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A B S T R A C T

Foliar cuticle of a new species of Ruflorinia, R. orlandoi Carrizo et Del Fueyo, from the Lower Cretaceous

Springhill Formation in Santa Cruz province, Argentina, is herein described with light and electronic

(scanning and transmission) microscopy. The fronds of R. orlandoi nov. sp. are bipinnate and

imparipinnate with a conspicuous main rachis bearing alternate to sub-opposite pinnae. Cuticular

striations and hairs are present in both epidermises whereas stomata are only on the abaxial cuticle.

Stomata have several papillate subsidiary cells and the guard cells are sunken. Ultrastructurally the

adaxial and abaxial cuticles are composed of three and two cuticular layers, respectively. The cuticular

characters here described are interpreted as a response to a possible adaptation to a wet climate as well

as to the fluctuating environment produced by the gradual transition from fluvial to an estuarine and

marine setting that characterizes the Springhill Formation. The discovery of this new species allows

expanding the previous knowledge of the paleofloristic composition of the Springhill Formation with the

addition of the first pteridospermous megafossil described for this formation. Moreover, the record of

Ruflorinia orlandoi nov. sp. in the Springhill Formation highlights the importance of the Caytoniales

during the Cretaceous in Patagonia.
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1. Introduction

In Argentina the record of Mesozoic plants related to the
Pteridospermophyta reaches its highest relevance in the Triassic,
including several taxa of the Corystospermales, Peltaspermales
and Petriellales (Artabe et al., 2007). Towards the end of the
Triassic and the Early Jurassic an important floristic replacement
took place, decreasing considerably through the Jurassic the
number of pteridosperms – represented by Pachypteris of the
Corystospermales and Sagenopteris of the Caytoniales (Artabe et al.,
2007; Quattrocchio et al., 2007). The Cretaceous megafossil
remains came from the Baqueró Group in Patagonia. They include
fronds of Ruflorinia sierra Archangelsky, R. pilifera Archangeslky,
R. papillosa Villar de Seoane, Pachypteris elegans Archangelsky, and
P. patagonica Feruglio; and reproductive organs of Ktalenia

circularis Archangelsky (Feruglio, 1951; Archangelsky, 1963,
1964, 1966; Villar de Seoane, 2000; Del Fueyo et al., 2007).
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In this paper the foliar cuticle of a new species of Ruflorinia,
R. orlandoi Carrizo et Del Fueyo, recovered from the Lower
Cretaceous Springhill Formation at the Rı́o Correntoso locality in
the Santa Cruz province (Fig. 1), is fully described with the help of
light and electronic (both scanning and transmission) microscopy.
This new taxon is compared with other species of the genus as well
as with other Mesozoic pteridospermous megafossils from Gond-
wana in order to elucidate a putative relationship among them.

The plant assemblages of the Springhill Formation were first
characterized by Baldoni and Archangelsky (1983) based on the

palynomorph content of three boreholes from the Magallanes

region in southern Patagonia. This study revealed that the

Springhill palynoflora was mainly composed by bryophyte and

pteridophyte spores and gymnosperm pollen grains. Later con-

tributions indicated a greater diversity for this unit with the

addition of dinoflagellate cysts and tricolpate angiosperm grains

(Cornu, 1986; Ottone and Aguirre-Urreta, 2000; Archangelsky and

Archangelsky, 2002; Guler et al., 2003; Archangelsky and Arch-

angelsky, 2004; Quattrocchio et al., 2006).
Although several megafloristic studies on the Springhill

Formation were made, they are solely based on isolated and
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Fig. 1. Location map showing the Rı́o Correntoso (RC) and El Salitarl (ES) localities (Santa Cruz Province, Argentina) and the section of the Springhill Formation in the Rı́o

Correntoso locality.
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fragmentary materials that only partially characterize the plant
community. Some of the taxa have been found in core samples
from Argentina and Chile, such as Cycadolepis involuta Menéndez,
Otozamites sanctae-crucis (Feruglio) Archangelsky, Ptilophyllum

antarcticum (Halle) Archangelsky et Baldoni, Zamites cf. Z. gigas

Archangelsky (Bennettitales); Araucarites chilensis Baldoni, Bra-

chyphyllum feistmantelii (Halle) Sahni (Coniferales); Ticoa magalla-

nica Archangelsky (Cycadales); Todites williamsonii (Brongniart)
Seward, and Cladophlebis sp. (Pteridophyta) (Archangelsky, 1976;
Baldoni, 1979). Other fossils have also been recovered from surface
samples from the Santa Cruz province in Argentina: Otozamites

archangelskyi Baldoni et Taylor, O. parvus Villar de Seoane,
O. patagonicus Villar de Seoane, Pterophyllum trichomatosum

Archangelsky et Baldoni, Ptilophyllum angustus Baldoni et Taylor,
P. ghiense Baldoni, P. valvatum Villar de Seoane of the Bennettitales,
and Elatocladus(?) papillosa Baldoni of the Coniferales (Baldoni,
1977; Baldoni and Taylor, 1983; Villar de Seoane, 1995, 2001).

A more recent study of the paleofloristic composition of the
Springhill Formation at the El Salitral and Rı́o Correntoso localities
in the Santa Cruz province established that the paleofloras consist
principally of bennettitaleans (85%), conifers (12%), scanty
pteridophytes (1%), and the pteridosperms were first mentioned
with just 2% of the flora (Carrizo et al., 2010; Carrizo and Del Fueyo,
2011). Therefore, the discovery of fronds assigned to R. orlandoi

nov. sp. and its complete foliar cuticle description represent the
first true pteridospermous megafossil remains known from the
Springhill Formation.

