A new species of the equisetalean plant Equicalastrobus
from the Middle Triassic of Argentina
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We present a morphological-systematic study of new fossil specimens of equisetaleans (horsetails) from the Cortaderita
Formation, Sorocayense Group, Middle Triassic, Cuyana Basin, southwest of the San Juan Province, Argentina. In this
unit, nine fossiliferous strata with plant remains have been recognized (EF4-12). The fossils studied come from EF4,
located in the lower member of the formation, and correspond to impressions-compressions. The fossils are assigned
to the family Equisetaceae and the genus Equicalastrobus, being the oldest record of the genus and the first record
of this taxon for Argentina and Gondwana. The samples are closed and open strobili composed of peltate sporangio-
phores, with glabrous hexagonal discs and with an umbo on its external face which projects, acquiring a leaf shape.
Some specimens are found in organic connection with leaf sheaths and axis fragments, allowing the whole plant to be
reconstructed.
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Introduction

The Equisetales (horsetails) are a group of plants with a
worldwide distribution since the Paleozoic (Boureau 1964;
Cuneo and Escapa 2006; Taylor et al. 2009; Elgorriaga et al.
2015; Gnaedinger et al. 2020; Villalva et al. 2023). They rep-
resent the most diverse and long-lived order within the sphe-
nophytes. Within the families of this group, the Archaeo-
calamitaceae and Calamitaceae, reached their peak during
the Carboniferous and became extinct towards the end of the
Permian, while Neocalamitaceae, Schizoneuraceae, Phyllo-
thecaceae, and Equisetaceae began their diversification in
the Carboniferous/Permian and continued to the Mesozoic
Era (Stewart and Rothwell 1993).

The family Equisetaceae includes the only extant genus
Equisetum Linnaeus, 1753 (Boureau 1964), which consists
of 15-18 species (Hauke 1963, 1978; Smith et al. 2006;
Christenhusz et al. 2019). Fossil representatives, which
are found in disarticulated form and do not have all the
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characters to be assigned to the genus Equisetum, are as-
signed to the genus Equisetites Sternberg, 1833 (Boureau
1964). Recently, Zhang et al. (2021) proposed that the genera
Kraaiaostachys, Viridistachys, and Equicalastrobus should
be treated within the family Equisetaceae.

During the Mesozoic, the presence of plants of the fam-
ily Equisetaceae was reported worldwide, which are repre-
sented by rhizomes, leaves, articulated axes, and reproduc-
tive structures, the latter being of great importance when
posing evolutionary hypotheses of the group (e.g., Taylor et
al. 2009). For the Triassic of Argentina, there are numerous
citations of impressions and impressions-compressions of
axes, referring to the genus Equisetites, but fossil remains of
reproductive structures are very scarce, and include, for ex-
ample Equisetites quindecindentata Menéndez, 1958, Neo-
calamostachys arrondoi Brea & Artabe, 1999, Equisetosta-
chys sp. (Coturel et al. 2016), Equisetites sp. (Cariglino et al.
2018), and Equisetites lateralis Phillips, 1829 (Gnaedinger et
al. 2023).

https://doi.org/10.4202/app.01130.2023
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Fig. 1. Geographic and stratigraphic provenance of the studied fossils. A. Geographic location of the Barreal area, San Juan Province, Argentina. B. Geological
map of the Barreal depocenter. Modified from Bodnar et al. (2019). Abbreviations: Mb., Member. C. Stratigraphic column of the Sorocayense Group in the
Barreal area, with the stratigraphic position of recognized fossiliferous strata (EF). Modified from Bodnar et al. (2018).

In this work, we describe strobili assigned to a new
fossil species of the genus Equicalastrobus Grauvogel-
Stamm & Ash, 1999 (family Equisetaceae) from the Middle
Triassic Cortaderita Formation (Sorocayense Group) in the
San Juan Province, central-western Argentina, providing

new morphological information on the Argentinean Triassic
Equisetales.

Institutional abbreviations.—PBSJ, Coleccion Palaeobota-
nica of the Instituto y Museo de Ciencias Naturales de San
Juan, San Juan, Argentina.
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Other abbreviations—EF, fossiliferous strata.

