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In this study, we examined the first paleofloristic record for the Monina Formation, Middle Triassic, Agua de los
Pajaritos depocenter, Cuyana Basin, San Juan Province, Argentina. The paleoflora includes representatives of
Isoetales, Peltaspermales, and Coniferales in addition to some unidentified taxa classified as incertae sedis. The
species determined, described, and compared were: Lepacyclotes sp.; Matatiella cf. roseta, Anderson and Ander-

son2003; Scytophyllum sp.; Cf. Rissikianthus; Protocircoporoxylon sp.; Cordaicarpus sp.; and Acevedoa cf. rastroensis
(Arce and Lutz) Arce and Lutz 2014. In addition, a model is proposed to determine paleofloristic associations as
well as reconstruction of the paleoenvironment based on the depositional architecture and the preservational
mode of the paleofloristic remains.

1. Introduction

The Cuyana, Ischigualasto-Villa Unién, and Marayes-El Carrizal
basins are part of a series of continental extensional basins that devel-
oped along the western margin of Gondwana during the early Mesozoic
(e.g. Uliana et al., 1989; Ramos and Kay, 1991; Lopez Gamundi, 1994;
Spalletti, 1997, 2001). These basins provide a continuous record of the
Triassic in Argentina and share many paleofloristic elements. The
presence of these elements facilitated the generation of a chronographic
and biostratigraphic linkage scheme for all lithostratigraphic units
southwest of Gondwana (Spalletti et al., 1999).

In particular, the Cuyana (also known as Cuyo), Basin is notable for
its abundant and diverse paleoflora, which form an important link be-
tween different depocenters in areas north and south of the basin. The
taphofloras present in the north-western sector of the San Juan Province
are distributed among three main depocenters (Rolleri and Criado
Roque, 1968; Yrigoyen and Stover, 1970; Stipanicic, 1979): i) Rincén
Blanco (Borrello and Cuerda, 1965) and ii) Agua de los Pajaritos (=
Hilario) (Stipanicic, 1972, 1979), both located on the western slope of

the Sierra del Tontal, and iii) Barreal (Groeber and Stipanicic, 1953)
located along the eastern flank of the Los Patos river valley (Fig. 1).
These depocenters correspond to the Rincon Blanco (Borrello and
Cuerda, 1965) and Sorocayense (Mésigos, 1953) groups, which provide
abundant paleofloristic records throughout the Middle Triassic/early
Late Triassic (e.g. Frenguelli, 1948; Stipanicic and Menéndez, 1949;
Groeber and Stipanicic, 1953; Bonetti, 1963; Stipanicic and Bonetti,
1965; Stipanicic, 1972, 1979; Artabe et al., 1995a, 1998; Zamuner et al.,
1999; Bodnar, 2010; Barrdo, 2012; Bodnar et al., 2019). The Sor-
ocayense Group in the Agua de los Pajaritos depocenter has provided a
wide variety of stratigraphic schemes since its discovery (Pozzo, 1948;
Groeber and Stipanicic, 1953; Stipanicic, 1969, 1972, 1979; Baraldo and
Guerstein, 1984; Spalletti et al., 1999, 2001; Stipanicic and Zavattieri,
2002; Zamora et al., 2008; Barredo and Ramos, 2010; Barrdo, 2012).
This occurred because its initial sedimentation took place in the isolated
depocenters of Barreal, Agua de los Pajaritos and Rincén Blanco and
because tertiary compressive deformation produced differential folding
of the filling with subsequent truncation and superposition of some of
the lithostratigraphic units (Barrdo, 2012). Within this context, Barredo
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Fig. 1. Geographic location of study area in San Juan Province, Argentina, and a geologic map showing the sampled localities (brown square) at arroyo Agua de los
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et al. (2016) applied tectono-sedimentary concepts in a regional study,
to determine that the most consistent stratigraphic scheme for the
Triassic sediments in the Agua de los Pajaritos depocenter is that pro-
posed by Baraldo and Guerstein (1984). The Sorocayense Group in the
Agua de los Pajaritos depocenter was divided into four formations
including, from the base to the top, Agua de los Pajaritos (Stipanicic and
Bonetti, 1969), Monina (Baraldo and Guerstein, 1984), Hilario (Stip-
anicic, 1969), and El Alcazar (Stipanicic, 1969). The latter is the strat-
igraphic scheme used in this study (Fig. 2). For this depocenter,
paleofloristic studies are scarce and are limited to floristic lists for the El
Alcézar Formation (Stappenbeck, 1910; Du Toit, 1927a, 1927b; Stip-
anicic, 1972, 1979) and three articles of systematic descriptions
(Menéndez, 1957, 1958; Ganuza et al., 1998).

The main objective of this study is to present the first paleofloristic
record for the Monina Formation. These findings will enable us to
expand the paleogeographic and temporal distribution of some of the
species present in the Sorocayense Group and to provide biostrati-
graphic correlation with the other Triassic basins of central-west
Argentina. Finally, based on the paleofloristic composition and paleo-
enviromental characteristics, a paleoecological interpretation of the
fossiliferous association can be developed.

2. Materials and methods

The geological research included analysis of the stratigraphic-
sedimentological sections of the Monina Formation, delimiting the
base and upper contacts. Nine lithofacies were documented (Table 1),
and three facies associations (FAs) were identified using the methodol-
ogy proposed by Miall (1978, 1996) and Melchor (2004, 2007). The
descriptions were made following the standardized terminology of Font
Quer (1982) and Harris (1937). The wood anatomical description fol-
lows the terminology of Boureau (1956), Fahn (1990), the International
Association of Wood Anatomists (IAWA) Committee (Richter et al.,
2004), and Philippe and Bamford (2008).

