Rev. Mus. Argentino Cienc. Nat., n.s.
15(1): 61-70, 2013

ISSN 1514-5158 (impresa)

ISSN 1853-0400 (en linea)

Permian glossopterid scale leaves from the La Golondrina
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Glossopteris floras
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Abstract: Glossopterid scale leaves from the La Golondrina Formation are described and analyzed. Three diffe-
rent types are recognized based on their morphological differences and venation patterns. Type A scale leaves are
triangular in shape, have central veins running straight to the apex, and lateral veins dichotomizing once or twice
before reaching the margins. Type B scales have wide-ranging shapes, and a number of separate, central veins
running straight upwards, dividing and anastomosing several times, while lateral veins arch towards the margin,
forming meshes that become shorter and numerous closer to the margins. Last, Type C scale leaves are triangu-
lar to rhombic, sometimes subcircular, convex scales, furrowed by straight, sub-parallel veins that arise from the
base and reach the distal margin, occasionally dichotomizing closer to the margins. The lower and middle parts
of these scales are covered by rounded, small punctuations. The artificial classification here proposed is solely for
the purpose of identification of these elements, and do not necessarily imply relationships. The different types of
scales could have acted as protection of buds and/or fertile parts or as disperser of the latter once they were ripe.

Key words: Argentina, Glossopteris, La Golondrina Formation, Permian, scale leaves.

Resumen: Escamas foliares de glossopterideas pérmicas de la Formaciéon La Golondrina (Santa
Cruz, Argentina): los componentes poco conocidos de la Flora de Glossopteris. Se describen y analizan
escamas foliares de glossopterideas provenientes de la Formacion La Golondrina. Se reconocen tres tipos diferen-
tes sobre la base de sus diferencias morfolégicas y patrones de venacion. Las escamas foliares Tipo A presentan
forma triangular; las venas centrales corren desde la base hasta el apice, con las venas laterales dicotomizandose
una o dos veces antes de llegar a los bordes. Las escamas foliares tipo B tienen variadas formas; las venas centra-
les marchan en linea recta hacia el apice, dividiéndose y anastomosandose varias veces, mientras que las venas
laterales se arquean hacia los margenes, formando poligonos que se vuelven mas cortos y numerosos al llegar a los
bordes. Por ultimo, las escamas foliares Tipo C presentan formas triangulares, romboidales o subcirculares, son
escamas convexas, surcadas por venas rectas sub-paralelas que surgen desde la base y alcanzan el margen distal,
ocasionalmente dicotomizandose cerca de los margenes. La parte media-inferior de estas escamas esta cubierta
por un puntuado de origen incierto. La clasificacion artificial aqui propuesta es inicamente con el propdsito de
identificacién de estos elementos, y no implica necesariamente relaciones filogenéticas. Los diferentes tipos de
escamas podrian haber actuado como proteccién de los brotes y/o partes fértiles o como dispersor de éstas, una
vez que estaban maduras.

Palabras clave: Argentina, Glossopteris, Formacién La Golondrina, Pérmico, escamas foliares.

INTRODUCTION & De la Sota, 1960; Arrondo, 1972; Herbst, 1978;

Archangelsky & Cuneo, 1984, 2002; Archangelsky

The Permian fossil flora from the La Golondrina
Formation (Archangelsky, 1967) from the Santa
Cruz Province, Argentina, has been extensively
studied since it was discovered in the early 1950s.
Important contributions by different authors des-
cribed a flora with abundant glossopterids, ferns,
sphenophytes,and toalesser degree, lycophytesand
cordaites (Archangelsky, 1959, 1960; Archangelsky

et al., 1996a, 2004; Cariglino, 2011). Glossopterids
are the dominant group in this flora, and are re-
presented by both sterile (i.e., Glossopteris and
Gangamopteris leaves, Vertebraria sp.) and fer-
tile elements (i.e., Dictyopteridium sporiferum,
Plumsteadia pedicellata, etc.) (Archangelsky,
1957, 1959, 1992; Archangelsky & Bonetti, 1963;
Cariglino et al., 2009).
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Fig. 1. Geological maps of the Bajo de La Leona (a) and Estancia La Juanita (b) areas showing the Permian
outcrops of the La Golondrina Formation fossil localities (modified from Panza, 1994 and Jalfin, 1987).