Nomenclatural acts—The nomenclatural act included
in this work has been registered in Plant Fossil Names
Registry (PFNR); urn:lsid:plantfossilnames.org:act:3302
(PFN003302).

Geological setting

The Cuyana (or Cuyo) Basin (western-central Argentina),
together with the Ischigualasto-Villa Union and Marayes-El
Carrizal basins, belongs to a series of extensional conti-
nental basins that developed during the early Mesozoic on
the western edge of Pangaea (Ramos and Kay 1991; Lopez
Gamundi 1994). The sediments of the northern part of the
Cuyana Basin, in the San Juan Province, are represented by
the Sorocayense and Rincén Blanco groups (Spalletti 2001;
Barredo 2012). This area is known as Rincén Blanco hemi-
graben (Barredo and Ramos 2010). According to Barredo
and Ramos (2010), the Sorocayense Group accumulated
along a passive margin of a hemigraben. On the contrary,
the sediments of the Rincon Blanco Group were depos-
ited in the active margin of the hemigraben, which was in-
ferred from the recognition of thicker basal successions and
greater volcanic activity (Lépez Gamundi 1994; Barredo
and Ramos 1997, 2010).

The Sorocayense Group (Mésigos 1953) crops out in
the Barreal-Calingasta depocenter (Stipanicic 1972; Lopez
Gamundi 1994), and in the southern part it comprises three
formations: Barreal Formation (Middle Triassic), Cortaderita
Formation (Middle Triassic), and Cepeda Formation (Upper
Triassic) (Groeber and Stipanicic 1953). Except for the Cepeda
Formation, the other units of the Sorocayense Group present a
continuous series of fossil plant bearing strata.

The Cortaderita Formation is divided into two members
according to lithological differences (Bodnar et al. 2019).
The lower member (Don Ratl Member) is formed by con-
glomerates and sandstones in yellowish cross-stratified len-
ticular bodies, interspersed with grayish massive bentonites
and edafized siltstones, muddy sandstones, and greenish
bentonites. These fine facies are highly bioturbated with
traces of roots and host abundant plant fossil remains (Bod-
nar 2010; Bodnar et al. 2019). It has been concluded that
this member has been deposited in an anastomosing flu-
vial system of medium-high sinuosity, with amalgamated
gravel and sand channels, with well-developed floodplains
(Bodnar et al. 2019). The upper member (La Emilia Member)
is composed of sandstones with horizontal and cross-lami-
nated, fine to coarse-grained, pink to violet in color, with
numerous permineralized trunks, and gray siltstones and
claystones with abundant tuffaceous clasts and numerous
fossil plant impressions. It was proposed that the La Emilia
Member corresponds to high-energy sandy braided fluvial
systems (Spalletti 2001; Bodnar et al. 2019). Based on the
stratigraphic correlation and the preserved paleofloras,

it was inferred that the Don Raul Member was deposited
during the early Ladinian and the La Emilia Member during
the late Ladinian (Bodnar et al. 2019).

Material and methods

Plant fossils from the Cortaderita Formation (Middle Triassic,
Sorocayense Group) were collected in the La Tinta Creek,
8 km east of the city of Barreal, located in the Southern
Precordillera, San Juan Province, west-central Argentina,
between W 69°26°12.2” S 31°37°45.8” and W 69°23°52.1”
S 31°39°00.1” (Fig. 1A, B).

In the Cortaderita Formation, five fossiliferous strata
(EF) were identified in the Don Ratl Member (EF4-8), and
four in the La Emilia Member (EF9-12). The fossil remains
studied here come from the stratum EF4 (Fig. 1C) and con-
sist of impressions-compressions of axes, branches, leaves,
strobili, and isolated sporangiophores of sphenophytes,
which are preserved in tuffaceous and bentonitic gray clay-
stones, siltstones, and silty sandstones (Fig. 1C).

The impressions-compressions were cleaned mechani-
cally with the help of chisels, needles, and a pneumatic pen-
cil. The specimens were studied through a Leica DM 2500
stereo microscope and measured through photographs with
ImageJ (Schneider et al. 2012). Photographs of the specimens
were taken with Canon EOS Rebel T3i and Canon SX420IS
cameras. Details of the samples were photographed with
the Leica DC 150 system and the Canon Powershot S40 and
Leica DMC2900 cameras.

