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Late Ordovician (Sandbian–Hirnantian) marine gastropods 
from the Argentine Precordillera: their biogeographical 
significance in a middle to high latitudinal setting
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Gastropods from the Upper Ordovician of the Argentine Precordillera received less attention than other coeval marine 
invertebrates in this region. The present contribution supplies accurate taxonomic information recovering 10 gastropod 
genera which are represented by 10 species from the La Pola and Don Braulio formations (Sandbian and Hirnantian units, 
respectively) at the San Juan Province, Argentina: two species, namely Tetranota argentina sp. nov. and Clathrospira 
gondwanica sp. nov., are new to science. The gastropod association shows a remarkable diversity, and in contrast to 
other invertebrate groups reported in the Argentine Precordillera (e.g., trilobites, ostracodes, brachiopods, sponges, 
and bivalves) which had Gondwanan affinities during the Late Ordovician, the gastropod assemblage from the La Pola 
and Don Braulio formations had major palaeobiogeographical similarities with their Northern Hemisphere (Laurentia, 
Avalonia, and Baltica) counterparts. The occurrence of the genus Clathrospira suggests that it could have been the first 
precursor of the order Pleurotomariida in South America during the Sandbian–Hirnantian, and can help to shed light on 
the origin of this clade in the southernmost Gondwana continent as early as Palaeozoic times.
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Introduction
The Ordovician of the Argentine Precordillera is well 
known for its exquisite outcrops yielding abundance of taxa. 
Most of them have been already mentioned or described in 
detail (Benedetto 1986, 2003, 2004; Benedetto et al. 2009; 
Carrera 1994; Carrera and Ernst 2010; Halpern and Carrera 
2014; Ernst and Carrera 2012, 2022; Fernández Martínez et 
al. 2004; Sánchez et al. 2002; Vaccari 1995; Waisfeld et al. 
1999; 2003, and references therein). Conversely gastropods 
were not treated and only a few references and descriptions 
are available in literature.

The first descriptions of Ordovician Precordilleran gas-
tropods were given by Kayser (1876) who reported repre-

sentatives of the genera Ophileta Vanuxem, 1842, Maclu-
rites Le Sueur, 1818, and Murchisonia d’Archaic, 1841, and 
subsequently, some taxa were mentioned by Kobayashi 
(1935, 1937). Rohr et al. (2001) provided a list of gastropods 
from the San Juan Formation, including 14 genera that 
were not well preserved and, thus, not formally described. 
Later, Bertero (2009) described the genus Malayaspira 
Kobayashi, 1958, from the middle interval of the San Juan 
Formation and recently, Bertero et al. (2023) provided valu-
able information about the opercula and associated shell in 
life position of two Teiichispira species from the same for-
mation. Dzik (2019) figured protoconchs of some gastropod 
genera (e.g., Raphistoma, Holopea, Mimospira, Tropidodis
cus, Sinuites) from the Darriwilian, Middle Ordovician of 
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the San Juan Formation. These gastropod reports from the 
Lower/Middle Ordovician carbonates of the Argentine 
Precordillera contrast with the absence of descriptions up 
to now of taxa from the Upper Ordovician siliciclastic units 
of the Precordillera.

In the present contribution we described 10 gastropod 
genera which are represented by 10 species from the La Pola 
and Don Braulio formations of a Sandbian–Hirnantian age; 
these are Sphenosphaera sp., Bucania sp., Sinuites aff. S. 
reticulatus Perner, 1903, Tropidodiscus sp., Trochonemella? 
sp., Scalites peracutum (Ulrich & Scofield 1897), Holopea 
sp., Cyclonema aff. C. bilix (Conrad, 1842). Two of them, 
namely Tetranota argentina sp. nov. and Clathrospira gond
wanica sp. nov., are new to science. We interpret these new 
species as endemic to Argentina, and Clathrospira gondwan
ica sp. nov. as the first precursor of the order Pleurotomariida 
in South America during the Late Ordovician.

The gastropod association here described shows a re-
markable diversity almost reaching the diversity known from 
other conspicuous fossil groups, such as brachiopods, which 
were described from the same formations by Benedetto 
(1986, 1990, 2015).

We analyze in this work the temporal and palaeogeo-
graphic distribution of the Argentinean gastropods and their 
biogeographic affinities during the Late Ordovician.

Institutional abbreviations.—CEGH-UNC, Centro de Inves-
ti gaciones en Ciencias de la Tierra (CICTERRA), Universidad 
Nacional de Córdoba, Argentina.

Nomenclatural acts.—This published work and the nomen-
clatural acts it contains have been registered in ZooBank: 
urn:lsid:zoobank.org:pub:43849C9B-D0EB-406F-AA9B-
D791604D8167.

Geological setting
The Argentine Precordillera consists of a thick Palaeozoic 
sedimentary succession mainly of Cambro-Ordovician 
rocks, showing a transition from a nearshore carbonate bank 
through mixed carbonate-siliciclastic slope deposits to basi-
nal clastics (Fig. 1).

Lower–Middle Ordovician rocks consist of Tremadocian 
to Darriwilian platform carbonates (the La Silla and San 
Juan formations, Keller et al. 1994; Cañas 1999). In gene-
ral, carbonate sedimentation ceased during the early 
Darriwilian due to regional drowning, and the deposition of 
graptolitic black shales and mudstones (the Los Azules and 
Gualcamayo formations). After this change in the sedimen-
tary regime, and following a late Darriwilian hiatus, mixed 
calcareous-siliciclastic sedimentation prevailed during the 
Sandbian (the Las Plantas and Las Aguaditas formations).

Ordovician deposition culminates with Hirnantian gla-
cial diamictites followed by fossiliferous transgressive mud-
stones (Sánchez et al. 1991; Buggish and Astini 1993).

In the Villicum range, easternmost Precordillera basin 
(Fig. 1), the La Cantera Formation served as the base of 
the Sandbian units. This unit is partially a lateral equiva-
lent to the mixed siliciclastic carbonate Las Aguaditas 
Formation with its diverse bryozoan fauna studied by Ernst 
and Carrera (2012).

The La Cantera Formation is a sand-dominated unit that 
yields massive polymictic conglomerates at its base and 
fines upwards. Biostratigraphical constrains at its top sug-
gests a Sandbian age based on the presence of graptolite 
Nemagraptus gracilis recorded by Peralta (1986) within the 
silty shales near its top (Fig. 1B).

The La Pola Formation and coeval or partially coeval 
units (the Las Plantas, Las Aguaditas and Sassito formations) 
are similar in that their faunas are all dominated by bryozo-
ans (Carrera 2003; Ernst and Carrera 2008, 2012, 2022) ac-
companied by abundant brachiopods. The Hirnantian Don 
Braulio Formation has lower bryozoan diversity (Halpern 
and Carrera 2014).

The La Pola Formation represents a succession of thick- 
bedded coarse-grained debris flows (ranging from mud to 
clast supported) with interbedded pebbly mudstones, amal-
gamated lenticular quartz-bioclastic-rich sandstones, as 
well as a few turbidites and silty shales. Facies associations 
suggest a depositional environment related to a proximal 
deep-marine trough. Sedimentary provenance points to a 
quartz-rich, high-energy shelf as the source and a coeval 
or intermixed carbonate interval (Astini 2001). Among the 
known fauna from the La Pola Formation, mainly composed 
of diverse brachiopods, bryozoans, and crinoid remains, 
gastropods have so far been poorly known.

Stratigraphically older graptolites and conodonts have 
been recovered from various clasts, with the youngest assi-
gned to the Nemagraptus gracilis/Dicranograptus clin gani 
biozones. Brussa (2000) identified the graptolites Dicrano
graptus ramosus ramosus, Dicranograptus nicholsoni, and 
other taxa which indicate a Sand bian age (Gisbornian 1, 2). 
More recently, a conodont association from the La Pola For-
mation allowed definition of the Amorphognathus tvaerensis 
Zone (upper Sandbian–lower Katian), and within this zone 
the association can be assigned to the Baltoniodus variabilis 
Subzone (Heredia and Milana 2010) (Fig. 1B).

The Don Braulio Formation unconformably overlies the 
La Cantera and La Pola formations (Darriwilian–Katian) 
and underlies the Silurian Mogotes Negros Formation (Lud-
lovian–Pridolian) (Fig. 1C). The Hirnantian age of this unit 
has been established on the basis of brachiopods belong-
ing to the cosmopolitan Hirnantia fauna (Benedetto 1986) 
and the record of the Metabolograptus persculptus Zone 
(Brussa et al. 2003). The Don Braulio Formation diamictite 
has been interpreted as glacial-marine in origin based on its 
strong erosional base, striated pavements, and the presence 
of dropstones (Fig. 1C; Peralta and Carter 1990; Buggisch 
and Astini 1993). It is spatially restricted in both lateral and 
vertical extension.
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Material and methods
The material here described occurred in two Upper Ordo-
vician units (the La Pola and Don Braulio formations cor-
responding to a Sandbian–Hirnantian age). In the La Pola 
Formation (upper Sandbian–lower Katian), gastropods are 
found in a bioturbated nodular mudstone at the top of the 
formation near the upper boundary with the unconformably 
base of the Don Braulio Formation (Hirnantian) (Fig. 1C). 
Some of the Sandbian gastropods occur as allochthonous 
remains in the conglomerate at the base of the Don Braulio 
Formation (some forms are found in both units).

Gastropods of the Don Braulio Formation occur in the 
grey nodular mudstone just above the Hirnantian diamic-

tites in the Metabolograptus persculptus Zone (Brussa et al. 
2003) (Fig. 1C).

The biogeographical analysis based on the Precordilleran 
gastropod genera here described was performed using PAST 
(Hammer et al. 2001). Cluster analysis was performed ap-
plying the Dice similarity coefficients, which emphasize 
matches in dataset (Hammer and Harper 2006).

Systematic palaeontology
Class Gastropoda Cuvier, 1797
Subclass Amphigastropoda Simroth, 1906
Order Bellerophontida Ulrich & Scofield 1897
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Superfamily Bellorophontoidea McCoy, 1852
Family Bellerophontidae McCoy, 1852
Subfamily Bucanopsinae Wahlman, 1992
Genus Sphenosphaera Knight, 1945
Type species: Bellerophon clausus Ulrich in Ulrich & Scofield, 1897, 
by original designation; from the Bigby-Cannon Formation of the Up-
per Ordovician, North America.