The preserved material as impressions—compressions was observed
using an Olympus SZ30 binocular stereomicroscope and was photo-
graphed with a Nikon Coolpix P510 digital camera. In cases requiring
mechanical preparation, needles and a microjack-type pneumatic
hammer were used. Permineralized fragments of wood were cut in the
Petrotomy Laboratory EXAMINA in the transversal, longitudinal radial,
and longitudinal tangential cutting planes for mineralogical and
anatomical analysis and special preparations. These slides were
observed and photographed using a Biotraza XP-607 linear photo-
thermal optical microscope. In addition, trunk surfaces were polished
for macroscopic observation under an Olympus SZ30 binocular stereo-
microscope. Finally, paleoenviromental characterisation of the paleo-
flora carrier levels was performed following the criteria of Spicer (1989),
Spicer and Parrish (1990) and Gastaldo and Demko (2011).

All of the specimens were deposited in the collection of the “Instituto
y Museo de Ciencias Naturales, Universidad Nacional de San Juan”
under the acronyms PBSJ. For the wood specimen and PBSJ A, B, C for
the slides. Other abbreviations are FA, facies association and FS, fossil-
iferous strata.

3. Results
3.1. Sedimentological analysis of the Monina Formation

The most conspicuous deposits of the Monina Formation occur in the
Arroyo Agua de los Pajaritos creek, with a total thickness of 130 m. This
unit limits is conformable and transitional at its base and top with the
Agua de los Pajaritos and Hilario formations, respectively. Considering
the lithofacies and architectural differences observed throughout the
unit, it was possible to divide the Monina Formation into three facies
associations (FA): basal (FAl), middle (FA2), and cuspidal (FA3)
(Fig. 3).
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Fig. 2. Schematic stratigraphic column showing the four stratigraphic units of
the Agua de los Pajaritos depocenter and the different position of paleo floristic
strata from previous work (Menéndez, 1957, 1958; Ganuza et al., 1998) and
this contribution.

FA1 has a thickness of 35 m (Fig. 3) and consists of coarsening-
upward grain-stratum cycles. Each cycle is characterised by: 1) the
presence of fine deposits with laminated and massive structure (F1/Fsm)
2) tabular geometry that grades from fine to coarse sandstone deposits
with cross -bedded and 3) massive structures (St/Sm) and tabular to
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Table 1
Lithofacies code used in this work (modified from Miall, 1996).

Litofacies ~ Texture Structure and geometry

St Sandstone Crossed stratification in trough. Bodies of lentiform or
tabular geometry. The thicknesses vary between 0.5
and 4 m.

Sm Sandstone Massive Bodies of lenticular geometry. Thicknesses
range from 0.2 to 4 m.

Sla Sandstone Wave lamination with asymmetric corrugations of low
angle. Tabular geometry body. Thicknesses ranging
from 1 to 4 m.

TI(P) Primary Tuff ~ Horizontal lamination. Tabular bodies with slightly
concave base. Thickness between 1 and 3 m.

Tt(P) Primary Tuff  Structure crisscrossed in trough. Tabular bodies.
Thicknesses ranging from 1 to 4 m.

Tt(S) Secondary Structure crisscrossed in trough. Tabular bodies.

Tuff Thicknesses ranging from 1 to 5 m.
Tmq(s) Silicified Massive tabular bodies. Thickness between 0.3 and 1
Tuff m.

Fl Limestone Horizontal lamination. Bodies of tabular geometry.
Thicknesses that vary between 0.2 and 4 m.

Fsm Limestone Massive. Tabular bodies. Thickness between 0.3 and 1

m.

lentiform geometry. Fine deposits from the lower part of the FA1 exhibit
abundant bioturbation features and the middle part of FA1 (12 m thick)
is characterised by the presence of clinoforms in the sandstone banks
and thin beds of silicified tuffs in the pelitic levels (Tmq (S)). Fossilif-
erous strata (FS) are located in the fine levels of this section; FS1 and FS2
are located 13 m and 17 m from the base of the formation (Fig. 3). The
upper part of the FA1 has a thickness of 8 m and it is characterized by
deposits of fine granulometry (mudstone and fine-grained tuff) and tuffs,
interspersed with fine sandstone beds, marking the top of FA1.

Based on the description of the FA1, facies of delta platform were
recognised, due to the coarsening-upward grain-stratum arrangement of
the section with the presence of clinoforms in the tabular bodies of the
sandstone, which are covered by thin, laminar deposits typical of a Delta
topset. These beds are interspersed with vegetated subaerial platform
facies with volcaniclastic influence (Jopling, 1963, 1965; Spicer, 1989,
Fig. 3). This FA was interpreted as a low-energy Gylbert-type delta
system (Jopling, 1963; 1965; Spicer, 1989).

FA2 has a thickness of 67 m (Fig. 3). Its base is characterised by the
presence of primary tuff pyroclastic deposits (Tt (P)/T1 (P)) inherited
from FA 1. The FA2 is characterized by sandstone bodies with lentiform
geometry and little erosive base, cross structure and massive structure
that includes ondulitic lamination at the base (St/Sm/Sla). These levels
are interspersed with laminar and massive structure fine-grained bodies
(F1/Fsm) of tabular geometry. This system begins with a transitional
volcaniclastic plateau over deltaic deposits of the anterior facies asso-
ciation (FA1), which is the product of large amounts of tuffaceous ma-
terial flooding the lacustrine-deltaic system (Miall, 1996, Fig. 3). This
section is characterised by the presence of sandstone interspersed with
mudstone bodies, with heterolitic deposits occasionally occurring. The
arrangement of the deposit is finning upward and tends to become
thinner towards the upper part. Based on the criteria of Miall (1996) and
Melchor (2004, 2007), this section was interpreted as the development
of a low-energy meander system.