Glossopterid scale leaves are found all
over Gondwana throughout the Permian, but
are more common in Upper Permian strata
(Anderson & Anderson, 1985; McLoughlin et al.,
2005). Despite of being a recurrent element in
Glossopteris floras, their mention is usually be-
littled, probably because of the lack of knowledge
that still surrounds these elements. Previous wor-
ks by Archangelsky (1957) and Arrondo (1972)
reported their presence at the La Golondrina
Formation and provided brief descriptions of
some of these scales. Glossopterid scales were
first mentioned by Feistmantel (1881), who as-
signed detached scale leaves from different loca-
lities of India to the general name of Squamae.
Zeiller (1902) identified a similar anastomosing
venation as in Glossopteris for isolated scales,

allowing him to infer relations with the glossop-
terids. However, even if they were frequently
in association with Glossopteris, no evidence of
direct connection was known, until Surange &
Chandra (1974, 1975) described glossopterid re-
productive organs borne on scale leaves.

The aim of this paper is to present the glos-
sopterid scales found at the La Golondrina
Formation. This work includes the revision and
description of the material previously collected
by Archangelsky (1957) and Arrondo (1972),
the one from other collections unstudied until
now, and new material recently collected during
fieldtrips to the areas of Bajo de La Leona and
Estancia La Juanita (Fig. 1, Table 1). Based on
morphological differences, mostly on their ve-
nation patterns, three different types of scales
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Table 1. Collection material used in this study.

Collection Year Housed at Acronym  Studied
Criado Roque 1953 Fundaciéon Miguel Lillo, Tucuman LIL Pb Yes
Archangelsky 1956/7 Fundacion Miguel Lillo, Tucuman LIL Pb Yes
Arrondo 1969 Museo de La Plata, La Plata LP Pb Yes
Azcuy, Césari, 1982 Ilieilcultad de Cs. Exactas y Naturales, UBA, Buenos BAFC Pb No
Longobucco, Ottone res
Archangelsky & Ciineo  1984/8 Museo Argentino de Cs. Naturales, Buenos Aires BA Pb No

Cariglino et al. Santa Cruz

2008/10 Museo Regional Provincial “Padre Jests Molina”,

MPM Pb No

are identified, and their potential function is
discussed.

MATERIALS AND METHODS

The specimens from this study come from the
Paleobotany Collectionsat Fundacién Miguel Lillo
(LIL Pb; Criado Roque 1953 and Archangelsky
1956/7 Collections) in Tucumén, Museo de La
Plata (LP Pb; Arrondo 1969 Collection) in La
Plata, Facultad de Ciencias Exactas y Naturales
(Universidad de Buenos Aires, BAFC Pb; Azcuy,
Césari, Longobucco and Ottone 1982 Collection)
and Museo Argentino de Ciencias Naturales (BA
Pb; Archangelsky and Ctneo 1984/8 Collection)
in Buenos Aires.

New specimens were collected on recent
field trips to the areas of Bajo de La Leona and
Estancia La Juanita, where the La Golondrina
Formation outcrops in the Deseado Massif, in the
northeastern region of the Santa Cruz Province
(Fig. 1). According to Archangelsky et al. (1996a),
the formation is divided into three members,
from bottom to top: Laguna Lillo, Laguna Polina
and Dos Hermanos (Jalfin, 1987, 1990; Jalfin et
al., 1990; Archangelsky et al., 1996a). The me-
gafloral remains in this formation were referred
to the Dizeugotheca Superbiozone (Archangelsky
& Cineo, 1984; Archangelsky et al., 1996b),
and consequently a late-Early to Late Permian
age was inferred (Archangelsky, 1992, 2006;
Archangelsky et al., 1996a, 1996b, 2004; Andreis,
2002). The newly recovered material is housed
at the Museo Provincial Regional “Padre Jesis
Molina” (MPM Pb) at Rio Gallegos. All the scale
leaves in this study were recovered from silts-
tones and fine grained sandstones levels from
the middle member of the unit at the localities
of Laguna Polina, Laguna Castellanos, Laguna
Feruglio at the Bajo de La Leona, and Laguna de
los Fésiles at Estancia La Juanita (Fig. 1).

Specimens were photographed using a Canon
Powershot S5IS (8.0 megapixel) digital camera.
For detailed analysis and illustration, specimens
were photographed under strong unilateral,
low-angled light with a Nikon DS.Fil-U2 digital
camera attached to a Nikon SMZ800 stereomi-
croscope. Scaling and adjustment of images was
accomplished using Adobe Photoshop CS3 soft-
ware. Detailed images were taken with a Philips
XL30 scanning electron microscope.

