Lower Tremadocian (Ordovician) lingulate brachiopods
from the Central Andean Basin (NW Argentina)
and their biogeographical links
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A Lower Tremadocian (Tr1) lingulate assemblage from the Guayoc Chico Group (Pupusa Formation) is described and
illustrated for the first time. The fauna consists of poorly preserved obolids referred to Libecoviella? sp. and Torobolus
cf. subplanus Benedetto & Muifloz, 2015, the acrotretid Eurytreta harringtoni Mergl & Herrera, 2015 and the
siphonotretid Celdobolus skrikus sp. nov. This is the first record of the genus Celdobolus in South America, previously
recorded from slightly younger strata of Bohemia and Belgium. The Tremadocian lingulate fauna from the Central
Andean basin displays closest biogeographical similarity with the Bohemian and Avalonian assemblages and supports
a poleward (in Ordovician coordinates) dispersal trajectory along the clastic platforms bordering the Amazonian and
NW Africa cratons. On the basis of recent coupled ocean-atmosphere circulation models for the Lower Ordovician
it is inferred that larvae could have been transported by the boundary cold-water Antarctica Current. « Key words:
Lingulata, Acrotretida, Siphonotretida, Tremadocian, Northwestern Argentina, palacobiogeography.
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The Cambrian—Ordovician linguliform brachiopods from
the richly fossiliferous successions of Northwestern
Argentina have received increasing attention during recent
years, improving our knowledge on these ubiquitous
marine organisms. An Upper Cambrian assemblage of
lingulids, acrotretids and siphonotretids was described
by Mergl et al. (2015) from the Lampazar Formation
at the Angosto de Lampazar locality. Benedetto &
Muiioz (2015) reported several obolid species from the
Tremadocian Devendeus and Santa Rosita formations
exposed in the Quebrada Humacha and Parcha (Jujuy
Province). Later, Benedetto et al. (2018) recorded
a low diversity brachiopod association dominated by
the elkaniid Broggeria omaguaca Benedetto & Lavié,
2018 in Benedetto ef al. (2018), from upper Tremadocian
open-shelf mudstones of the Coquena and Santa Rosita
formations, in the Santa Victoria and Purmamarca regions.
The main goal of this paper is to describe and illustrate
anew fauna recovered from the lower Tremadocian Pupusa
Formation at Angosto del Moreno, in the Jujuy Province,
and to provide a discussion on its biogeographic affinities
considering all Tremadocian lingulides identified up to the
present from NW Argentina. Such palacobiogeographic
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analysis allows testing the hypothesis of a migratory route
linking the Central Andean Basin with north Gondwana
and Perunica via the clastic platforms fringing the North
African and Brazilian shields (Benedetto & Muifioz
2015).

Geological setting

In northwestern Argentina, the Cambrian and Ordovician
systems are superbly represented by continuous and
richly fossiliferous clastic shelf deposits reaching over
3,500 m in thickness. The succession has been referred
originally to the Santa Victoria Group (Turner 1960),
encompassing the Santa Rosita and the Acoite formations.
Stratigraphic nomenclature, however, differs through the
basin because of substantial lateral and vertical lithofacial
changes (Astini 2003). In the studied area, located on
the western slope of the Cordillera Oriental (Fig. 1), the
succession has been referred to the Guayoc Chico Group
(Ramos 1973), which is coeval with the lower part of the
Santa Rosita Formation (Vaucher et al. 2020). The Guayoc
Chico Group encompasses, from bottom to top, the
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Figure 1. General location of the studied area (upper left), distribution
of Cambro-Ordovician rocks (grey) in the central Cordillera Oriental
(upper right), and geologic sketch of the El Moreno area (modified from
Moya et al. 2003) showing location of measured stratigraphic section
and fossiliferous levels (asterisk).

Padrioc, Lampazar, Angosto del Moreno, and Pupusa
formations (Fig. 2), the last two names were proposed by
Vaucher et al. (2020) to replace the informal stratigraphic
units identified preliminarily by Buatois ef al. (2003).

