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ABSTRACT - In the modern flora, lycophytes are restricted to a few herbaceous forms. The fossil record of this group is
significantly larger, with numerous herbaceous, but also arborescent representatives, the latter mostly reported from late
Paleozoic biomes. An association of compressed caulinar fragments of horizontally layered, sub-arborescent lycophytes
(preserved as fossil casts) coming from a clastic level which overlies the Bonito coal seam in the Bonito I mine in the Santa
Catarina coalfield (Santa Catarina state, Brazil) is analyzed in this paper. The material was identified as Brasilodendron
pedroanum (Carruthers) Chaloner, Leistikow & Hill, a taxon that has been described from several outcrops in the coal-bearing
interval of the Parana Basin (Sakmarian/Artinskian). The present study supports the interpretation that sub-arborescent
lycophyte plants showing the Brasilodendron leaf-cushion type were an important component of the coastal peat forming
paleofloristic associations during the Early Permian (Cisuralian) in the Parana Basin and were important contributors to the
original biomass of coals.
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RESUMO — A representatividade do grupo das licofitas na flora atual esta restrita a poucas formas herbaceas. Este grupo,
todavia, possui um vasto registro fossil, constituido por elementos herbaceos e arborescentes que ocorrem, principalmente,
nas associagdes paleofloristicas do Neopaleozoico. Formas subarborescentes de licofitas constituiram-se em importantes
elementos de biomas tropicais e temperados no Neopaleozoico. No presente trabalho, sdo descritos fragmentos caulinares de
licofitas subarborescentes (moldes e contramoldes) provenientes de nivel clastico suprajacente a camada de carvao da mina
Bonito I (Lauro Miiller/SC) aflorante nas imedia¢des da mina. O material foi identificado como pertencente a Brasilodendron
pedroanum (Carruthers) Chaloner, Leistikow & Hill, espécie ja registrada em diferentes afloramentos no intervalo de deposigao
de carvéo da bacia do Parana (Sakmariano/Artinskiano). Fica confirmado, dessa forma, que licéfitas sub-arborescentes foram
o componente relevante das associacdes paleofloristicas relacionadas a turfeiras desenvolvidas em ambientes costeiros durante
o Eopermiano (Cisuraliano) na bacia do Parana.

Palavras-chave: bacia do Parana, Permiano, licofitas subarborescentes, Brasilodendron.

INTRODUCTION helically arranged microphylls which are vascularized by a
vein without interruption from the caulinar stele.
According to Gensel & Berry (2011) lycophytes are Currently lycophytes are represented mainly by herbaceous
vascular cryptogamic plants characterized by monopodial forms and restricted to three families (Lycopodiaceae,
growth or dichotomical branching, densely covered by Selaginellaceae and Isoetaceae), four broad genera (Selaginella
135

MANFROI ET AL.indd 135 30/08/2012 20:50:20



1 TNEEE

136 REVISTA BRASILEIRA DE PALEONTOLOGIA, 15(2), 2012

Palisot de Beauvois, 1805, Lycopodium Linnaeus, 1753
sometimes divided into four or more genera, Phylloglossum
Kunze, 1843 and Isoetes Linnaeus, 1753) and about 1.250
species, and belong to the order Lycopodiales (Judd et al.,
2002). They have a large geographical distribution and can
be found on almost all continents (Wagner & Beitel, 1992;
Ollgaard, 1992).

Despite their relatively low diversity in the modern flora,
the lycophytes have a large fossil record, with a peak diversity
of arborescent forms during the Permo-Carboniferous in
different paleogeographic provinces (Taylor et al., 2009).
However, at the Permian/Triassic boundary the diversity
of arborescent forms strongly declined and only a few
larger forms like Pleuromeia Corda, 1852 and Nathorstiana
Karrfalt, 1984; occurred during the Mesozoic (e.g. Taylor et
al., 2009). According to DiMichele (1985), the arborescent
lycophytes constituted up to 70% of the biomass responsible
for the formation of the Bashkirian and Moscovian coal levels
from Euramerica. At the end of the Moscovian and during
the Kazimovian and Gzhelian the diversity and abundance
of arborescent lycophytes declined to 5% (Kerp, 2000) and
during the Early Permian (Asselian — Sakmarian) arborescent
lycophytes (i.e. belonging to the single species Sigillaria
brardii Brongniart, 1828) were rather rare elements of the
Euramerican palaeoflora (e.g. Schindler et al., 2004). Despite
this drop in Euramerica, the group persisted in other regions as
an important part of floras until the Late Permian (Lopingian)
(e.g. Wang & Chen, 2001).