Remarks.—Wahlman (1992: 165) proposed a diagnosis for the 
genus as “shell moderately rapidly expanding, aperture flar-
ing posteriorly and laterally, whorls floor with distinct median 
ridge, ridge no present on parietal shelf, ornament collabral”. 
The author also stated that representatives of Sphenosphaera 
have small to moderate-sized shells, rounded but generally 
not globose and narrow or closed umbilicus. The aperture is 
broader than long, and the shell margins flared laterally and 
posteriorly, producing flat to slightly excavated posterolateral 
shelves. The slit is shallow to moderately deep, housed in a 
broad sinus. The selenizone is distinct, either developing a 
rounded to flat-topped ridge or a concave channel, in many 
cases with distinct lunulae and a thin revolving thread bor-
dering on each side. The shell surface is marked by fine and 
closely spaced growth lines (Wahlman 1992: 165).

The present research provides the first occurrence of 
Sphenosphaera in the lower Palaeozoic (Upper Ordovician) 
of Argentina and South America.
Stratigraphic and geographic range.—Ordovician to Silu-
rian; Europe, North and South America (Wahlman 1992; 
this paper).

Sphenosphaera sp.
Fig. 2A, B.
2020 Sphenosphaera? sp.; Bertero 2020: 37, pl. 1: 1–4.

Material.—CEGH-UNC 24795–24800, six recrystallized 
teleoconchs; from the Sandbian, Upper Ordovician, La 
Pola Formation, Sierra de Villicum, San Juan Province, 
Argentina.
Description.—Anomphalous, rounded but not globose, 
small-sized shell with a height and length of 8–15 mm. 
Flanks rapidly expanding; median-dorsal shell slightly ele-
vated with a distinct selenizone. The aperture is 1.98 mm 
wider than long, and the margins flared laterally and pos-
teriorly forming flat to slightly excavated posterolateral 
shelves. The spire is sub-rhomboidal in apical view and 
growth lines weakly visibly on the shell surface. As wide 
and deep and a V-shaped sinus (Fig. 2A3).
Remarks.—The type species of Sphenosphaera was origi-
nally ascribed to the genus Bellerophon by Ulrich in 
Ulrich and Scofield (1897). Wahlman (1992) suggested that 
Sphenosphaera differs from Bellerophon in being less glo-
bose, in having more flared apertural margins which form 
prominent posterolateral shelves and in having a distinct 
rounded median ridge on the whorl floor. The Argentinean 
species is comparable to Sphenosphaera clausus (Ulrich in 

Ulrich and Scofield, 1897) (in Wahlman 1992: 167, pl. 30: 
1–23, pl. 31: 1–13, pl. 32: 1–15), from the Katian, Upper Ordo-
vician of North America. The Laurentian species, however, 
has a selenizone on an elevated flat-topped median carina 
bordered by fine revolving threads and distinct lunulae, and 
closely spaced and regular growth lines which are broadly 
curved over the dorsal slopes in maturity. Sphenosphaera 
troosti (Férussac and d’Orbigny, 1840) (in Wahlman 1992: 
168, pl. 29: 1–22), from the Katian, Upper Ordovician of 
North America, differs from Sphenosphaera sp. in hav-
ing markedly broader and inflated whorls, a more promi-
nent selenizone located on a rounded dorsomedian ridge, 
and closely spaced and fine growth lines. Sphenosphaera 
burginensis (Ulrich in Ulrich and Scofield, 1897) (in 
Wahlman 1992: 170, pl. 28: 10–23), also from the Katian, 
Upper Ordovician of North America, has narrower whorls 
that are expanding rather slowly, a selenizone elevated on 
a thin dorsomedian carina, and closely spaced and thin 
growth lines. Sphenosphaera recurvus (Ulrich in Ulrich & 
Scofield, 1897) (in Wahlman 1992: 171, pl. 33: 1–6), from 
the Katian, Upper Ordovician of North America, is much 
narrower in dorsal view than Sphenosphaera sp., has the 
aperture more subtriangularly elongated and not expanding 
laterally, has strongly curved growth lines, a deep sinus, and 
the selenizone is markedly elevated and truncated. Finally, 
Sphenosphaera capax (Ulrich in Ulrich & Scofield, 1897) 
(in Wahlman 1992: 172, pl. 34: 1–13), also from the Katian, 
Upper Ordovician of North America, is very similar to the 
Argentinean species in shell shape, although the Laurentian 
form is more globose than Sphenosphaera sp. and much 
larger with a length and height of 38–26 mm, respectively.

Family Bucaniidae Ulrich & Scofield, 1897
Subfamily Bucaniinae Ulrich & Scofield, 1897
[= Grandostomatinae Horný, 1962]
Genus Bucania Hall, 1847
Type species: Bellerophon sulcatinus Emmons, 1842, by subsequent 
designation of Waagen (1880); from the Chazyan Stage of the Middle 
Ordovician, North America.

Remarks.—According to Wahlman (1992: 127), representa-
tives of Bucania are characterized by having a small to large-
sized shell, with rounded or depressed whorls gradually 
expanding, and with a medium or large umbilicus. The aper-
ture has a thin lip with a broad V-shaped sinus and a central 
slit; the slit is shallow or quite deep. The selenizone is gen-
erally narrow, being slightly elevated, flat or channel-like. 
The shell surface is ornamented by transverse growth lines 
or lamellae and spiral threads; spiral threads run normal and 
are generally interrupted by growth lines. Growth lines may 
become lamellose in mature growth stages and accompanied 
by a laterally thickening. Considering these characters, the 
specimens analyzed here are assigned to Bucania.

This is the first occurrence of Bucania in the lower 
Palaeozoic (Upper Ordovician) of Argentina and South 
America.



FERRARI ET AL.—LATE ORDOVICIAN GASTROPODS FROM THE ARGENTINE PRECORDILLERA 751

A1 2A

C1 2C

4A
5A

3A

3D

D1

2D

4D 5D

3FF1 2F 4F

B

6D

7D

E

G1 G2 G3 G4

H

5 mm

4 mm

5 mm

3 mm

1 mm

2 mm

3 mm

(A –A )2 5

(C)

1 mm
2 mm

2 mm

1 mm 1 mm 4 mm

(D –D )2 6

(F –F )1 3

1 mm 1 mm

Fig. 2. Sandbian–Hirnantian (Late Ordovician) gastropods from La Pola and Don Braulio formations at the Sierra Villicum locality, Argentine Precordillera. 
A, B. Bucanopsin bellerophontoid Sphenosphaera sp. A. CEGH-UNC 24795-2, in lateral (A1), dorsal (A2, A3), and apical (A4, A5) views. B. CEGH-
UNC 24796-6, in ventral view. C. Bucaniin bellerophontoid Bucania sp., CEGH-UNC 24733-1, in lateral (C1) and dorsal (C2) views. D. Plectonotin 
bellerophontoid Tetranota argentina sp. nov., CEGH-UNC 24713, holotype, in dorsal (D1, D5, D6) and dorsal-lateral (D2, D3) views, cross section (D4) 
and ornament detail (D7). E−G. Sinuitin bellerophontoid Sinuites aff. S. reticulatus Perner, 1903. E. CEGH-UNC 24694-1, in apertural and basal view. 
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Stratigraphic and geographic range.—Lower–Middle Ordo-
vician to middle Silurian; North America, Europe, Asia and 
South America.

Bucania sp.
Fig. 2C.
2020 Bucania sp.; Bertero 2020: 39, pl. 1: 5, 6.

Material.—CEGH-UNC 24733–24736, four recrystalli zed 
teleoconchs; from the Sandbian, Upper Ordovician, La Pola 
Formation, Sierra de Villicum, San Juan Province, Argentina.
Description.—Shell relatively small, narrow with three or 
four rounded whorls. The height is 20 mm and the width 
18 mm. The aperture has a thin lip and a broad V-shaped 
sinus. Slit not clearly visible. The selenizone is central, 
narrow and slightly elevated; the umbilicus is widely open 
forming an umbilical angle of 85° (Fig. 2C1). The shell is 
dorsally convex, ornamented by regularly spaced, crowded 
and transversal growth lines that are intercepted by more or 
less separated spiral threads.
Remarks.—Taking into consideration the characters such 
as a widely open umbilicus, the presence of a V-shaped 
sinus, a narrow selenizone and a shell surface ornamented 
by spiral threads, the material herein described certainly 
represents a member of Bucania. Bucania emmonsi Ulrich 
in Ulrich and Scofield, 1897 (in Wahlman 1992: 128, pl. 
12: 1–4), from the Sandbian–Katian, Upper Ordovician of 
North America, is comparable to Bucania sp., although the 
Laurentian form is much smaller, has stronger and more 
deeply incised spiral threads and a slightly concave seleni-
zone. Bucania lindsleyi (Safford, 1869) (in Wahlman 1992: 
131, pl. 18: 1–9), from the Katian, Upper Ordovician of 
North America, differs from the Argentinean species in 
having more rapidly expanding whorls, a wide and broadly 
concave selenizone which is marked by strong lunulae. 
Bucania frankfortensis Ulrich in Ulrich & Scofield, 1897 
(in Wahlman 1992: 133, pl. 13: 22–44, pl. 16: 1–4), also 
from the Katian, Upper Ordovician of North America, has 
a distinctly triangular outline, narrower whorls, regularly 
spaced and wrinkled growth lines and very weak spiral 
threads. Bucania rugatina Ulrich in Ulrich and Scofield, 
1897 (in Wahlman 1992: 136, pl. 16: 9–15; pl. 17: 1–12), 
from the Katian, Upper Ordovician of North America, dif-
fers from the Argentinean species in having a narrower 
and deeper umbilicus, a wider selenizone bordered by fine 
ridges, closely spaced growth lines and wrinkled and sub-
lamellose spiral threads. Bucania gracillima Koken, 1896 
(in Ebbestad 1998: 27–28, figs. 2, 3), from the Sandbian–
Katian, Upper Ordovician of Sweden, is much larger than 
Bucania sp. (length and height 88–72 mm, respectively), 
has a more deve loped ornament pattern consisting on cren-
ulated growth lines, and a clearly visible dorsal selenizone 
with lunulae. Bucania erratica Frisk & Ebbestad, 2007 
(89, fig. 4I–T; Ebbestad et al. 2013: fig. 20: 8O–W), from 
the Sandbian, Upper Ordovician  of Sweden, differs from 
the Argentinean form in having four depressed lenticular 

whorls, and ornamentation consisting on dense, crenulated 
and non-lamellose growth lines. Bucania czekanowskii 
(Schmidt, 1858) (in Isakar and Ebbestad 2000: 57, figs. 6a–
h, 7a–i), from the Sandbian, Upper Ordovician of Estonia, 
differs from Bucania sp. in having an ornament pattern 
consisting of flaring growth lines on regular intervals that 
create a geometrical pattern resembling triangles in lateral 
view. Bucania cornu Koken, 1897 (in Isakar and Ebbestad 
2000: 66, fig. 12a–g), from the Katian, Upper Ordo vician 
of Estonia, has a slit reaching about 1/2 whorl back, but 
close to form a trema when the widely expanded aperture 
is developed in shells of maturity. Finally, Bucania radi
ata (d’Eichwald, 1856) (in Isakar and Ebbestad 2000: 61, 
fig. 11a–k), from the Katian, Upper Ordovician of Estonia, 
differs from the species here described in having a marked 
expansion of the whorl during ontogeny and an increased 
angulation of the dorsal surface at the median carina giving 
a distinctly acute median part of the whorl.