2. Stratigraphy and Age

The Springhill Formation (Pueyrredón Group), formally named
and described by Thomas (1949) in the Tierra del Fuego province,
where it is found in the subsurface, is widely distributed across
Southern Argentina and Chile, and consists mainly of coarse-
grained, quartz sandstones with variable intercalations of shale. On
the surface several small, poorly-exposed occurrences of this unit
are present in the Southern Argentina in Santa Cruz province
(Riccardi, 1971; Cortiñas and Arbe, 1981; Giacosa and Franchi,
2001; Arbe, 2002). These outcrops vary in thickness from 15 m on
the west coast of the Pueyrredón Lake, to approximately 150 m on
the eastern coast of the Bahı́a de la Lancha area, at the Lago San
Martı́n locality (Riccardi, 1977).

The Springhill Formation was initially interpreted to be
continental to marine at its top (González, 1965; Riccardi,
1977). This unit was studied at two sites, Rı́o Correntoso and El
Salitral, located between the Pueyrredón and Ghio lakes (Fig. 1). In
the first of these sites, the Springhill Formation is exposed in a
small area near the Ghı́o Lake. Its thickness is about 32 m and it is
predominantly trough cross-bedded, composed mainly of coarse-
grained, moderately sorted, sub-angular quartz sandstone. Locally
there are coal seams, up to 5 cm thick, and medium-grained
quartzose sandstones occurring in lenticular units 0.5–1.3 m thick
with abundant flora. Intercalations of dark-gray shale are
abundant. The studied material was collected 7–12 m above the
base of the section. In the El Salitral site, the Springhill Formation is
thicker, reaching a maximum thickness of about 96 m. The basal
contact is unconformable with the Jurassic rocks of the ‘‘El
Quemado Complex’’ and the upper contact is conformable with the
overlying Rı́o Mayer Formation. Ruflorinia orlandoi nov. sp. was not
identified in this locality.

Regarding the age of the Springhill Formation, the large
distribution and the transgressive characteristic of its deposits
were the cause of different opinions about its heterochrony.
Previous studies of the Springhill Formation in the El Salitral and
Rı́o Correntoso localities, suggest an Early Cretaceous age (Arch-
angelsky, 1976; Baldoni, 1977, 1979; Archangelsky et al., 1981;
Cortiñas and Arbe, 1981; Baldoni and Taylor, 1983).

The age of the Springhill Formation based on palynomorph
content is restricted to the late early Hauterivian/early Barremian
for the El Salitral locality (Ottone and Aguirre-Urreta, 2000); while
for the subsurface of Chile, Tierra del Fuego Province and the
Continental Platform (Argentina) is suggested a Valanginian/
Hauterivian and Berriasian?/Valanginian-early Hauterivian age
(Palamarczuk et al., 2000; Archangelsky and Archangelsky, 2004;
Spalletti et al., 2009).

Riccardi (1976, 1977, 1988) and Riccardi et al. (1992) recorded
the ammonites Jabronella, Neocosmoceras and Delphinella from the
upper part of the Springhill Formation in the Lago San Martı́n
locality, suggesting a Berriasian age. The age of the base of the
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succeeding Rı́o Mayer Formation, in El Salitral, is poorly
constrained, but in the upper part, a marine molluscan assemblage
containing the ammonites Aegocrioceras sp. and Crioceratites sp.
was identified. This association is similar to that described by
Aguirre-Urreta et al. (2007) in Chile and in the Neuquén Basin,
which is dated as latest early Hauterivian to early late Hauterivian.
Accordingly, the faunal evidence suggests an age probably no
younger than Upper Berriasian for the Springhill Formation in the
El Salitral-Rı́o Correntoso area.

3. Material and methods

The studied materials include compressions of – at least –
bipinnate Pteridospermopsida foliage with well preserved cuticle.
They were found in association with leaves of several bennetti-
talean species of the genera Ptilophyllum Morris, Cycadolepis

Saporta, and Otozamites Braun; the coniferalean Elatocladus Halle
and Brachyphyllum Brongniart; and other pteridospermous fronds
that still remain unnamed (Carrizo et al., 2010; Carrizo and Del
Fueyo, 2011).

Pinnae and rachis of the fossils were removed from the matrix
and treated with 40% of nitric acid followed by 5% ammonium
hydroxide and cleared with sodium hypochlorite; 5 seconds of
ultrasounds were applied to fully eliminate all the carbonized
mesophyll remnants. Some of the cuticles were macerated in
hydrochloric acid (20%) followed by hydrofluoric acid (70%). The
cuticles were stained with safranin and mounted in glycerin jelly for
light microscopy (LM) observation. For scanning electron micro-
scopy (SEM), cuticles of fronds and rachis were mounted on exposed
film, glued to stubs and coated with gold-palladium. Selected
fragments of frond cuticles were prepared for transmission electron
microscopy (TEM) following the technique outlined in Del Fueyo
and Archangelsky (2005). The terminology for the cuticular
membrane is that implemented by Archangelsky et al. (1986) and
Archangelsky and Taylor (1986). Each of the morphological and
epidermal attributes were measured using at least an n > 20.