The descriptions applied the terminology of Font Quer
(1982). In the nomenclatural treatment of the fossils, the
International Code of Nomenclature for Algae, Fungi, and
Plants was followed (Turland et al. 2018). For the recon-
struction of the plants, the different parts were linked ac-
cording to the criteria of Anderson and Anderson (1985). To
estimate plant height, the following equations proposed by
Niklas (1994) were used:

“Nonwoody and woody” species:

10g10H= 1.81 + 070(10g10D) -0.13 (lOgloD)2
“Nonwoody” species:
logloH =251+ 141(10g10D) + 003(10g10D)2

where H is the predicted fossil plant height for a known (or
specified) axis diameter D (all measurements in m).

The specimens are deposited in the Coleccion Paleo-
botanica of the Instituto y Museo de Ciencias Naturales de
San Juan, San Juan, Argentina.

Systematic palaeobotany

Class Equisetopsida C. Agardh, 1825

Order Equisetales DC., 1813 ex Bercht. & J. Presl,
1820
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Fig. 2. Closed strobilus and isolated sporangiophores of the equisetalean plant Equicalastrobus glabratus sp. nov. from Un Salto Creek, Barreal, San Juan
Province, Argentina (Ladinian, Middle Triassic). A. PBSJ 1562, holotype, closed strobilus in organic attachment with a leaf sheath and an axis fragment
(white arrow). Black arrow indicates the projections of the umbo at the margins of the strobilus. B. PBSJ 1593, sporangiophore discs with a central hex-
agonal umbo (black arrow). C. PBSJ 1626, laterally arranged sporangiophore with marked umbo projection (black arrow) and possible sporangia (white
arrow). D. PBSJ 1604, fragment of a strobilus with two well-preserved whorls with sporangiophores with a central umbo (white arrow) and a marked
projection (black arrow) (Dy, D,).
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Fig. 3. Open strobili of the equisetalean plant Equicalastrobus glabratus sp. nov. from Un Salto Creek, Barreal, San Juan Province, Argentina (Ladinian,
Middle Triassic). A. PBSJ 1539, paratype, open strobilus with well-preserved sporangiophore disc (black arrow) and marked umbo projections (white
arrow), with longitudinal striae on projections (white arrow) (A}, A,). B. PBSJ 1540, counterpart of material PBSJ 1539 with longitudinally striated pro-
jections (white arrow). C. PBSJ 1736, open strobilus with sporangiophore discs with hexagonal umbo (black arrow) and umbo projections (white arrow).

Family Equisetaceae Michx ex DC., 1804

Genus Equicalastrobus Grauvogel-Stamm & Ash,
1999
Type species: Equicalastrobus chinleana (Daugherty, 1941) Grauvogel-

Stamm & Ash, 1999, Upper Triassic Chinle Formation, Petrified Forest
National Park, Arizona, USA.

Equicalastrobus glabratus sp. nov.
Figs. 2—4.

PFNR: urn:lsid:plantfossilnames.org:act:3302 (PFN003302).
Etymology: The specific epithet refers to the absence of trichomes on
the margins of the sporangiophore discs.

Type material: Holotype, a complete closed strobilus, PBSJ 1562
(Fig. 2A). Paratype, a complete open strobilus, PBSJ 1539 (Fig. 3A)
from the type locality and horizon.

Type locality: Un Salto Creek, Barreal, San Juan Province, Argentina.

Type horizon: EF4, Don Ratl Member, Cortaderita Formation, Soroca-
yense Group; Ladinian, Middle Triassic.

Material —42 impressions-compressions of closed and
open strobili: PBSJ 1481, 1484, 1487, 1489, 1490, 14931495,
1501, 1505, 1506, 1508, 1521, 1522, 1534, 1537, 1539, 1540,
1553, 1555, 1559, 1664, 1576, 1579, 1588, 1589, 1593, 1597,
1598, 1603, 1604, 1605, 1607, 1608, 1609, 1610, 1619, 1621,
1623, 1626, 1736, 1737. All from the type locality and hori-
zon.