Subfamily Plectonotinae Boucot & Yochelson, 1966
Genus Tetranota Ulrich & Scofield, 1897
Type species: Bucania bidorsata Hall, 1847, by original designation; 
from the Watertown Formation (Trenton Group) of the Turinian, Upper 
Ordovician, North America.

Remarks.—Wahlman (1992: 144) proposed the diagnosis of 
the genus Tetratona to include “shells with selenizone lying 
on broad, elevated dorsomedian band and usually bordered 
by a pair of revolving threads, with one or two pairs of dor-
solateral revolving angular ridges; the apertural lip chiefly 
expanded laterally”. According to Wahlman (1992), species 
of Tetranota also have shells variable in size with the um-
bilicus more or less large and deep. The whorls are broad 
and depressed and the aperture wider than long throughout 
growth stages. The selenizone is located on a broad, elevated, 
gently convex to nearly flat topped dorsomedian band, which 
generally has revolving threads along its edges; lunulae faint 
in most cases. Outward from the dorsal band, the shell is 
briefly concave and has a dorsolateral pair of angular revolv-
ing ridges. The growth lines are fine and closely spaced.

The present research records the first occurrence of 
Tetranota in the lower Palaeozoic (Upper Ordovician) of 
Argentina and South America.
Stratigraphic and geographic range.—Ordo vician; North 
America, England, and South America (Argen tina).

Tetranota argentina sp. nov.
Fig. 2D.
2020 Tetranota bidorsata (Hall, 1847); Bertero 2020: 42, pl. 1: 12, 13, 

pl. 2: 1–3.
ZooBank LSID: urn:lsid:zoobank.org:act: 06C088B3-73F8-4451-9C49 
-E1A04F4AEA24.
Etymology: Referred to the first occurrence of the genus in the lower 
Palaeozoic (Upper Ordovician) of Argentina.
Type material: Holotype CEGH-UNC 24713 (Fig. 2D), partially pre-
served teleoconch without protoconch and aperture. Paratypes: CE-
GH-UNC 24714, 24715, 24716, from the type horizon and locality.
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Type locality: Sierra de Villicum locality, San Juan Province, Argentina.
Type horizon: La Pola Formation, Sandbian, Upper Ordovician.

Material.—Type material and 38 specimens composed of in-
ternal moulds with patches of external shell with fragmentary 
ornamentation (CEGH-UNC 24700–24712, 24717–24732, 
and 24774–24782) from the type locality and horizon.
Diagnosis.—Shell involute and subreiniform with a moder-
ately wide umbilicus (umbilical angle of 70º). A dorsal and 
broad median band carries a concave selenizone. Two acute 
revolving threads border the selenizone, and two central-
late ral grooves are present outward the dorsomedian band. 
The strong reticulate ornament pattern consists of distinct 
and fine growth lines which are intercepted by spiral ribs.
Description.—Involute, depressed, whorl profile subreini-
form, small to medium-sized shell with a width of 15 mm 
and a length of 13 mm. Umbilicus deep and moderately 
wide with an angle of 70º, (Fig. 2D1, D2). In cross sec-
tion the whorls are lenticular, with well rounded periph-
ery and without thickening of the shell (Fig. 2D4). Dorsum 
with prominently elevated, broad median band of 2.3 mm 
(6 times the width of the shell) that carries a slightly concave 
selenizone (Fig. 2D1, D5, D6). The selenizone is bordered by 
two angular and acute revolving threads. Outward from the 
dorsomedian band, a pair of central-lateral concave grooves 
are visible. Dorsal slopes are also visible near the umbilical 
shoulder. Ornament consists of raised and distinct, regularly 
and densly spaced fine growth lines which are intercepted 
by spiral lirae forming a reticulate pattern. Spiral lirae run 
into an anteroposterior direction.
Remarks.—According to the characterization of Wahlman 
(1992) the new species here described represents a true 
member of Tetranota. Shells identified here as Tetranota ar
gentina sp. nov. were originally ascribed by Bertero (2020) 
to the type species Tetranota bidorsata (Hall, 1847) (in 
Wahlman 1992: 145, pl. 21: 1–14, pl. 22: 1–10), from the 
Katian, Upper Ordovician of North America, considering 
that both are very similar in shell shape ornamentation. 
However, the type species is slightly larger, has a more el-
evated dorsal median band and a more concave selenizone 
bordered by more sharper revolving threads, has stronger 
growth lines and weaker spiral lirae, and thus, shows a 
weaker reticulate ornament pattern than T. argentina sp. nov. 
Wahlman (1992) also described other species of Tetranota 
from the Katian, Upper Ordovician of North America. One 
of these Laurentian species, Tetranota obsoleta Ulrich in 
Ulrich & Scofield, 1897 (in Wahlman 1992: 146, pl. 20: 13–
15, pl. 22: 16–21), differs, however, from Tetranota argen
tina sp. nov. in having a smaller shell, with a narrower and 
deeper umbilicus, a dorsomedian band slightly elevated and 
concave, and lunulae and growth lines poorly preserved. 
Tetranota sexcarinata Ulrich & Scofield, 1897 (in Wahlman 
1992: 147, pl. 22: 11–15; in Bertero 2020: 44, pl. 2: 4–8), 
from the Sandbian–Katian, Upper Ordovician of Argentina 
and North America, differs from T. argentina sp. nov. in 
having two pairs of acute dorsolateral ridges on both sides 

of the elevated dorsomedian selenizone, more widely spaced 
growth lines, and lacks spiral lirae and a reticulate orna-
ment pattern. Tetranota wisconsinensis (Whitfield, 1878) 
(in Wahlman 1992: 148, pl. 38: 13–16), from Sandbian–
Katian, Upper Ordovician of North America, has a larger 
and more tightly coiled shell than the new species, with the 
dorsolateral ridges gradually disappearing during ontog-
eny. Tetranota scanica Ebbestad et al., 2013 (fig. 8L–N), 
from the Katian, Upper Ordovician of Sweden, differs from 
T. argen tina sp. nov. in having finer and sharper growth 
lines and denser and more irregularly spaced lunulae.

The genus Tetranota (with the species Tetranota sex
carinata Ulrich & Scofield, 1897), has been previously re-
ported in the Middle Ordovician of Argentina by Bertero 
(2020: 44, see above); thus, T. argentina sp. nov. is the first 
report of the genus in the Sandbian, Upper Ordovician, ma-
rine deposit of the Precordillera Argentina, which extends 
the palaeobigeographical distribution of the genus to South 
America during the early Palaeozoic.
Stratigraphic and geographic range.—Sandbian, Upper 
Ordovician, La Pola Formation, Sierra de Villicum, San Juan 
Province, Argentina.

Family Sinuitidae Dall, 1913
Subfamily Sinuitinae Dall, 1913
Genus Sinuites Koken, 1896
Type species: Bellerophon bilobatus Sowerby, 1839, by subsequent 
designation of Bassler (1915); from the Soudle yan–Longvillian, Upper 
Ordovician of England.

Remarks.—Wahlman (1992: 110) characterized represen-
tatives of Sinuites as having tightly coiled and convolute 
shells, with a closed or very small umbilicus. The dorsum 
is generally rounded, somewhat flattened with a dorso-
median ridge. The aperture is large and narrow, with a 
deep, rounded, median sinus and lateral margins project-
ing downward as rounded or subangular lobes. Parietal 
deposits are thin. Shell generally ornamented with closely 
spaced and fine growth lines which may be intersected 
by faint revolving lines. Following the characterization of 
Wahlman (1992), the specimens here analyzed are assigned 
to Sinuites.

Ebbestad and Yochelson (2000) highlighted that there 
have been much controversy related to this genus and re-
garded the discussion on preserved muscle scars of torted 
versus untorted molluscs. Horný (1996) also addressed a 
number of the problems related to morphology, systematic 
delimitation and ecology of Sinuites, proposing a semi- 
infaunal, predatory mode of life for this genus.

Here we supply the first occurrence of Sinuites in the 
Upper Ordovician, lower Palaeozoic of Argentina and South 
America.
Stratigraphic and geographic range.—Ordovician; North 
America, South America, Europe, Baltic region, and North 
Africa.
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Sinuites aff. S. reticulatus Perner, 1903
Fig. 2E–H.
2020 Sinuites aff. S. reticulatus Perner, 1903; Bertero 2020: 45, pl. 1: 

7, 8; pl. 2: 9–12; pl. 3: 1.