Several types of arborescent lycophytes are known from
Gondwana and these are mostly associated with coal-bearing
strata, which developed during the Permian. Genera like
Aspidaria (Pseudobumbudendron) Paint & Srivasttava, 1995,
Bumbudendron Archangelsky, Azcuy & Wagner, 1981 and
Brasilodendron (Carruthers) Chaloner, Leistikow & Hill,
1979 are considered to represent important cormophytic
elements in many paleofloristic associations from Gondwana
and have so far been observed in a large number of localities
(Paint & Srivastava, 1995; Archangelsky et al., 1981;
Chaloner et al., 1979).

In the Permian of the Parana Basin, herbaceous [e.g.
Lycopodites (Salvi et al., 2008)], shrubby [e.g. Lycopodiopsis
(Renault, 1890)] and (sub)arborescent [e.g. Brasilodendron
(Chaloner et al., 1979)] forms have been described, sometimes
as elements of canopy and also as understory forms within a
single roof shale flora (Jasper et al., 2006).

Despite the abundance of fossil plants reported for the
Santa Catarina Coalfield, formal descriptions have been
restricted to the Irapuad coal seam (Bernardes-de-Oliveira,
1969, 1977, 1980). The present study has the main goal
of establishing the taxonomic affinities for a compressed
lycophyte cast association, dispersed in a clastic level
overlying the Bonito coal seam. This will allow ratification
of the importance of these plants in the coal forming floras
during almost all the Early Permian in the Parana Basin.
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GEOLOGIC AND STRATIGRAPHIC
BACKGROUND

According to Milani (2003), the Parana Basin can
be interpreted as an intracratonic basin with an area of
approximately 1,400,000 km?, covering parts of southern Brazil,
Paraguay, Uruguay and Argentina. Basin floor subsidence
and Paleozoic sea-level changes created a six second-order
sequences system, deposited from the Ordovician up to the
Late Cretaceous, and separated by regional unconformities.
The coal-bearing Rio Bonito Formation is included in the
Gondwana I Supersequence (Carboniferous/Early Triassic).

Sedimentological, petrographic and stratigraphic studies
have demonstrated that peat deposits occurred adjacent to
paralic, estuarine, deltaic, backshore and shoreface siliciclastic
deposits in back-barrier coastal swamp environments (Alves
& Ade, 1996; Holz, 1998; Holz et al., 2002).

The Rio Bonito lithostratigraphic unit was subdivided
by Schneider ef al. (1974) into three major packages with
a hierarchy of members labeled from the base to top:
Triunfo (coastal and fluvial sandstones), Paraguacu (marine
mudstones and fine-grained sandstones) and Sideropolis
(coastal and fluviatile sandstones).

The Santa Catarina coalfield (Artinskian) is located in
a polygon of approximately 1,200 km? in the southeastern
portion of the Santa Catarina State. From top to base, the
coal seams included in the Sideropolis Member are: Barro
Branco, Irapud, “A”, “B”, Ponte Alta, Bonito and the minor
coal layers Pre-Bonito “C” and “D”.

The Bonito I mine, near the municipality of Lauro Miiller,
exploits the so-called Bonito coal seam, which has a thickness
of approximately 2.0 m in this area. Together with the Barro
Branco coal seam, the Bonito coal seam constitutes the most
important coal reserve in the Santa Catarina State.

MATERIAL AND METHODS

The studied material comes from a light gray silty layer,
which overlies the Bonito coal seam at the Bonito I mine
[Lauro Miiller municipality, Santa Catarina State, Brazil
(Figure 1)].