The fossiliferous beds are exposed at EI Angosto
locality, about 7 km southeast of El Moreno village (Fig. 1).
Here, the Angosto del Moreno Formation consists of

Figure 2. Stratigraphic column of Upper Cambrian and Lower
Ordovician strata of El Moreno area (modified from Buatois et al.
2003 and Astini 2003) showing the horizon bearing the lingulate fauna
(asterisk).
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shoreface deposits of Furongian age bearing trilobites
of the Neoparabolina frequens argentina Biozone. The
overlying Pupusa Formation, almost 150 m thick, marks
the beginning of the Ordovician, encompassing the early
Tremadocian Jujuyaspis keideli and Kainella andina
biozones (Vaccari ef al. 2010). The Pupusa Formation
consists of laterally persistent mudstone and siltstone
packages interbedded with thin fine-grained sandstones
often displaying microhummocky cross-stratified
structures. In the fossiliferous locality, the Pupusa For-
mation culminates with a regressive cycle represented
by about 20 m of thin-bedded, fine-grained sandstones
passing up into cross-stratified sandstones and densely
packed shell concentrations bearing the linguliforms
described herein as well as the rhynchonelliforms
Chaniella pascuali Benedetto, 2009, and Gondwanorthis
calderensis (Benedetto, 2007) (Benedetto 2009, Benedetto
& Mufioz 2017). Shell beds are characterized by a high
disarticulation ratio and a low degree of fragmentation.
Small and large specimens coexist in the same bed,
indicating a relatively poor hydraulic sorting. All these
features suggest that specimens have been reworked to
some degree but not transported far from their original
life habitat. Amalgamated sandstone beds displaying
hummocky cross-stratification occasionally pass upwards
into trough cross-stratified fine-grained sandstones sug-
gesting deposition in a storm-dominated lower to middle
shoreface (Buatois et al. 2003, Benedetto 2009, Vaucher
et al. 2020).

Biogeographic considerations

Four distinct lower Palacozoic sedimentary domains can
be recognized in southern South America (Benedetto
2018, Waisfeld et al. 2023): (1) the intracratonic sedi-
mentary cover of the Amazonian Craton in Brazil, 2)
the clastic platforms surrounding the Amazonian Craton
and the Pampia terrane, through Peru, Bolivia, and
Northwestern Argentina, known as the Central Andean
Basin (CAB), (3) the early Palaeozoic subduction-related
parautochthonous volcanic arcs and associated volcano-
sedimentary basins marginal to Gondwana continent
(e.g. the Famatina Basin), and (4) the crustal fragments
accreted to the proto-Andean margin of Gondwana, of
which the better known is the Laurentian-derived Cuyania
(or Precordillera) terrane. Each of these regions display
significant differences in nature of sedimentary rocks,
degree of deformation, preserved stratigraphic record,
and biogeographic signature of their fossil faunas. The
latter feature has been useful to infer the boundaries
between geotectonic units, dispersal pathways around
Gondwana, and the probable origin, trajectory and timing
of accretion of the Cuyania terrane. Faunal affinities of

the Lower Ordovician rhynchonelliform brachiopods and
their palacogeographic significance have been discussed
in several previous papers (e.g. Benedetto 1998, 2003;
Benedetto ez al. 2009; Muioz & Benedetto 2016), where-
as biogeographic links of bivalves and trilobites were
analyzed to some detail by Waisfeld et al. (2003) and
Benedetto et al. (2009).

With regard to the linguliform brachiopods, the CAB
is the sole basin yielding assemblages of Tremadocian
age; the remaining of the above mentioned domains only
provided Floian or younger faunas. As Popov et al. (2013)
stated the quality of data of Lower Ordovician linguliforms
is variable at global scale, being relatively complete for
Laurentia, Baltica, Australia, Avalonia and Kazakhstania,
but still incipient for other regions including the South
American sector of Gondwana. Another aspect that should
be considered in the distribution of linguliforms during
the early Ordovician, as pointed out by Bassett ef al.
(1999), is that the group suffers a significant decline in
diversity during the later Cambrian and early Tremadocian
times after a minor extinction, followed by a recovery
during the mid-late Tremadocian. This is mainly seen in
micromorphic linguliforms, where there is an increase in
diversity and biogeographical differentiation, becoming
important components of benthic faunas in marginal
environments.

In the present analysis, the known Tremadocian
lingulate faunas from the NW Argentina portion of the
CAB are compared with other 14 regions of the world
bearing approximately coeval assemblages (source of
data is shown in the Table 1). Multivariate analysis was
performed using the program PAST (Hammer & Harper
2006, Hammer et al. 2014). To enhance definition of
palacobiogeographical affinities, both endemic and
cosmopolitan genera were excluded from the dataset
(Table 1); in addition, those regions with less than three
occurrences were excluded from the analysis. In the
cluster analysis (Fig. 3A), the Simpson similarity index
by unweighted pair group linkage was used to compare
associations. In the Principal Coordinates analysis (PCO,
Fig. 3B) the eigenvalues are given for the first and second
eigenvectors, and these values are plotted in a coordinate
system, graphically showing relationships (affinity)
between data points (faunal assemblages).