Material.—CEGH-UNC 24694–24699, six incomplete teleo -
conchs preserved with fragmentary ornament pattern; from 
the Sandbian, Upper Ordovician, La Pola Formation, Sierra 
de Villicum, San Juan Province, Argentina
Description.—Involute, rounded and elongated to subglo-
bose, small to medium-sized shell with 16 mm large and 
9 mm width, with closed umbilicus (or cryptomphalous). 
The teleoconch is slightly compressed laterally. The aper-
ture is oval, and the lateral and anterior-dorsal margins of 
the shell are covered by parietal inductura visible in speci-
men CEGH-UNC 24696 (Fig. 2F). The sinus is moderately 
shallow. The sculpture consists of a reticulate pattern of 
spiral almost concentric irregular wavy revolving lirae near 
the labro-umbilical depression (Fig. 2G).
Remarks.—The material here described strongly resembles 
Sinuites reticulatus Perner, 1903 (Horný 1996: 94), from 
the Darriwilian, Middle Ordovician of Czech Republic in 
shell shape and ornamentation; however, in S. reticulatus 
two visible layers of inductural deposits are distinguished, 
the lower, carrying lirae and corrugation which is located 
directly over the uppermost shell layer. Another similar spe-
cies to Sinuites aff. S. reticulatus is Sinuites sowerbyi Perner, 
1903 (in Horný 1997: 48, pl. 5: 1–2), from the Darriwilian, 
Middle Ordovician of Morocco, but it has a more feather- 
like ornament pattern covering the ribs within the dorsal 
sinus, and 5–6 regularly spaced collabral lines per mm. 
Sinuites destombesi Horný, 1997 (48, pl. 5: 3–10, pl. 6: 1–11, 
pl. 7: 1–3), from the Katian–Hirnantian, Upper Ordovician 
of Morocco, is slightly smaller than the Argentinean species, 
has a well-developed subinductura around the umbilicus and 
a dense network of collabral and spiral elements. Sinuites 
cancellatus Hall, 1847 (Wahlman 1992: 111, pl. 11: 6–12), 
from the Katian, Upper Ordovician of North America, is 
very similar to S. aff. S. reticulatus; although, S. cancellatus 
has a moderately shallow and V-shaped sinus, an induc-
tura ornamented by fine and wavy spiral lines, and fine 
growth lines and even finer spiral elements on the shell sur-
face. Another species comparable to S. aff. S. reticulatus is 
Sinuites globularis (Miller & Faber, 1894) (Wahlman 1992: 
114, pl. 10: 1–13), also from the Katian, Upper Ordovician 
of North America; but the Laurentian form has broader and 
more inflated whorls, a dorsum with distinct and round dor-
somedian ridges bounded by a shallow and deep sinus, and 
fine and closely spaced growth lines. Sinuites granistriatus 
(Ulrich in Ulrich and Scofield, 1897) (Wahlman 1992: 113, 
pl. 11: 1–5, pl. 21: 1; pl. 45: 1–9), also from the Katian, Upper 
Ordovician of North America, resembles Sinuites aff. S. re
ticulatus, even though the Laurentian species has a clearly 
visible dorsomedian ridge in juvenile growth stages which 
tends to disappear toward mature whorls. Sinuites cf. niger 
Koken, 1897 (in Ebbestad et al. 2013: 317, fig. 9D–J), from 

the Sandbian–Katian, Upper Ordovician of Sweden, has the 
subinductura in the near part of the last whorl consisting of 
irregular wrinkled wavy lines that may bifurcate. Sinuites 
usitatus Isakar, 1991 (49, pl. 4–5; in Ebbestad and Yochelson 
2000: 192, fig. 5A–I), from the Katian–Hirnantian, Upper 
Ordovician of the Baltic region, is slightly larger than the 
Argentinean form, has a wider and open umbilicus, strong 
wrinkles on dorsal part of the shell, and a post-apertural con-
striction on the last whorl. Finally, Sinuites sp. (in Ebbestad 
2016: 89, fig. 3A–D), from the Floian, Lower Ordovician of 
Morocco, is less globose and more compressed laterally than 
Sinuites aff. S. reticulatus, has a weakly open umbilicus, and 
lacks the wavy revolving lirae near the periumbilical area.

Family Tropidodiscidae Knight, 1956  
[= Temnodiscinae Horný, 1963]
Genus Tropidodiscus Meek & Worthen, 1866
Type species: Bellerophon curvilineatus Conrad, 1842, by original 
designation of Meek and Worthen (1866); from the Eifelian, Middle 
Devonian of North America.

Remarks.—Members of this genus have a laterally com-
pressed and lenticular shell, consisting on several whorls, 
whorls expanding gradually, with a large open umbilicus 
and deep sutures. Tropidodiscus also is characterized by the 
presence of a V-shaped sinus that leads into deep slit, a very 
narrow selenizone on a narrow keel, with or without lunulae, 
and ornament consisting on prosocyrt growth lines curving 
backward (Wahlman 1992: 118; Ebbestad and Yochelson 
2000: 194). The species of Tropidodiscus have also small 
to large sized-shells which may run from few to more than 
30 mm, the slender shell with the elongated aperture has 
been interpreted as well suited for high mobility (Linsley 
1978; Wahlman 1992; Ebbestad and Yochelson 2000) but 
small members of the genus could have fed on algal fronds 
(Ebbestad and Yochelson 2000).

Ebbestad and Yochelson (2000) addressed that Tropido
discus has a wide palaeobiogeographical distribu tion and 
occurs in Early Ordovician to Devonian in Laurentia, Bal-
tica, Siberia, Kazakhstan and Gondwana including more 
than 50 species, but Ebbestad et al. (2008) suggested that the 
genus is most widely distributed along the western Tethyan 
sea (Avalonia).

Here we supply the first occurrence of Tropidodiscus in 
the Upper Ordovician of Argentina and South America.
Stratigraphic and geographic range.—Lower Ordovician 
(Canadian) to Upper Devonian; North and South America, 
Europe, North Africa and Asia.

Tropidodiscus sp.
Fig. 3A, B.
2020 Tropidodiscus sp. Bertero 2020: 47, pl. 1: 9, 10.

Material.—CEGH-UNC 24677–24693; seventeen incom-
plete specimens preserved as inner and external moulds; 
from the Sandbian, Upper Ordovician, La Pola Formation, 
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Fig. 3. Sandbian–Hirnantian (Late Ordovician) gastropods from La Pola and Don Braulio formations at the Sierra Villicum and Quebrada Don Braulio 
localities, Argentine Precordillera. A, B. Tropidodiscid bellerophontoid Tropidodiscus sp. A. CEGH-UNC 24679-5 in transversal view. B. CEGH-UNC 
24678 in lateral view. C. Trochonematoid Trochonemella? sp., CEGH-UNC 24752, in lateral and apertural (C1), apical and lateral (C2), and lateral (C3, C4) 
views. D−G. Raphistomatid Scalites peracutum (Ulrich & Scofield 1897). D. CEGH-UNC 24772, in lateral view. E. CEGH-UNC 24783, in apical view. 
F. CEGH-UNC 24773, in apical view. G. CEGH-UNC 24786-9, in basal and umbilical views. H, I. Holopeid vetigastropod Holopea sp. H. CEGH-UNC 
25451, associated specimens in lateral view. I. CEGH-UNC 25448, in lateral view. J−N. Eotomariid Clathrospira gondwanica sp. nov. J. CEGH-UNC 
24737, paratype, in lateral view. K. CEGH-UNC 24738-11, holotype, in lateral view (K1, K2). L. CEGH-UNC 24740, in apical (L1) and lateral (L2) views. 
M. CEGH-UNC 24738-11, holotype, in lateral (M1) and basal (M2) views. N. CEGH-UNC 24739, in apical (N1) and basal and apertural  (N2) views. 
O–Q. Platyceratid Cyclonema cf. bilix (Conrad, 1842). O. CEGH-UNC 24765, in apical view (O1), ornament detail (O2). P. CEGH-UNC 24766-1, in 
lateral views (P1, P2). Q. CEGH-UNC 24767-2, in lateral view.
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Sierra de Villicum and Quebrada de Don Braulio, San Juan 
Province, Argentina.
Description.—Lenticular, planispiral and strongly com-
pressed shell, with a wide and open umbilicus. The typical 
acute keel is not clearly visible. The teleoconch consists 
of about 3 whorls. The profile is triangular in transversal 
section (Fig. 3A). The length of the shell 20−70 mm and the 
umbilical angle 80−90º. The median selenizone is slightly 
acute, and growth lines are not clearly visible in the avail-
able specimens.
Remarks.—The specimens analyzed show the typical char-
acter of Tropidodiscus. Tropidodiscus subacutus (Ulrich & 
Scofield, 1897) (in Wahlman 1992: 118, pl. 41: 9–13), from 
the Katian, Upper Ordovician of North America, differs 
from the Argentinean form in being slightly smaller, has 
the dorsum acutely carinate with a narrow truncation at the 
crest of the selenizone, a wider umbilicus, a very narrow and 
V-shaped sinus, and fine growth lines. Another similar spe-
cies to Tropidodiscus sp. is Tropidodiscus cristatus (Safford, 
1869) (in Wahlman 1992: 119, pl. 41: 6–8), from the Katian, 
Upper Ordovician of North America; although the former 
has a strongly acute whorl floor keel. Tropidodiscus magnus 
(Miller, 1878) (in Wahlman 1992: 119, pl. 42: 1, 2), from the 
Katian, Upper Ordovician of North America, has a slightly 
more compressed shell, a narrower umbilicus and less ex-
panded last teleoconch whorl. Tropidodicus (Peruniscus) 
sp. (in Rohr 1980: 150, pl. 1: 15–16), from the Middle/Upper 
Ordovician of North America, has a slightly more acute and 
subangular keel. Tropidodiscus sp. (in Ebbestad et al. 2008: 
610, fig. 3.18–20), from the Upper Ordovician of Iran, is 
much smaller than the Argentinean species. Tropidodiscus 
laticonchus Ebbestad & Yochelson, 2000 (194, fig. 8A–G), 
from the Upper Ordovician of Norway, has a more inflated 
and lenticular shell, with more whorls of uniform expansion 
rate, a distinct raised median selenizone, a wider umbi-
licus and ornament with clearly visible prosocyrt growth 
lines. Topidodiscus maximus Ebbestad & Yochelson, 2000 
(196, fig. 9A–H), also from the Katian, Upper Ordovician of 
Norway, is much larger that the Argentinean species with a 
length of 380 mm, the teleoconch consists of 5 to 6 whorls, 
and it has a distinct raised and narrow selenizone and weak 
prosocyrt growth lines. Tropidodiscus pusillus (Barrande in 
Perner, 1903) (in Horný 1997: 52, pl. 9: 10, 11, pl. 10: 1–5), 
from the Darriwilian, Middle Ordovician , of Morocco, has 
a more laterally compressed shell, a more acute and conspic-
uous median selenizone, and the collabral lines are clearly 
visible in the shell surface.