LM observations were made with a Leitz Diaplan microscope
and the micrographs taken with a Leica DFC 280 camera, while the
SEM observations were made under a Philips XL30 TMP SEM at
15.1 kV equipment at the Argentine Natural Sciences Museum
Bernardino Rivadavia. Ultrathin sections were prepared with a
Sorval automatic ultramicrotome, observed and photographed
with a Jeol JEM 100C camera at the Electronic Microscopy
Laboratory of CICV-INTA Castelar. All the materials are deposited
in the Paleobotany Collection of the Regional Museum Padre MJ
Molina, Rı́o Gallegos, Santa Cruz Province, under the acronym
MPM-PB.

4. Systematic Paleobotany

Division PTERIDOSPERMOPHYTA (Ward, 1904)
Order CAYTONIALES H.H. Thomas, 1925
Genus Ruflorinia Archangelsky, 1963
Type species: Ruflorinia sierra Archangelsky.

Ruflorinia orlandoi Carrizo et Del Fueyo nov. sp.
Figs. 2–7
Derivation of the name: In honor of Orlando Cárdenas,

Principal Technician of CONICET at MACN, outstanding fossil-
hunter who discovered the specimens of R. orlandoi nov. sp.

Holotype: MPM-PB-15317.
Paratypes: MPM-PB-15314-15316, 15318.
Locality and stratigraphic horizon: Rı́o Correntoso, Santa Cruz

Province, Argentina. Springhill Formation, Lower Cretaceous.
Diagnosis: Fronds at least bipinnate and imparipinnate. Main

rachis conspicuous bearing pinnate segments alternate to sub-
opposite arranged. Larger pinnae located near the proximal sectors
of the frond decreasing distally in size and insertion angle.
Arrangement of pinnules alternate to sub-opposite; mostly
oblong-lanceolate; apex blunt to slightly acute, base broad and
entirely attached to secondary rachis. Pinnules mostly entire with
decurrent lower margin. First pair of pinnules rounded to oval-
shaped with free margins. Main vein enters the pinnule and
dichotomizes into secondary and weakly marked tertiary veins.
Fronds hypostomatic, trichomes and cuticular striations present
on both epidermises; ordinary epidermal cells of polygonal shape
and rectangular-elongate over veins. Anticlinal flanges straight and
pitted. Periclinal walls in both epidermises mostly smooth to finely
granulate. Hairs unicellular to pluricellular; round to oval basal cell
surrounded by isodiametric and radially arranged cells. Unicellular
hairs located mostly in or near the pinnule margins; pluricellular
hairs simple or branched up to 5 cells. Adaxial epidermis with
weak cuticular striations and low hair density. Abaxial epidermis
with conspicuous cuticular striations and higher hair density.
Stomata grouped in areas between veins with no preferential
disposition. Stomatal apparatus rounded to oval; monocyclic, with
12-16 isodiametric papillate subsidiary cells. Papilla partially
overarching the stomatal aperture. Guard cells kidney-shaped and
sunken. Adaxial epidermal cells thicker than those of the abaxial
epidermis. Ultrastructurally, adaxial cuticular membrane with a
granular A2 layer, a B1 amorphous layer and a B2 fibrillar layer.
Abaxial cuticular membrane with two cuticular layers, B1 layer
fibrillar and B2 granular layer.

Description: The specimens consist of compressions of
bipinnate and imparipinnate fronds up to 4 cm long and 3.3 cm
wide with well preserved cuticle (Fig. 2). The main rachis is
conspicuous, about 1–1.2 mm wide, bearing alternate to sub-
opposite pinnae in angles varying from 908 in the proximal part of
the frond and decreasing distally to about 458 (Fig. 2(1–4)). The
largest pinnae are 1.6 cm long and 0.7 cm wide, reaching 1 cm long
and 0.3 cm wide at the apex of the frond. Each pinna bears 6 to 7
pairs of pinnules, and as for the pinnae, the pinnules vary in size
and insertion angle towards the apex of the pinnae, from 0.12–
0.4 cm long and 0.1–0.17 cm wide, and from 608–458, respectively.
The pinnules are alternate to sub-opposite arranged and in most of
the cases they are oblong-lanceolate whereas their apices are blunt
and slightly acute and their bases broad and entirely attached to
the secondary rachis (Fig. 2(5–6)). The margins are entire and the
lower margin is decurrent, with the exception of the first pair of
pinnules that are distinguishable in most of the pinnae by having a
roundish to oval outline (0.13 cm wide and 0.16 cm long;
Fig. 2(1,3,5)). A main vein enters the pinna while a secondary vein
supplies each pinnule and dichotomizes into weakly marked
tertiary veins. In any case the main vein reaches the pinnule apex
(Fig. 3(1, 3), Fig. 5(4)).

The fronds are hypostomatic and present trichomes and
cuticular striations on both epidermises (Figs. 3(2, 4), 5(1, 2, 5–
7)). The ordinary epidermal cells are similar in both cuticles, having
mostly a polygonal shape and variable size, on average 34.25 mm
long and 22.85 mm wide (Fig. 3(4)). The vein areas are notable only
on the abaxial cuticle, where the cells present a more rectangular-
elongate shape (43.45 mm long and 15.45 mm wide). All anticlinal
walls are straight, with a width of 1.5 mm and up to 7 mm deep.
Primary pit-fields are observed in almost all the walls (Fig. 6(1)),
whereas those of the vein cells present a lower number of pits or
none at all (Fig. 6(2)). The periclinal walls in both epidermises are
smooth to finely granular (Fig. 6(1)).