FA3 has a thickness of approximately 37 m. It consists of beds of fine
granulometry with a laminated structure (FI/Fm) and tabular geometry,
as well as reductive colouring (dark gray/black), and abundant organic
matter. These bodies are interspersed with sand beds of volcaniclastic
nature with a low-angle cross-structure and a massive trough (Tmgq (S)/
Tt (S)) of tabular geometry (Fig. 3). The presence of thin laminated
mudstone facies represents suspended sub-aquatic deposits, and the
dark colour denotes a high percentage of organic matter transformed
into kerogen (Zamora et al., 2008; Abarzta, 2016). These are inter-
spersed with tuffaceous levels, as evidenced by the presence of current
structures. The succession described for FA3 based on was interpreted as
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a shallow lacustrine environment with sporadic volcanic ash fall (Murcia
et al., 2013), which is similar to that observed in other units of this type
such as the Ischichuca Formation of the Ischigualasto-Villa Uni6n Basin
(Melchor, 2004, 2007; Miralles, 2010).

3.2. Paleobotanical systematics

Division Tracheophyta Sinnott ex Cavallier-Smith, T., 1998
Class Lycopodiopsida Bartling, 1830

Order Isoetales Prantl, 1874

Genus Lepacyclotes Emmons emend. Retallack (1997).
Type species: Lepacyclotes circularis Emmons (1856)
Lepacyclotes sp.

Plate I A and B

Description: This material consists of two isolated sporophylls from
the same stratigraphic level. These sporophylls are linguliform with
lengths of 0.9-1 cm and widths of 0.3-0.4 cm in the distal third and 0.2
cm at the base. The sporophylls have linear margins, a rounded base,
and an obtuse to slightly mucronate apex. A middle line divides the
specimens into two equal halves, delimiting the location of sporangia.
This area has a length of 0.4 cm and a width of 0.1 cm, which suggests
that is the adaxial face of the sporophyll.

Studied specimens: PBSJ 1191; 1196.

Fossiliferous strata: FS1.

Remarks: The genus Lepacyclotes is used for axes with numerous
sporophylls terminating outwardly in triangular points that form a
border outside of a circular ridge (Emmons, 1856: p. 333, Kustatscher
etal., 2015). Retallack (1997) considered Annalepis as a junior synonym
of Lepacyclotes and proposed that Lepacyclotes also be used for the iso-
lated sporophylls. The described specimens can be assigned to the genus
Lepacyclotes after Retallack (1997), because although they are isolated,
the most relevant characteristics were observed such as sporophylls in
the form of ‘tongue’, a mucronate apex, the slightly triangular distal
portion of the lamina, and the presence of a midline delimiting the area
of insertion of the sporangia. No evidence of ligule or scar was observed.
Although the presence of a midline dividing the sporophyll could be
sufficient to assign the specimens to Lepacyclotes zeilleri (Fliche) Retal-
lack (1997) (Moisan and Voigt, 2013) we consider that this feature alone
is not enough evidence. In addition, the sporophylls of L. zeilleri are
twice the size of the material found in the Monina Formation, and their
base is slightly expanded. Compared with L. circularis (Emmons) Retal-
lack (1997), the sporophylls of this species are the specimens studied
herein, and possess ligule scar, a character that was not observed in the
Monina’s specimens. The sporophylls assigned to Lepacyclotes ermayi-
nensis (Wang) Retallack (1997) differ in having larger size and a ter-
minal apex with a marked tip. L. convexus (Brik) Retallack (1997) is
generally larger, both in length and width, in addition to the presence of
ligule and the apical part culminating in the form of “tooth”. L. kirchneri
Bauer et al. (2015) has a prominent apical process that in the studied
specimens do not or were not preserved (Kustatscher et al., 2015).
Cariglino et al. (2018) described specimens referred to Lepacyclotes sp.
for the Quebrada de los Fosiles Formation. These specimens consist on a
partially preserved axis with, at least, two cycles of densely packed
helically arranged sporophylls. Compared with the Monina’s specimens,
these sporophylls are a few millimeters smaller, both wide and length.
They present the same characteristics such as tongue-shaped
morphology, a mucronate apex, and a strong midline. The sporophylls
from the Monina Formation could represent the same taxon as those
described for the Quebrada de los Fosiles Formation.

Class Spermatopsida Serbet and Rothwell, 1995
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Fig. 3. Sedimentological section of the Monina Formation (Middle Triassic) in Arroyo Agua de los Pajaritos creek showing the stratigraphic distribution of the
fossiliferous strata (FS) and the facies association (FA) along the formation.
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Order Peltaspermales Meyen, 1987.

Family Peltaspermaceae Thomas, 1933.

Genus: Scytophyllum Bornemann, 1856.

Type species: Scytophyllum bergi Bornemann (1856).
Scytophyllum sp.

Plate I C

Description: Fragmentary compression of a pinna up to 1.7 cm long
and 1 cm wide inserted in its most basal part and 0.65 cm wide in the
apical part. The apex was not preserved. The fragment exhibits a linear
oblong shape with crenulated margins. The lobes decrease in size to-
wards the apical part, with maximum and minimum widths of 0.5 cm
and 0.3 cm and maximum and minimum heights of 1.4 cm and 0.6 cm,
respectively. It presents pinnate venation with a conspicuous primary
vein from which secondary veins radiate; these are dichotomised before
reaching the lobed margin. The midvein reaches the apex. The second-
ary veins detach opposite to subopposite from the midvein and alternate
towards the apex with angles of 62° in the basal part and 51° in the
apical area before dichotomising near each lobe. Third-order veins can
be observed only partially; they radiate from the secondary vein and are
dichotomised before reaching the lobe margin.