A total amount of 15 fragments (impression-compressions)
of stems belonging to lycophytes that were horizontally
layered, dispersed, without orientation, were collected from
a clastic level, overlying the coal seam at the Bonito I mine
region, and subsequently catalogued in the collection of the
Setor de Botanica e Paleobotanica do Museu de Ciéncias
Naturais, UNIVATES under the acronym PbU.

The morphology of the samples was investigated using
a Leica MS 5 stereomicroscope. Morphological details were
photographed using this equipment and a camera lucida for
drawings. Measurements were taken using a standard ruler for
the larger dimensions (e.g. size of complete fragments) and
a 6”/ 150 mm Stainless Hardened Electronic Digital Caliper,
for smaller details (e.g. leaf cushions).
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Figure 1. Simplified geological map of the Parana Basin in Brazil with major tectonic elements and geographic positions of the studied locality
with indication of the Santa Catarina Coal Basin (modified from Jasper et al., 2011).

Macroscopic charcoal fragments were extracted
mechanically from two samples (PbU 790 and 791), with
the aid of preparation needles and tweezers under a binocular
microscope. Due to the very fragile nature of the specimens,
they could not be cleaned with water or any acids to remove
adhering mineral remains. The fragments were mounted
on standard stubs with LeitC (Plano GmbH, www.plano-
em.de) and examined with the aid of a Scanning Electron
Microscope (SEM) JEOL JSM 6360 at the Technology Centre
of Universidade Federal de Santa Maria.

Taxonomical affinities were established using the
identification key published by Thomas & Meyen (1984) as
well as other publications (Jasper & Guerra-Sommer, 1998,
1999), which complement the systematics of sub-arborescent
lycophytes from Gondwana.

RESULTS AND DISCUSSION

The material is composed of caulinar impression-
compressions belonging to sub-arborescent lycophytes,
which were submitted to a three-dimensional fossilization.
The surface of the stems is slightly decorticated, but the leaf
cushions are well preserved. Fossil charcoal, cited before
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by Jasper et al. (2011), was observed at the surface of some
fragments (Figure 2), reinforcing that the lycophytes had been
affected by wildfires, which occurred in the area.

The stems are 42.0 to 147.0 mm long, 21.0 to 130.0
mm wide and 8.0 to 138.0 mm thick. The leaf cushions are
helically arranged (lepidodendroid phyllotaxis) and no ligule
or parichnos or vascular-bundle scar could be observed (Figure
3A). The leaf cushions are fusiform, without extensions at the
top or at the bottom, and are 5.6 to 8.7 mm high and 4.1 to
6.7 mm wide at the middle portion. Poorly preserved rhombic
leaf scars, with 1,0 to 2.0 mm in length and 2.0 to 3.0 mm in
width, are present above the midpoint of some leaf cushions
(Figures 3B, 4). The presence of leaves in organic connection
with the leaf cushions or evidence of leaf abscission was not
observed in any specimen.

Despite the absence of anatomical features, taxonomical
affinities can be established with other sub-arborescent
lycophytes morphogenera from Gondwana, which had been
described based on morphological characteristics (e.g. Renault,
1890; Meyen, 1978; Archangelsky ef al., 1981; Chaloner et
al., 1979; Paint & Srivastava, 1995). According to Taylor et
al. (2009), the lepidodendroid phyllotaxis and the absence
of a ligule, parichnos or vascular-bundle scars, are common
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Figure 2. Caulinar impression-compression with paleowildfire evidences (PbU 790): A, detail of the leaf cushions with macroscopic charcoal
adhered; B, SEM images of macroscopic charcoal collected from the sample and showing parenchyma with cell walls homogenization (arrow).

Scale bar: A=7 mm.

Figure 3. Surface of a studied caulinar impression-compression (PbU 766): A, detail of the leaf cushions lepidodendroid phyllotaxis. B, detail
of the leaf cushions with leaf scars (arrow). Scale bars: A= 15 mm; B =7 mm.

to all the genera from Gondwana (Pseudobumbudendron,
Bumbudendron and Brasilodendron). Because of this fact
the present study also includes this group of taxa into
Lycopodiales and not into Lepidodendrales like other sub-
arborescent lycophytes from the northern hemisphere.