The hairs are unicellular and pluricellular; their bases are
conformed of a round to oval cell (27.7 mm wide and 37 mm long)
with anticlinal flanges 5 mm deep. Each hair base is surrounded by
isodiametric and radially arranged cells 26.75 mm long and
24.3 mm wide (Figs. 3(4), 6(3)). The unicellular hairs are mostly



Fig. 2. Ruflorinia orlandoi Carrizo et Del Fueyo nov. sp. Gross morphology of fronds and pinnules. 1. Two overlapping fronds preserved in opposite directions. Note the

conspicuous rachises (arrow head) bearing numerous pinnaes and the roundish first pair of pinnules (arrows). MPM-PB-15317. 2. General aspect of an isolated frond. MPM-

PB-15318. 3, 4. Details of the pinnae showing pinnules and conspicuous rachis (arrow heads). Arrows indicate some of the first pair of roundish pinnules. MPM-PB-15314. 5,
6. Two pinnaes showing details of pinnules. Note the lanceolate-oblong morphology and the decurrently inferior margin (arrows head) except in the first pair (arrow). MPM-

PB-15315. Scale bars: 5 mm.
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located in or near the margins of the pinnule; they are 14.5–
41.5 mm long, with a basal diameter of 13–18 mm that decreases
towards the apex of the pinnule (Figs. 4(1), 6(4)). The pluricellular
hairs are of two types, simple and branched, the former being the
largest ones and composed of about 5 cells and reaching 180 mm
long with a diameter of 15 mm (Figs. 4(2), 6(6)). The branched hairs
have a broad and robust basal cell about 38 mm wide from which
two cells form the branches with an angle of 80–908 between them
and each 2–3 cells long (about 51–55 mm long and 16–18 mm
wide; Figs. 4(3, 4), 6(5)). The density of hairs in the abaxial cuticle is



Fig. 3. Ruflorinia orlandoi Carrizo et Del Fueyo nov. sp. Pinnule epidermis observed with light microscope. Ab.: abaxial; Ad.: adaxial; b. Hair base; s. Cuticular stria; St.: stomata;

Tr.: trichome; Vn.: venation. 1. Adaxial and abaxial epidermis in an oblong-lanceolate pinnule. Groups of stomata, trichomes and venation pattern are distinguishable in

abaxial cuticle. Note scanty trichomes in adaxial cuticle. MPM-PB-15315. 2. Basal portion of abaxial cuticle showing high density of trichomes and groups of stomata. MPM-

PB-15315. 3. One of the first pair of pinnules showing the roundish outline. Note dichotomized venation. MPM-PB-15314. 4. Detail of some ordinary cells and unicellular

trichome with its conspicuous basal cell. Cuticular striae are observed in all cells. MPM-PB-15314. Scale bars: 0.5 mm (1, 3), 150 mm (2), 30 mm (4).
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higher than in the adaxial one and varies according to the sector of
the pinnule (about 18 per mm2 near the base and about 6 per mm2

near the apex).
The adaxial epidermis is ornamented by weak cuticular

striations (1.8 mm thick) and a low density of hairs (about 2–3
per mm2), which are most common near the pinnule margins
(Fig. 5(5)). The abaxial epidermis presents conspicuous cuticular
striations of 2.4 mm thick (Fig. 3(4)) that are slightly reticulated
near the stomatal groups (Fig. 5(6, 7)). The stomata are grouped in
areas between veins, with a density of about 20 per mm2, and
approximately 10–14 per group, having no preferential disposition
but with the stomatal aperture oriented mostly parallel to the
pinnules axis (Figs. 4(5, 6), 5(4)). The stomatal apparatus
(Figs. 4(7), 6(7–9)) is rounded to oval, 70–100 mm long and 40–
75 mm wide; it is monocyclic with 12–16 radially placed
subsidiary cells that are isodiametric (20.8 mm long and
16.5 mm wide) and with rounded flanges. The subsidiary cells
are papillate and tend to partially overarch the stomatal aperture
(Fig. 4(6, 7)); each papilla is 14.5 mm long and 13 mm wide and has
striate cuticular thickenings (Fig. 6(9)). The guard cells are
preserved only in a few stomata; they are sunken, kidney-shaped,
35 mm long and 5 mm wide, and their inner walls are granulate.
The wall around the pit is thickened (Figs. 4(5, 7), 6(7, 8)).

The adaxial epidermal cells in transverse section are about 3.4–
4 mm thick and those of the abaxial epidermis are 2.5–3.3 mm
thick. Ultrastructurally, the cuticular membrane consists of the



Fig. 4. Ruflorinia orlandoi Carrizo et Del Fueyo nov. sp. Detail of trichomes and stomata with LM. SC: subsidiary cell; GC: guard cell. 1–4. Hair details. 1, unicellular hair in the

margin of the pinnule. MPM-PB-15314; 2, pluricellular hair. Arrows show the limits of five cells. MPM-PB-15314; 3, 4, two branched pluricellular hairs. MPM-PB-15315. 5–
7. Details of stomatal apparatus. 5, group of stomatal apparatus with subsidiary cells in contact. Note numerous subsidiary cells (12–16) and the kidney-shaped guard cells.