DESCRIPTION OF THE SCALE LEAVES

Three different types of scale leaves were rec-
ognized based primarily on shape and venation
pattern differences.

Type A scale leaves
(Figs. 2 a-b, 3)

Specimen number. MPM Pb 2609, LIL Pb 99
Description. MPM Pb 2609 is a triangular scale
23 mm long (top is missing) and 10.3 mm at wid-
est point (approximate L:W = 2.2). The base is
asymmetrical and somewhat rounded, and the
scale tapers to the apex. The widest part is at the
first third from the base. Veins run straight at
the base and curve to one side at the middle of
the scale. Veins dichotomize one or two times be-
fore reaching the margin. No clear anastomoses
are observed. Margin 1.2 mm thick.

LIL Pb 99 is an almost complete scale 27.7

mm long and 16.3 mm at widest point (L:W =
1.7). It has a lanceolate shape, apex acute and
base truncated. Veins spread from the base, fork-
ing and anastomosing few times while arching
towards the margins.
Locality, unit and age. Laguna Polina (LIL
Pb 99), Laguna Feruglio (MPM Pb 2609); La
Golondrina Formation (Laguna Polina Member);
Guadalupian-Lopingian.
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Remarks. Type A scale MPM Pb 2609 described
here is similar to the one described by Cridland
(1963, p. 189, fig. 7, 36-38) for a Glossopteris flo-
ra from Antarctica. It bears resemblance in the
shape and size, although the specimen from La
Golondrina is slightly more elongated. The vena-
tion pattern is also similar, with dichotomizing
veins tending to one side of the scale. Pant (1958,
p. 159, plate 20, figs. 3, 4; text-fig 15a) described
similar scales for Tanganyika (nowadays, territo-
ry of Tanzania) with a lanceolate shape, pointed
apex, and a rounded (cordate) base. These scales
have veins spreading from the base that arched
towards the margin, occasionally forking and
anastomosing. The asymmetrical shape, the ten-
dency to one side of the scale in the venation and
the presence of thick margin may be indicative of
a rolled up scale to offer protection, while Pant’s
scales could be representing the same type of
scale, unrolled. These types of scales are not as
abundant as the other types, and thus, more in-
formation is needed to infer it possible function
and affinities.

Type B scale leaves
(Figs. 2 c-f, 3)

Specimen number. LIL Pb 101, 1436, 1439,
BAFC Pb 15540, BA Pb 13923, 13925, LP Pb
7088

Description. Various different shapes, from tri-
angular to rhomboidal, from lanceolate to oblan-
ceolate, from ovate to obovate, or spathulate.
Sizes range from 13.6 to 40 mm long and 18.75
to 36.2 mm wide. Length to width ratio is 0.9:1.
Apex acute to rounded; tip pointed to blunted.
Base truncated to broadly attenuate. No midrib
present, but a number of separate, central veins
run straight upwards, dividing and anastomos-
ing several times, but only in the apical region.
Lateral veins arch towards the margin, dividing
and anastomosing. Meshes become shorter and
numerous closer to the margins.

Locality, unit and age. Laguna Polina (LIL
Pb 101, 1436, 1439, BAFC Pb 15540), Laguna
Castellanos (BA Pb 13923, 13925), Ea. La Juanita
(LP Pb 7088); La Golondrina Formation (Laguna
Polina Member); Guadalupian-Lopingian.
Remarks. Type B scales are common elements in
the Gondwanan floras (Thomas, 1958; Chandra
& Surange, 1977; Anderson & Anderson,

1985). Within the La Golondrina Formation, a
few have been previously found and described
(Archangelsky, 1957; Arrondo, 1972). The size
and shape of these scales is very variable, from
ovate to obovate, rhomboidal to triangular, with
rounded apex with a pointed tip to an acute, long
apex. The base is truncated since scales are de-
tached from the stalk on which the fertile parts
are borne they generally does not get preserved
(Chandra & Surange, 1977). The venation pat-
tern is almost the same in all these scales. There
is no midrib; a group of central veins run from
the base of the scale lamina straight to the apex,
and a couple of them not dividing. The lateral
veins open out towards the margin, arching,
forking and anastomosing in long meshes, ex-
cept closer to the margin, where meshes are
shorter and more numerous. The line sketches
on Chandra & Surange’s paper (1977) show com-
plete scale leaves that if the stalk is detached are
very similar to the scales here described. All the
scales represented by Chandra & Surange (1977)
are assigned to taxa from the Lidgettoniaceae.