Diagnosis—Cylindrical strobili formed by a main axis on
which sporangiophores are arranged in whorls. Sporan-
giophores consist of hexagonal peltate discs without tri-
chomes (= glabrous). Central umbo, hexagonal, slightly el-
evated on the external surface of the disc. From the umbo
emerges a leaf-shaped projection, with longitudinal stria-
tions, ending in a sharp tip directed towards the apex of the
strobilus. Base of the strobilus with a leaf sheath protecting
it. Branched axes with marked longitudinal ribs, continu-
ous through the node. Robust first-order axes. Thinner sec-
ond-order axes emerging from the nodes of the first-order
axes and bearing leaf-sheaths composed of reduced leaves,
fused at the base and free at the apex.

Description—The studied material corresponds to impres-
sions-compressions of closed and open strobili (Figs. 2A,
3A,, B). The better preserved closed strobilus is cylindrical,
compact, 22 mm long by 6 mm in diameter, and is formed
by 18 sporangiophores with whorled arrangement, of which
only the discs can be seen (Fig. 2A). The discs are peltate,
hexagonal, smooth or glabrous, 2.0-2.6 mm in diameter,
and present on their external face the mark of a hexagonal
umbo, 0.9-1.9 mm in diameter (Fig. 2A, B). The umbo has
a leaf-shaped projection, 0.9-1.1 mm wide at its base by
3.3-3.9 mm long, pointed, with longitudinal striae (Fig. 2C,
D,), and directed towards the apex of the strobilus (Fig. 2A).
At the base of the strobilus, there are leaves 4.7 mm wide by
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Fig. 4. Axis and leaf sheaths of the equisetalean plant Equicalastrobus glabratus sp. nov. from Un Salto Creek, Barreal, San Juan Province, Argentina
(Ladinian, Middle Triassic). A. PBSJ 1562, detail of the axis with longitudinal ribs (white arrow) and a leaf sheath (black arrow), attached to the strobilus.
B. PBSJ 1503, axis fragment with two nodes with leaf sheaths (black arrow), with leaves free at the apex (red arrow) and an internode with longitudinal
ribs (white arrow). C. PBSJ 1481, detail of the ribs (white arrow) as they pass through the node. D. PBSJ 1506, detail of leaf sheath, with leaves free at
the apex (red arrow). E. PBSJ 1598, first-order axis with a second-order branch (black arrow), a few marked nodes of the first-order axis (red arrow), and
node of the second-order axis (white arrow). F. PBSJ 1487, first-order axis with a second-order branch (black arrow) next to a strobilus (white arrow).
G. PBSJ 1607, detail of the longitudinal ribs (white arrow).

3.1 mm long fused forming a leaf sheath (Figs. 2A, 4A). The
strobilus is found in organic attachment with a small axis
fragment 3.2 mm wide by 8.3 mm long, with 5 longitudinal
ribs (Figs. 2A, 4A).

The best preserved open strobilus is cylindrical, loose,
38 mm long by 11 mm wide, and is formed by 16 sporan-
giophore discs with regularly whorled arrangement, with a
separation distance 1.7-2.2 mm between whorls. The discs
are glabrous, 2.0-3.3 mm in diameter (Figs. 3A, B, 5C). The
umbo marks are hexagonal, 0.9—1.7 mm in diameter (Fig. 3A).
The umbo has a leaf-shaped projection, with longitudinal stri-
ations, 1.4-7.5 mm long by 0.7-1.4 mm wide (Fig. 3A,, B).
Other specimens consist of scattered sporangiophore discs

2.0-2.4 mm in diameter (Figs. 2C, Dy, 3C), with a hexagonal
umbo 0.9-1.4 mm in diameter, with a projection of 1.8-3 mm
long by 0.9 mm wide, and sometimes showing traces of prob-
able sporangia up to 1.5 mm long (Fig. 2C).

