
269  G-I), also shares similarities; however, it features more denticles and a sharper

270  depression between the internal and posterior margins.

271  Occurrence. Kettnerites spp. were documented in the Ordovician of the Prague Basin
272 in the Czech Republic (Tonarova et al., 2023). The occurrence of Kettnerites sp. has
273  been widely discussed since its original description, which is known from the

274  Ordovician-Silurian transition (Khanna et al., 1985). Its range is extended from the

275  Katian (Hints, 2000; Richmondian, Eriksson, 2003) through the Silurian (Snajdr, 1951;
276  Martin, 1973; Bergman, 1989; Eriksson et al., 2004) and into the Devonian (Bharadwaj
277 etal., 1973; Tonarova et al., 2017), as well as the Permian and Triassic (Zaslavski et al.,

278  1992).
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Family POLYCHAETASPIDAE Kielan-Jaworowska, 1966
Genus Oenonites Hinde, 1879
Oenonites sp.
Figure 4.11
Referred material. CICYTTP-PI 2781 and CICYTTP-PI2787.
Geographic occurrence. La Pola Creek.
Stratigraphic horizon. La Pola Formation (upper part). Age: Sandbian-Katian?

Don Braulio Formation (Fossiliferous Mudstones and Sandstones Member). Age:

Hirnantian.

Description. Two fragmented right maxillae (Basal Plate) were recovered. The better-
preserved mandible measures 130 um in length and 65 um in width. The basal plate
features a concave anterior margin that leads into a rectilinear cavity (sinus), forming an
angle of approximately 35° with the baseline of the denticles. The dentary has six
denticles erect with rounded edges. Notably, the first denticle does not resemble a fang.
The ramus and posterior margin are fragmented, making it impossible to determine the
proper size of the plate. Based on its position, the number of denticles, and the shape of

the sinus, it is inferred that the plate does not exceed 200 um in length.

Comparison. The recovered specimens are classified as Oenonites sp. C (Hints, 2000)
due to morphological similarities, particularly in the anterior margin, dentary, and sinus
shape. Other similar species have also been considered. Eriksson (2003) provided
reconstruction diagrams of the mandibles of Oenonites sp. A. These diagrams included

the standard shape of the Basal Plate; however, unlike the studied specimens, Oenonites

13
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sp. A feature a fang that is significantly larger than the denticles. The distinction
between Oenonites sp. and the species described by Hints et al. (2015; PI. 1, Fig. 11)

lies in the inclination of the denticles.

There is also a resemblance to the Basal Plate of the genus Labidognath? (Hints
et al., 2015; PI. 1, Fig. 27), but it differs in the width between the basal line of the
dentary and the ramus, which is broader in this species. Another comparable form is the
MIIR of Kettnerites kosoviensis (Tonarova, 2008; PI. 1, Fig. 3), but this species is
notable for having a second denticle larger than the others.

Occurrence. Oenonites sp. (Oenonites sp. C) was reported from the Porkuni stage

(Hirnantian) in Estonia (Hints, 2000).
Oenonites aff. eichwaldi Eriksson, 1997
Figure 4.12
Referred material. CICYTTP-PI 2781 and CICYTTP-PI2788.
Geographic occurrence. La Pola Creek.
Stratigraphic horizon. La Pola Formation (upper part). Age: Sandbian-Katian?

Don Braulio Formation (Fossiliferous Mudstones and Sandstones Member). Age:

Hirnantian.

Description. Two specimens have been recovered. A MIR from sample 2781 and a
dentary fragment from sample 2788. MRI: The maxilla measures 200 um in length and
105 um in width. It has a narrow anterior and posterior margin, a characteristic that
prevents the measurement and observation of the ligamentous scar. The ramus was not
preserved due to fracturing. The dentary contains approximately 10 denticles. The first

denticle is 2.5 times larger than the rest, similar to a cusp. The remaining denticles are
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broad at the base and have rounded ends toward the posterior margin, forming slanted
denticles.

Comparison. This form has been assigned to Oenonites aff. eichwaldi, as described by
Hints and Tonarovéa (2023), due to its numerous morphological similarities, particularly
in the shape of the dentary and the anterior margin. It differs from Oenonites eichwaldi
in that it has a narrower anterior margin. It may also exhibit similarities to right Ml
Oenonites aff. wyszogrodensis (Koztowski, 1956), imaged by Hints and Eriksson
(2007) and Hints and Tonarovéa (2023). However, unlike our specimen, Oenonites aff.
wyszogrodensis does not show such a pronounced curvature between the anterior
margin and the first denticle. In contrast to Oenonites marlenediesae (Eller, 1942) (right
MI, Eriksson, 2003; Hints and Tonarov4, 2023) and Oenonites zappae Eriksson, 1997
(right M1, Hints and Tonarova, 2023), our specimen has more prominent denticles with
a lesser inclination. Consequently, the denticles are closer to the posterior margin,
aligned with the maxilla.

Occurrence. Oenonites aff. eichwaldi is part of the Katian-Hirnantian-Rhuddanian
succession recorded by Hints and Tonarova (2023) from northern Estonia. Other

records are from the Silurian of Sweden (Eriksson, 1997, 2000).

Family RAMPHOPRIONIDAE Kielan-Jaworowska, 1996

Figure 4. 3-8

Referred material. CICYTTP-PI 2788.

Geographic occurrence. La Pola Creek.
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Stratigraphic horizon. Don Braulio Formation, Fossiliferous Mudstones and
Sandstones Member. Age: Hirnantian.

Description. Four possible lateral teeth were recovered. The specimens measure
approximately 55 um in width and 155 um in length. They exhibit a curve that can
sometimes form either a closed or an open angle. The upper part of all the specimens is
thin and pointed. One of the teeth has a wider base and features a small opening,

measuring 2 pum, near the upper part.

Comparison. The examined forms show morphological similarities to the lateral tooth
of the Ramphoprionidae family, as illustrated in form A (Text-Fig. 1-A, Ramphoprion
elongatus) presented by Erickson (2002), as well as to the lateral tooth specimen of
Spitiprion khannai Tonarova et al. (2024, Fig. 3-E). Additionally, they resemble the
hook of Ramphoprion bialatus Hints, found by Hints (2000). However, these forms
have been classified within the first-mentioned group due to their morphological

features.