Order uncertain (Palaeozoic Basal Taxa that are 
Certainly Gastropoda sensu Bouchet et al. 2017)
Superfamily Trochonematoidea Zittel, 1895
Family Trochonematidae Zittel, 1895
Genus Trochonemella Okulitch, 1935
Type species: Trochonemella notablis (Ulrich & Scofield, 1897), by 

original designation; from the Black River Group of lower Silurian, 
Kentucky, North America.

Remarks.—Members of Trochonemella are characterized 
by the presence of a narrowly phaneromphalous shell; sinus 
relatively shallow culminating in a wide notch that gives 
rise to a selenizone (Knight et al. 1960).
Stratigraphic and geographic range.—Ordo vician of North 
America and South America.

Trochonemella? sp.
Fig. 3C.
2020 Trochonemella sp.; Bertero 2020: 81, pl. 7: 5, 7, 10.

Material.—CEGH-UNC 24752; one recrystallized teleo-
conch; from the Sandbian, Upper Ordovician, La Pola For-
mation, Sierra de Villicum and Quebrada de Don Braulio, 
San Juan Province, Argentina.
Description.—Trochiform, gradate, step-like, low-spired 
and medium-sized shell, with a height of 70 mm and a width 
of 90 mm; pleural angle of 110º. Sutures impressed. The 
teleoconch consists of about five whorls, last whorl more ex-
panded than the spire; juvenile whorls are convex (Fig. 3C). 
On mature whorls the ramp is slightly concave and becomes 
convex to the lower portion of whorls (Fig. 3C2). A deep 
spiral furrow is located above mid-whorl and delimiting the 
sutural ramp and the lower portion of the whorl. The spiral 
furrow is bordered by two conspicuous spiral ribs. Collabral 
elements are not visible. The base is flat to slightly angular. 
Umbilical characters are not preserved. The aperture is sub-
angular.
Remarks.—The present material does not show some of the 
diagnostic features of Trochonemella, such as the shallow si-
nus and the wide notch that give rise to the selenizone; thus, it 
is tentatively assigned to the genus. Trochonemella reusingi 
Rohr, 1988 (in Blodgett and Rohr 2012: 3), from the Upper 
Ordovician of North America was interpreted as one of the 
most common and conspicuous fossils from this region. It 
differs from Trochonemella? sp. in being larger and hav-
ing strongly spinose peripheral spiral cords. Trochonemella 
churkini Rohr & Blodgett, 1985 (670, figs. 2.7–2.10), from 
the Katian, Upper Ordovician of west-central Alaska, differs 
from the Argentinean species in having a more turbinate and 
gradate outline shell, a selenizone at mid-whorl with clearly 
visible lunulae, an upper-outer angulation of whorls with 
scoop-like protrusions and collabral threads above  sutures. 
Another species comparable to Trochonemella? sp. is 
Trochonemella? mikulici Rohr, 1980 (176, pl. 8: 21–24), from 
the Katian, Late Ordovician of North America, although T.? 
milkulici has strong orthocline growth lines, a strong raised 
selenizone above mid-whorl, lunulae at selenizone clearly 
visible in mature whorls, and orthocline growth lines on 
the shell surface. Trochonemella antelopensis Rohr, 1996 
(59, figs. 3.14–3.17), from the Middle and Upper Ordovician 
of North America, differs from the Argentinean species 
in having a raised selenizone located above mid-whorl, a 
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slightly concave whorl surface below selenizone, labral edge 
with strongly prosocline to opisthocyrt growth lines, lower–
upper angulation with short frill, and a circumumbilical 
spiral cord. Trochonemella sp. (Ebbestad and Stott 2008: 
235), from the Upper Ordovician of Canada, is smaller than 
the Argentinean species with a maximum height of 27 mm.

Superfamily uncertain (unassigned to superfamily in 
Bouchet et al. 2017)
Family Raphistomatidae Koken, 1896  
[= Ceratopeidae Yochelson & Bridge, 1957]
Genus Scalites Emmons, 1842
Type species: Scalites angulatus Emmons 1842, by monotypy; from the 
Chazy Group of the Middle Ordovician, North America.

Remarks.—Based on phylogenetic analyses, Wagner (2002) 
suggested including within Scalites all species previously 
classified as Raphistoma Hall, 1847. According to that au-
thor, the type species S. angulatus shares several synapo-
morphies with Raphistoma, and thus, he pointed out that it 
would be more consistent with the phylogeny to use Scalites 
for the species of Raphistoma. Members assigned to Scalites 
are diagnosed by flattened ramps that (owing to the overall 
orientation of the aperture) are nearly perpendicular to the 
coiling axis, strong adapically hooked peripheral bands, and 
strong channeled basal carina (Wagner 2002).
Stratigraphic and geographic range.—Lower Ordo vician–
Silurian of North America, Europe and South America.

Scalites peracutum (Ulrich & Scofield, 1897)
Fig. 3D–G.
1897 Raphistoma peracuta Ulrich & Scofield, 1897.
1928 Raphistoma peracuta Ulrich & Scofield, 1897; Twenhofel 1928: 

236.
1987 Rhaphistoma peracuta Ulrich & Scofield, 1897; Sloan and We-

bers 1987: 185.
2002 Scalites peracutum (Ulrich & Scofield, 1897); Wagner 2002: 74.
2020 Scalites peracutum (Ulrich & Scofield, 1897); Bertero 2020: 59, 

pl. 4: 3–7.

Material.—CEGH-UNC 24783–24794, CEGH-UNC 24771–
24773; twelve recrystallized teleoconchs and three moulds 
from Sierra Villicum and Quebrada Don Braulio localities, 
Argentina, Sandbian, Upper Ordovician.
Description.—Lenticular, phaneromphalous, medium to 
small sized and low-spired shell with the upper surface nearly 
flat to convex. The height is 70 mm and the width is 20–
35 mm. The teleoconch has a subtriangular shape in trans-
versal view and consists of four whorls (Fig. 3D). Sutures are 
deeply incised in a spiral furrow. The peripheral selenizone is 
slightly wide and flat and bears prosocline lunulae. The orna-
ment on the upper whorl consists of fine and strongly proso-
cline growth lines (Fig. 3E, fragmentary ornament pattern on 
the periphery of last whorl). The base is flat and angular or-
namented by prosocline growth lines. The umbilicus is wide, 
deep and funnel shaped, ornamented by acute axial ribs with 
a prosocline and orthocline orientation at regular intervals 

followed by a slightly flared increment (Fig. 3G). The axial 
ribs are intercepted by two acute spiral ribs. A sharp basal ca-
rina with rounded nodes borders the umbilical area (Fig. 3G).
Remarks.—Representatives of Scalites shares several char-
acters of Raphistoma Ulrich & Scofield, 1897. Raphistoma 
is diagnosed by having a flat to convex shell with a trian-
gular shape in transversal view, a flat spire, and a sharp 
periphery bearing the selenizone. Rohr et al. (1992) also 
pointed out that Scalites and Raphistoma are very similar 
raphistomatids, with Scalites known from three species and 
Raphistoma with over twenty species assigned.

The species herein described differs from the type spe-
cies Scalites angulatus Emmons, 1842 (Rohr et al. 2004), 
from the Middle Ordovician of North America, in having 
a more flattened spire, a subtriangular shell in transversal 
view, in lacking a thickening of the columella and strong 
growth lines on base, and in having a widely open umbili-
cus; S. angulatus is anomphalous. The specimens here de-
scribed as Scalites peracutum strongly resembles the spec-
imens of S. peracutum (Ulrich & Scofield, 1897) from the 
Ordovician of North America, in general shell morphology, 
although the North American form is much larger. Scalites? 
alaskensis (Rohr et al. 1992: 505: 3.1–7, 5), from the Middle 
Ordovician of Alaska, North America, has a narrowly open 
umbilicus, a more gradate shell, and ornament with fine spi-
ral threads. Scalites amanoi Kobayashi, 1958, S. keizanensis 
(Kobayashi, 1934), S. katoi Kobayashi, 1934, and S. irregu-
lar Kobayashi, 1934, from the Lower/Middle Ordovician of 
South Korea, are based on poorly preserved specimens.
Stratigraphic and geographic range.—Sandbian, Upper 
Ordovician, La Pola Formation, Sierra de Villicum and 
Quebrada de Don Braulio, San Juan Province, Argentina.

Subclass Vetigastropoda Salvini-Pläwen, 1980
Superfamily uncertain (Palaeozoic taxa of uncertain 
position sensu Bouchet et al. 2017)
Family Holopeidae Cossmann, 1908
Genus Holopea Hall, 1847
Type species: Holopea symmetrica Hall, 1847, by subsequent desig-
nation of Bassler (1915); from the Chatfieldian, Upper Ordovician of 
North America.

Remarks.—Wagner (2002) recognized Holopea as a deri-
ved genus with reduced shell structures and suggested that 
it was restricted to the Ordovician. Tremadocian–Floian, 
Lower Ordovician species have been described from Canada 
(Billings 1865) and North Korea (Kobayashi 1931) but the 
majority of species range through the Sandbian and Katian, 
Upper Ordovician; the youngest species occur in the Hir-
nantian, uppermost Ordovician of Estonia (Koken and Per-
ner 1925) and Canada (Twenhofel 1928) (see Ebbestad et al. 
2013).
Stratigraphic and geographic range.—Upper Ordovician; 
North America, Europe, North Korea, Baltic region, and 
South America.
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Holopea sp.
Fig. 3H, I.
2020 Holopea sp.; Bertero 2020: p. 54, pl. 3: 14, pl. 6: 3.

