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Abstract: It describes for the first time impressions of
four Cyssusallian morphotaxones corresponding to the
oldest records of these structures in Mexico. Three of
them were assigned according to their morphology, type
of symmetry, presence-absence of wing, type of apex and
shape of the seed to the genera Cordaicarpus and
Cornucarpus. The fourth and final morphotaxon
describes an incomplete structure where the apex was
not preserved, so it remains if taxonomic allocation.
Despite being scattered seeds, members of the genus
Cordaicarpus have been associated with the cordaitales,
coniferal, Callistophytal and Peltaspermal orders.
Meanwhile, the seeds of the genus Cornucarpus have
been linked with Glossopteridals and Coniferales. Most of
the orders present in the macroflora reported for the
Tuzancoa Formation.
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1. INTRODUCTION

Seeds are the main reproductive organ of the vast
majority of current plants. They represent their most
complex and most efficient habit of reproduction since
they play a fundamental role in the renewal,
persistence, and dispersal of their populations and also
intervene in the regeneration of communities and
ecological succession (Gerrienne, 2004). The origin of
the plants with seeds was one of the most significant
events in the evolution of the vegetation since the
presence of this structure allowed them to colonize
habitats that were not previously accessible to the
plants that reproduced by spores (DiMichele, Phillips
and Olmstead, 1986). The oldest seeds date from the
Devonian and are innovations of the evolution of
vascular plants, (Gillespie et al, 1981). The
spermatophytes of the Carboniferous
(Lyginopteridales, Medullosales and Gigantopteridales)
together with the spermatophytes-lignophytes such as
the Coniferales constituted the rainforests of the
Carboniferous and left a record of their seeds. For the
Permian macrofloras whose seeds are usually isolated,
as they are rarely found in organic connection with the
rest of the plant.

In Mexico, the oldest continental cover corresponds to
the upper Paleozoic and is represented by sediments of
four lithostratigraphic units where fossils of Permian
plants were preserved; Matzitzi, Patlanoaya, Todos
Santos and Tuzancoa. The first works carried out in the
latter were done by Carrillo-Bravo (1965), and since
then the study of this formation has been biased,
superficially and intermittently. However, recently the
Paleobotany team of the Faculty of Higher Studies

Zaragoza, UNAM (FES Zaragoza) collected in the strata
of this unit the first seed fossils with an approximate
age of 298-290Ma. So this work aims to document the
presence of the oldest reproductive structures of
spermatophytes collected in strata of the lower
Permian of Mexico. Floras of this age have been
reported for Antarctica (Taylor and Taylor 1987, 1992;
Klavins et al, 2001; McManus et al.,, 2002), Australia
(Nishida et al, 2003) and China (Tian et al, 1996;
Wang1998; Hilton et al., 2001a, 2001b, 2004; Wang et
al, 2003a, 2003b) and North America (Miller and
Brown, 1973; Mamay et al., 1984).

2. METHODOLOGY

The collected material is accompanied by coniferous
macrofossils and other gymnosperms. It comprises
four specimens of seeds preserved as impressions and
carbonaceous compressions in fine-grained, yellowish-
brown sandstones. It is deposited in the Paleontological
Collection of the FES Zaragoza with the acronym CFZ
Tuz. The specimens were observed with an Olympus
stereoscopic microscope and photographed with a
Nikon D500 camera.

Because they are dispersed seeds and these structures
are preserved as impressions or carbonaceous
compressions, the specimens were described using the
terminology proposed by Millan 1974 as modified from
Archangelsky 2000. Understanding of megaspore, the
central body of the seed, which is protected by a
membrane called the nucellus, is in turn surrounded
by one, two or three tegumentary layers that cover it,
leaving it exposed only in the micropyle, defined as a
channel to through which pollination is performed. The
hilum is the scar left at the base of the seed by the
vascular bundle of the peduncle after the detachment
from the mother plant (Figure 1).
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Fig 1. Structure of a gymnosperm seed
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For the morphological description of the different types
of seeds the following abbreviations were used: LT, the
total length of the seed; AT, total seed width; LN, the
total length of the nucellus; As, the width of the
sarcotesta; AS/AN, the relationship between the
maximum width of the sarcotesta and the nucellus.