Other similar specimens are the lateral teeth illustrated by Hints and Nolvak (2006) as
unidentified scolecodonts (PI. 1, Figs. 14-15) and a labidognath polychaetaspid (PI. 1,
Fig. 14) in Hints et al. (2015). The examined forms exhibit morphological similarities to
Atraktoprion sp. and the illustrated forms 1 to 3 (Plates 3.13, 15, 16, MI) presented by
Hints et al. (2015), as well as to the specimen of Atraktoprion sp. shown in Szaniawski

(1996, Plate 1.1-2).

Occurrence. The family Ramphoprionidae shows a wide distribution, ranging
from the Middle Ordovician (Kielan-Jaworowska, 1962; Hints, 1998) to the Devonian,

with works such as that of Suttner et al. (2010).

Family XANIOPRIONIDAE Kielan-Jaworowska, 1966
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Genus Xanioprion Kielan-Jaworowska, 1966
Xanioprion cf. borealis Kielan-Jaworowska 1966
Figure 4.13-14
Referred material. CICYTTP-PI 2781 and CICYTTP-PI2788.
Geographic occurrence. La Pola Creek.
Stratigraphic horizon. La Pola Formation (upper part). Age: Sandbian-Katian?

Don Braulio Formation (Fossiliferous Mudstones and Sandstones Member). Age:
Hirnantian.

Description. Two fragments were recovered from the posterior part of the MIR. They
are sub-rectangular in shape, measuring approximately 210 pum in length and 55 pm in
width. These fragments correspond to the lower part of the MIR, which is why the
anterior margin is missing in both specimens. The main ridge and four to five lateral
denticles are visible. The dental pits consist of slanted denticles with pointed edges,
while the posterior margin is rounded and convex.

Comparison. The studied form was assigned Xanioprion cf. borealis, recorded by
Hints and Tonarova (2023), based on its characteristic morphology, including a
posterior lower MIR. Additionally, another probably conspecific species is the
indeterminate scolecodont illustrated by Acefiolaza et al. (2003, Fig. 5.18), which was
documented in a lower Ordovician palynomorph assemblage from the Casa Colorada
Formation in Quebrada de Moya, Northwest Argentina.

Occurrence. The species Xanioprion cf. borealis is reported for the Katian-Hirnantian-

Llandovery succession from northern Estonia (Hints and Tonarov4, 2023).
Xanioprion sp. 1

Figure 4.15
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Referred material. CICYTTP-PI 2781.
Geographic occurrence. La Pola Creek.

Stratigraphic horizon. La Pola Formation (upper part). Age: Sandbian-Katian?
Description. Two forms corresponding to the upper part of the MIR were recovered.
The best-preserved form measures 200 um in length and 190 pum in width. This form
represents the upper margin of the maxilla. The end of the ramus is not visible because
the maxilla has fragmented at the pre-ramal slope. The inner margin is concave with a
sharp, closed angle. Four pointed denticles are visible toward the posterior margin.
Comparison. Although the specimen is not complete, it differs from X. cf. borealis in
Hints and Tonarové (2023, Fig. 2.D, anterior part of MI) and X. walliseri in Szaniawski
(1996, MII right) from the Devonian of Poland due to its deeper curvature. A similar
form is described as Delosites sp. in Jansonius and Craig (1971); however, our

specimen is broken, making a more accurate designation difficult.
Xanioprion sp. 2
Figure 4.16
Referred material. CICYTTP-PI 2781 and CICYTTP-PI 2788.
Geographic occurrence. La Pola Creek.
Stratigraphic horizon. La Pola Formation (upper part). Age: Sandbian-Katian?

Don Braulio Formation (Fossiliferous Mudstones and Sandstones Member). Age:
Hirnantian.

Description. Two maxilla fragments were recovered, representing the middle part of
an individual MI. Due to the absence of the anterior and posterior margins, it is
impossible to determine whether the fragments are from the left or right side. The best-

preserved fragment measures 250 um in length and 80 um in width. Additionally, a
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dentary with nine pointed denticles has been observed. The upper denticles are inclined
toward the posterior margin, forming inclined denticles. Based on the width of the
mandible, 50 um, and the number of denticles present, it is estimated that the total
number of denticles should be approximately 23 to 25.

Comparison. The specimen exhibits similarities to Xanioprion sp. as described by
Hints and Tonarova (2023, Fig. 2.F, Ml), as well as to specimens illustrated by Eriksson
et al. (2002, Fig. 3.G-H). However, due to the fragmentation of both the anterior and
posterior parts of our specimen, a more precise classification is not feasible.
Additionally, features resembling those of Xanioprion viivei Hints and Nolvak (2006)
and Mochtyellidae (Hints and Tonarova, 2023, Fig. 2.G-H, left MI) can be observed.
Nonetheless, these specimens differ in shape, particularly in the anterior section, where
they are narrower.

Occurrence. Xanioprion sp. (Hints and Tonarova, 2023) has been reported in the

Katian-Rhuddanian palynological association of northern Estonia.
INCERTAE SEDIS
Indeterminate form 1
Figure 4.17
Referred material. CICYTTP-PI 2787.
Geographic occurrence. La Pola Creek.

Stratigraphic horizon. Don Braulio Formation (Fossiliferous Mudstones and
Sandstones Member). Age: Hirnantian.

Description. A fragmented conical shape measuring 260 pum in length and 95 pm in
width was recovered. This specimen features an internal cavity that enables wall

measurements: the thickest part measures 25 um, while the thinnest part measures 15
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pm. It features a beveled edge that gradually tapers toward the middle and a sharp,
rounded apex.

Comparison. Due to its morphology, it could be considered a Lateral tooth, but without
the upper part. Another possibility is that this form is regarded as a fragment of Shaft or
Carrier, similar to Pteropelta gladiata Eisenack, 1939, in Hints and Eriksson (2010, Fig.

1.X-Y) and Szaniawski (1996, Text-Figure C).
Indeterminate form 2
Figure 4.18
Referred material. CICYTTP-PI 2787.
Geographic occurrence. La Pola Creek.

Stratigraphic horizon. Don Braulio Formation (Fossiliferous Mudstones and
Sandstones Member). Age: Hirnantian.

Description. The recovered fragment is cone-shaped, measuring 40 pm at its base and
tapering to a pointed apex. Its gentle curvature sets it apart from Indet. form 1 and the
forms classified under the genus Atraktoprion. No beveled edges or denticles are
present on the underside.