As Figure 3 (A, B) shows, Tremadocian Lingulata from
the Central Andean Basin display the closest similarity with
the assemblages from Bohemia (Perunica) and Avalonia.
Faunas from Baltica, South Urals and Oaxaquia also appear
related but with a lower degree of affinity. It is noteworthy
that six out of the seven Tremadocian genera occurring in
the CAB (~ 86%) are shared with Bohemia. Especially
relevant is the presence of the obolids Leptembolon and
Libecoviella, which constitute, together with some other
taxa, the Thysanotos—Leptembolon Association recorded
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Table 1. Generic richness of linguliformean brachiopod genera in 15 selected Tremadocian locations. Updated matrix based on the Paleobiology
Database (http.//paleobiodb.org), the Treatise on Invertebrate Paleontology (Holmer & Popov 2000, 2007), Popov ez al. 2013 and Cocks & Popov
2021. Complementary bibliographic sources: Bohemia (Havlicek 1982, 1989; Mergl 1995, 2002, 2018); Laurentia (Popov et al. 2002, Holmer et al.
2005, Freeman et al. 2018); Avalonia (Sutton et al. 1999, 2000; Cocks & Popov 2019); Baltica (Popov & Holmer 1994, 1995; Holmer et al. 2000);
Alborz (Iran: Popov et al. 2008, Ghobadi Pour et al. 2011); NW Argentina (Benedetto & Muifioz 2015, Benedetto et al. 2018); South Urals (Popov
& Holmer 1994, 1995); Australia (Percival & Engelbretsen 2007); Malyi Karatau (Kyrgyzstan: Popov & Holmer 1994, 1995; Holmer et al. 2001);
S Kendyktas Range (Kazakhstan: Popov & Holmer, 1994); NE—Central Kazakhstan (Northeastern—Central Kazakhstan: Popov & Holmer 1994);
Montagne Noire (France: Vizcaino et al. 2001); Holy Cross Mountains (Poland: Biernat 1973, Holmer & Biernat 2002); Oaxaquia (Mexico: Streng
etal. 2011).
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Acanthambonia 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Acrothele 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Acrotreta 1 0 1 1 1 0 0 0 0 0 0 0 1 0 0
Agalatassia 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Akmolina 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0
Alichovia 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Biernatia 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Broeggeria 1 1 1 1 0 1 0 0 0 1 1 0 1 0 0
Celdobolus 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0
Conotreta 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0
Cristicoma 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Dactylotreta 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0
Diencobolus 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0
Ditreta 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Divobolus 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Ectenoglossa 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Elliptoglossa 1 0 1 1 1 0 0 0 0 0 1 0 0 0 0
Elkania 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Elkanisca 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eoconulus 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0
Eopaterula 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Eosiphonotreta 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0
Eurytreta 1 1 1 1 1 1 0 1 0 1 1 0 0 1 1
Expellobolus 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Ferrobolus 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Foveola 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Ghavidelia 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Helmersenia 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Hyperobolus 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Keskentassia 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
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Table 1. Continued.
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Figure 3. A — Simpson similarity index dendrogram. « B — PCO analysis, for the Tremadocian lingulate brachiopods.

in Baltica and in several high-latitude peri-Gondwanan
terranes such as Alborz, Perunica, and Central Iran (Mergl
1997a, Bednarzcyk 1999, Popov et al. 2013). The finding
of Celdobolus in NW Argentina, which was recorded to
date only from Bohemia and Belgium (the latter considered
as part of Avalonia, ¢f. Cocks & Fortey, 2009), reinforces
the biogeographical links between the CAB and the north
Gondwanan continents. The recent discovery in the upper
Tremadocian Santa Rosita Formation of NW Argentina
of a species close to Apheoorthina ferrigena Havlicek,
1949, hitherto only known from the nearly coeval Ttenice
Formation of the Prague basin, increases the faunal
affinities between the two regions (Mufioz & Benedetto
2016). Evidence from the rhynchonelliform faunas
from NW Argentina indicates that such a biogeographic
pattern persisted into the Floian—Dapingian, during
which time Avalonia, North Africa, Bohemia, and CAB
form a statistically well-defined cluster (Benedetto et al.
2009, fig. 7a). By the Sandbian, rhynchonelliforms
from the CAB (NW Argentina and Bolivia) are almost
exclusively of Mediterranean type (Benedetto et al. 2009,
fig. 12).