2.1 Study area

The municipality of Calnali is located north of the state
of Hidalgo, 28km from Escamilla Molango, on the banks
of the Calnali River, the Tuzancoa Formation outcrops
which extends to the central and southern portions of
the state of Hidalgo (Figure 2). This stratigraphic unit is
part of the Huayacocotla Anticlinorio (Carrillo-Bravo,
1965).

Rosales-Lagarde (2005) formally proposes to the
Tuzancoa Formation describing it as a siliciclastic
sequence with basal andesitic gaps, interspersed with
sandstone and shale, fossil carriers of plants of the
genus Pecopteris Brogniart, Neuropteris Brogniart,
Odontopteris, Gangamopteris Mc Coy, Taeniopteris
Brogniart and Calnalia Hernandez et al (Figure 3e).
Describe fossils of crinoids, algae, foraminifera,
bivalves and fusulinids with varying degrees of
preservation, associated with them and in greater
abundance (Carrillo-Bravo, 1965; Silva-Pineda et al,
2003; Quiroz-Barroso, 2012; Buitrén et al, 2017).
These last ones allow establishing the age of the
formation in the Cisuralian.

&) Localities

Te=Tuzancoa Formation

Figure 2. Location of the study area
2.2 RESULTS

The seeds recently collected in the Permian sediments
of the Tuzancoa Formation were preserved as
impressions and carbonaceous compressions, forming
a poorly represented group, representing only 3.41%
of the fossilized association of this stratigraphic unit.
Three of the four seeds collected have been assigned to
the  morphogenera  Cornucarpus  Arber and
Cordaicarpus  Geinitz. The first describes a
morphotaxon. While two morphotaxa of the genus

Cordaicarpus are described, and finally, the
morphological characteristics of one of the collected
seeds have not allowed their assignment to one of the
morphogenera described for the dispersed seeds of the
Permian, so it remains unallocated.

Systematic descriptions
Genus: Cornucarpus Arber, 1914

Type species: Cornucarpus acutus (Lindley and Hutton)
Arber, 1914.

Cornucarpus sp.

Description: Platispermic seed, with wing not oval in
shape, slightly cordate base, the bifurcated apex in two
spines, visible thread. The surface of the seed is
covered with thin ridges that converge towards the
apex. Undifferentiated teguments of greater thickness
at the base. The maximum width of the seed is about
one-third of its longitudinal length. The megaspore has
an oval shape, an obtuse base, and an acute apex. The
micropyle is not observed in Figure 3a.

Dimensions:

LT, 7.8mm; AT, 3.7mm; AN, 2.0mm; LN, 4.2mm. Apical
Projection

0.5-1.5mm long by 1-2mm basal width, LT/AT, 1.15-
2.00mm. Internal oval body 1-2mm long by 0.7 -1.0mm
wide.

Material Studied and Origin: Tuzancoa Formation;
Calnali River. Issue CFZ-Tuz 40.

Observations: This specimen was assigned to the
Cornucarpus genus because it is a plastispermic seed,
with bilateral symmetry with a bifurcated apex in two
spines which are as or longer than the width, unlike the
genus Cordaicarpus that has two apical spines.

Genus: Cordaicarpus Geinitz, 1862

Species Type: Cordaicarpus cordai (Gcinitz) Seward,
1917.

Cordaicarpus sp1

Description: Oval seed, the width is about two-third of
its longitudinal length, incomplete base, accumulated
apex that is divided into two small extensions that limit
it and do not extend beyond the general outline of the
seed. It is surrounded by an integument differentiated
in two layers sarcotesta and sclerotesta. The thickness
of the variable sarcotestas is widening towards the
ends. The round-shaped oval megaspores with an acute
apex. The chalaza is well developed, ends in a short and
wide conical projection (Figure 3b).

Dimensions:

LT, 8mm. AT, 6mm; AN, 2.5mm; LN, 5mm. Apical
Projection

1.5mm long, LT/AT, 1.3, AS/AN 1/4. Internal oval body
1-2mm long by 0.6 -1.0mm wide.
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Material Studied and Origin:
Tuzancoa Formation; Calnali River. Copy CFZ-Tuz 10.
Cordaicarpus sp2.