Comparison. This specimen fragment is similar to Escolecodonte sp. A Ottone et al.
(1992, Plate I, 8). Another similar form is represented by the hook of an Ml of

Skalenoprion sp. in Hints et al. (2006, PI. 11.21).

DISCUSSION
Age and stratigraphic distribution of taxa
The Sandbian-Katian-Hirnantian La Pola and Don Braulio formations are

interpreted as a relatively continuous shallow-water succession, where tectonic and
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eustatic factors played an essential role (Peralta, 1993; Astini, 2001a; Benedetto et al.,
2015).

Interbedded with the palynologic samples (Gomez et al., 2023b), Hirnantian
Fauna (Benedetto, 1986), Metabolograptus persculptus (Peralta and Baldis, 1990), and
spicules (Beresi and Gémez, 2023) support the age of the Don Braulio Formation (Fig.
3). Additionally, conodonts corresponding to the Amorphognathus tvaerensis Zone
(Heredia and Milana, 2010; Kaufmann, 2019), brachiopods dating to an Early to Middle
Caradoc age (Sandbian-Katian?, Benedetto, 2003) and graptolites from the
Nemagraptus gracilis-Dicranograptus clingani Zone spanning the middle to upper
Sandbian and lower Katian (Brussa, 2000) have been recorded in the La Pola
Formation.

Two distinct scolecodont assemblages characterize these units (Fig. 5). Although
the units display marked lithological differences, some species, such as Xanioprion sp.
2 and Oenonites aff. eichwaldi are common to both assemblages.

The oldest assemblage, Assemblage A (4 determinate and 4 indeterminate
species), is represented by low-diverse scolecodonts with moderate preservation,
including Xanioprion sp. 1, Xanioprion sp. 2, and Oenonites aff. eichwaldi and
Oenonites sp. The Katian and Hirnantian previous records of Oenonites aff. eichwaldi
(Hints, 2000; Hints and Tonarova, 2023) may reinforce the Katian age supported by the
macrofauna found in the upper part of the La Pola Formation (Brussa, 2000; Benedetto,
2003; Heredia and Milana, 2010; Kaufmann, 2019).

The Assemblage B (12 determinate and 3 indeterminate species), composed of
Andiprion paxtonae, Xanioprion cf. borealis, and Kettnerites sp. and ramphoprionids
exhibits a higher diversity of genera and better-preserved specimens. The genera and

species within this assemblage span a wide range, with occurrences dating from the
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Middle Ordovician, Katian (Hints et al., 2017), to Early Silurian (Snajdr, 1951; Martin,
1973; Khanna et al., 1985; Eriksson, 2003; Eriksson et al., 2004; Hints and Tonarova,
2023). The Fossiliferous Mudstones and Sandstones Member of the Don Braulio
Formation are well-known for their exceptional fossil record. Brachiopods from the
Hirnantia Fauna (Benedetto, 1986, 1990), trilobites including the South American
species of Dalmanitina Reed, and Eohomalonotus villicunensis Baldis and Blasco
(Baldis and Blasco, 1975), the graptolite Metabolograptus persculptus Zone of lower-
middle Hirnantian (Peralta and Baldis, 1990), and sponge spicules (Jiménez-Sénchez et
al., 2014; Beresi and Gomez, 2023) are documented.

The discovery of Andiprion paxtonae Hints et al. (2017) from the Dapingian
(Middle Ordovician) in the Capillas section of the Sierras Subandinas in northwestern
Argentina marks a significant milestone in supporting the age of the AssemblageB.
Given the older age range established for this species, its presence in the Hirnantian
Don Braulio Formation suggests a broader age. Xanioprion cf. borealis is reported for
the Katian-Hirnantian-Llandovery succession of Estonia (Hints and Tonarova, 2023).
Therefore, despite being the first record of scolecodonts in this unit, the Hirnantian age
of the lower-middle M. persculptus Zone supports their age. Moreover, the second
transgressive pulse, described by Gdmez et al. (2023a) in relation to the Fossiliferous
Mudstones and Sandstones Member, indicates that reworking occurred laterally rather
than temporally, which is consistent with our interpretation that indigenous species
represent Assemblage B.

It is worth noting that a distinct turnover of polychaete fauna is observed
between the two assemblages. This turnover may be attributed to various geological,
mechanical, biological, and climatic events, including: a) tectonic activity that

dominated during the Katian period (Astini, 1992); b) changes in sea level associated
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with the first and second transgressive pulses during the Hirnantian (Gomez et al.,
2023a); c) a mass extinction event linked to paleoclimatic changes during the transition
from the Katian to the Hirnantian, known as LOMEL (Melchin et al., 2013; Jones et al.,
2017; Kozik et al., 2022; Gomez et al., 20233; Sial et al., 2024); and d) local climatic
fluctuations. However, a more comprehensive study that includes additional
palynomorph and chemostratigraphic investigations is necessary to better understand
the factors involved in the environment of the two units, as well as the gap and the
nature of the contact between them (Figs. 2-5).
Paleobiogeographic distribution of the documented taxa

The presence of scolecodonts in palynomorph assemblage is barely common
globally (Hints and Eriksson, 2007), which helps us better understand the temporal
extent and spatial distribution of polychaethids during the Upper Ordovician. Therefore,
we agree with Eriksson et al. (2004), who highlighted that continued taxonomic
analyses, including studies of type collections and integration of historical single-
element-based taxa, are crucial. Once the temporal and spatial distribution and the
degree of facies dependence are known for all taxa, a scolecodont biozonation can be
established, thereby avoiding ecological or reworked overprint bias. We expect that
scolecodont diversity patterns can not only be correlated with the well-constrained,
high-resolution conodont biostratigraphic framework in Precordillera and elsewhere in
Argentina but also be tied to a sequence- and event-stratigraphic framework that is
under development. Hints and Eriksson (2007) provide a detailed comparison of
scolecodont fauna across various regions, including Laurentia, Baltica, Gondwana, and
post-Gondwana terrains, such as Argentina, to explore their diversification and
paleobiogeographic patterns. Hints and Eriksson (2007) also highlight that the presence

of scolecodonts in the Argentine Precordillera, currently limited to those of Ottone et al.

23



544

545

546

o547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

(1992) for the Gualcamayo Formation and Eriksson et al. (2002) for the San Juan
Formation, provoked controversy and differing opinions regarding whether the fauna is
derived from Laurentia or is part of Gondwana.