Evidence from extant linguliformeans led to the
inference that Palacozoic forms had planktotrophic
larvae, their longer pelagic larval duration contributing
to a potentially broader biogeographic distribution than
organisms having lecithotrophic larvae (Sheltema 1986,
Freeman & Lundelius 1999). However, larval dispersal
is also controlled by environmental factors such as water
temperature and depth, and largely by the nature of sub-
strate providing suitable settlement sites (Emig 1997).
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Patterns of oceanic circulation are far from linear and
vary seasonally, but displacement of larvae takes place
essentially along the continents by strong boundary
currents, such as the Gulf Stream (Pineda et al. 2007).
On the basis of inferred Early Ordovician oceanic surface
current patterns, Mufioz & Benedetto (2016) suggested
a migratory route between the Central Andean Basin and
the South European microcontinents along the clastic
platforms bordering the Amazonian craton. By the Early
Ordovician, the South American Gondwana margin was
punctuated by extensive foreland basins filled by clastic
sediments derived from both the orogenic belt and the
Brazilian Craton (Astini 2003). The large Central Andean
Basin of NW Argentina, Bolivia, northern Chile, and
southern Peru continues northward (poleward with
respect to Ordovician geography) into the subsurface of
the Colombian and Venezuelan pre-Andean plains. In
turn, these platforms could have been continuous with
the clastic deposits of the Taoudeni and Tindouf basins of
Morocco (NW Africa), and farther “east” with Avalonia,
the Armorican Terrane Assemblage, and Perunica. The
continuity between the mid-latitude and high-latitude
shelves of “western” Gondwana is clearly shown in the
new reconstruction for the Lower Ordovician presented by
Cocks & Torsvik (2021, fig. 1). According to the coupled
ocean-atmosphere general circulation model produced
by Pohl et al. (2016) for the Early Ordovician Period
(480 Ma) the Central Andean margin was dominated by the
cold-water Antarctica Current which could be responsible
for larval dispersal from the Andean Gondwana to the
high-latitude European microcontinents.
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Material and methods

Repository and institutional abbreviations. — Studied
specimens are housed in the Centro de Investigaciones
en Ciencias de la Tierra (CICTERRA), Consejo Nacional
de Investigaciones Cientificas y Técnicas, Universidad
Nacional de Cordoba, Argentina (acronym CEGH-UNC).

The systematic classification follows that of the
Treatise o Invertebrate Paleontology (Holmer & Popov
2000, 2007). The descriptions follow the measurements
and terminology introduced by Zhang et al. (2018a, b).
Photographs were obtained with the Leica MZ75 mag-
nifying lens.

Systematic palaeontology

Class Lingulata Gorjansky & Popov, 1985
Order Lingulida Waagen, 1885
Family Obolidae King, 1846

Genus Libecoviella Mergl, 1997a

Type species. — Lingula arachne Barrande, 1879. Tte-
nice Formation, Tremadocian. Prague Basin, Czech Re-
public.

Libecoviella? sp.
Figure 4A-C

Material. — One fragmented ventral valve CEGH-UNC
27398, and two fragmented valves CEGH-UNC 27397,
27399. Additional material: Three fragmented valves not
illustrated.

Remarks. — Only three incomplete valve fragments were
found and referred with doubts to the genus Libecoviella.
One fragment shows an acuminated posterior region, with
well-defined, gently concave ventral pseudointerarea
with deep pedicle groove slightly expanding anteriorly,
and propareas covered by 9—12 distinct growth lines,
lacking flexure lines. Two fragments show the external
valve surface, displaying the typical ornamentation of
fine closely-spaced terrace lines that form a well-defined
zig-zag pattern. The pseudointerarea resembles that seen
in L. tilcarensis Benedetto & Muiioz, 2015, a common
species recorded in the Santa Rosita Formation (lower
Tremadocian), from the Quebrada Humacha section
(Jujuy Province). Although the Angosto del Moreno
specimens closely resemble the species L. tilcarensis in
the posterior ventral region and pseudointerarea, shell
shape and convexity, and exhibit the distinctive orna-
mentation terrace lines in zig-zag pattern, the generic
attribution to Libecoviella is not conclusive because of the

lack of information on internal characters and complete
valves.

Occurrence. — The Angosto del Moreno section
(23°55720.00" S, 65°49"04.35" W), approximately 10km
southeast of the El Moreno village, Eastern Cordillera,
Jujuy Province, Argentina. Lower interval of the Pupusa
Formation, Guayoc Chico Group, lower Tremadocian
(Tr1, Ordovician).