Description: Platyspermic seed, oval, non-winged,
wider towards the distal end of the structure, with two
small spines that crown a rounded apex, an acute base
that ends in a short and wide conical peduncle.
Undifferentiated tegument that uniformly surrounds
the nuclei that has the same shape as the seed, with a
round apex and an acute base (Figure 3c).

Dimensions:

LT, 9.6mm. AT, 4.6mm; AN, 3.5mm; LN, 6mm. Apical
Projection

0.5mm long.

Material Studied and Origin: Tuzancoa Formation;
Calnalli River. Issue CFZ-Tuz 19.

Observations: The CFZ Tuz 10 and 19 specimens were
assigned to the genus Cardiocarpus because they are
seeds of bilateral symmetry, winged or not, oval, with
apices that end in two projections that do not
significantly protrude from the main body of the seed.
Unlike the species of the genus Cornucarpus that they
present bifid appendages that protrude from the main
body of the seed. In specimen CFZ Tuz 10, a difference
is presented with a narrow sarcotesta (1/4)
characteristic of the genus Cardiocarpus, different from
the broad sarcotesta present in the species of the genus
Samaropsis.

Example: CFZ Tuz-24.

Description: Incomplete seed, oval-shaped, widened
towards the base, where it exhibits a projection of the
testa that does not exceed half the length of the seed, its
surface is striated. Acute apex, cordate base, observable
thread, and groove. The testa is undifferentiated,
striated and of variable thickness, the stretch marks
run longitudinally on the surface and converge at the
apex. The megaspore is also oval in shape, acute apex,
round base, and striated surface, with observable
micropyle (Figure 3d).

Dimensions: LT, 7.1mm. AT, 5.6mm; AN, 4.8mm; LN,
2.2mm.

Origin of the material: Tuzancoa Formation; Calnalli
River.

Observations: The specimen was not assigned to the
genus Cornucarpus, Cordaicarpus and Eucerospermum
Feruglio because it is an incomplete specimen that does
not preserve the apex, an essential characteristic to
assign it correctly to these genera. On the other hand, it
does not have a wide sarcotesta that evenly covers the
entire length of the seed, so it does not belong to the
genus Samaropsis either.

Figure 3.
Cordaicarpus splscale 5mm. c) Cordaicarpus sp2 scale
4mm. d) Example: CFZ Tuz-24 scale 2mm.e) Branches
of the genusCalnalia.

a) Cornucarpus sp. scale 4mm. b)

2.3 DISCUSSION

The type of fossilization prevents comparing these
specimens with permineralization, for
example,Cardiocarpus tuberculatus Wang, Hilton, and
Baolin; C. spinatus Roth and C.oviformisLeisman, since
its vascular tissue and the type of epidermis cannot be
observed. So its allocation is based on the presence of
similar morphological characters and is not necessarily
linked to the same gymnosperm groups: The
morphotaxon description of the genus Cardiocarpus,
for example, may have been produced by different
groups such as Cordaitales, Coniferales,
Callistophytales and even Peltaspermales, as Autunia
(Trivett and Rotwell, 1991; Mapes and Rotwhwell,
1984; Rotwell et al., 1996, Kerp, 1988). While the
species of the genus Cornucarpus have been linked to
Glossopteridales (Millan, 1977a) and Coniferales
(Oliveira and Yoshida, 1981; Oliveira, 1977). In the
collection area, Coniferales, Cycadales, Marattiales,
Peltaspermales, and Voltziales have been found. The
seeds may have belonged to any of these orders; So the
information obtained so far is about the degree of
organization of these seeds rather than taxonomic
since they are not in organic connection. The diversity
found is low compared to the Permian locations of
China, Brazil and North America (Miller and Brown,
1973; Mamay et al., 1984; Wang et al,, 2003; Marquez
of Souza and lannuzzi, 2009), as well as those reported
for the Carboniferous of Argentina where up to 10
morphotaxa sites have been reported

3. CONCLUSIONS

The presence of seeds for this locality is scarce since
marine sedimentation prevailed during most of the
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lower Permian. The registration for the first time of
these structures for the Tuzancoa Formation
represents the oldest report for Mexico and confirms
that by this age their presence could favor the
development of the plant community established in the
region during the lower Permian.