AssemblageA and B exhibit some similarities with the faunas found in
northwestern Argentina (Acefiolaza et al., 2003; Hints et al., 2017), where Andiprion
paxtonae and Xanioprion cf. borealis are shared (Fig. 5).

At a global level, Assemblage A has a strong connection with Anticosti Island in
eastern Canada (Hints et al., 2015), Estonia (Hints, 2000; Hints and Tonarova, 2023),
and central Saudi Arabia (Hints et al., 2015). This connection is particularly highlighted
by species such as Kettnerites sp., Xanioprion cf. borealis, Oenonites sp., and
ramphoprionidsin these regions. Assemblage B has a close relationship with Estonia
(Hints, 2000; Hints and Tonarova, 2023), primarily based on the records of Xanioprion
sp. 2, Oenonites sp., and Oenonites aff. eichwaldi. Since the genera Oenonites, and
Kettnerites are cosmopolitan and very abundant in Laurentia, Baltica, and Gondwana
(Hints and Ericksson, 2007; Hints et al., 2015), a specific designation of their
provenance cannot be made.

CONCLUSIONS

A Late Ordovician scolecodont fauna is described for the first time from the La

Pola and Don Braulio formations.
Two scolecodont assemblages have been identified:
e Assemblage A is characterized by the species Xanioprion sp. 1, Xanioprion sp.

2, Oenonites aff. eichwaldi, and Oenonites sp. This assemblage has been

assigned to the Sandbian-Katian sequence.
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e Assemblage B includes Andiprion paxtonae, Xanioprion cf. borealis, Kettnerites
sp. and ramphoprionids. This group is recognized as part of a more diverse fauna
from the Early to Middle Hirnantian.

A notable difference in the recovery of polychaete diversity has been observed
between the two assemblages, related to geological events such as tectonic activity, sea
level changes, glacial events, and mass extinctions (e.g., LOME1) across the Katian-
Hirnantian.

This study, which is still preliminary, encourages us to continue looking for well-
preserved specimens to identify species with accurate stratigraphic ranges and
paleogeographic affinities and to determine the origin of the polychaete fauna of
Precordillera Argentina.

ACKNOWLEDGMENTS

We express our gratitude to José Vila (SEM LABORATORY “Domingo S. Liotta”) for
his assistance in taking the SEM photographs included in this contribution. This
research is part of the project CICITCA 2023-2024 (21/E1128). We would like to
express our gratitude to reviewers Dr. Petra Tonarova and Dr. Juan Luis Benedetto for
their valuable assessments, which significantly contributed to the improvement of the
manuscript.

REFERENCES

Acefiolaza, G.F., Ardoz, L., Poiré, D.G., Vergel, M. M., & Albanesi, G. (2003).
Biostratigraphical and sedimentological aspects of the Cambro-Ordovician strata
at the Angosto de Chucalezna: new palynological data (Jujuy, NW Argentina).

INSUGEDQ, Serie de Correlacion Geoldgica, Serie Miscelanea, 9, 13-21.

25



590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

Amos, A. (1954). Estructura de las formaciones paleozoicas de la Rinconada, pie
oriental de la sierra Chica de Zonda (San Juan). Revista de la Asociacion

Geoldgica Argentina, 9, 5-35.

Astini, R. A. (1992). Descripcion y Geénesis de los Bancos de Oolitas Ferruginosas en la
Base del Silurico de la Precordillera Argentina. Estudios Geologicos, 48, 297—

303.

Astini, R. A. (1993). Facies glacigénicas del Ordovicico tardio (Hirnantiense) de la
Precordillera argentina. Boletin de la Real Sociedad Espafiola de Historia Natural

(Sec. Geol.), 88 (1-4), 137-149.

Astini, R. A. (2001a). La Formacidon La Pola (Ordovicico Superior): relicto erosivo de
la glaciacion hirnantiana en la Precordillera. Revista de la Asociacion Geoldgica

Argentina, 56 (4), 425-442.

Astini, R. A. (2001b). Pavimentos estriados en la Formacion Don Braulio y naturaleza
de la Glaciacién Hirnantiana (Ordovicico tardio) en la region andina. Revista de la

Asociacion Argentina de Sedimentologia, 8, 1-25.

Astini, R. A., & Buggish, W. (1993). Aspectos sedimentoldgicos y paleoambientales de
los dep6sitos glacigénicos de la Formacion Don Braulio, Ordovicico tardio de la
Precordillera Argentina. Revista de la Asociacion Geoldgica Argentina, 48(3-4),

217-232.

Baldis, B. A., Beresi, M. S., Bordonaro, O. L., & Vaca, A. (1982). Primeros trilobites
asghillianos del Ordovicico sudamericano. 5° Congreso Latinoamericano de

Geologia, 1 (pp. 399-445). Buenos Aires.

26



612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

Baldis, B. A., & Blasco, G. (1975). Primeros trilobites ashgillianos del Ordovicico
sudamericano. 1°" Congreso de Paleontologia y Bioestratigrafia (pp. 33-48). San

Miguel de Tucuman.

Baldis, B. A., & Chebli, G. (1969). Estructura profunda del area Central de la
Precordillera sanjuanina. 4° Jornadas Geologicas Argentinas, 1 (pp. 47—66).

Buenos Aires.

Benedetto, J. L. (1986). The first typical Hirnantian Fauna from South America (San
Juan Province, Argentine Precordillera). In P.R. Racheboeuf, C.C. Eming (Eds.),
Les Brachiopodes fossiles et actuels: Biostratigraphie du Paleozoic, 4 (pp. 439—

447).

Benedetto, J. L. (1990). Los géneros Cliftonia y Paromalomena (Brachiopoda) en el
Ashgilliano tardio de la Sierra de Villicum, Precordillera de San Juan.

Ameghiniana, 27, 151-159.

Benedetto, J. L. (1998). Early Palaeozoic brachiopods and associated shelly faunas from
western Gondwana: their bearing on the geodynamic history of the pre-Andean
margin. In Pankhurst, R., Rapela, C. (Eds.), The Proto-Andean Margin of

Gondwana. Geological Society of London Special Publication, 142, 57-83.

Benedetto, J. L. (2003). Braquiépodos del Caradociano temprano de la Formacion La
Pola, sierra de Villicum, Precordillera de San Juan (Argentina). Ameghiniana, 40,

33-52.