Type C scale leaves
(Figs. 2 g-1, 3)

Specimen number. MPM Pb 4430, 4453, 4454,
4456, 4468, 4472, 4821, LP Pb 7109, 7115, 7121,
7147, 7371

Description. Triangular to subrhomboidal,
convex scales. Sizes range from 8.3 to 16.24 mm
in length and 7.3 to 14.52 mm in width, and the
length to width relation is ca. 1.1:1. Apex round-
ed to acute, laterals rounded to angular. Scales
are furrowed by straight, sub-parallel veins that
arise from the base and reach the distal margin.
Few dichotomies are sometimes observed closer
to the margin. The lower and middle parts of the
scales are covered by rounded, small punctua-
tions.

Locality, unit and age. Estancia La Juanita
(all LP Pb specimens; MPM Pb 4453, 4454, 4456,
4468, 4472), Laguna Polina (MPM Pb 4821)
and Laguna Castellanos (MPM Pb 4430); La
Golondrina Formation (Laguna Polina Member);
Guadalupian-Lopingian.

Remarks. Type C scales present strong, sub-
parallel furrows running from base to apex giv-
ing these scales a more robust appearance com-
pared to Type A and B scales. In addition, the

Fig. 2. Type A scale leaves, a LIL Pb 99, b MPM Pb 2609. Type B scale leaves, ¢ BAFC Pb 15540, d LIL Pb 1436,
arrow points a smaller, Type C scale, e LIL Pb 101, f LIL Pb 1439. Type C scales, g MPM Pb 4454, h MPM Pb 4453,
i MPM Pb 4468, j LP Pb 7121, k LP Pb 7371,1LP Pb 7371 M.E.B image. All scales 5 mm, except (1) 2 mm.
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Fig. 3. Comparative schematic outline and venation
pattern of Types A, B and C scale leaves. All scales 5 mm.

central part of the scales present circular marks
that are absent in the other two types.

DISCUSSION

Up to date, several attempts to classify scale
leaves have been made, various genera proposed,
and diverse interpretations about their function
speculated, reaching few consensuses among
scholars (e.g., Pant, 1958; Chandra & Surange,
1977; Banerjee, 1984; Anderson & Anderson,
1985).

Pant (1958) described scale leaves from
the Upper Coal Measures (Middle Permian) of
Tanganyika, but since he could not prove the
presence of sporangia or seeds, he disregarded
them as reproductive organs. Later, Chandra &
Surange (1977) described detached scales based
on shape, size, and venation pattern. They ad-
vocated that even in detached conditions, scales
could be “easily assigned to their respective ge-
nera established for the reproductive organs of
Glossopteris” (Chandra & Surange, 1977, p. 195).
However, if the capitula or microsporangia are se-
parated from the scale, their assignation to a cer-
tain genus could be misleading, since most fruc-
tifications are assigned based on the presence of
different female or male structures, not the scale
in which they are borne. Banerjee (1984) consi-
dered that scales presented significant characte-
ristic features deserving generic status, and clas-
sified them under four genera (Gondwanolepis,
Ghoshialepis, Mahudaea, Bankolaea) basing on
their occurrence (e.g., singly or in group) and ge-
neral physiognomy. On the other hand, Anderson

& Anderson (1985) classified four different scale-
leaf genera (A to D) using similar criteria as in
this study (Table 2).

White (1978) suggested that these deciduous
scales (‘squamae’) together with a laminal seg-
ment composed a “scale-frond”, and a group of
“scale-fronds” formed a cone. Squamella is the
form-genus White (1978) used to name scale-
fronds aggregated into cones. Cones were born at
the ends of branches, and could be either sterile
or fertile (White, 1978; McLoughlin et al., 2005;
Adendorff, 2005). Scales would have acted as pro-
tection for the sporangia in young cones. When
cones were ripe, the deciduous scales would fall
and the laminal segments would elongate to
allow the sporangia to hang out and disperse
the spores (White, 1978, p. 477). Even if there
is not enough evidence from the La Golondrina
Formation that supports White’s hypothesis on
the organization of a cone and its development,
the presence of this kind of scales may account
for the existence of cone-like structures.