Studied specimen: PBSJ 1190.

Fossiliferous strata: FS1.

Remarks: Materials assigned to the genus Scytophyllum Bornemann,
1856 have been described in several Triassic Gondwana Basins (e.g.
Zamuner and Artabe, 1990; Gnaedinger and Herbst, 1998; Zamuner
et al., 1999; Anderson and Anderson, 2003; Morel et al., 2010). The
material described for the Monina Formation is comparable in its
characteristics with those of the genus Scytophyllum (see Dobruskina,
1969). In particular, the specimen from the Monina Formation exhibits
characteristics that are very similar to Scytophyllum bonettiae described
by Zamuner et al. (1999) from the Cortaderita Formation (also of the
Sorocayense Group, but of the Barreal depocenter). These features
include a pinnate pattern of venation with at least three observable vein
orders and a crenulated margin. The lobes decrease in size towards the
apical part. However, since it is a very fragmentary specimen and the
specific characters cannot be observed, we decided not to assign to a
specific level the specimen from the Monina Formation. In the Argen-
tinean Triassic, the genus Scytophyllum was described for the Ischigua-
lasto, Canadoén Largo, Cortaderita and El Alcazar formations (Zamuner
and Artabe, 1990; Gnaedinger and Herbst, 1998; Zamuner et al., 1999).

Family Matatiellaceae Anderson and Anderson, 2003.

Genus: Matatiella Anderson and Anderson, 2003.

Type species: Matatiella roseta Anderson and Anderson (2003).
Matatiella cf. roseta

Plate ID and E

Description: The specimens appear as discs or disc parts, interpreted
as megasporophylls. The section is circular with an average radius of
0.55 cm. They are deeply lobed, with 6 or 7 lobes linked to a central axis.
Although the material is poorly preserved, a rib can be seen in the
middle part of some lobes. Each lobe is obtriangular in shape with an
enlarged and truncated outer margin; in some lobes is preserved a scar
that corresponds to the insertion of one ovule per lobe.

Studied specimens: PBSJ 1188; 1189.

Fossiliferous strata: FS1.

Remarks: The material described for the Monina Formation is com-
parable with the genus Matatiella (Anderson and Anderson, 2003). Ac-
cording to Anderson and Anderson (2003), of all known
megasporophylls from the Triassic of Gondwana, Matatiella is
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comparable to Peltaspermum. However, the difference between both is
that Peltaspermum has radial symmetry and Matatiella has bilateral
symmetry. In addition to these differences, the material observed in the
Monina Formation could be compared with Peltaspermum monodiscum,
however, the number of lobes in P. monodiscum generally is greater than
10 (11 or 12) and these also have a linear form, unlike Matatiella, where
the lobes are obtriangular, and fewer in number. Within the Matatiella
genus, the species most similar to our materials is Matatiella roseta,
although it has one or two lobes less (Anderson and Anderson, 2003).
Because of that characteristic we assigned the specimens of the Monina
Formation to M. cf roseta Anderson and Anderson (2003). In the Molteno
Formation, three species of similar structure were assigned to Matatiella,
M. hemiroseta, M. sessilis and M. reducta. M. roseta differs from
M. hemiroseta, in that the lobes are distributed in a fan-shape on the axis
and not as a complete disc. The difference between M. sessilis and
M. reducta with M. roseta is in the number of lobes. M. sessilis only has
four lobes, these are not very prominent, and in some cases aborted
ovules are present. M. reducta has only 4 lobes deployed, and the only
specimen used to describe the species was poorly preserved, so in the
opinion of the authors could be a part corresponding to one of the two
species previously described. Arce and Lutz (2010) described fossils
assignable to Matatiella roseta from Los Rastros Formation,
Ischigualasto-Villa Unién Basin. The presence of Matatiella cf. roseta, in
the Monina Formation corresponds to the first mention of the species for
the Cuyana Basin.

Order Pinales Gorozhankin 1904 (=Coniferales)

Family Podocarpaceae Endlicher 1847.

Genus: Rissikianthus Anderson and Anderson, 2003.

Type species: Rissikianthus townrowii Anderson and Anderson (2003).
cf. Rissikianthus

Plate I F1 and F2

Description: The specimen consists of an impression of a compact
oval lanceolate strobiliform structure connected to a relatively flexible
shaft with a width of 0.15 cm. The strobilus has a length of 1.2 cm and a
width of 0.6 cm at the base; the lengths are 0.75 cm in the middle part
and 0.5 cm towards the apex. It consists of a woody central axis 0.25 cm
in width bearing helically microsporophylls. A minimum of four mi-
crosporophylls are arranged at 90° in the central axis. Those at the base
and the middle part of the strobilus have an average length of 0.2 cm,
and those close to the apical part are 0.11 cm long. Each microsporo-
phyll has a wing in its distal part pointing towards the apex of the
strobilus. Owing to the regular level of preservation of the material, the
presence of microsporangia linked to the microsporophylls was not
verified.

Studied specimens: PBSJ 1195 A and B.

Fossiliferous strata: FS1.