Benedetto, J. L., Halpern, K., De La Puente, S., & Monaldi, C. R. (2015). An in situ
shelly fauna from the lower Paleozoic Zapla diamictite of northwestern Argentina:
Implications for the age of glacial events across Gondwana. Journal of South

American Earth Sciences, 64, 166-182.

27



636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

Beresi, M. S., & Gémez, J. C. (2023). Hirnantian (Latest Ordovician) sponge spicules
from the Precordillera at high latitudes of the Western Gondwana. Serie de

Correlacion Geoldgica, 39, 47-57.

Bergman, C. F. (1989). Silurian paulinitid polychaetes from Gotland. Fossils and

Strata, 25, 1-128.

Bharadwaj, D. C., Tiwari, R. S., & Venkatachala, B. S. (1973). Devonian mioflora from

P'oshi District, (Yunnan) China. Palaeobotanist, 22, 152-169.

Brussa, E. D. (2000). Una nueva asociacion de graptolitos caradocianos en la
Formacion La Cantera, sierra de Villicam, Precordillera argentina. Ameghiniana,

37, 7R.

Buggish, W., & Astini R. (1993). The Late Ashgillian Ice Age: New evidence from the
Argentine Precordillera. In R.H. Unrug Banks R., & J. Veevers (Eds.), Gondwana

Eight, (pp. 439-447). Findlay.

di Pasquo, M. M., & Silvestri, L. (2014). Las colecciones de Palinologia y
Paleobotanica del Laboratorio de Palinoestratigrafia y Paleobotanica del Centro
de Investigaciones Cientificas y Transferencia de Tecnologia a la Produccion
(CICYTTP), Entre Rios, Argentina. Boletin de la Asociacion Latinoamericana de

Paleobotanica y Palinologia, 14, 39-47.

di Pasquo, M. M., & Vila, J. (2019). SEM Observation of Non-Metallized Samples in

Paleopalynology. Microscopy and Microanalysis, 26, 149-150.

Eriksson, M. (1997). Lower Silurian polychaetaspid polychaetes from Gotland, Sweden.

GFF, 119(3), 213-230.

Eriksson, M. (2000). Enigmatic polychaeta jaws from the Silurian of Gotland, Sweden.

Lethaia, 33(2), 175-189.

28



660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

Eriksson, M. (2002). The Palaeobiogeography of Silurian ramphoprinid polychaete

annelids. Paleontology, 45 (5), 985-996

Eriksson, M. (2003). Late Ordovician polychaetaspid polychaete annelids from the type
Cincinnatian region, U.S.A. In G.L. Albanesi, M.S. Beresi, & S.H. Peralta (Eds.),
Ordovician of the Andes (pp. 289-293). INSUGEO, Serie Correlacion Geoldgica,

17.

Eriksson, M., Albanesi, G.L., & Hunicken, M.A. (2002). Early Middle Ordovician
scolecodonts from the Argentine Precordillera: the oldest known Polychaete jaws

of South America. Ameghiniana, 39(4), 427-432.

Eriksson, M. E., Bergman, C. F. & Jeppsson, L. (2004). Silurian scolecodonts. Review
of Palaeobotany and Palynology, 131, 269-300.

https://doi.org/10.1016/j.revpalbo.2004.04.001

Ernst, A, & Carrera, M. G. (2022). A cool-water bryozoan association from the La Pola
Formation (Sandbian, Ordovician) of Argentine Precordillera; Publications
Scientifiques Du Museum. Geodiversitas, 44(20), 563-601.

https://doi.org/10.5252/geodiversitas2022v44a20

Ferrari, M., Bertero, V., & Carrera, M. G. (2024). Late Ordovician (Sandbian—
Hirnantian) marine gastropods from the Argentine Precordillera: their
biogeographical significance in a middle to high latitudinal setting. Acta

Palaeontologica Polonica, 69(4), 747-767

Furque, G. (1963). Descripcion geoldgica de la Hoja 17b, Guandacol (Direccion

Nacional de Geologia y Mineria). Boletin 92.

Furque, G., & Cuerda, A.J. (1979). Precordillera de La Rioja, San Juan y Mendoza. 2°

Simposio de Geologia Regional Argentina, 1 (pp. 455-522). Cordoba.

29


https://doi.org/10.1016/j.revpalbo.2004.04.001

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

Gomez, J. C., Peralta, S. H., Sial, A. N., & di Pasquo, M. M. (2023a). Timeline of
events in the Ordovician-Silurian Transition of the Precordillera (Argentina):
Paleoenvironmental, paleoclimatic and paleobiologic implications. Journal of
South American Earth Sciences, 131.

https://doi.org/10.1016/j.jsames.2023.104630

Gomez, J. C., di Pasquo, M. M., Peralta, S. H., & Silvestri, L. (2023b). Preliminary
Palynological Study of the Ordovician-Silurian Transition in the San Juan

Precordillera Argentina. Serie Correlacion Geoldgica, 39 (2), 35-52.

Gomez, J. C., di Pasquo, & M. M., Silvestri, L. (2024). Evaluation of the Preservation
of Chitinozoans in a Case Study of the Katian?—Hirnantian Succession, Eastern
Precordillera of Argentina. Fossil Studies, 2, 273-293. DOI:

https://doi.org/10.3390/fossils2040013

Harper, D. A. T., Cascales-Mifiana, B., & Servais, T. (2020). Early Palaeozoic
diversifications and extinctions in the marine biosphere: a continuum of change.

Geological Magazine, 157(1), 5-21. https://doi.org/10.1017/S0016756819001298

Heredia, S., & Milana, J. (2010). Conodontes Sandbianos (Ordovicico Superior) en la
Quebrada La Pola, Sierra de Villicum, Precordillera de San Juan (Argentina).

Ameghiniana, 47, 515-525.

Hinde, G. J. (1879). On Annelid jaws from the Cambro-Silurian, Silurian and Devonian
formations of Canada and from the lower Carboniferous in Scotland. Quarterly

Journal of the Geological Society of London, 35, 370-389.