ACKNOWLEDGEMENT

We are grateful to the PAPIIT IN 115417 project for the
financing granted to the project “The flora of the
Central-South Permian of Mexico: Taxonomy,
Distribution, and Environment”. And to Enrique
Albarran Almaraz, Miguel Angel Flores Barragan, Diego
Enrique Lozada Carmona and Elizabeth Ortega Chavez,
for their help in collecting the material.

REFERENCES

Arber, E. A. N. (1914) A Revision of the Seed
Impressions of the British Coal Measures.
Annals of Botany, 28(109):81-108. Londres.

Archangelsky, A. (2000) Estudio sobre semillas
neoproterozoicaas de Argentina. Boletin de la
Academia Nacional de Ciencias, 64: 79-115.

Buitrén-Sanchez, B. E., Lépez Lara, O., Vachard, D., and
Herndndez Barroso, S. (2017) Algunos crinoides
(Echinodermata-Crinoidea) del Pérmico de la
region de Pemuxco, Hidalgo. Boletin de la
Sociedad Geolégica Mexicana, 69 (1), 21-34.

Campa, M. F. and Coney, P. ]J. (1983) Tectono-
stratigraphic terranes and mineral resource
distributions in Mexico: Canadian Journal of Earth
Sciences, 20, 1040-1051.

Carrillo-Bravo, J. (1965) Estudio Geoldgico de una parte
del Anticlinorio de Huayacocotla. Boletin de la
Asociaciéon Mexicana de Gedlogos Petroleros, 17

(5-6), 73-96.
Dimichele, W. A, Phillips, T. L., and Olmstead, R. G.
(1986) Opportunistic evolution: abiotic

environmental stress and the fossil record of
plants. Review of Palaeobotany and Palynology.
50:151-178.

Geinttz,H. B., (1862) Dyas oder die Zechsteinformation
und das Rothliegende. Band 2. Die Pflanzen del'
Dyas und Geologisches. Willelm Engelmann, :131-
342. Leipzig.

Gerrienne, P. (2004) Mid-Givetian, Belgium: Concept
and epitypification. Review of Palaeobotany and
Palynology, 145, 321-323.

Gillespie, W. H., Rothwell, G. W., and Scheckler, S. E.
(1981) The earliest seeds. Nature 293: 462-464.

Hernandez-Castillo, G. R,, Silva-Pineda, A. and Cevallos
Ferriz, S. R. S. (2014) Early Permian conifer
remains from Central Mexico and reevaluation of
Paleozoic conifer morphotaxa. Boletin de la
Sociedad Geoldgica Mexicana 66, 85-96.

Hilton, ., Rothwell, G.W,, Li, C.S., Wang, S.]. and Galtier,
J.(2001a) Permineralized cardiocarpalean ovules

in wetland vegetation from Early Permian
volcaniclastic sediments of China. Palaeontology
44:811-825.

Hilton, ], Wang, S.J., Galtier, J. and Li, C.S. (2001b) An
Early Permian plant assemblage from the Taiyuan

Formation of northern China with
compression/impression and permineralized
preservation. Review of Palaeobotany and

Palynology, 114:175-189.

Hilton, ], Wang, S.J., Galtier, ], Glasspool, L]. and
Stevens, L. (2004) A Late Permian permineralized
plant assemblage in volcaniclastic tuffs from the
Xuanwei Formation, Guizhou Province, China.
Geological Magazine. 141:661-675.

Klavins, S.D., Taylor, E.L., Krings, M., and Taylor, T.N.
(2001) An unusual, anatomically preserved ovule
from the Permian of Antarctica. Review of
Palaeobotany and Palynology, 115:107-117.

McManus, H.A,, Taylor, E.L, Taylor, T.N., and Collinson,
JW. (2002) A petrified Glossopteris flora from
Collinson Ridge, central Transantarctic Mountains:
Late Permian or Early Triassic? Review of
Palaeobotany and Palynology, 120:233-246.