Material.—CEGH-UNC 25445–25452, eight recrystallized 
teleoconch; from the Hirnantian, Upper Ordovician, Don 
Braulio Formation (level 2B), Quebrada de la Vinchuca, 
Sierra de Villicum, San Juan Province, Argentina.
Description.—Globose, turbiniform, small sized-shell with 
a height of 30−57 mm and a width of 27−58 mm. Pleural an-
gle of 70°−80°. The teleoconch consists of 2 or 3 1/2 rapidly 
expanding and strongly convex whorls. Sutures incised. The 
ornament consists of fine orthocline growth lines. Basal, 
umbilical and apertural characters not visible in the avail-
able material.
Remarks.—Holopea is a quite problematic genus considering 
that it lacks well defined and precise diagnostic characters for 
its taxonomic assignment (Yochelson 1963; Wagner 2002). 
Rohr (1980) ascribed the pleural angle as a character to dis-
tinguish different species within the genus. Following Rohr’s 
(1980) criteria, Holopea sp. is similar to Holopea glindmeyeri 
Rohr, 1980 (181, pl. 9: 4–8), from the Middle Ordovician of 
North America, which shows a pleural angle of 75–90°; how-
ever, the North America species is much smaller, and each 
whorls embrace previous whorl at about midline. Holopea 
elizabethi Rohr, 1980 (180: pl. 9: 28–37), from the Middle/
Upper Ordovician of North America, also shows a similar 
pleural angle of 72°, but differs from the Argentinean species 
in having a higher spire and closely spaced and distinct pro-
socline growth lines. Holopea brucei Rohr, 1980 (181, pl. 9: 
25–27), from the Middle Ordovician of North America, has 
a wider pleural angle of 105°, a narrow and deep umbilicus, 
closely spaced prosocline growth lines. Holopea mobergi 
Troedsson, 1918 (in Ebbestad et al. 2013: 318, fig. 10), from 
the Katian–Hirnantian, Upper Ordovician of Sweden, differs 
from the Argentinean species in having a much smaller shell 
and a slightly more pointed spire. Radvanospira antiquata 
(Perner, 1903) (in Horný 1997, as Holopea? antiquata: 60, pl. 
15, 16; Ebbestad et al. 2019: 456, figs. 13a–g, 14a–h) from the 
Sandbian–Hirnantian, Upper Ordovician of Spain, Morocco, 
Bohemia and Iberia, has a more globose or naticiform shell, 
with more distinctly and dense growth lines and an auriform 
aperture. Holopea sp. (in Frýda et al. 2001: 125, fig. 3A, B), 
from the Katian–Hirnantian, Upper Ordovician of Spain, has 
fine spiral and collabral elements on the shell surface forming 
a reticulate ornament pattern, and strongly prosocline growth 
lines on last whorl. Considering that Holopea? antiquata 
was removed to the genus Radvanospira (see Ebbestad et al. 
2019), the species here described is the first certain report of 
Holopea in the Hirnantian, Late Ordovician environments of 
Gondwana.

Order Pleurotomariida Cox & Knight, 1960
Superfamily Eotomarioidea Wenz, 1938
Family Eotomariidae Wenz, 1938

Subfamily Eotomariini Wenz, 1938
Genus Clathrospira Ulrich & Scofield, 1897
Type species: Pleurotomaria subconica Hall, 1847, by original desig-
nation; from the Middle Ordovician of North America.

Remarks.—Members of Clathrospira have a turbiniform 
and narrowly phaneromphalous shell, with a conical spire 
and shallow sutures, growth lines that are strongly proso-
cline above selenizone and strongly opisthocline below it, 
but rounding to gently prosocline on base, outlining a mod-
erately deep labral sinus that culminates in a short slit; sele-
nizone bordered by fine threads; growth lines and lunulae 
periodically strengthened, very fine and numerous spiral 
threads (Knight et al. 1960).

According to Horný (1997), the genus is imperfectly 
known and defined, lacks modern revision and its interpreta-
tion is rather wide (Ulrich and Scofield 1897; Longstaff 1924; 
Koken and Perner 1925; Vostokova 1955; Wagner 2002). 
Horný (1997) pointed out that the single modern detailed pa-
per concerning one European species, Clathrospira elliptica 
(Hisinger, 1831) from the Oslo region, is that of Yochelson 
(1963). However, C. elliptica has later been revised by Wager 
(2002) and Frisk and Ebbestad (2007).

The very fine revolving lira, a character which is present 
in the type species, has not been largely accepted as diagnos-
tic of Clathrospira (see Horný, 1997: 57). The genus is also 
diagnosed by having a very strong bilineate peripheral band 
that is located very low on the whorl owing to a very short 
left ramp relative to the right ramp (Wagner 2002).

Karapunar et al. (2022) argued that Pleurotomariida have 
the most extended fossil record among the living gastropods 
with one of their oldest occurrences in the Ordovician with 
the genus Clathrospira (Horný 1997; Wagner 2002; this pa-
per). According to Karapunar et al. (2022), Pleurotomariida 
was the most diversified gastropod group in the middle and 
late Palaeozoic and dominant in shallow water communities 
at that time.

The report of the genus Clathrospira, and the new spe-
cies Clathrospira gondwanica sp. nov. (see below), in the 
Upper Ordovician of the Argentine Precordillera, provides 
new and updated taxonomic information enabling to in-
terpret the origin of the order Pleurotomariida in South 
America at about 458.4–445.2 Mya.
Stratigraphic and geographic range.—Middle Ordovician–
Silurian; North America, South America and Europe.

Clathrospira gondwanica sp. nov.
Fig. 3J–N.
2020 Clathrospira subconica (Hall, 1847); Bertero 2020: 72, pl. 6: 7, 

11, 12, 14; pl. 7: 1–5.
ZooBank LSID: urn:lsid:zoobank.org:act: 04F60BE6-63A4-43D4-B65 
A-02932BFFBC7A.
Etymology: Referred to the first occurrence of Clathrospira in Gond-
wana (South America).
Type material: Holotype CEGH-UNC 24738 (11), complete and well 
preserved teleoconch without protoconch and juvenile whorls. Para-
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type CEGH-UNC 24737, complete and well preserved teleoconch with 
juvenile whorls; from the type loca lity and horizon.
Type locality: Sierra de Villicum locality, San Juan Province, Argentina.
Type horizon: La Pola and Don Braulio formations, Sandbian–Hirnan-
tian, Upper Ordovician, lower Palaeozoic.

Material.— Type material and 25 recrystallized teleoconchs 
(CEGH-UNC 24739–24751, 24753–24764) from type loca-
lity and horizon.
Diagnosis.—Shell conical, trochiform, anomphalous and 
coeloconical to cyrtoconical. The pleural angle is variable 
and ranges 60–100°. The peripheral selenizone is situated 
above mid-whorl. The selenizone is cord-like shaped on 
juvenile whorls and concave on mature whorls, and lunulae 
are opisthocyrt. The prosocline growth lines on the flank of 
whorls are visible above selenizone. The growth lines are 
prosocyrt to orthocline on base. The aperture is subquad-
rangular.
Description.—Trochiform, conical, anomphalous, medium- 
sized shell with a height of 40−95 mm and a width of 
40−85 mm. The pleural angle is variable and ranges 60−100°. 
The teleoconch consists of six whorls; spire whorls are coe-
loconoidal and last whorl becomes slightly cyrtoconoidal 
(Fig. 3K2). The selenizone is peripheral and located slightly 
above mid-whorl; opisthocyrt lunulae are clearly visible 
(Fig. 3J). The selenizone has a cord-like shape on spire 
whorls and turns into slightly deep, concave and U-shaped 
on last whorl (Fig. 3J) and it is bordered by two acute spiral 
lirae. The ornament consists of strongly prosocline and fine 
growth lines on the flank of whorls above the selenizone; the 
growth lines are intercepted by weak and irregularly spaced 
spiral cords. On last whorl, below the selenizone and towards 
the base the growth lines become sligthly prosocyrt to ortho-
cline. The base is convex and the aperture subquadrangular.
Remarks.—The species here described is very similar in 
shell shape and ornamentation to the type species Clathro
spira subconica (Hall, 1847), but the Argentinean form 
shows neither the narrow umbilicus nor the fine spiral 
threads. Clathrospira glindmeyeri Rohr, 1996 (59, pl. 2: 
11–17, 23; assigned by Ebbestad and Peel 2001 to the genus 
Semizona), from the Whiterochian, Middle Ordovician of 
North America, differs from Clathrospira gondwanica sp. 
nov in having a more convex spire whorls with an cyrto-
conoid shape, in having a narrow umbilicus, more acute pro-
socline growth lines, and a peripheral cord-shaped seleni-
zone bordering the upper edge of last whorl. Deaechospira 
amouguerana (Horný, 1997) (57, pl. 12: 7–13; pl. 13: 1–3, 
originally assigned to Clathrospira amouguerana; Ebbestad 
et al. 2019: 261, figs. 17a–h, 18a–k, 19a–e), from the 
Sandbian–Katian, Upper Ordovician of Morocco, is very 
similar to Clathrospira gondwanica sp. nov., but differs in 
having a more arched whorls below the selenizone.
Stratigraphic and geographic range.—Sandbian–Hirnan-
tian, Upper Ordovician, La Pola and Don Braulio forma-
tions, Sierra de Villicum and Quebrada de Don Braulio, San 
Juan Province, Argentina.

Subclass Neritimorpha Golikov & Starobogatov, 
1975
Superfamily Platyceratoidea Hall, 1859
Family Platyceratidae Hall, 1859
Genus Cyclonema Hall, 1852
Type species: Pleurotomaria bilix Conrad, 1842, by original designa-
tion; from the lower Silurian of North America.

Remarks.—Knight et al. (1960) characterized members of 
Cyclonema as turbiniform to trochiform shells, with sharp 
spiral ribs and fine collabral threads. The diagnosis pro-
posed by Thompson (1970) also characterized Cyclomena 
species as anomphalous shells, with an polygonal to auri-
form aperture, columellar lip lunate and excavates, orna-
ment consisting on three orders of spiral lines cancellated 
by collabral lirae commonly thicken into growth wrinkles.
Stratigraphic and geographic range.—Middle Ordovician–
Silurian; North America, South America, Europe.

Cyclonema cf. bilix (Conrad, 1842)
Fig. 3O–Q.
2020 Cyclonema bilix (Conrad, 1842); Bertero 2020: 69, pl. 8: 8–11.