MPM-PB-15314; 6, group of stomatal apparatus with the focus in the papillate subsidiary cells, which partially overarch the stomatal aperture (arrows). MPM-PB-15315; 7,

detail of a stomata. Guard cells with thickened pit. Note striate papilla of subsidiary cells (arrow). MPM-PB-15315. Scale bars: 15 mm (1), 30 mm (2–4, 7), 50 mm (5, 6).
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cuticle proper (A2) and the cuticular layers B1 and B2, in the sense
of Archangelsky et al. (1986) and Archangelsky and Taylor (1986).
The adaxial cuticular membrane is composed of a 0.80–1.20 mm
thick A2 granular layer (the A1 polylamellate layer is absent); an
amorphous B1, the most electron dense, 3.7 mm thick, and a
fibrillar B2 layer 0.60–1 mm thick that in some areas appears
granulate (Fig. 7(2, 3, 6, 7)). Moreover, the abaxial cuticular
membrane has only two cuticular layers (Fig. 7(4)). The outer layer
(B1), 2.8 mm thick, is fibrillar with the fibrils running almost
parallel to the cuticle surface. The inner layer (B2) is 0.21 mm thick,
granular, with lower electron density than the outer layer. The
ultrastructure characteristics of the inner layer are also observed in
the anticlinal walls (Fig. 7(5)).

5. Discussion

5.1. Comparisons

The morphology and ultrastructure of the foliar cuticle of
Ruflorinia orlandoi nov. sp. is compared with other species of the
genus and other similar Mesozoic fern-like fronds from Gondwana.
5.1.1. Comparison among Ruflorinia species

Since its creation by Archangelsky in 1963, three species were
assigned to Ruflorinia: R. sierra Archangelsky, R. pilifera Arch-
angelsky, 1964, and R. papillosa Villar de Seoane, 2000. These three
taxa were part of the rich plant assemblage of the well-known
Aptian Baqueró Flora; particularly, they were all recovered from
the Anfiteatro de Ticó Formation at the Anfiteatro de Ticó Locality.
Ruflorina orlandoi nov. sp. differs from these taxa in several aspects
as follows: the pinnules in R. sierra have an acute apex and are
inserted at 458, giving the pinna the appearance of a saw (sierra in
Spanish). Apart from this morphological dissimilarity, the main
differences with R. orlandoi nov. sp. are found in the epidermal
characters. The cell surface in R. sierra is smooth, the hairs are
absent; and the epidermal anticlinal flanges are sinuous and not
interrupted by pits. Also the number of subsidiary papillate cells
per stomatal apparatus in R. sierra is higher (14–18) than in
R. orlandoi nov. sp. and the papillae have smooth surface
(Archangelsky, 1963) (Table 1).

The presence of hairs is the only feature that R. pilifera shares
with R. orlandoi nov. sp. However, the differences are that in the
former species the external surface in both cuticles is not striate;
the hairs are solely on the abaxial epidermis and they are



Fig. 5. Ruflorinia orlandoi Carrizo et Del Fueyo nov. sp. Pinnule epidermis under SEM. S: cuticular stria; St.: stomata; Tr.: trichome. 1–4. General aspects of the cuticle. 1,

external surface of the abaxial cuticle showing stomatal groups. Papillae are restricted to these groups and cuticular striations are present in almost all cells being less

pronounced near the margin (arrows). MPM-PB-15314; 2, external surface of the adaxial cuticle. Cuticular striations are poorly marked. MPM-PB-15314; 3, internal surface of

the adaxial cuticle. Note ordinary epidermal cells with isodiametric polygonal-shapes. MPM-PB-15315; 4, internal surface of the abaxial cuticle showing stomatal groups

located between bifurcations of veins. MPM-PB-15315. 5–7. Details of the external surface. 5, external surface of the adaxial cuticle. Note the weakly marked cuticular

striations and low density of hairs. MPM-PB-15316; 6, 7, external surface of the abaxial cuticle. Note conspicuous cuticular striations, broken hairs and papillate subsidiary

cells (arrow) partially overarching the stomatal aperture in most of the cases (6: MPM-PB-15315; 7: MPM-PB-15314). Scale bars: 250 mm (1–4), 100 mm (5–7).

M.A. Carrizo et al. / Geobios 47 (2014) 87–99 93
unicellular to tricellular, the latter being always simple and not
branched. Besides, R. pilifera differs from the Rı́o Correntoso
material by having fewer (6–11) subsidiary cells (Archangelsky,
1964).
R. papillosa is different from R. orlandoi nov. sp. in that the
epidermal cells lack hairs and their anticlinal walls are sinuous; in
addition the stomata have a lower number of subsidiary cells (6–9)
(Villar de Seoane, 2000).



Fig. 6. Ruflorinia orlandoi Carrizo et Del Fueyo nov. sp. Cuticle details under SEM. b.: hair base; GC.: guard cells; SC.: subsidiary cells. 1. Internal surface showing anticlinal walls

with primary pit-fields (arrows). Note aleatory arrangement of cells. MPM-PB-15315. 2. Polygonal ordinary epidermal cells and rectangular-elongate shaped cells of the veins

(arrows) forming rows. Note the presence of hair bases. MPM-PB-15314. 3. Hair round basal cell. Note the surrounded radially arranged cells. MPM-PB-15315. 4. Unicellular

hair. MPM-PB-15315. 5. Branched pluricellular hair. Arrow shows broken branch. MPM-PB-15316. 6. Simple pluricellular hair. MPM-PB-15316. 7–9. Stomatal apparatus. 7, 8,

internal view showing guard cells and numerous subsidiary cells. Note thickened pit (arrow head) (7: MPM-PB-15315; 8: MPM-PB-15314); 9, external view of a sunken

stomata and striate papillate subsidiary cells (arrow). MPM-PB-15314. Scale bars: 100 mm (1), 20 mm (2, 3, 5, 7–9), 10 mm (4), 50 mm (6).
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Fig. 7. Ruflorinia orlandoi Carrizo et Del Fueyo nov. sp. Ultrathin transverse section of abaxial and adaxial cuticle under TEM. Ab: abaxial; Ad: adaxial; EP: external part of the