Remarks: The material described for the Monina Formation presents
the majority of the characters enunciated by Anderson and Anderson
(2003) for the type species of the genus Rissikianthus, as they are
compact lanceolate cones and the microsporophylls located on a thick
axis with helical arrangement. Anderson and Anderson (2003) described
four species of Rissikianthus from the Molteno Formation based on a total
of 79 very well-preserved specimens. In addition, similar specimens
have been described in the locality of Nymboida, Australia, in the Basin
Creek Formation (Holmes and Anderson, 2013). The specimens from the
Monina Formation were not assigned to any particular species owing to
their poor preservation status. In Argentina, the first mention of speci-
mens assigned to Rissikianthus were Gnaedinger (2010) and Gnaedinger
and Herbst (2008); however, the results of these studies lack de-
scriptions and illustrations. Also, Bodnar et al. (2020) released the first
description of a pollen cone assigned to Rissikianthus for the Cacheuta



J.M. Drovandi et al.

Formation, Cuyana Basin, Mendoza Province. These authors could not
assign the material to a particular species because most of the diagnostic
characters were not preserved.

Order Incertae Sedis
Genus: Protocircoporoxylon Vogellehner, 1967.

Type species: Protocircoporoxylon capensis (Walton) Vogellehner
(1967).

Protocircoporoxylon sp.
Plate 1T A1-A6

Description: Fragment of a small permineralized woody axis, ellip-
tical in cross section, of 10 x 12.2 cm in diameter. The pith is eccentric,
with no discernible anatomical detail. Tracheids belonging to the pri-
mary xylem are observed around the pith. Homoxylic secondary xylem
indistinct or absent growth rings. Tracheids are pentagonal to slightly
circular in outline. Tangential diameter of tracheids is 14- (21.7)-33
pm, and tracheid walls are 3- (5.13)-7.6 pm thick. Tracheid radial
diameter is 16— (19.36)-31 pm and tracheid walls are 3.5- (6)-10 pm.
Tracheids with mixed radial pitting (sensu Philippe and Bamford, 2008).
The bordered pits are uniseriate, rarely opposite or alternate biseriate.
The 43% of the pits is compressed or contiguous, and 56% is spaced. Pits
are 8- (12)-10.05 pm in radial diameter and 8- (10.75)-14 pm in ver-
tical diameter. Tangential pits are not observed. Cross-fields have 1 or 2
simple circular to oval pits, of circopore type (sensu Philippe, 1995). The
cross field pits are 10.6 x 4.16 pm in average diameter. Rays are uni-
seriate and homocellular, and 1-16 cells in height; with an average
height of eigth cells. Ray cells are rectangular (procumbent) with
smooth walls. The ray density is 15 per mm?2. Axial parenchyma and
resin channels are absent.

Studied specimens: PBSJ 1199 A-B-C.

Fossiliferous strata: FS2.

Remarks: The genus Protocircoporoxylon was created by Vogellehner
(1967) for fossil woods with araucarian or mixed radial tracheid pitting,
and circoporoid crossfields, which means the presence of one or two
elliptical oopores (=simple pits) with horizontal major axis. The type
species of the genus, P. capensis (Walton) Vogellehner (1967), was
described for the South African Triassic. In addition, P. mongolense Ding
etal., 2011 was reported for the Mongolian Jurassic, and the presence of
Protocircoporoxylon was mentioned in the Lower Jurassic of Romania
(Philippe et al., 2006) and the Cretaceous of Antarctica (Torres et al.,
1997). In Argentina, this genus presents only one species, P. marianaensis
Zamuner and Artabe (1994), recorded for the Paso Flores Formation,
Upper Triassic, Rio Negro Province. Menéndez (1956) described the
species Protophyllocladoxylon cortaderitaensis, from the Middle Triassic
Cortaderita Formation, San Juan province, Argentina. This taxon was
restudied by Vogellehner (1967), who assigned it to his new genus
Protocircoporoxylon. More recently, this species was transferred to the
corsytosperm genus Rhexoxylon by Bodnar (2008). The fossil wood from
Monina Formation presents the diagnostic characters of the genus Pro-
tocircoporoxylon, although shows differences with the described species
to date. Our specimen shares with P. marianensis, the abscence of growth
rings and tangential pitting, the presence of exclusively uniseriate rays
and up two circopores per cross field. However, P. marianensis have most
of the cross fields has one circopore, while in the Monina specimen the
presence of two circopores per field is very frequent. Also, they differ in
the radial and tangential tracheid diameter, since they are larger in
P. marianensis. The suprageneric systematic affiliation of mesozoic fossil
woods with mixed radial tracheid piting and circoporoid cross field, has
been discussed by several authors (e.g. Bamford et al., 2016; Bateman
and Hilton, 2009). This character combination is observed in different
gymnosperm order and families (Grambast, 1952). For example, when
the secondary xylem of corystosperms is found isolates, it has the same
anatomical features that Protocircoporoxylon. However, the vascular
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pattern of the corystosperm stems is characterized by the fragmentation
of the secondary xylem (Bodnar, 2008), while the Monina specimen
shows a compact and undissected wood. Gnaedinger (2007) described
several podocarpacean woods from the Jurassic of Argentina, which also
have mixed radial trachei pitting and circoporoid cross fields. The wood
of Nothophytum krauselii Meyer-Berthaud and Taylor, 1991, from the
Antarctic Triassic, is characterized by the mixed tracheid pitting and one
or two simple pits in the cross fields, similar to the circopore type.
Bomfleur et al. (2013) assigned that species to the voltzialean conifers.
By the reason previously exposed, the Monina fossil wood is not asso-
ciated with a particular order because logs of this type have been
assigned to both the Coniferales (= Pinales) and the Votziales (Bomfleur
et al., 2013; Bodnar et al., 2015). This constitutes the oldest record of
Protocircopoxylon, and the first mention of the genus for the Cuyana
Basin.