In the same slabs bearing the strobili, fragmented and
entire branched axes were found (Fig. 4C, E-G). The first-
order axes are 8—12 mm wide, with well-marked (Fig. 4C) or
slightly marked (Fig. 4E) nodes. The surface of the internodes
shows distinct 4—5 longitudinal ribs, separated by 0.8—1.1
mm, which are continuous as they pass through the node
(Fig. 4C, G). No leaf sheaths were found associated with the
first-order axes. The second-order axes are 2—4 mm wide,
with marked nodes and internodes 9 mm long (Fig. 4B, E).
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Fig. 5. Reconstruction of the equisetalean plant Equicalastrobus glabratus sp. nov. from Un Salto Creek, Barreal, San Juan Province, Argentina (Ladinian,
Middle Triassic), and comparisons with other equisetalean strobili and isolated sporangiophores. Illustration of the closed strobilus (A, PBSJ 1562) and
open strobilus (B, PBSJ 1539). C. Sketching of PBSJ 1539 where incomplete parts are interpreted with dotted lines. D. Reconstruction of strobilus of
Equicalastrobus glabratus sp. nov. (D) and comparison with a hypothetical reconstruction of Equicalastrobus pusillus Zhang et al., 2021 (D,) and with
an Equisetostachys sp. strobilus (D3). E-K. Comparison of sporangiophores of species of different genera showing projections of the umbo and a disc of
Equisetostachys. E. Equicalastrobus chinleana (Daugherty, 1941) Grauvogel-Stamm & Ash, 1999. F. Equicalastrobus glabratus sp. nov. G. Equicalastrobus
pusillus Zhang et al., 2021. H. Viridistachys gypsensis Anderson & Anderson, 2018. 1. Viridistachys moltenensis Anderson & Anderson, 2018. J. Kraaiostachys
plaatkoppiensis Anderson & Anderson, 2018. K. Equisetostachys Halle, 1908. Scale bars 5 mm (A, B, D), 3 mm (C, E), | mm (F-K).
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The surface of the internodes shows four distinct longitudinal
ribs, separated by 0.5-0.6 mm (Fig. 4A, B, E). Leaf-sheaths
are 4 mm long by 4 mm wide and are preserved attached to
the nodes, with eight poorly preserved leaves, fused at the
base and free at the apex (Fig. 4B). A leaf sheath was also
found attached to a 5 mm wide node, which has 15 leaves,
each one 2.6 mm long by 0.7 mm wide, fused at the base and
free at the apex (Fig. 4D).

Remarks—The fossils here studied are assigned to Equi-
calastrobus because they share the main diagnostic char-
acteristics with that taxon, i.e., cylindrical strobilus bearing
peltate sporangiophores consisting of a stalk and a hex-
agonal disk with a single forward-directed leaf-like umbo
narrow projection in its outer surface (Grauvogel-Stamm
and Ash 1999). The presence of projections on the umbo
of the sporangiophores allows the specimens here studied
to be differentiated from the genus Equisetostachys Halle,
1908 (Fig. 5Dy, D3, F, K), from Equisetites Sternberg, 1833,
and Neocalamostachys Kon'no, 1962, present in the Triassic
of Argentina and other regions. Other genera which are
characterized by projections on the umbo are Kraaiostachys
Anderson & Anderson, 2018, Viridistachys Anderson &
Anderson, 2018, and Neocalamites meriani (Brongniart,
1828) Halle, 1908, but differ from the Cortaderita fossils
due to the first one presents sub-circular sporangiophore
discs with an attenuated conical umbo, the second one pos-
sesses hexagonal sporangiophore discs with a wider projec-
tion that covers the entire diameter of the disc umbo (Fig.
SH-J), while the last one is larger with hexagonal to po-
lygonal sporangiophores with spiny appendages. Pott et al.
(2008) described the reproductive structure associated with
Neocalamites meriani, but it is not found in organic connec-
tion. The strobili assigned to Neocalamites broadly corre-
spond to the genus Neocalamostachys Kon'no, 1962, and do
not present spiny appendages, so the systematic assignment
of said strobili should be reconsidered. Unfortunately, there
is no more information about the spiny appendages of the
specimen studied by Pott et al. (2008) for comparison. Until
now, two species were described within Equicalastrobus,
i.e., E. chinleana (Daugherty, 1941) Grauvogel-Stamm &
Ash, 1999, from the Upper Triassic of the USA, and E. pu-
sillus Zhang et al., 2021, from the Upper Triassic of China.
Equicalastrobus glabratus sp. nov. is differentiated from
E. chinleana (Daugherty, 1941) Grauvogel-Stamm & Ash,
1999, by the smaller strobili, smaller sporangiophores, and
shorter and narrower umbo projections (Fig. SE, F). On
the other hand, the new species differs from E. pusillus by
the markedly longer umbo projections (Fig. 5D,, D,, F, G).
Equicalastrobus glabratus sp. nov. also is unlike the previ-
ously mentioned species by the absence of trichomes on the
margins of the discs (Fig. SE-G).