Although there are only a few morphological details
visible in our material it is possible to infer a taxonomic
relation of this material based on the form of the leaf
cushions. Fusiform leaf cushions can be considered defining
Brasilodendron, the material here described is therefore
associated to this genus.

The absence of sigmoidal extensions at the top or at the
bottom of the fusiform leaf cushions, which are referred
in the original description of Brasilodendron pedroanum
(Carruthers) Chaloner, Leistikow & Hill, 1979, is also a
common characteristic in basal portions of the lycophyte
stems described by Jasper & Guerra-Sommer (1998, 1999).
This demonstrates some morphological variability, which
can probably be explained by intra-specific, positional
variability, due to variations in the ontogeny of individual
plants.

It has to be considered that these characteristics are
also consistent with the Euroamerican genus Ulodendron
(Lindley & Hutton) Thomas (1967), although this taxon
clearly possesses a ligule pit (Thomas, 1967, 1970). This
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feature and the paleogeographic distribution support the
validity of Brasilodendron as a separate genus (Chaloner
etal, 1979).

So far only a single species Brasilodendron pedroanum
has been assigned to this genus. As there are no distinctive
characteristics visible in the present material that would
necessitate the erection of a new species, it can formally
classify the material as Brasilodendron pedroanum.

The lycophytes are considered bad paleoecological
indicators because different taxa may be well adapted to
different habitats (DiMichele et al., 2004). Some authors
(Walter, 1985; Ziegler, 1990; Pfefferkorn, 1997; Iannuzzi
& Rosler, 2000; Iannuzzi & Pfefferkorn, 2002) used the
sub-arborescent lycophyte forms to delimitate paleoclimatic
parameters for Gondwana, considering these plants as
indicators of warm temperature climatic belt during the
Early Carboniferous (Mississippian). Nevertheless, Balserio
et al. (2009) included plant associations from the Early
Carboniferous of Southern Patagonia, at high latitude, in
the so-called Paracas Realm, as designated by Iannuzzi &
Pfefferkorn (2002). Balserio et al. (2009) greatly amplified the
latitudinal extension of this Realm and allowed to conclude
that the very close relationship of sub-arborescent lycophytes
with Early Carboniferous South American low latitude warm
floras needs to be revised.
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Figure 4. Camera lucida drawing of a caulinar impression-compression
surface (PbU 769) with the presence of leaf cushions and leaf scars.
Scale bar = 10 mm.

Lycophytes of the Brasilodendron-type have been
considered as indicators for the paleoclimatic evolution in
Brazilian Gondwana during the Early Permian (Guerra-
Sommer et al., 1995). Recent palynological data link
Lundbladispora spores, abundant in Brazilian coals, to sub-
arborescent lycophytes (Cazzulo-Klepzig et al., 2002), and
this taxon is probably related to Brasilodendron pedroanum,
a common plant in the swampy, coastal environments during
the peat deposition interval in southern Parana Basin,
as indicated by roof shale analyses (Jasper et al., 2006).
These evidences seems to ratify the hypothesis of Guerra-
Sommer et al. (1995) that the sub-arborescent lycophytes
of Brasilodendron pedroanum type reached their climax
during the deposition of the coal-bearing strata of the Rio
Bonito Formation in Parana Basin, at the waning of an
icehouse stage. Moreover, studies which use sub-arborescent
lycophytes as paleoecological indicators are rare for
Gondwana, restraining this approach in the present study.

FINAL REMARKS

Based on the presented data is possible to conclude that
the studied samples belong to Brasilodendron pedroanum;
the sub-arborescent lycophytes were components of
lowland paleofloristic associations, which were influenced
by wildfires as demonstrated in previous studies and
Brasilodendron pedroanum was an important component of
the lowland plant associations of the peat deposition interval,
along the Sakmarian-Artinskian interval of the Parana Basin,
and it can be inferred that these sub-arborescent lycophytes
have contributed to the original coal biomass of South
Brazilian coals.
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