Genus Torobolus Benedetto & Muiioz, 2015

Type species. — Torobolus subplanus Benedetto & Mufioz,
2015. Boulders from the Devendeus Formation, lower
Tremadocian, Salta Province, Argentina.

Torobolus cf. subplanus Benedetto & Muiioz, 2015
Figure 4D-E

Material. — One dorsal valve CEGH-UNC 27472.

Description. — The only specimen available is a dorsal
valve showing a gently convex profile, with maximum
convexity at posterior third, subcircular outline with
rounded posterior margin and length/width ratio 1.1 (up
to 11.6mm long and 10.5mm wide), with the maximum
width located in the anterior third. The anterior and lateral
margins are evenly rounded; the posterior margin shows
an apical angle averaging 100°and poorly distinguished
pseudointerarea. The surface of the valve presents scat-
tered small pits; also shows the arcuate vascula lateralia
barely recognizable in the posterior third, and traces of the
elongated central muscle scars converging to midlength.

Remarks. — Although the single dorsal valve from Angosto
del Moreno closely resembles Torobolus subplanus
Benedetto & Muiioz 2015, in shell shape, convexity, and
internal features, the attribution to this species is not con-
clusive because the lack of information on the ventral valve.

Occurrence. — The Angosto del Moreno section (23°55°
20.00" S, 65°49°04.35" W), approximately 10km south-
-east of the El Moreno village, Eastern Cordillera, Jujuy Pro-
vince, Argentina. Lower interval of the Pupusa Formation,
Guayoc Chico Group, lower Tremadocian (Tr1, Ordovician).

Order Acrotretida Kuhn, 1949
Family Acrotretidae Schuchert, 1893

Genus Eurytreta Rowell, 1966
Type species. — Acrotreta curvata Walcott, 1902, Lower

Ordovician, Tremadocian, Pogonip Limestone, Eureka
district, Nevada, USA.
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Eurytreta harringtoni Mergl & Herrera, 2015
in Mergl et al. (2015)
Figure 4F-Q

2015 Eurytreta harringtoni Mergl & Herrera; Mergl,
Herrera, Villas & Ortega, 2015, p. 12, figs 9.1-9.20.

Material. — Five dorsal valves CEGH-UNC 27455-27459,
and two ventral valves CEGH-UNC 27460-27461.
Additional material: 81 dorsal valves and 139 ventral
valves not illustrated.

Description. — Shell ventribiconvex, moderately thick
walled and transversely oval in outline, with the valves
averaging 83% as long as wide (observed range
66-96%, N = 26). The ventral valve is conical, (median
W =2.66mm, OR = 1.7-3.8 mm; median L = 2.2 mm,
OR = 1.5-2.85mm; N = 14) and averaging 57% as
high as wide (observed range 55-62%, N = 8), with the
highest point situated almost on the posterior margin
(median H = 1.16 mm, OR = 1-1.3mm, N = 8), that is
straight to slightly convex in dorsal view. The ventral
pseudointerarea is apsacline, occupying approximately
30-35% of total width, with a well-defined intertrough.
The pedicle foramen is circular, enclosed within the
metamorphic shell, is about 0.15mm in diameter. Ventral
interior with an apical process forming a short and low
ridge along anterior surface. A pair of raised, elongated
oval ventral cardinal muscle scars present on the posterior
wall. Vascula media prominent, showing a well-developed
arcuate mantle canal pattern, consisting of straight, broad
and deeply impressed undivided branches, diverging
anteriorly and extending slightly beyond the valve
midlength. Dorsal valve convex, average width 3.16 mm
(OR = 1.35-3.95 mm); average length 2.63 mm (OR =
1.15-3.35mm, N = 16), showing a barely distinguished
broad sulcus. The maximum width is located beyond the
valve midlength. The dorsal pseudointerarea is short and
occupies less than half of total valve width, average length/
width ratio = 0.24 (OR = 0.17-0.28; median W = 1.38 mm;
median L = 0.33mm; N = 9); it has a narrow median
groove occupying approximately 25% of pseudointerarea
width, limited by anacline to slightly orthocline triangular
propareas. Dorsal cardinal muscle scars raised on shell

floor, oval, slightly longer than wide (average length/
width ratio 1.48, N = 9), bounded internally by a small
thickened ridge; the muscle field is about 56% as long
as wide (OR = 46.1-63.6%, N = 9), occupying about
40-68% of total width, and 21-42 % of the total length,
diverging anteriorly. Small circular anterocentral muscle
scars barely distinguished, located in the valve midlength.
Low median buttress extends on average 22.5% of total
length. Low triangular median septum starting directly
anterior to median buttress extends up to 80% of valve
length, with maximum height located beyond valve
midlength. Vascula lateralia with well-defined pinnate
pattern, diverging between cardinal and antero-central
muscle scars. Metamorphic shell of both valves barely
distinguished. Postmetamorphic ornamentation of both
valves consists of fine concentric growth lines.