cuticle; IP: internal part of the cuticle. MPM-PB-15314. 1. General aspect of both abaxial and adaxial cuticular membranes. 2, 3. Adaxial cuticular membrane. 2, detail of the

granular A2 layer; 3, detail of the fibrillar B2 layer and amorphous B1 layer. 4, 5. Abaxial cuticle. 4, full transversal section showing the inner granular B2 layer and the outer

fibrillar B1 layer; 5, detail of an anticlinal wall (arrow) with spongy structure. Due to preservation appears horizontally oriented. B1 and B2 layer are present. 6, 7. Paradermal

sections of hair basal cells (arrows). Adaxial cuticular membrane. Note A2, B1 and B2 layers. Scale bars: 30 mm (1), 200 nm (2, 3), 100 nm (4), 1 mm (5–7).
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5.1.2. Comparison with other selected Mesozoic fern-like fronds

The Ruflorinia frond gross morphology is shared with other
fossil taxa included in different systematic groups, such as Ticoa

Archangelsky, Mesosingeria Archangelsky, and Mesodescolea (Arch-
angelsky) Archangelsky et Petriella of the Cycadales or Pachypteris
Table 1
Morphological and anatomical comparisons among Ruflorinia species.

Ruflorinia: R. orlandoi nov. sp. R. sierra 

Pinna (length � wide) 1.61 � 0.7 cm 4.5 � 0.4–0.5 cm 

Pinnule (length � wide) 0.4–0.12 � 0.17–0.1 cm 0.4 � 0.15 cm 

Venation Midvein with secondary and

terciary poorly visible veins

Midvein with two

three divisions

Adaxial cells Striate. Low hair density Smooth 

Abaxial cells Striate. With trichomes Moslty smooth 

Trichomes Uni-pluricelluar hairs simple

and branched. Papillae over

subsidiary cells

Occasional papilla

stomata

Anticlinal walls Straight. Pitted Sinuos 

Stomata Hypostomatic. Monocyclic Hypostomatic. Di

Polycyclic

Subsidiary cells 12–16 14–18 
Brongn. of the Corystospermales. All these taxa were found in the
Anfiteatro de Ticó Formation, although Pachypteris was also
recorded in more northern latitudes (Harris, 1964; Archangelsky,
1966). However there are several epidermal features observed in
these taxa that distinguish them from R. orlandoi nov. sp (Table 2).
R. pilifera R. papillosa

1 � 0.3 cm 2.5 � 0.6 cm

0.2 � 0.2 cm 0.3 � 0.1 cm

 to Midvein with secondary

poorly visible

Midvein straight

Secondary poorly visible

Smooth Smooth

Striate. With trichomes With trichomes

e around Uni-pluricelluar hairs. Papillae Striate papillae only over

subsidiary cells

Straight Sinous

cyclic or Hypostomatic. Monocyclic

or Dicyclic

Hypostomatic. Actinocytic

6–11 6–9



Table 2
Morphological and anatomical comparisons among selected similar Mesozoic fern-like genera.

Ruflorinia orlandoi nov. sp. Mesodescolea Mesosingeria Pachypteris Ticoa

Pinna (length � wide) 1.61 � 0.7 cm 4–5 � 1.5 cm 4 � 1.5 cm 0.4–4.5 � 0.2–1 cm 1.5 � 0.5–0.6 cm

Pinnule (length � wide) 0.4–0.12 � 0.17–0.1 cm 1.5 � 0.3 cm 1 � 0.4 cm �0.1–0.3 � �0.1 cm 0.3–1 � 0.15–0.4 cm

Venation Midvein with secondary

and terciary poorly

visible veins

Reticulate pattern.

Marginal vein

1 or more veins

forking once

or twice

Midvein with

lateral veins

Midvein with lateral veins

Adaxial cells Striate. Low hair density Striate Smooth Smooth Mostly smooth

Abaxial cells Striate. With trichomes Striate Smooth Mostly smooth Mostly smooth

Trichomes Uni-pluricelluar hairs simple

and branched. Papillae over

subsidiary cells

Trichome bases

in abaxial cuticle

– May have unicellular

hairs

May have hairs and papillae

Anticlinal walls Straight. Pitted Straight. Pitted Straight Straight Straight. Pitted

Stomata Hypostomatic. Monocyclic Hypostomatic.

Monocyclic

Amphistomatic.

Monocyclic

Hypostomatic.

Amphistomatic

Hypostomatic. Amphistomatic.

Dicyclic-Polycyclic

Subsidiary cells 12–16 5–8 5–8 5–11 8–14
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The epidermal cells of Ticoa have a smooth external surface; the
anticlinal walls are straight and not interrupted by pits; also the
stomata are present in both cuticles (T. harrisii) or only in the
abaxial one (T. magnipinnulata); the guard cells are sunken and the
pit is larger (50 mm long) than that of R. orlandoi nov. sp.
(Archangelsky, 1963). Ticoa magallanica Archangelsky is the only
species of the genus cited for the Springhill Formation by
Archangelsky (1976) in the subsurface of the Magallanes Basin,
Chile. This taxon differs mainly from R. orlandoi nov. sp. in the
presence of dicyclic stomata, hairs only simple and numerous
papillae.