Material.—CEGH-UNC 24765–24770, six recrystallized te-
leoconchs; from the Sandbian, Upper Ordovician, La Pola 
Formation, Quebrada La Pola (Level LP1), Sierra de Villicum 
and Quebrada de Don Braulio, San Juan Province, Argentina.
Description.—Turbiniform to trochiform, medium-sized 
shell with a height of 15 mm and a width of 10–18 mm; pleu-
ral angle of 55−85º. Teleoconch consists of four whorls in the 
best preserved specimen (Fig. 3O1). The ramp of whorls is 
flattened to slightly concave and excavated; the periphery of 
whorls is strongly convex. Sutures are impressed in a spiral 
channel. The ornament consists of three orders of regularly 
spaced spiral lirae. The spiral lirae are intercepted by fine 
and acute prosocline growth lines forming a reticulate pat-
tern with small and rounded nodes at the intersection points 
(Fig. 3O2). The base is flattened to slightly convex and the 
aperture is not completely visible; the inner lip probably 
concave.
Remarks.—The species herein described from the Upper 
Ordovician of Argentina strongly resembles Cyclonema 
bilix (Conrad, 1842) from the Katian, Upper Ordovician 
of North America. According to Thompson (1970) C. bilix 
has a trochiform to conical shell with straight to concave 
whorl profile and rounded periphery, and is characterized 
by the presence of three orders of spiral ribs which form a 
reticulate pattern with strongly prosocline collabral lirae; 
these features are clearly visible in the material from the 
Argentine Precordillera. Cyclonema cf. bilix, however, has 
less conical and more convex whorl profile, the typical po-
lygonal to rounded aperture, the straight to concave inner 
lip and the outer lip reflected obliquely on adults is not 
completely visible in our material and, thus, it is tentatively 
assigned to the species. Cyclonema humerosum Ulrich & 
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Scofield, 1897 (in Thompson 1970: 244, pl. 32: 10–13), from 
the Katian, Upper Ordovician of North America, differs 
from C. cf. bilix in having a more deeply channeled suture, 
a broader and horizontal ramp, a more angular periphery 
and stronger and more acute spiral lirae. Cyclonema in
flatum Ulrich & Scofield, 1897 (in Thompson 1970: 245, 
pl. 32: 14–18), also from the Katian, Upper Ordovician of 
North America, has a more slender and higher spire than 
the Argentinean form, a more globose last whorl, and the 
ornament consists in two orders of acute spiral cords more 
separated on the upper part of the whorl. Cyclonema (C.) 
hiiumaa Teichert, 1928 (in Isakar 1995: 185, figs. 1–6), from 
the Silurian of Estonia, has a broadly D-shaped aperture 
with the inner lip thickened and reflected.

Palaeobiogeographical inferences
During the Furongian and Middle Ordovician, the Pre-
cordillera or Cuyania terrane would have drifted away from 

Laurentia and located within the southern Iapetus Ocean until 
its final docking with western Gondwana during the Middle–
Late Ordovician (Astini et al. 1995; Benedetto 2004; Keller 
2012; Ramos 2004). According to this scenario, the Argentine 
Precordillera was situated as an isolated terrane in the middle 
of the Iapetus Ocean during the Sandbian (Fig. 4), still with a 
biogeographic North American signature in their faunas, but 
receiving some faunal influence from Gondwana and Baltica 
(see Benedetto 2003; Benedetto et al. 1999, 2009).

The palaeogeographic history of the Precordillera ter-
rane shows that it shifted from equatorial to higher latitudes 
(Astini 1999; Keller et al. 1998). Warm-water carbonates 
were deposited during the Cambrian and Early Ordovician, 
whereas Middle Ordovician units set at mid-latitude (30–45°) 
locations, including the Katian Sassito limestones (Ernst and 
Carrera 2008). The Hirnantian glacigenic rocks of the Don 
Braulio Formation represent the last step in the shifting tra-
jectory of the Precordillera terrane (Astini 1999; Benedetto et 
al. 2009, 2011). Biogeographic analyses of trilobites, ostrac-
odes, brachiopods, sponges, and bivalves that occur in the 

Fig. 4. Palaeobiogeographical map showing the distribution patterns of the gastropod genera here reported during the Late Ordovician worldwide (mod-
ified from Bertero et al. 2023). Note that the genus Clathrospira could be the first precursor of the order Pleurotomariida in South America during the 
Sandbian–Hirnantian intervals.
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Argentine Precordillera were carried out to assess the changes 
in palaeogeographic position of this region (Benedetto et 
al. 1999, 2009; Sánchez et al. 2002 and references therein). 
These studies showed that faunal affinities of the Argentine 
Precordillera were essentially Laurentian during Cambrian 
and Early Ordovician times. Later, the degree of endemicity 
increased during the isolation of the Argentine Precordillera 
and finally, affinities with Gondwana arose after the 
Darriwilian. From the Late Ordovician to the early Silurian 
the faunal similarities exhibited a clear Gondwana pattern. 
These palaeobiogeographical interpretations were based on 
many invertebrate taxa from the Argentine Precordillera ex-
cept gastropods. Here, we attempt to assess the gastropod 
palaeogeographic affinities during the Sandbian–Hirnantian, 
Late Ordovician worldwide.

The gastropod assemblage from the Argentine Pre-
cordillera showed a cosmopolitan distribution during the 
Late Ordovician. These genera were typical components 
of Laurentia (North America), Avalonia (Europe), Baltica 
(Norway, Sweden and Estonia), Siberia (Russia), North 
China, Kazakhstan, Iran and Gondwana (Morocco and 
South America) (Fig. 4). The first occurrences of these gen-
era in South America extend their palaeobiogeographical 
distribution into the southernmost Gondwana continent at a 
Sandbian–Hirnantian age.

The genera Sphenosphaera, Trochonemella, Scalites, and 
Cyclonema are known from the Ordovician (Sphenosphaera 
and Trochonemella) reaching up to the Silurian (Scalites 
and Cyclonema), and show a restricted palaeobiogeographi-

cal distribution during the Katian, Late Ordovician, when 
they occurred in Laurentia only (see Table 1) (Rollins 
1967; Thompson 1970; Rohr 1980, 1996; Rohr and Blodgett 
1985; Rohr et al. 1992, 2004; Wahlman 1992; Isakar 1995; 
Blodgett and Rohr 2012). Here we supply the first report 
of these genera in the Late Ordovician (Sandbian) of the 
Argentine Precordillera, which was an isolated terrain near 
southern Gondwana by that time (Fig. 4, Table 1).

The genera Sinuites, Bucania, Tetranota, Tropidodiscus, 
Clathrospira, and Holopea are reported from the Ordovician 
to the Silurian/Devonian (Clathrospira and Holopea reached 
the Silurian–Devonian) and, in contrast with the genera men-
tioned above, they show a wide palaeobiogeographical dis-
tribution during the Late Ordovician occurring in Laurentia, 
Avalonia, Baltica, Siberia, North China, Kazakhstan, Iran 
and Morocco, except Clathrospira that was considered to 
be restricted to Laurentia thus far (see Fig. 4 and Table 1) 
(Twenhofel 1928; Kobayashi 1931, 1934; Vostokova 1955; 
Knight et al. 1960; Thompson 1970; Pickerill and Brenchley 
1979; Rohr 1980, 1996; Wahlman 1992; Horný 1996, 1997; 
Ebbestad, 1998, 2016; Ebbestad and Yochelson 2000; Isakar 
and Ebbestad 2000; Frýda et al. 2001; Frisk and Ebbestad 
2007; Ebbestad et al. 2013; Isakar 1991, 1995; Wagner, 
2002). Here we supply the first report of these genera in 
the Sandbian–Hirnantian of the Argentine Precordillera 
and the first report of Clathrospira in the Gondwana con-
tinent (Fig. 4; Table 1). Particularly, Bucania has been men-
tioned in the lower Tremadocian, Lower Ordovician of NW 
Argentina with the species Bucania sp. (in Aceñolaza 1968) 

Table 1. Table showing the palaeogeographical and stratigraphical distribution of the gastropod genera here described during the Late Ordovician. 
Note that the genera from the Argentine Precordillera sharing taxonomic affinities exclusively with Laurentia are highlighted.

Late Ordovician
Late Ordovician Palaeobiogeographical Provinces

Laurentia Avalonia Baltica Siberia Northern Gondwana 
(Morocco)

Southern Gondwana  
(Argentine Precordillera)

Hirnantian  Holopea Bucania
Sinuites
Holopea

 Sinuites Holopea
Clathrospira

Katian Sinuites
Sphenosphaera
Bucania
Tetranota
Holopea
Trochonemella
Clathrospira
Cyclonema
Tropidodiscus
Scalites

Holopea
Sinuites
Tropidodiscus
Tetranota
Clathrospira

Bucania
Sinuites
Tropidodiscus
Holopea
Tetranota

 Sinuites

 

Sandbian Bucania
Tetranota

Bucania Bucania
Sinuites

Tetranota Sinuites
Sphenosphaera
Bucania
Tetranota
Cyclonema
Clathrospira
Tropidodiscus
Trochonemella
Scalites
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but neither description nor illustrations of the species have 
been provided. The present research provides the first cer-
tain occurrence of Bucania in the Sandbian of the Argentine 
Precordillera. Sinuites and Holopea exhibited a Gondwana 
distribution being reported in Morocco (Sinuites) and in the 
Argentine Precordillera (Holopea) during the Hirnantian 
(see Table 1); on the other hand, Tetranota was one of 
the most widespread gastropod genera during the Late 
Ordovician. Ebbestad and Yochelson (2000) and Ebbestad 
et al. (2008) pointed out that Tropidodiscus was most widely 
distributed along the western Tethyan sea (Mediterranean 
Province) by that time. Wagner (2002) restricted the genus 
Clathrospira to Laurentia, and this occurrence was also 
supported by Ebbestad et al. (2013, 2019). The new report of 
Clathrospira in the Sandbian–Hirnanatian of the Argentine 
Precordillera is the first certain occurrence of the genus in 
Gondwana (Table 1).

During the Sandbian all the invertebrate groups in the 
Argentine Precordillera, including trilobites, ostracodes, 
brachiopods, bryozoans, bivalves, and gastropods show 
some degree of a cosmopolitan distribution, important 
endemism, and some genera with Baltic, Avalonian and 
even Laurentian affinities. In the Hirnantian, particularly 
brachiopods and trilobites were typical representatives 
of Hirnantia Fauna (Benedetto et al. 2011 and references 
therein) developed after the glacial deposits.