Genus: Cordaicarpus Geinitz, 1862

Type species: Cordaicarpus cordai (Geinitz) Seward, 1917
Cordaicarpus sp

Plate I G

Description: Rounded platyspermic seed, oval with elongated acute
apex where the micropile would be located. The specimen is 0.7 cm wide
by 0.62 cm long. It was possible to differentiate two zones. The external
zone corresponds to the sarcotesta and has a uniform width of 0.14 cm;
the internal zone, or sclerotesta, has a maximum width of 0.45 cm. The
complete micropyle is not visible, nor there is a median ridge or other
type of ornamentation in the area of the sclerotesta.

Studied specimen: PBSJ 1192.

Fossiliferous strata: FS1.

Remarks: This material was assigned to the genus Cordaicarpus
owing to its platyspermic shape, which is oval at the base and acute
towards the micropile area, in addition to the differentiation between
the sarcotesta and the sclerotesta. The material was compared with the
genus Samaropsis Goeppert 1864, although the dimensions of the sar-
cotesta are different, and the typical wing of the genus Samaropsis were
not observed in the present specimen. Retallack (1980) related seeds
assignable to Cordaicarpus with leaves of the genus Linguifolium, a
gymnosperm incertae sedis of arboreal habit. Bomfleur et al. (2011) have
suggested that both Cordaicarpus and Linguifolium could be related to the
Matatiellaceae seed ferns. In Argentina, the genus was found in the
Cacheuta, Rio Blanco, Llantenes, Paso Flores and Rancho de Lata
formations.

Genus: Acevedoa (Arce and Lutz) Arce and Lutz (2014).

Type species: Acevedoa rastroensis (Arce and Lutz) Arce and Lutz
(2014).

Acevedoa cf. rastroensis
Plate I H1 and H2

Description: The specimen is a platyspermic seed, oval lanceolate in
shape. It has a total length of 0.7 cm including the micropillar zone and a
width of 0.3 cm in the middle part, which decreases towards both ends.
The micropyle area has a width of 0.1 cm and a length 0.08 cm. A dif-
ferentiation was observed between the central zone and the periphery of
the specimen, which could correspond to the limit between the sarco-
testa and sclerotesta.

Studied specimen: PBSJ 1183.

Fossiliferous strata: FS1.

Remarks: The specimen exhibits characteristics that are common to
the genus Acevedoa Arce and Lutz, 2014. However, the seed described
does not correspond to the genus Samaropsis because it lacks the
rounded to sub-rounded shape and thick sarcotesta that characterize
that genus. Moreover, is not similar to the genus Cordaicarpus, although
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the shape is similar because lacks the typical notch that this genus
presents in the micropile area. Anderson and Anderson (2003) reported
specimens that resemble the seed found in the Monina Formation in
shape and size, but without a description or systematic affinity. There-
fore, the specimens studied are assigned to the genus Acevedoa as
characterized by platyspermic seeds without domes or wings; the oval,
tapered apex and rounded base; the simple micropile; and the way in
which it is curved towards the axis. The material described from the
Monina Formation has most of the characters enunciated by Arce and
Lutz (2014) for specimens from the Los Rastros Formation. Bomfleur
et al. (2011) have suggested that this taxon could have an affinity with
the Peltaspermales Order, Matatiellaceae Family, however, since the
materials of the Monina Formation were found in the dispersed state, the
incertae sedis suprageneric classification was chosen.

4. Discussion
4.1. Paleogeographic and biostratigraphic considerations

A global floristic change occurred during the Permian-Triassic
transition in which some lineages became extinct and others developed
to establish the floristic elements during the Mesozoic (Balme and
Helby, 1973). Although the biota of the southwest region of Gondwana
included taxa common throughout the continent (e.g. Neocalamites,
Equisetites, Pleuromeia, Lepidopteris, Baiera, and Sphenobaiera) it was
distinguished by the presence of endemic groups such as the Umkoma-
siaceae (=Corystospermaceae) Family. The Triassic Basins of western
Argentina cover a wide temporal spectrum that extends from the Early
to Late Triassic and in some cases to the Early Jurassic. This extensive
temporal range generated a continuous and abundant paleofloristic re-
cord throughout the Triassic (Artabe et al., 1999, 2001; 2003; Morel
et al., 2001; Spalletti, 2001; Spalletti et al., 1999; Bodnar et al., 2018).

The paleoflora found in the Monina Formation have systematic
importance and also enable us to expand the paleofloristic knowledge of
the Cuyana Basin. In addition, they provide tools for establishing
biostratigraphic relationships between depocenters within the same
basin and within the remaining Triassic basins of north-western
Argentina. Moreover, the discovery of paleoflora in the Monina For-
mation extends the paleobiogeographic distribution of some of the ele-
ments described in this study. Sporophylls assigned to the genus
Lepacyclotes (Isoetales) have paleobiogeographical importance, because
they have a Laurassic affinity (Kustatscher et al., 2010, 2015). In
Argentina, they have been registered only in the Quebrada de los Fésiles
Formation of the Puesto Viejo Group (San Rafael depocenter, Mendoza
Province) and are dated as Middle Triassic (Ottone et al., 2014; Coturel
et al., 2016; Cariglino et al., 2018). The presence of Lepacyclotes in the
Monina Formation extends its record to the Cuyana Basin, increasing the
distribution of this taxon.