Remarks. — The specimens from the Pupusa Formation
are closely comparable in most features to Eurytreta
harringtoni Mergl & Herrera, 2015 in Mergl et al. (2015),
from the Lampazar Formation (Furongian, Angosto de
Lampazar, Salta Province). They share the convex dorsal
valve with broad sulcus and the high conical ventral valve
profiles, a transversely oval shell outline, apsacline ventral
pseudointerarea and anacline dorsal pseudointerarea,
circular pedicle foramen placed within the metamorphic
shell, ventral interior with a low apical process along
an oval and raised cardinal muscle scars, raised dorsal
cardinal muscle field, low median buttress and low
triangular median septum, and similar postmetamorphic
ornamentation consisting of fine concentric growth lines.
Eurytreta harringtoni was described originally from
the lower part of the Santa Victoria Group at the Parcha
locality (Mergl et al. 2015), from beds considered of
Furongian age. However, as Mufloz & Benedetto (2016)
pointed out, this species is associated with abundant
specimens of the plectorthoid Gondwanorthis calderensis
calderensis (Benedetto 2007), which throughout the
basin is confined to the lower Tremadocian Cordylodus
angulatus conodont Zone (Benedetto 2007, Villas et al.
2009, Benedetto & Muiioz 2017).

Occurrence. — Angosto del Moreno section (23°55720.00”
S, 65°49704.35" W), approximately 10km southeast

Figure 4. A-C — Libecoviella? sp.; A — decorticated fragmented valve, CEGH-UNC 27397; B — fragmented ventral valve interior showing
the pseudointerarea, CEGH-UNC 27398; C — detail of the postmetamorphic shell ornamentation, CEGH-UNC 27399. ¢ D, E — Torobolus cf.
subplanus? Benedetto & Muifioz, 2015; D — latex cast of the dorsal valve external mold (D) and dorsal valve internal mold (E), CEGH-UNC 27472. «
F-P — Eurytreta harringtoni Mergl & Herrera, 2015; F-G — dorsal valve in upper view (F) and lateral external view (G), CEGH-UNC 27455;
H-I — dorsal valve showing the umbonal region (H) and detail of the micropitted metamorphic ornamentation (I), CEGH-UNC 27456; J — dorsal valve
interior, CEGH-UNC 27458; K — dorsal valve interior showing the mantle canal impressions, CEGH-UNC 27457; L — dorsal valve interior in lateral
view, CEGH-UNC 27459; M, O — ventral valve interior showing the mantle canals, the apical process and cardinal muscle scars (M), and lateral
external view (O), CEGH-UNC 27460; N-P — ventral valve in lateral (N) and posterior views (P), CEGH-UNC 27461. Scale bars = 1 mm; except D, E,

which represents 2mm, and H, I which represents 20 pm.
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of the El Moreno village, Eastern Cordillera, Jujuy
Province, Argentina. Lower interval of the Pupusa For-
mation, Guayoc Chico Group, lower Tremadocian (Tr1).

Order Siphonotretida Kuhn, 1949
Family Siphonotretidae Kutorga, 1848

Genus Celdobolus Havli¢ek, 1982

Type species. — Obolus complexus Barrande, 1879.
Klabava Formation (Lower Ordovician), Czech Republic.