Hints, O. (1998). Revision of the Ordovician and Silurian ramphoprionid polychaetes
from Severnaya Zemlya, Russian Arctic. Proceedings of the Estonian Academy of

Sciences. Geology, 47(2), 77-85. https://doi.org/10.3176/GEOL.1998.2.02

30


https://doi.org/10.1016/j.jsames.2023.104630
https://doi.org/10.3390/fossils2040013
https://doi.org/10.1017/S0016756819001298

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

Hints, O. (2000). Ordovician eunicid polychaetes of Estonia and surrounding areas:
review of their distribution and diversification. Review of Palaeobotany and

Palynology, 113, 41-55. https:/doi.org/10.1016/S0034-6667(00)00051-8

Hints, O., & Eriksson, M. E. (2007). Diversification and biogeography of scolecodont-
bearing polychaetes in the Ordovician. Palaeogeography, Palaeoclimatology,

Palaeoecology. 245, 95-114. https://doi.org/10.1016/j.palae0.2006.02.029

Hints O., & Eriksson, M. E. (2010). Ordovician Polychaeturid Polychaetes: Taxonomy,
Distribution and Palaeoecology. Acta Palaeontologica Polonica, 55, 309-320.

https://doi.org/10.4202/app.2009.0086

Hints, O., Eriksson, M. E., HOgstrom, A. E. S., Kraft, P., & Lehnert, O. (2004). Chapter
23. Worms, Worm-like and Sclerite-Bearing Taxa. In B.D. Webby, F. Paris, M.L
Droser, I. Percival (Eds.), The Great Ordovician Biodiversification Event (pp.

223-230). Columbia University Press. https://doi.org/10.7312/webb12678-024

Hints, O., Killing, M., Ménnik, P., & Nestor, V. (2006). Frequency patterns of
chitinozoans, scolecodonts, and conodonts in the upper Llandovery and lower
Wenlock of the Paatsalu core, western Estonia. Proceedings of the Estonian
Academy of Sciences, Geology, 55(2), 128-155.

https://doi.org/10.3176/geol.2006.2.04

Hints, O., & Nblvak, J. (2006). Early Ordovician scolecodonts and chitinozoans from
Tallinn, North Estonia. Review of Palaeobotany and Palynology, 139(1-4), 189

209. https://doi.org/10.1016/j.revpalbo.2006.01.004

Hints, O., Paris, F., & Al-Hajri, S. (2015). Late Ordovician scolecodonts from the
Qusaiba-1 core hole, central Saudi Arabia, and their paleogeographical affinities.

Review of Palaeobotany and Palynology, 212, 85-96.

31


https://doi.org/10.1016/S0034-6667(00)00051-8
https://doi.org/10.1016/j.palaeo.2006.02.029
http://dx.doi.org/10.4202/app.2009.0086
http://dx.doi.org/10.7312/webb12678-024
http://dx.doi.org/10.3176/geol.2006.2.04

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

Hints, O., & Tonarov4, P. (2023). A diverse Hirnantian scolecodont assemblage from
northern Estonia and resilience of polychaetes to the end-Ordovician mass
extinction. Estonian Journal of Earth Sciences, 72(1), 46-49.

https://doi.org/10.3176/earth.2023.20

Hints, O., Tonarov4, P., Eriksson, M. E., Rubinstein, C. V., & De la Puente, G. S.
(2017). Early Middle Ordovician scolecodonts from north-western Argentina and
the emergence of labidognath polychaete jaw apparatuses. Palaeontology, 60(4),

583-593. https://doi.org/10.1111/pala.12303

Jansonius, J., & Craig, J. H. (1971). Scolecodonts: | — Descriptive terminology and
revision of systematic nomenclature; Il — Lectotypes, new names for
homonymous, index of species. Bulletin of Canadian Petroleum Geology, 19(1),

251-302.

Jiménez-Sanchez, J., Beresi, M.S., Mestre, A., & Heredia, S. (2014). Upper Ordovician
cryptostomatid bryozoans and microfossils from the Don Braulio Formation,
eastern Precordillera, Argentina. Serie de Correlacion Geoleoldgica, 30(1), 25—

33.

Jones, D. S., Martini, A. M., Fike, D. A., & Kaiho, K. (2017). A volcanic trigger for the
Late Ordovician mass extinction? Mercury data from south China and Laurentia.

Geology, 45(7), 631-634. https://doi.org/10.1130/G38940.1

Kaufmann, C. (2019). Estudio de las faunas de graptolitos de la sucesion ordovicica
aflorante en la Sierra de Villicum, Precordillera Oriental, San Juan, Argentina.
(Tesis Doctoral, Facultad de Ciencias Exactas Fisicas y Naturales, Universidad
Nacional de San Juan, San Juan) Available from

[https://ri.conicet.gov.ar/handle/11336/84496].

32


https://doi.org/10.3176/earth.2023.20
https://doi.org/10.1111/pala.12303
https://doi.org/10.1130/G38940.1

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

a

778

779

Khanna, A. K., Sinha, A. K., & Sah, S. C. D. (1985). Yong Limestone of Tethys
Himalaya its stratigraphic status and palynological fossils. Journal of the

Geological Society of India, 26, 191-198.

Kielan-Jaworowska, Z. (1962). New Ordovician genera of polychaete jaw apparatuses.

Acta Palaeontologica Polonica, 7(3-4), 291-332.

Kielan-Jaworowska, Z. (1966). Polychaete jaw apparatuses from the Ordovician and
Silurian of Poland and a comparison with modern forms. Palaeontologia

polonica, 16, 1-152.

Kobayashi, T. (1937). A brief summary of the Cambro—Ordovician shelly faunas of
South America, part 2, the list of nongraptolite faunas with descriptions of three
new genera and one new subgenus of trilobites. Proceedings of the Japan

Academy, 13(1), 12-15.

Kozik, N. P., Gill, B. C., Owens, J. D., Lyons, T. W., & Young, S. A. (2022).
Geochemical records reveal protracted and differential marine redox change
associated with Late Ordovician climate and mass extinctions. AGU Advances, 3,

1-17. https://doi.org/10.1029/2021AV000563

Lange, F. (1947). Anelidos poliquetas dos folhelhos devonianos do Parana. Arquivos do

Museu Paranaense, 6(5), 166—230.

Levy, R., & Nullo, F. (1975). La fauna del Ordovicico (Ashgilliano) de Villicum, San

Juan, Argentina. (Brachiopoda). Ameghiniana, 9(2), 173-193.

Martin, F. (1973). Ordovicien supérieur et Silurien inférieur a Deerlijk (Belgique).

Institut royal des sciences naturelles de Belgique, Mémoire, 174, 1-71.