The occurrence of the genus Matatiella, has much importance,
because this is the first appearance of this structure in the Cuyana Basin.
The only record of Matatiella, from Argentina is known from the
Ischigualasto-Villa Unién Basin, Los Rastros Formation (Arce and Lutz,
2010), besides the specimens from the Molteno Formation in South
Africa (Anderson and Anderson, 2003). That is why Matatiella, has a
paleobiogeographical importance as well as temporal implications
(Smith et al., 1993; Anderson and Anderson, 2003). The presence of
foliar structures assigned to Peltaspermaceae (Scytophyllum) is the first
mention of these taxa for the Agua de los Pajaritos depocenter; previ-
ously, they were registered in the Cortaderita Formation in the Barreal
depocenter (Zamuner et al., 1999, Fig. 1).

The importance of discovering strobiliform structures assigned to the
genus Rissikianthus corresponds to the first record of this genus in the
San Juan Province. In addition, it expands the biostratigraphic distri-
bution of the genus because materials assignable to Rissikianthus have
been mentioned in the Canadén Largo Formation of the El Tranquilo
Group (Gnaedinger, 2010; Gnaedinger and Herbst, 2008) andthe
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Cacheuta Formation of the Uspallata Group (Bodnar et al., 2020), both
from the Upper Triassic. The presence of permineralized wood assign-
able to the genus Protocircoporoxylon also extends the paleobiogeo-
graphic distribution of the genus to the Cuyana Basin. Previously, it was
found in the Paso Flores Formation (Zamuner and Artabe, 1994), cor-
responding to the Late Triassic (Morel et al., 1999).

The presence of Acevedoa cf. rastroensis in the deposits of the Monina
Formation represents the first record of this genus in the Cuyana Basin.
Arce and Lutz (2010, 2014) described Acevedoa rastroensis in the Los
Rastros Formation (Ischigualasto-Villa Union Basin) of early Ladi-
nian—Carnian age (Currie et al., 2009; Lutz et al., 2011). Since that time,
no other similar structure has been described in the Triassic of
Argentina. Therefore, the presence of this taxon in the Monina Forma-
tion extends the distribution of this species to the north-western sector of
the Cuyana Basin.

4.2. Paleoenvironmental analysis of the paleofloristic assemblage

The paleofloristic assemblage of the Monina Formation is at13 m
from the base of the unit. It is concentrated in fine facies between tabular
sandstone bodies with clinoforms associated with FA1.Two fossiliferous
strata comprise the paleofloristic association, the first (1 m thick) cor-
responds to dark brown laminated facies, intercalated between two
white silicified massive tuffaceous beds. This FS1 contains impressions
and compressions of conifer reproductive organs conifers, (Rissikianthus
sp.), peltasperms (Matatiella), incertae sedis seeds (Cordaicarpus and
Acevedoa cf. rastroensis), isolated sporophylls of lycophytes (Lep-
acyclotes), and an apical leaf fragment of Scytophyllum sp (Plate I A-H).

FS2 is composed of permineralized woody remains of trunks and
possible roots fragments attributed to the genus Protocircoporoxylon, and
debris with no recognisable taxonomic affiliation (Plate II A). This
stratum is located 1 m above FS1 and consists of a laminated pelitic-silty
bed 40 cm in thickness which is covered by a fine ash layer 70 cm in
thickness. The pelitic layer is disturbed by the woody roots of the trunks,
whereas their aerial parts are buried inside the fine ash bed. This deposit
is covered by laminar pelitic levels with remnants of unidentifiable fossil
remains.

As previously stated, all fossiliferous strata are linked to a low-energy
Gylbert-type delta system (Jopling, 1963, 1965; Spicer, 1989). Accord-
ing to Spicer (1989) and Spicer and Parrish (1990), these systems have
two spatially separate but synchronous fossiliferous strata: one located
in the bottomset and one in the topset of the delta. The deposits located
in the bottomset are characterised by the presence of vegetal remains
including leaves and mosses that represent high velocity of settlement in
addition to biotic-type degradation such as skeletonisation originating
from the riparian zones of the lake. The deposits corresponding to the
topset are characterised by the presence of paleofloristic remains that
travel as bedload. They are deposited in the upper part of the delta
because the energy of the current that transported them was insufficient
for overcoming the delta slope. These remains, including cones, mega-
sporophylls, and seeds, are of carpological nature and show typical
breaks generated by mechanical degradation originating from commu-
nities located upstream (Gee, 2005).

In this context, FS1 has the characteristics mentioned by Spicer
(1989) for topset deposits of low-energy Gylbert-type deltas which are
concordant with the sedimentological characteristics. They are in thin
levels that truncate above the deposits with characteristic clinoforms of
the delta front. In addition, the association found in the FS1 is composed
of materials of a carpological nature such as seeds, cones, and mega-
sporophylls as well as remnants of mechanically fragmented leaves. This
interpretation indicates a possibly para-autochthonous origin for the
paleofloristic association preserved in FS1.

FS2, however, presents elements that would have grown on a vege-
tated subaerial platform close to the riparian zones of the lake, as
indicated by the remains of trunks with roots associated. This indicates
an autochthonous origin for the fossiliferous association. Strikingly, the
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Plate I. A and B. Lepacyclotes (Emmons) Retallack (1997); C. Scytophyllum sp. Bornemann (1856); D and E. Matatiella cf. roseta Anderson and Anderson (2003); Fy
and F,. Impression and counterpart of Cf. Rissikianthus Anderson and Anderson, 2003; G. Cordaicarpus Geinitz, 1862; H; and H,. Acevedoa cf. rastroensis (Arce and
Lutz) Arce and Lutz (2014). A to F scale bar: 0,5 cm. G and H scale bar 0,25 cm.
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Plate II. A;-Ag. Protocircoporoxylon Vogellehner, 1967. View under optical microscope (cross, radial and tangential sections), PBSJ 1199. A; Cross section showing
part of the center of the axis; A,. Detail of the central area of the axis; As. Cross section showing the organization of the secondary xylem; A4. general view of
tangencial section showing a wood ray (white arrow); As. Radial section, showing tracheid walls and circoporoid cross fields (white arrow); Ag Detail of the radial
section showing mixed tracheid pits (white arrows). A; and Aj scale bar: 500 pm; A, and As scale bar: 100 pm; A4 and Ag scale bar: 50 pm.