Remarks. — The material described below is assigned to
the genus Celdolobus based on the combination of
several major features, like its equibiconvex lateral pro-
file and subcircular outline, the small pedicle foramen
anterior to the apex, a flattened ventral pseudointerarea
with orthocline propareas, the absence of inner pedicle
tube, an orthocline dorsal pseudointerareca undivided
without a median groove, a well-defined muscle scars
in both valves, showing particularly a single scar of the
anterolateral muscles in the dorsal valve. The material can
be distinguished from the genus Siphonobolus Havlicek,
1982 due its oval elongated outline and its ventribiconvex
profile with a ventral valve more conical than Celdobolus.
It also possesses a poorly defined pseudointerarea and
a long inner pedicle tube, a large dorsal pseudointerarea
divided by a wide median groove, and the absence of
radial postmetamorphic ornamentation. Some species
of Schizambon Walcott, 1884 externally resemble the
material we refer to as Celdobolus, showing radial
postmetamorphic ornamentation that forms a reticulated
pattern (e.g. Schizambon obtusus Holmer, Popov, Streng
& Miller, 2005; Schizambon langei Freeman, Miller &
Dattilo, 2018), although in other species (e.g. Schizambon
cardonalis Mergl & Herrera, 2015 in Mergl et al. 2015)
it may not appear on the entire shell surface; however,
Schizambon presents even dorsibiconvex or ventribiconvex
lateral profile, a large pedicle foramen with posterior
covered by a plate, a dorsal pseudointerarea divided by
a pedicle groove and two separated anterolateral muscle
scars in the dorsal inner surface. Another genus that can
be compared with our material is Oaxaquiatreta Streng,
Mellbin, Landing & Keppie, 2011, which shows similar

postmetamorphic ornamentation reticulated pattern,
but differs from Celdobolus in having a dorsal sulcus,
procline to catacline ventral pseudointerarea divided by
a convex ridge, the presence of external pedicle tube and
a short dorsal pseudointerarea with median groove. We
consider that the sum of internal and external characters
identified in the material described below are sufficient
to assign it to the genus Celdobolus, showing a variant of
postmetamorphic shell ornamentation.

Celdobolus skrikus sp. nov.
Figure SA-M

Types. — Holotype: A dorsal valve CEGH-UNC 27462
(Fig. 5A, B, H).

Type horizon and locality. — Lower interval of the Pupusa
Formation, Guayoc Chico Group, lower Tremadocian
(Trl, Ordovician). The Angosto del Moreno section
(23°55720.00" S, 65°49°04.35" W), approximately 10km
southeast of the EI Moreno village, Eastern Cordillera,
Jujuy Province, Argentina.

Material. — Paratypes: five dorsal valves CEGH-UNC
27463, 27464, 27466, 27467, 27469, three ventral valves
CEGH-UNC 27465, 27468, 27471, and one fragmented
material CEGH-UNC 27470. 14 ventral valves and 13
dorsal valves as additional material, not illustrated.

Etymology. — From the Norwegian “skrik”, due to the
similarity of the painting “The Scream” by Edvard Munch.

Diagnosis. — Shell biconvex with subcircular outline and
orthocline pseudointerareas. Pedicle foramen present in
adult stages, without inner tube. Dorsal inner median
ridge absent. Muscle scars in both valves well defined;
anterolateral muscles merged into a single scar. Inner
surface with anterior and lateral pits. Postmetamorphic
radial ornamentation present.

Description. — The shell is biconvex in profile, thin to
moderately thick walled. Both valves possess subcircular
outline, average length/width ratio 1.07 (observed range
1-1.15, N = 14), with the maximum width located at mid-

Figure 5. A-M — Celdobolus skrikus sp. nov.; A, B, H — interior view of the dorsal valve (A), detail of the pseudointerarea and the visceral area (B)
and external surface (H), CEGH-UNC 27462 (holotype); C — detail of the middle lateral muscle scars, CEGH-UNC 27463 (paratype); D — fragmented
dorsal valve, CEGH-UNC 27464 (paratype), interior surface of dorsal valve showing the muscle scars, CEGH-UNC 27465 (paratype); E, G — detail
of the ventral valve posterior region, showing the pedicle foramen and central muscle field (E), and complete inner surface (G), CEGH-UNC 27465
(paratype); F — interior surface of dorsal valve showing the muscle scars, CEGH-UNC 27466 (paratype); I — dorsal valve exterior, CEGH-UNC 27467
(paratype); J — fragmented ventral valve showing the umbonal region, CEGH-UNC 27468 (paratype); K — dorsal valve umbonal region, CEGH-UNC
27469 (paratype); L — fragmented valve showing a detail of the postmetamorphic shell ornamentation, CEGH-UNC 27470 (paratype); M — ventral
valve exterior, CEGH-UNC 27471 (paratype). Scale bars = 1 mm; except J, K and L, which represents 200 pm.