Millan, J.H. (1974). As sementes platispérmicas do
Godwana face ao Esquema Maithy. Anais da
Academia Brasileira de Ciencias, 46(3/4): 538-
547.

Millan, J.H. (1977) Sernentes platispénnicas do
Eogondwana de Cerquilho, Sdo Paulo (Bacia do
Parana). Anais da Academia Brasileira de Ciencias,
49(4):581-595. Sil

Nishida, H., Pigg, K.B., and Rigby, ]. F. (2003) Swimming
sperm in an extinct Gondwanan plant. Nature
422:396-397.

Oliveira, M. E.C. B. (1977) Tafoflora Eogondwanica da
Camada lrapua, Formacdo Rio Bonito (Grupo
Tubarao), Se. Tese de Doutoramento, Instituto
Geociéncias da Universidade de Sao Paulo, Brasil.
Inédito. 301 p.

Oliveira, M.E.C. B. y Yoshida, R. (1981) Coniferdfitas da
"Tafoflora Irapua”, Formacdo Rio Bonito, Grupo
Tubardo em Santa Catarina. Boletin de Ia
Asociacién Latinoamericana de Paleobotanicos y
Polinolégos, 8:1-29. Buenos Aires.

Ortega-Gutiérrez, F., Ruiz, ]. and Centeno-Garcia, E.
(1995) Oaxaquia, a Proterozoic microcontinent
accreted to North America during the late
Paleozoic. Geology, 23 (12), 1127-1130.

Quiroz-Barroso, S., Sour-Tovar, F. and Centeno-Garcia,
E. (2012) Gasteropodos y Bivalvos cisuralianos
(Pérmico Inferior) de Otlamalacatla, Hidalgo,
México. Revista Mexicana de Ciencias Geoldgicas,
29 (1),158-178.

Rosales-Lagarde, L., Centeno-Garcia, E., Dostal, ]., Sour-
Tovar, F., Ochoa-Camarillo, H.and Quiroz-Barroso,
S. (2005) The Tuzancoa Formation: Evidence of an

© 2019, [JISSET

Page 4



International Journal of Innovative Studies in Sciences and Engineering Technology (IJISSET)

ISSN 2455-4863 (Online) www.ijisset.org

Volume: 5 Issue: 12 [ 2019

Early Permian submarine continental arc in east-
central Mexico. International Geology Review, 47
(9),901-919.

Seward, A.C. (1917) Fossil Plants. Cambridge Biological,
Series 3, 656 pp. Cambridge University Press.

Silva-Pineda, A. (2003) Flérula del Pérmico de la
Region de Izucar de Matamoros, Puebla. In:
Castafiares, A. A. (eds) universitario, impulsor de
la investigacion cientifica. Instituto de Ciencias del
Mar y Limnologia, UNAM, Ciudad de México. pp.
303-309.

Taylor, T.N. and Taylor, E.L. (1992) Reproductive
biology of the Permian Glossopteridales and their
suggested relationship to flowering plants.
Proceedings of the National Academy of Sciences
of the United States of America, USA 89:11495-
11497.

Taylor, T.N., Taylor, E.L. (1987). Structurally preserved
fossil plants from Antarctica. IIl. Permian seeds.
American Journal of Botany. 74:904-913.

Tian, B.,, Wang, S.J., Guo, Y.T., Chen, G.R. and Zhao, H.
(1996) Flora of Palaeozoic coal balls in China.
Palaeobotanist 45:247-254.

Wang, S. ], Hilton, ]. and Tian, B. (2003a) A new species
of cardiocarpalean ovule from Early Permian coal
balls from north China. Review of Palaeobotany
and Palynology, 123:303-319.

Wang, SJ. (1998) The cordaitalean fossil plants from
Cathaysian area in China. Acta Botany Since.
40:573-579. (In Chinese, with English abstract.).

Wang, S.J., Hilton, J.,, Tian, B. and Galtier, J. (2003b)
Cordaitalean seed plants from the Early Permian
Taiyuan Formation of North China. I. Delimitation
and reconstruction of the  whole-plant
Shanxioxylon sinense. International Journal of
Plant Sciences. 164:89-112.

© 2019, [JISSET

Page 5