The amphistomatic frond is the main character that differ-
entiates Mesosingeria from R. orlandoi nov. sp. Furthermore the
stomata are encircled by 5–8 non-papillate subsidiary cells and the
guard cells are strongly sunken (Archangelsky, 1963).

Mesodescolea differs from R. orlandoi nov. sp. in having smaller
stomata (45–55 mm long) with fewer (5–8) subsidiary cells.
Besides, the pinnules are bigger (15 mm long) with a reticulate
venation and a conspicuous marginal vein (Archangelsky and
Petriella, 1971).

Finally, the corystospermous leaves of Pachypteris are amphis-
tomatic with the stomata widely scattered in the lamina, each
enclosed by �5 subsidiary cells as in P. papillosa. Moreover in some
species, like P. elegans, only unicellular hairs have been observed
(Harris, 1964; Archangelsky, 1966).

5.1.3. Foliar ultrastructural comparison in Pteridopermopsida

Among Ruflorinia species, only the cuticular membrane of
R. papillosa and R. orlandoi nov. sp. has been ultrastructurally
investigated. The differences between them are that the cuticular
membrane in R. papillosa is thinner (up to 2 mm) and composed of a
thin cuticle proper and two cuticular layers, an upper lamellate
layer 0.5 mm thick and a lower alveolate layer up to 1 mm thick
(Villar de Seoane, 2000) (Fig. 8).

The cuticular membrane of most species of Pachypteris is very
thick, ranging from 10 to 27 mm, with the exception of P.

bagualensis with an adaxial cuticular membrane 2–5 mm thick and
abaxial one 2.5–3 mm thick. The latter values are more comparable
to the thickness observed in R. orlandoi nov. sp. However at
ultrastructural level, the cuticular membrane of P. bagualensis is
quite distinct being totally amorphous (Baldoni and Barale, 1996;
Guignard et al., 2004).

5.1.4. Foliar ultrastructural comparison among cycadalean species

Ultrastructurally the cuticular membrane of Ruflorinia orlandoi

nov. sp. shows marked differences with those of the cycadalean
species. The abaxial cuticular membrane of Mesodescolea plicata

Archangeslky is 5–6 mm thick, and two cuticular layers of
amorphous structure are distinguished (Artabe and Archangelsky,
1992). The differences between the cuticular membrane of
R. orlandoi nov. sp. and those of Mesosingeria oblonga Villar de
Seoane and M. parva Villar de Seoane are that the latter are thicker
(13.5 mm and 11 mm respectively). Besides, both cycadalean taxa
have two distinct cuticular layers; M. oblonga has an outer
granulate layer and an inner alveolate-lamellar to alveolate-
reticulate layer, while M. parva has a compact outer layer and an
alveolate inner layer (Villar de Seoane, 1997, 2005) (Fig. 8).

Ultrastructural studies made on the cuticular membrane of
Ticoa harrisii Archangelsky indicate the presence of a cuticle proper
1.5–2.5 mm thick composed of a lamellar (A1) and a homogeneous
(A2) layer, followed by a cuticular spongy layer (B) 0.3–0.5 mm
thick (Archangelsky et al., 1986). These characteristics differentiate
the cuticular membrane of T. harrisii from that of R. orlandoi nov. sp.
In the same way the Ticoa lanceolata Villar de Seoane cuticular
membrane is distinct because it is formed by a cuticule proper, a
granulate cuticular outer layer 1 mm thick and an alveolate
cuticular inner layer 4 mm thick (Archangelsky et al., 1986; Villar
de Seoane, 2005).

5.2. Systematic position of Ruflorinia orlandoi nov. sp.

The general gross morphology of the fronds found in the Rı́o
Correntoso locality, herein studied, along with their cuticular
characters, such as the grouped distribution of the stomatal
apparatus, the presence of numerous papillate subsidiary cells and
sunken guard cells, are consistent with those described for the
genus Ruflorinia Archangelsky. However, the combination of
characters (both morphological and cuticular) of the Rı́o Corren-
toso specimens is not found in any of the other species of this genus
or similar taxa previously described, which allows us to create a
new taxon, Ruflorinia orlandoi nov. sp.

Bipinnate to tripinnate fronds of Ruflorinia sierra from the Lower
Cretaceous of Patagonia have been described in association with
cupules of Ktalenia by Taylor and Archangelsky (1985). According
to the latter authors and because these cupules have a morphology
similar to that seen in Caytonia Thomas, Ktalenia and therefore
Ruflorinia have been considered to belong to the Order Caytoniales
(Taylor and Archangelsky, 1985; Villar de Seoane, 2000; Taylor
et al., 2009).

5.3. Paleoenvironment of the Springhill Formation

The Springhill Formation deposits were described as a
transgressive design, ranging from fluvial systems to a coastal
plain influenced by tidal action, that gradually passed into an
estuarine setting, which finally graded into an open-marine
depositional system (Cortiñas and Arbe, 1981; Giacosa and
Franchi, 2001; Arbe, 2002; Spalletti et al., 2009; Schwarz et al.,



Fig. 8. Foliar cuticular membranes comparisons among selected similar Gondwanan fern-like taxa. Scale bar: 3 mm.
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2011). According to the presence of a high percentage of quartz,
moderate amounts of kaolinite, and almost absent feldspar in the
rocks that crop out near the Bahı́a de la Lancha locality, Riccardi
(1971) has suggested a warm-wet depositional environment. On
the other hand, Schwarz et al. (2011) on the basis of the presence of
massive, greyish mudstones with incipient pedogenetic features,
along with plant remains and rare thin layers of coal (in the lower
section of the Springhill Formation), have proposed that the unit
was probably developed under humid climate conditions.