roots disturb a silty level that would have served as a substrate for the
trees that grew in the subaerial zone of the delta, whereas the aerial
parts of these trees are buried by a bank of pyroclastic nature. This in-
dicates that ash fall caused its final burial and subsequent perminerali-
zation (Sigleo, 1978, 1979; Gastaldo and Demko, 2011).

4.3. Paleoecology

The Triassic flora of Argentina is characterised by the presence of
Pleuromeiales, Equisetales, Marattiales, OsmundalesGleicheniales,
Umkomasiales (=Corystospermales), Peltaspermales, Cycadales, Gink-
goales, Voltziales, Pinales (=Coniferales). The attributes of xeromorphic
adaptations presented by these floras generally link them to dry and
seasonal climates, where they formed monospecific bushes or poly-
specific herbaceous shrubs and mixed monospecific forests (Wing and
Sues, 1992; Artabe et al., 2001). Within the paleoecological context of
the Triassic flora, two paleocommunities within the Monina Formation
have been tentatively defined. The first consists of the elements found in
the FS1, which were formed by paleofloristic remains corresponding to
an herbaceous shrub paleocommunity and are characterised by the
presence of Scytophyllum sp, Matatiella cf. roseta, Rissikianthus, and, to a
lesser extent, Cordaicarpus sp. This community existed close to shallow
bodies of water, as indicated by the presence of lycophytes (Lepacyclotes
sp). This would correspond to the riparian flora present upstream, as
denoted by its degree of transport represented only by woody elements
(Spicer, 1989; Spicer and Parrish, 1990; Gastaldo and Demko, 2011).
The second recognised paleocommunity for the Monina Formation is
characterised by the elements found in the FS2. This corresponds to a
monospecific accumulation of conifers including elements assigned to
the genus Protocircoporoxylon (Artabe et al., 2001, 2003). These trees
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would have grown in the riparian zone of the lake; this shows an
autochthonous origin near deltaic deposits (Spicer, 1989; Spicer and
Parrish, 1990; Gastaldo and Degges, 2007; Gastaldo and Demko, 2011).

5. Conclusions

This study presents an analysis of the FAs constituting the Monina
Formation, thus supporting the model proposed by Baraldo and Guer-
stein (1984) which has been subsequently used in other contributions
(Bonati et al., 2008; Zamora et al., 2008; Barrdo, 2012; Barredo et al.,
2016; Abarziia, 2016). The first paleofloristic record of the Monina
Formation is represented by few specimens of a, wide variety of taxa. It
includes Scytophyllum sp, two reproductive structures (Matatiella sp and
cf. Rissikianthus), two seed-types (Cordaicarpus sp and Acevedoa cf. ras-
troensis), isolated megasporophylls of Isoetales (Lepacyclotes sp), and a
permineralized log (Protocircoporoxylon sp).

The discovery of this flora extends the paleobiogeographic distri-
bution of some of the elements recovered from the Monina Formation.
The first records of the genus Lepacyclotes for the Cuyana Basin and the
Sorocayense Group have been reported. Also, this is the first mention of
the genus Matatiella in the Cuyana Basin. The presence of Scytophyllum is
the first mention of these structures for the Agua de los Pajaritos
depocenter. The discovery of materials assignable to Rissikianthus ex-
tends its distribution because previously, similar elements had only been
mentioned in the Canadén Largo Formation of the El Tranquilo Group
(Gnaedinger and Herbst, 2008; Gnaedinger, 2010) and in the Cacheuta
Formation (Bodnar et al., 2020).The presence of Acevedoa cf. rastroensis
expanded the distribution of this genus, which had previously been
described only in the Los Rastros Formation in the Ischigualasto— Villa
Unidn Basin (Arce and Lutz, 2010, 2014). Similarly, the presence of the
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genus Protocircoporoxylon extends its distribution to the Agua de los
Pajaritos depocenter; its previous record was limited to the Paso Flores
Formation (Zamuner and Artabe, 1994). It is noteworthy that it is
constituted the oldest worldwide record of the genus, since Monina
Formation is Middle Triassic in age. As a whole, the fossil plant assem-
blage studied here is quite different to the paleofloras occurring in the
same lithostratigraphic group, at Barreal area. From the paleoenvir-
omental analysis of the remains found in the Monina Formation, it was
deduced that the preservation characteristics and the type of structure
preserved in FS1 correspond to that which Spicer (1989) considered as
deposits associated with a low-energy Gylbert-type delta. Under such
conditions, the materials agree with topset deposits of
para-autochthonous origin. However, the remains preserved in FS2,
belong to vegetation that grew in the riparian zones of the lake, possibly
in a subaerial (autochthonous) deltaic platform, which was buried by
ashfall. Finally, the paleoecological analysis shows that the fossils pre-
sent in FS1 correspond to elements of the understory that integrated
with an herbaceous-shrubby community very close to permanent bodies
of water. For FS2, the interpretation of a fossiliferous association could
correspond to a paleocommunity corresponding to a group of conifers,
which would have developed on the vegetated subaerial platform cor-
responding to the riparian zones of the lake.
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