Regarding the axes and leaf sheaths, Equicalastrobus
glabratus sp. nov. differs from the species of Equisetites
and Equisetum by the presence of longitudinal ribs passing
through the node. On the other hand, the new species is dis-
tinct from Schizoneura Schimper & Mougeot, 1844, by the
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leaf-sheath morphology, since in this genus they are larger
and have laterally fused and flattened leaves, which are ar-
ranged in two opposite lobes (Boureau 1964), while the leaf
sheaths in Equicalastrobus glabratus sp. nov. are character-
ized by reduced leaves fused at the base and free at the apex,
and not arranged in lobes. Finally, Neocalamites presents ro-
bust branched axes, with Asterophyllites/Annularia-type un-
fused leaves (Boureau 1964), ruling out that the here studied
axes can be assigned to that genus.

Stratigraphic and geographic range—Ladinian, Middle
Triassic; San Juan Province, Argentina.

Reconstruction of the whole plant

Anderson and Anderson (1985) proposed a scale to de-
termine the degree of certainty in linking different fossil
organs for the reconstruction of the entire plant. In this
scale, it is proposed that the criteria for relating two or
more organs are the following (from most reliable to least
reliable): organic attachment, morphological similarity, kin-
dred reinforcement, and mutual occurrence. The strobili of
Equicalastrobus glabratus sp. nov. were found in organic
attachment with the leaf sheaths and axis fragments. In
turn, for the reproductive structures, a morphological simi-
larity is established between dispersed sporangiophores and
the complete closed and open strobili from different slabs.
It is reconstructed as a herbaceous form with an estimated
height of 48—82 cm (applying the “nonwoody” formula of
Niklas 1994) or 60-97 cm (applying the “nonwoody and
woody” formula of Niklas 1994), with branched axes, leaves
fused into a leaf sheath and cylindrical strobili with peltate
sporangiophores, with hexagonal discs that have a hexag-
onal umbo on their external face that projects forming an
appendage similar to a leaf (Figs. 5A, B, Dy, 6).

The scarce material in organic attachment does not al-
low us to identify whether the strobili are arranged in the
first-order axes, in the second-order axes, or in both. In this
reconstruction they are placed on the second-order axes, but
the possibility that they are arranged in another way is not
ruled out (Fig. 6).

Discussion

Initially, the type material of Equicalastrobus was assigned by
Daugherty (1941) to the lycopodialean strobilus Lycostrobus
chinleana Daugherty, 1941. Years later, several authors re-
viewed the type material (Chaloner and Boureau 1967;
Miller 1968; Bock 1969; Taylor 1981; Taylor and Taylor 1993;
Retallack 1997) suggesting its doubtful systematic assign-
ment, and indicating possible assignments to other lycophytes
or conifers (Zhang et al. 2021). Stewart and Rothwell (1993)
discussed its systematic allocation and related it to the equise-
taleans. Grauvogel-Stamm and Ash (1999) reviewed the type
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10 mm

Fig. 6. The equisetalean plant Equicalastrobus glabratus sp. nov. from
Un Salto Creek, Barreal, San Juan Province, Argentina (Ladinian, Middle
Triassic), reconstruction of a part of the whole plant.

material, confirmed its assignment to the order Equisetales,
and erected the genus Equicalastrobus to include those stro-
bili composed of peltate sporangiophores, with hexagonal
discs with marginal trichomes, that present a hexagonal/rhom-
boidal umbo that is projected forming a structure similar to
a “leaf”. These authors described the detailed morphology of
the specimens and hypothesized that Equicalastrobus chin-
leana represents a transitional stage between Calamitaceae
and Equisetaceae. On the other hand, Zhang et al. (2021)
described the species of Equicalastrobus pusillus, which was
found on the same slab along with Schizoneura; however,
since they are not in an organic attachment, the authors con-
sidered that they should not be assigned to the same species.
Zhang et al. (2021) also carried out a clustering analysis of

the reproductive organs of fossil and extant species, resulting
in Equicalastrobus being more closely related to the family
Equisetaceae than to the Calamitaceae.