It is clear that the new gastropod association from the 
Argentine Precordillera shows a remarkable diversity al-
most reaching those of other fossils groups in the same 
interval. There are many genera represented in the Sandbian 
(the “Sandbian Group” see Fig. 4; Table 1), and these are: 
Sinuites, Tetranota, Sphenosphaera, Bucania, Cyclonema, 
Clathrospira, Tropidodiscus, Trochonemella, and Scalites. 
This group displays strong taxonomic similarities with 
the Laurentian, and also with Avalonian and Baltic fau-
nas (mainly recorded in the Sandbian and Katian inter-
vals in these regions). The palaeobiogeographical provinces 
showed in Table 1, including the Argentine Precordillera, 
share at least seven gastropod genera: Sinuites, Bucania, 
Tretranota, Tropidodiscus, Clathrospira, and Holopea (see 
Table 1). Four genera occur exclusively in Laurentia and 
Precordillera, and these are: Sphenosphera, Cyclonema, 
Trochonemella, and Scalites (Table 1, highlighted in grey).

The genera of the “Hirnantian Group” are scarce and 
distributed in Avalonia (Holopea), Baltica (Bucania, Sinuites 
and Holopea), Morocco (Sinuites) and in the Argentine 
Precordillera (Holopea and Clathrospira) (Table 1), and are 
not reported in Laurentia during the Hirnantian (Table 1). 
Holopea from the Hirnantian interval of the Argentine 
Precordillera occur in two main palaeogeographical regions 
including Avalonia and Baltica. This genus is found in the 
Katian of Laurentia, Avalonia and Baltica. In Morocco, 
Sinuites is recorded in the Katian and Hirnantian (Ashgill, 
according to Horný 1997), and Clathrospira and Holopea are 
absent in this palaeobiogeographical region. In contrast, in 
the Precordillera, Sinuites and Clathrospira first appeared in 

the Sandbian while Holopea occurred later in the Hirnantian. 
Other Sandbian forms of the Precordillera such as Bucania 
and Tetranota are typical of Avalonia, Baltica, and Siberia 
regions but also appear in Laurentia. This biogeographic 
pattern is consistent with the palaeogeographic trajectory 
noted for the Precordillera Terrain from the equator in the 
Cambrian and Early Ordovician moving to intermediate lat-
itudes in the Sandbian, Late Ordovician, when still main-
tained the record of some Laurentian forms and with a biotic 
interchange between Avalonia and Baltica, sharing some 
genera such as Bucania, Sinuites, and Tetranota. Ebbestad 
et al. (2013) recognized Tetranota as a biostratigraphically 
important genus and summarized its palaeobiogeographi-
cal occurrence to Laurentia, Avalonia, Russia, Kazakhstan, 
China, Blatoscandia, and Gondwana.

Sinuites is present in the Katian–Hirnantian of Northern 
Gondwana (Morocco), being absent in Precordillera at that 
time (Table 1). On the other hand, Clathrospira and Holopea 
occur in the Hirnantian of the Precordillera Argentina as-
sociated with the Hirnantia fauna of high latitudes, while 
these genera are absent in Morocco in this time interval 
(Table 1). None of the genera here described are reported 
in Morocco during the Sandbian. Ebbestad et al. (2019) 
transferred the widely recognized Holopea? antiquata to 
the genus Radvanospira; here we follow this assignation 
and, thus, we do not consider Holopea as present among 
Late Ordovician Moroccoan taxa. According to Ebbestad et 
al. (2019) the genus Sinuites also showed affinities with the 
Bohemian faunas during the Late Ordovician.

Clathrospira and the cosmopolitan genus Tetranota are 
represented in the Argentine Precordillera by two new spe-
cies such as Clathrospira gondwanica sp. nov. and Tetranota 
argentina sp. nov. Here we consider these taxa as endemic 
for the Sandbian–Hirnantian intervals in Argentina. Similar 
pattern was described from bryozoan faunas (Ernst and 
Carrera 2012, 2022; Halpern and Carrera 2014).

A quantitative biogeographical analysis is here ap-
plied to understand the interchange between the faunas of 
Precordillera Argentina with the other palaeobiogeographi-
cal regions mentioned in the text, and to testify the affi nities 
of the Precordillera gastropod faunal assemblage during the 
Late Ordovician. Previous palaeobiogeographical analyses 
including Ordovician Precordilleran gastropods were carried 
out by Ebbestad et al. (2013). The results obtained by these 
authors show that the Precordilleran gastropods cluster with 
Tarim and the peri-Gondwana region (Perunica, Morocco, 
Ibero-Armorica, Alps and east and west Gondwana) in the 
Sandbian–Katian interval. The analysis of Ebbestad et al. 
(2013) also showed that the Precordilleran gastropods ex-
hibited close affinities with their Laurentian counterparts 
until the Sandbian, and that the Precordillera shared with 
Avalonia the genus Tetranota and Tropidodiscus during the 
Sandbian–Katian. This pattern coincides with the data ob-
tained in the present research (see Table 1). The results 
of the analysis show that the Argentine Precordillera clus-
ters next to Laurentia in the Sandbian–Katian interval and 
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this is consistent with the observations suggested for the 
“Sandbian Group” (see above) and by Ebbestad et al. (2013) 
(Fig. 5A). On the other hand, Precordillera clusters next 
to Avalonia for the Katian–Hirnantian intervals; this pat-
tern may be explained in part by the presence of the ge-
nus Holopea in Avalonia during the Hirnantian (Fig. 5B; 
Table 1). Pecordillera is next to Morocco for the Sandian–
Hirnantian intervals. The clustering between Precordillera 
and Morocco is consistent with the interpretations sug-
gested above that from the Late Ordovician to the early 
Silurian the faunal similarities of Precordillera exhibited a 
clear Gondwana pattern (Fig. 5).

Finally, focusing our attention to Clathrospira, we inter-
pret this genus as the first true pleurotomariid reported in the 
Late Ordovician of South America and in the southernmost 
Gondwana continent. Karapunar et al. (2024) suggested that 
the order Pleurotomariida (Subclass Vetigastropoda) has the 
longest fossil record among extant gastropod clades and 
represents one of the most diverse Palaeozoic and early 
Mesozoic gastropod groups (Erwin 1990; Karapunar and 
Nützel 2021; Karapunar et al. 2022). According to Karapunar 
et al. (2024), Pleurotomariida is the single extant gastropod 
clade with the fossil record extending back to the Ordovician 
and Cambrian periods and which reached its peak of diver-
sity during the middle to late Palaeozoic (e.g., Knight et al. 
1960; Hickman 1984; Wagner 2002; Karapunar and Nützel 

2021; Karapunar et al. 2024). Based on a Bayesian phyloge-
netic analysis (Fossilized Birth-Death model), these authors 
set the origin time estimation for the clade Pleurotomariida 
between 460–509 Mya [slightly earlier than the appearance 
the first observed taxon Clathrospira trochiformis (Portlock 
1843) from the Sandbian of Ireland and Scotland] (see 
Karapunar et al. 2024: fig. 2); thus, the genus Clathrospira 
(Horný 1997; Wagner 2002) is considered as one of the 
oldest fossil gastropods belonging to Pleurotomariida re-
covered in the Late Ordovician. The first occurrence of this 
genus in the Late Ordovician (Sandbian–Hirnantian) of the 
Argentine Precordillera supplies additional information en-
abling to interpret the origin, first appearance and evolution 
of the entire Pleurotomariida clade in South America during 
the early Palaeozoic (Fig. 4). We suggest that Clathrospira 
gondwanica sp. nov. could have been the first precursor of 
the order Pleurotomariida in Argentina and South America 
as earlier as Palaeozoic times given rise to the pleurotom-
ariid lineage composed by several genera typical of the 
late Palaeozoic (Carboniferous–Permian) marine deposits in 
this region; some of them are Glabrocingulum, Peruvispira, 
Mourlonia, Ananias, and Borestus (see Pinilla and Taboada 
2023). Thus, the report of Clathrospira in the Sandbian–
Hirnantian of South America can help to shed light on the 
origin of the order Pleurotomariida in the southernmost 
Gondwana continent at that time.

Conclusions
The taxonomic knowledge of most gastropod taxa de-
scribed so far from the Upper Ordovician of the Argentine 
Precordillera is outdated in comparison to other coeval in-
vertebrate groups in this region. A more detailed research—
including the collection of new gastropod material and the 
revision of all described gastropod groups of Ordovician 
age—is currently in progress. However, the new gastropod 
association of the La Pola and Don Braulio formations pro-
vides new data on its taxonomic composition in the Upper 
Ordovician of Argentina and South America. It clearly 
shows that the biogeographic pattern of the gastropod genera 
is consistent with the palaeogeographic trajectory noted for 
the Precordillera Terrain from the equator in the Cambrian 
and Early Ordovician moving to intermediate latitudes in 
the Sandbian, when still maintained the record of some 
Laurentian forms and with a biotic interchange between 
Avalonia and Baltica at mid-latitude (30–45°) locations. 
Then, the Argentine Precordillera exhibited palaeobiogeo-
graphical affinities with Morocco (Northern Gondwana) 
and Avalonia during the Hirnantian, latest Ordovician.

Similar to the conclusions based on other invertebrate 
groups, gastropods from the Argentine Precordillera still 
had a Laurentian or low latitude palaeobiogeographical dis-
tribution in the Sandbian coincident with a relatively warm 
paleoclimate, with Clathrospira and Holopea being the sin-
gle genera occurring in intermediate/high southern latitudes 
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Fig. 5. Cluster analysis of Sandbian–Hirnantian gastropod genera descri-
bed herein. A. Sandbian–Katian intervals; note that Precordillera clusters 
with Laurentia (central and western North America) and with Morocco. 
B. Katian–Hirnantian intervals; note that Precordillera clusters with Avalonia 
and also with Morocco. Abbreviations: CNAm, Central North America; 
ENAm, Eastern North America; WNAm, Western North America.
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during the Hirnantian. Precordillera also tended to display a 
Gondwana pattern during the Hirnantian.

The genera Clathrospira and the cosmopolitan Tetra
nota are represented in the Argentine Precordillera by two 
new species such as Clathrospira gondwanica sp. nov. and 
Tetranota argentina sp. nov.; these taxa are here consid-
ered as endemic for the Sandbian–Hirnantian intervals. 
Clathrospira gondwanica sp. nov. is also interpreted as the 
first precursor of the order Pleurotomariida in Argentina 
and South America during the Late Ordovician given rise 
to the pleurotomariid lineage and helping to shed light on 
the origin of the order Pleurotomariida in the Gondwana 
continent at that time.
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