Here, scales are divided in three different ca-
tegories principally based on their venation and
basic morphologic features. This artificial sepa-
ration, however, does not rule out the possibility
that they all could belong to the same group (.e.,
Lidgettoniaceae).

Detached scales are considered part of a glos-
sopterid reproductive structure. Nevertheless,
their function cannot be definitely specified.
Most probably, scales would provide of protection
to the reproductive parts it bore (e.g., microspo-
rangia or capitula) in the early stages of repro-
duction. They could also act as a mean of trans-
port (e.g. some sort of wing) away from the mo-
ther plant, once it was mature. It has also been
suggested that scales protected the buds during
growth of the Glossopteris plant (McLoughlin et
al., 2005; Adendorff, 2005).

Up to date, the only reached consensus on
glossopterid scale leaves is that they were ei-
ther fertile or sterile, probably with different
functions (protection of fertile structures vs. dis-
persal of fertile structures), and they belonged to
the Glossopteris plant. It is still debated whether
these structures were always grouped in cones,
or displayed individually.

The apparent curl in Type A scales seem to
have acted as protective, either of fertile struc-
tures or buds during the growth of the plant.
Glossopteris was a deciduous plant, spending
part of the year leaf-less. Maybe the growth of
new leaves when climatic conditions allowed was
preceded by scaly buds, as in some modern plants.



Cariglino: Glossopterid scale leaves from the La Golondrina Formation

Type B scale leaves, on the other hand, have been
found to be part of fertile structures, bearing both
micro and megasporangia in the Lidgettoniaceae
(as in Eretmonia sp. and Lidgettonia sp.). Last,
Type C scale leaves have been found isolated as
well as aggregated into cones (White, 1978). A
cone could have acted protecting the fertile struc-
tures, and once ripe, it would open and maybe
act as effective seed dispersal. The origin of the
circular marks on this type of scales is unknown.
Some hypotheses could be that such marks are
the base of trichomes or that they were produced
by the contact of the scales (acting as a protec-
tive cover) of an ovule-bearing structure, being
those marks the imprint of the ovules or seeds.
On the other hand, it has been suggested that
the texturing in Type C scales would be an arti-
fact of preservation (Dr. Prevec, pers. comm.). In
any case, until its origin is explained, it should be
considered as a diagnostic feature merely for the
purpose of this classification.

CONCLUSIONS

This study identifies three different types of
Glossopteris scale leaves based on their venation
pattern and overall physiognomy. This artificial
assignation of types, however, is proposed for the
sake of easiness in their identification, and by
any means is intended to explain relationships
or their potential functions. The different types
could be representing different groups, stages on
the development, functionality, or even preserva-
tional artifacts.

This artificial classification will surely chan-
ge with further findings, especially of scales ag-
gregated into cones or bearing their reproductive
structures in connection with Glossopteris leaves,
which will help to elucidate their true relations,
as well as their real function in the Glossopteris
plant.
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Table 2- Scale leaves classifications according different authors.

Banerjee (1984)

Goshialepis

Variable

White (1978)

Bankolaea

Mahudaea

Gondwanolepis

Variable

Squamella

N/D
N/D

N/D

N/D

Size

shape. Variable apices, roun-

Fork, pedicellate, variable in
ded to cordate base.

Variable. Apices varied.

Variable. Apex acute to

obtuse.

(S. ampla); pointed, pear-shaped,
often deeply concave (S. australis);
acutely pointed (S. ovulifera).

Broad, shallow, slightly concave
N/D

Shape

Fine venation arising

Veins arise from the disc-like,

Veins arise from the base, Fine venation arising

run straight and diverge

Venation pat-

tern

anastomoses.

to the apex in the center, while portion, occasional
bending and diverging towards dichotomies and

the margin in the laterals,

from the base, it diverges unveined base and run straight from the semicircular
forming fine meshes.

towards the margin, for-
ming fine meshes.

towards the margin, for-

ming meshes.

Set of two scales, one
concave, the other

specimens) are observed in the convex.

Small bumps (in convex spe-
central portion.

These scale- leaves occu-
rred in sets of three.

These scale- leaves occu-

rred singly.

The name Squamella refers to the
cones composed of several scales

Observations

67

cimens) or scars (in concave

("squamae"). Some illustrations
are similar to scale-leaf Gen. D
of Anderson & Anderson (1985).
Others are similar to scale-leaf

Type C, this work.
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