The strobili of Equicalastrobus glabratus sp. nov. were
found in the same fossiliferous stratum next to articulated
axes with whorled reduced leaves, fused at the base and
free at the apex forming a sheath (Fig. 4D). The organic at-
tachment between strobili and axis fragments indicates that
these correspond to the vegetative part of Equicalastrobus,
which until now was unknown. These axes and leaf sheaths
are very similar to the axes of Equisetites and Equisetum,
however, they differ from these by presenting longitudinal
ribs parallel passing through the node. The fossil remains
of Equicalastrobus found in the Cortaderita Formation rep-
resent the oldest record of the genus since the two species
described so far come from the Upper Triassic.

The reproductive characters of Equicalastrobus glabra-
tus sp. nov. indicate a close affiliation to the families Equi-
setaceae and Neocalamitaceae (= Apocalamitaceae), as both
are characterized by strobili with hexagonal sporangio-
phores and without bracts, similar to those of the new spe-
cies, but differ in the umbo projection which is absent in
those families (De Candolle 1804; Boureau 1964; Stewart
and Rothwell 1993; Simpson 2005). On the other hand, some
vegetative characters of Equicalastrobus glabratus sp. nov.
are shared by the family Neocalamitaceae (continuous ribs
passing through the node) and by the family Equisetaceae
(leaf sheaths with reduced leaves). According to Elgorriaga
et al. (2018), the family Neocalamitaceae and Equisetaceae
are two lineages grouped in a major clade. In contrast, the
analysis of Zhang et al. (2021) proposed a major clade in-
cluding the genera assigned to both Equisetaceae and
Neocalamitaceae, but each family are not monophyletic (see
Zhang et al. 2021: fig. 5). Based on the information from the
both analyses, it could be interpreted that Equicalastrobus
would be located basally in the family Equisetaceae but
with characters, such as continuous ribs through the node,
that are shared with the Neocalamitaceae. Unfortunately,
few materials of this genus are known, so a deeper study
of reproductive and vegetative structures from the Triassic,
such as those of older ages, could provide more information
about the lineage origins.

The assemblage of continental masses into a single
supercontinent, Pangaea (Wing and Sues 1992), made up of
the Laurasic and Gondwanan Phytogeographical Kingdoms
(Artabe et al. 2003), led to widespread dispersal of many
plant species during the Triassic (Artabe et al. 2003). One
of the groups that achieved a cosmopolitan distribution was
the family Equisetaceae, which comprises species of the
only living genus, Equisetum, but it also includes extinct
fossil genera such as Equisetites, Equisetostachys, Viri-
distachys, Kraaiostachys, and Equicalastrobus (Ander-
son and Anderson 2018; Zhang et al. 2021). Until now
occurrences of Equicalastrobus were known from the USA
and China (Grauvogel-Stamm and Ash 1999; Zhang et al.
2021) (Laurasian Phytogeographical Kingdom). In this
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work, the first record of the genus for Argentina and for the
Gondwanan Kingdom indicates a cosmopolitan distribution
of the genus Equicalastrobus and the family Equisetaceae.

Conclusions

The finding of impressions-compressions of reproductive
structures assignable to the Equisetales represents the first
fertile record of this order from the Cortaderita Formation.
On the other hand, the discovery of the genus Equicalastrobus
represents the oldest occurrence of the taxon worldwide and
the first record of the genus for Argentina and Gondwana.
These structures are found in organic attachment and close as-
sociation with axes and leaf sheaths allowing the reconstruc-
tion of a whole plant of Equicalastrobus, until now unknown.
The whole plant would have been herbaceous, branched, with
axes with distinct nodes and internodes, whorled leaves fused
at the base and free at the apex forming a leaf sheath.
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