The palynological data of the Springhill Formation from core
samples of Argentina and Chile indicate that during the
sedimentation of this unit the surrounding area would have been
basically inhabited by coniferous trees, mainly Podocarpaceae,
Cheirolepidiaceae and to a lesser extent Araucariaceae. At the same
time, the dominance of fern spores indicates not only that an
important and dense pteridophyte vegetation would have covered
the edges of the water courses, but also that an humid-temperate
environment prevailed (Baldoni and Archangelsky, 1983; Arch-
angelsky and Archangelsky, 2004).

Cuticular characters observed in the fronds of Ruflorinia orlandoi

nov. sp., such as cuticular striations, trichomes, sunken stomata
overarched by papillate subsidiary cells, and a moderately thick
cuticle are all generally considered as xeromorphics features. The
presence of such characters has usually been attributed to plants
that live under stressed conditions, specifically dry environments,
and they would help principally in the reduction of the
transpiration rate by increasing the boundary layer (Johnson,
1975; Ihlenfeldt and Hartmann, 1982; Willmer and Fricker, 1996;
Evert, 2006). This would be the case of the Baqueró Group species
Ruflorinia sierra, R. papillosa and R. pilifera, which would have
grown on dry soils and under a stressed environment conditioned
by the continuous ash falls and periodic volcanic activity (Arch-
angelsky et al., 1995; Villar de Seoane, 2000; Archangelsky, 2001a,
2001b; Carrizo et al., 2012). However, in extant plant communities
those ‘‘xeromorphic’’ characters can also be present on plants
growing in wet environments with high rate of precipitation. Hill
(1998a, 1998b) has pointed out that in several proteaceous taxa,
both extant and fossils (such as Banksieaephyllum I.C. Cookson et
S.L. Duigan, Orites R. Br., Proteaciphyllum McGinitie and Telopea

R. Br., among others) from Australia, the occurrence of such
features are related to an adaptation to extremely wet environ-
ments, by protecting the leaves against epiphytes or assisting
water to drain off the leaf surface.

Haworth and McElwain (2008, 2009) made a detailed analysis
about the ecological significance of leaf and cuticular micro-
morphology and discussed the possible roles of several epidermal
and cuticular structures in plants. These authors have suggested
that, besides its anti-transpirant function and those mentioned by
Hill (1998a, 1998b), the presence of trichomes, sunken stomatas,
cuticular striations and a thick cuticle, may also help as water
repellence/self-cleaning, defense against predation, protection to
light and toxic atmospheric gases, and as a response to soil-
nutrient deficiencies.

Therefore, unlike the Ruflorinia species from the Baqueró Group
and according to the geological and palynological evidences of the
Springhill Formation, the cuticular striae, hairs, papillate sub-
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sidiary cells and sunken stomata in the fronds of Ruflorinia orlandoi

nov. sp. could be better related to an adaptation to a wet climate as
well as the fluctuating environment produced by the gradual
transition from fluvial to an estuarine and marine setting that
characterizes the deposition of the Springhill Formation.

6. Conclusions

In this work the knowledge of the floral diversity of the
Springhill Formation is expanded with the addition of the first
pteridospermous megafossils reported for this unit. The fossils
here described are included in Ruflorinia on the basis of the
combinations of their foliar cuticular characters which differ from
that of the other species of the genus. However for a more complete
comparison and a better differentiation between the four species of
Ruflorinia and other genera with similar frond morphology, further
studies including observations with TEM, especially for R. pilifera

and R. sierra are still needed. It is also worth noting that Ruflorinia

has demonstrated a great success at adapting to the different
stressed environments that were dominant through the Cretac-
eous in Patagonia. Ruflorinia sierra, R. papillosa and R. pilifera are
adapted to the ash falls and dry soils of the Baqueró Group, while
the new taxon here described, R. orlandoi nov. sp., is adapted to the
wet and humid climate of the Springhill Formation. The adaptation
is shown through the acquisition of cuticular features, such as
different types of trichomes, cuticular striations, and sunken
stomata, among others.

Finally, with the erection of Ruflorinia orlandoi nov. sp., the
distribution of Ruflorinia and its stratigraphic range are also
extended from the Aptian Baqueró Group to the Berriasian
Springhill Formation, suggesting an older age for the genus.
Moreover, the record of R. orlandoi nov. sp. in the Springhill
Formation adds to the importance of the Caytoniales during the
Cretaceous in Patagonia.
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d’Argentine Australe). Palynostratigraphie, Paléogéographie et Paléoécologie.
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216–252.
Riccardi, A.C., 1988. The Cretaceous System of southern South America. Geological
Society of America, Memoir 168, 161.

Riccardi, A.C., Gulisano, C.A., Mojica, J., Palacios, O., Schubert, C., Thomson, M.R.A.,
1992. Western South America and Antarctica. In: Westermann, G.E.G. (Ed.), The
Jurassic of the Circum-Pacific. Cambridge University Press, pp. 122–161.

Schwarz, E., Veiga, G.D., Spalletti, L.A., Massaferro, J.L., 2011. The transgressive
infill of an inherited-valley system: The Springhill Formation (lower Creta-
ceous) in southern Austral Basin, Argentina. Marine and Petroleum Geology 28,
1218–1241.

Spalletti, L.A., Schwarz, E., Veiga, G.D., Matheos, S.D., Haring, C., Covellone, G., 2009.
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