Melchin, M. J., Mitchell, C. E., Holmden, C., & Storch, P. (2013). Environmental

changes in the Late Ordovician-early Silurian: Review and new insights from

33


https://doi.org/10.1029/2021AV000563

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

black shales and nitrogen isotopes. Geological Society of America Bulletin,

125(11-12), 1635-1670. https://doi.org/10.1130/B30812.1

Ottone, E. G., & Holfeltz, G. D. (1992). Hallazgo de escolecodontes en la Formacién
Gualcamayo, Llanvirniano inferior, Argentina. 7° Simposio Argentino de
Paleobotanica y Palinologia, Asociacion Paleontoldgica Argentina 2, 85-88.

Buenos Aires.

Ottone, J. C., Toro, B. A., & Waisfeld, B. G. (1992). Lower Ordovician palynomorphs

from the Acoite Formation, Northwestern Argentina. Palynology, 16, 93-116.

Ortiz, A., & Zambrano, J. J. (1981). La Provincia Geoldgica Precordillera Oriental. 8°

Congreso Geoldgico Argentino, 3 (pp. 59-74). San Luis.

Parry, L. A, Edgecombe, G. D., Eibye-Jacobsen, D., & Vinther, J. (2016). The impact of
fossil data on annelid phylogeny inferred from discrete morphological characters.
Proceedings of the Royal Society B: Biological Sciences, 283.

http://dx.doi.org/10.1098/rspb.2016.1378

Peralta, S. H. (1985). Graptolitos del Llandoveriano inferior en el Paleozoico inferior
clastico en el pie oriental de la sierra de Villicum, Precordillera Oriental. 1

Jornadas Sobre Geologia de Precordillera (pp. 134-138). San Juan.

Peralta, S. H. (1993). Estratigrafia y consideraciones paleoambientales de los depdsitos
marino clasticos eopaleozoicos de la Precordillera Oriental de San Juan. 12°
Congreso Geologico Argentino y 2° Congreso de Exploracion de Hidrocarburos,

1 (pp. 128-137). Mendoza.

Peralta, S. H. (1998). Significado estratigrafico y paleoambiental de la Formacion Don
Braulio, Ashgiliano tardio- Llandoveriano temprano, Precordillera Oriental de San

Juan. 7° Reunidn Argentina de Sedimentologia (165-166). Salta.

34


http://dx.doi.org/10.1098/rspb.2016.1378

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

Peralta, S. H., & Baldis, B. A. (1990). Glyptograptus persculptus en la Formacién Don
Braulio (Ashgilliano tardio—Llandoveriano temprano) en la Precordillera Oriental
de San Juan. 5° Congreso Argentino de Paleontologia y Bioestratigrafia, Serie de

Correlacion Geoldgica, 7, 67—72. Tucuman.

Peralta, S. H., & Baldis, B. A. (1992). Diamictitas del Ordovicico tardio sudamericano:
correlaciones regionales y su relacion con un evento glacial Gondwanico. 4°

Reunidén Argentina de Sedimentologia, 3 (pp. 169-176). La Plata.

Peralta, S. H., & Carter, C. H. (1990). La glaciacién Gondwanica del Ordovicico tardio:
evidencias en fangolitas guijarrosas de la Precordillera de San Juan. 11° Congreso

Geologico Argentino, 2 (pp. 181-185). San Juan.

Peralta, S. H., & Carter, C. H. (1999). Don Braulio Formation (late Ashgillian—early
Llandoverian, San Juan Precordillera, Argentina): stratigraphic remarks and
paleoenvironmental significance. Short papers of the 8° International Symposium
on the Ordovician System, Acta Universitatis Carolinae, Geologica, 43 (1/2), (pp.

225-228). Prague.

Sanchez, M. T. (1985). El género Modiolopsis (Bivalvia, Modiomorphoida) en el
Ashgilliano de la sierra de Villicum y la Comunidad de Hirnantia-Modiolopsis.
Reunion de Comunicaciones Cientificas, Asociacion Paleontolégica Argentina,

58-59.

Sanchez, M. T., Benedetto, J. L., & Brussa, E. (1991). Late Ordovician stratigraphy.
palaeoecology and sea level changes in the Argentine Precordillera. In C.R.
Barnes, & S.H. Williams (Eds.), Advances in Ordovician Geology. (pp. 245-258).

Geological Survey of Canada, 90(9). https://doi.org/10.4095/132193

35


https://doi.org/10.4095/132193

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

845

846

847

848

849

Sial, A. N., Chen, J., Peralta, S. H., Claudio Gaucher, C., Korte, C., Ferreira, V., de
Lacerda, L. D., Barbosa, J. A., Silva., N., Riedel, P. R., & Gomez, J. C. (2024). C,
N, Hg isotopes and elemental chemostratigraphy across the Ordovician—Silurian
transition in the Argentine Precordillera: Implications for the link between
volcanism and extinctions. Gondwana Research, 133, 270-296.

https://doi.org/10.1016/j.gr.2024.06.008

Snajdr, M. (1951). On errant polychaeta from the Lower Paleozoic of Bohemia. Shornik

Ustredniho wstavu Geologickeho,Paleontologicky, 18, 241-296.

Suttner, T.J. & Hints, O. (2010). Devonian scolecodonts from the Tyrnaueralm, Graz
Palaeozoic, Austria. Memoirs of the Association of Australasian Palaeontologists,

39, 139-145.

Szaniawski, H. (1996). Scolecodonts. In J. Jansonius, & D.C. McGregor (Eds.),
Palynology: principles and applications, 1 (pp. 337-354). American Association

of Stratigraphic Palynologists Foundation.

Szaniawski, H., & Wrona, R. M. (1973). Polychaete jaw apparatuses and scolecodonts
from the Upper Devonian of Poland. Acta Palaeontoldgica Polonica, 18(1), 223—

267.

Tonarova, P. (2008). Revision of Kettnerites Zebera, 1935 (Scolecodonta, Silurian of
the Barrandian area, Czech Republic): preliminary results. Acta Musei Nationalis

Prague, Series B — historia naturalis 64(2—4), 185-192.

Tonarova, P., Eriksson, M. E., & Hints, O. (2012). A jawed polychaete fauna from the
late Ludlow Kozlowskii event interval in the Prague Basin (Czech Republic).