88



Fernando J. Lavié & Juan L. Benedetto * Tremadocian lingulate brachiopods from the Central Andean Basin

89



Bulletin of Geosciences * Vol. 98, 1, 2023

length, up to 5.8 mm in the largest specimen. Ventral valve
weakly convex, averaging 5.28 mm in length (OR = 3.9—
6.1mm, N = 6) and 4.84 mm in width (OR = 3.5-5.5mm,
N = 6), with the maximum height located in the posterior
third. Ventral pseudointerarea smaller than the dorsal,
occupying less than two thirds of the total valve width,
and approximately 28% as long as wide; it is raised above
the valve floor, with orthocline propareas showing a few
coarse growth lines. Pedicle foramen elongated oval, with
an average length/width ratio of 1.9 and located anterior
to apex, with thickened inner edges; inner pedicle tube
absent. Central muscle field is 55% as long as wide and
located in the posterior third of valve; the muscle scars are
large and deeply impressed in the valve surface, oblique
and subrectangular in outline (average length/width ratio
2.1) and converging anteriorly to valve midline. Anterior
branches of the vascula lateralia weakly distinguished.
Dorsal valve gently convex and without a sulcus, averaging
5.2mm in length (OR = 3.25-6mm, N = 9) and 4.92 mm
in width (OR = 3.5-5.5mm, N = 8) with maximum height
in the posterior third. Dorsal pseudointerarea orthocline,
widened and forming a platform raised above the valve
floor, covered by few growth lines, occupying almost 75%
of the total valve width, averaging length/width ratio 0.3
(N = 6); median groove absent making the pseudointerarea
undivided; propareas becoming sharper towards the
lateral margins, showing weak flexure lines. Posterior half
of the visceral area smooth, with the outside lateral and
transmedian muscle scars barely distinguishable. Middle
lateral muscle scars small and rounded, placed forward
of the propareas anterior edges. Central muscle scars oval
elongated, located posterolaterally to valve midlength.
The anterolateral muscles are attached to form a single
circular scar, located almost in the valve center. Vascula
lateralia weakly defined, arcuate. Internal shell surface
with scattered rounded pits located mainly in anterior and
lateral areas. Postmetamorphic ornamentation of both
valves consists of irregularly spaced concentric growth
lines, averaging nine to ten per millimeter, intercalated
between coarser growth lamellae, both intersected with
radial costellae forming a reticulated pattern. Both valves
covered by concentric spines rows; only some of the bases
of spines are preserved, located mostly at the intersection
between rows and the radial ornamentation.

Remarks. — Havlicek (1982) erected the genus Celdobolus
to group three small siphonotretid species from the
Klabava Formation (Floian to Dapingian age) in the
Prague Basin (Central Bohemia region). Celdobolus cf.
complexus is mentioned from the upper Tremadocian
of the Holy Cross Mountains in Poland (in Bednarczyk
1964). Mergl (2002) extensively described and discussed
the genus and synonymized the species C. complexus and
C. punctatus. The type species C. complexus (Barrande,
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1879) differs from C. skrikus sp. nov. in having more tear-
shaped outline, an anacline ventral pseudointerarea and the
pedicle foramen sealed in adult stages, both valves with
the inner surface showing coarse granules in marginal
areas, and postmetamorphic shell ornamentation lacking
radial striation. Celdobolus mirandus (Barrande, 1879)
can be distinguished from Celdobolus skrikus sp. nov.
in having a ventral apsacline pseudointerarea, a pedicle
foramen located in the terminal position and continued
internally as a curved hollow pedicle tube, a dorsal
anacline to almost orthocline pseudointerarea, the presence
of a median ridge variably developed in the dorsal inner
surface and the lack of radial postmetamorphic shell
ornamentation. Celdobolus punctatus (Kloucek, 1924)
differs from C. skrikus sp. nov. in having an apsacline to
catacline ventral pseudointerarea, the presence of coarse
tubercles densely crowded on the inner peripheral surface,
a broad median ridge or a pair of submedian ridges
developed in the ventral visceral area, an anacline dorsal
pseudointerarea and a weak median ridge in the dorsal
visceral area. Havli¢ek (1982) referred to Celdobolus sp.
a single dorsal valve from the Klabava Formation and the
lower part of the Sarka Formation (Darriwilian), men-
tioning that it is more similar to C. mirandus than C. com-
plexus due to the lack of tubercles on the inner surface. It
seems to be more elongated than C. skrikus sp. nov. and
possesses a median ridge in the visceral area. Recently,
Candela & Mottequin (2022) referred to Celdobolus sp.
new material from the Ottré Formation (lower Floian) in
Stavelot-Venn Massif of Belgiun, but comparison of these
specimens is difficult due to the lack of complete shells. It
should be noted that the species of Celdobolus described
herein constitutes the oldest record of the genus, and also
is the first record outside Bohemia, Poland and Avalonia.

Occurrence. — The same levels and locality as holotype
and paratypes.
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