Bulletin of Geosciences, 87(4), 713-732. https://doi.org/10.3140/bull.geosci.1317

36


https://doi.org/10.1016/j.gr.2024.06.008
http://dx.doi.org/10.3140/bull.geosci.1317

850

851

852

853

854

855

856

857

858

859

860

861

862

863

864

865

866

867

868

869

870

871

872

Tonarova, P., Vodrazkova, S., Ferrova, L., de la Puente, G. S., Hints, O., Fryda, J., &
Kubajko, M. 2017. Palynology, microfacies and biostratigraphy across the Daleje
Event (Lower Devonian, lower to upper Emsian): new insights from the offshore
facies of the Prague Basin, Czech Republic. Palaeobiodiversity and

Palaeoenvironments, 97(3), 419-438. https://doi.org/10.1007/s12549-017-0274-3

Tonarova, P., Vodrazkova, S., Hints, O., Nolvak, J., Kubajko, M., & Cép, P. (2023).
Latest Ordovician jawed polychaetes, chitinozoans and depositional environments
of the Levin section, Prague Basin, Czech Republic. Geobios, 81, 179-198.

https://doi.org/10.1016/j.geobios.2023.01.008

Tonarova, P., Suttner, T. J., Hints, O., Liang, Y., Zemek, M., Kubajko, M., Zikmund,
T., Kaiser, J., & Kido, E. (2024). Late Ordovician scolecodonts and chitinozoans
from the Pin Valley in Spiti, Himachal Pradesh, northern India. Acta
Palaeontologica Polonica, 69(2), 199-215.

https://doi.org/10.4202/app.01135.2024

Toro, B. A,, Susana de la Puente, G., & Rubinstein, C. V. (2010). New graptolite,
chitinozoan and acritarch records from the Pascha-Incamayo area, Cordillera
Oriental, Argentina. Comptes Rendus Palevol, 9(1-2), 23—

30. https://doi.org/10.1016/j.crpv.2009.09.001

Vandenbroucke, T. R. A., Munnecke, A., Leng, M. J., Bickert, T., Hints, O.,
Gelsthorpe, D., & Servais, T. (2013). Reconstructing the environmental
conditions around the Silurian Ireviken Event using the carbon isotope
composition of bulk and palynomorph organic matter. Geochemistry, Geophysics,

Geosystems, 14(1), 86-101. https://doi.org/10.1029/2012GC004348

37


https://doi.org/10.1016/j.geobios.2023.01.008
https://doi.org/10.1016/j.crpv.2009.09.001
https://doi.org/10.1029/2012GC004348

873

874

875

876

877

878

879

880

881

882

883

884

885

886

887

888

889

890

891

892

893

894

895

896

Vergel, M. M., Aréoz, L., & Rubinstein, C. V. (2002). Ordovician Palynomorphs of the
Argentina: an integrated approach. In F.G. Acefiolaza (Ed.), Aspects of the

Ordovician System in Argentina. (pp. 209-224). Serie Correlacion Geoldgica, 16.

Volkheimer, W., Péthe de Baldis, D, & Baldis, B. A. (1980). Quitinozoos de la base del
Silurico de la Sierra de Villicum (Provincia de San Juan, Republica Argentina).
Revista Museo Argentino de Ciencias Naturales “Bernardino Rivadavia”, 2(6),

121-135.

Whittle, R., Gabbott, S., Aldridge, R., & Theron, J. (2008). Late Ordovician
(Hirnantian) scolecodont clusters from the Soom Shale Lagerstatte, South Africa.

Journal of Micropalaeontology, 27, 147-159. https://doi.org/10.1144/jm.27.2.147

Zaslavski, N., Eshet, Y.,Hirsch, F., Weissbrod, T., & Gvirtzman, G. (1992). Recycled
chitinozoans and Graptolites in the Israeli Permo-Triassic and their
paleogeographical implications; preliminary results. Israel Geological Society,

Annual Meeting, 177-178.

Zebera, K. (1935). Les Conodontes et les Scolécodontes du Barrandien. Bulletin
international de I’ Académie des Sciences de Bohéme, 36, 88-96.

Figure captions

Figure 1. 1, Location of the study area. A. Map of the Argentine Precordillera showing

the Villicum Range as the study location (Modified from Baldis et al., 1982, Gémez et

al., 2024). 2, Geological map of the Villicum Range indicating the coordinates of La

Pola creek, where the Sandbian-Katian-Hirnantian succession under study is located.

Figure 2. Panoramic photograph of the sampling area in the upper part of the La Pola

Formation. (1) and of the Don Braulio Formation (2) indicating the sampling area. Mb,

Member. U.F.M., Upper Ferriferous Member.
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Figure 3. Stratigraphy of the sampled section and distribution of scolecodonts in the
Sandbian-Katian-Hirnantian succession in the Villicum Range. The sample number
indicated corresponds to the acronym of the palynologic collection (CICYTTP-PI).
Abbreviations: D.L.M, Diamictite Lower Member; F.M.S.M, Fossiliferous Mudstones
and Sandstones Member; O.M.M, Ochre Mudstones Member.

Figure 4. Selected latest Katian and Hirnantian scolecodonts from the La Pola and Don
Braulio formations, La Pola creek, Villicum Range. 1, Andiprion paxtonae, MIR,
CICYTTP-PI 2788; 2, Andiprion sp., MIIL, CICYTTP-PI 2785; 3-8 ramphoprionids,
lateral tooth, CICYTTP-PI 2788, 4, SEM image, CICYTTP-M553, 6, SEM image,
CICYTTP-M554, 8, SEM image, CICYTTP-M555; 9 and 10, Kettnerites sp., MIIR,
CICYTTP-PI 2788, 10, SEM image, CICYTTP-M556; 11, Oenonites sp., Basal Plate,
CICYTTP-PI 2781; 12, Oenonites aff. eichwaldi, MIR, CICYTTP-PI 2781; 13 and 14,
Xanioprion cf. borealis, MIR, CICYTTP-PI 2787-2788; 15, Xanioprion sp. 1, MIR,
CICYTTP-PI 2781; 16, Xanioprion sp. 2, MI, CICYTTP-PI 2781, 17, Indet. form 1,
SEM image, Shaft, CICYTTP-M557, CICYTTP-PI 2787; 18, Indet. form 2, CICYTTP-
P12787. 1,9, and 15 are stereomicroscope pictures. Scale bars equal 100 pum.
Abbreviations: MIR-MIIR, right maxillae I-11; MIL-MIIL, left maxillae I-11.

Figure 5. An overview of the taxonomic diversity in polychaetids within the two
associations, highlighted in green (Assemblages A) and red (Assemblage B), along with
the stratigraphic ranges of species. The gray area indicates a lack of information,

primarily due to the absence of a rock interval.
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