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New records of Bennettitales and associated flora 
from the Jurassic of the Cualac Formation, Mexico

María Patricia Velasco de León, Erika Lourdes Ortiz Martínez, 
Miguel Angel Flores Barragan, Diana Silvia Guzmán Madrid, 

and Pedro Christian Martínez Martinez

ABSTRACT

The present work contributes to the palaeofloristic knowledge of the Jurassic in
the Cualac Formation of Mexico with the first records of the genera Anomozamites,
Cycadolepis, Czekanowskia, Mexiglossa, and Williamsoniella. A new species of bisex-
ual structure, Williamsonia rosarensis, is described; the species Zamites diquiyui is
emended and the cuticular characters of the dominant species Mexiglossa varia are
described for the first time. These data substantially increase the plant diversity of this
stratigraphic unit and provide information about the environment in which they were
preserved. These new reports come from a new locality of the Cualac Formation, in the
state of Oaxaca, Mexico, called Rosario. After considering some sedimentological and
taphonomic aspects, it is proposed that this locality represented an alluvial fan deposi-
tional environment that evolved into a flood plain, which favored the state of preserva-
tion of the specimens, and even preserved cuticular characters that allows an updated
and more detailed taxonomy of three species. A notable find is Williamsoniella rosaren-
sis nov. sp., a genus which has been previously reported from two Middle Jurassic
localities in the UK and one in Mexico. A possible organic connection between this
structure and leaves of Zamites diquiyui is also proposed. The findings mentioned
above indicate that Bennettitales is the most abundant order (61.4%) with eight genera
and 15 species. The present contribution confirms that paleofloristic lists are still
incomplete, and thus it is necessary to continue the work in the Jurassic formations
described for Mexico. 
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INTRODUCTION

The Jurassic floras of Tezoatlán de Segura y
Luna, in the municipality of Oaxaca, Mexico, have
been studied for more than a century. Here, the
sedimentary Tezoatlan paleobasin is located (Fig-
ure 1). The exposed stratigraphic sequence of this
basin comprises the Diquiyui, Rosario, and Cualac
formations and the Lower Tecocoyunca Group
(Erben, 1956; Moran-Zenteno et al., 1993; Zepeda-
Martínez et al., 2018). The sequence has been
dated to 180-188 m.y. by the U-Pb zircon method
(Martini et al., 2016; Zepeda-Martínez et al., 2018).
Its lithology includes volcanic rocks and a rhythmic
superposition of continental to marine deposits,
composed of coarsening-upward successions of
conglomerate, siltstone-sandstone, and mud-
stone. 

Fossil plants, e.g., permineralizations, impres-
sions, and carbonaceous compressions, have
been described from the stratigraphic units; Forma-
tion Rosario, Cualac and Grupo Tecocoyunca Infe-
rior (Wieland, 1914; Delevoryas and Pearson,
1975; Pearson and Delevoryas, 1982; Silva-
Pineda, 1984; Jiménez-Rentería, 2004; Ortega-
Cháves et al., 2017; Carrasco-Ramírez et al.,
2016; Lozano-Carmona and Velasco-de León,
2016). However, of the formations mentioned
above, the Cualac Formation is the least studied
with only a single report of poorly preserved mate-
rial (Silva-Pineda and González-Gallardo, 1988). 

The classic paleobotanical work on the Juras-
sic flora of Mexico in the region of Consuelo, Oax-
aca, was carried out by Wieland (1914), who
reported 50 species and six varieties (Table 1),
from the Rosario and Tecocoyunca Group strati-
graphic units. Silva-Pineda (1970) studied material
from the region of Tezoatlán and identified 23 spe-
cies of fossil flora, including three from the Cualac
Formation: Otozamites graphicus Schimper, O.

aguilerai Wieland, and Zamites sp cf. Z. feneonis
Brongniart (Table 1).

Person and Delevoryas (1982) later collected
material from the middle Jurassic of Oaxaca in the
region of Tezoatlán. However, due to the state of
preservation of some specimens examined by
Wieland (1914) and the lack of a detailed descrip-
tion of the species mentioned, only 26 plant spe-
cies are considered valid for the Rosario and
Zorrillo formations (Table 1); this table includes the
original reports of each author.

The Cualac Formation was reported for the
first time in the state of Guerrero by Guzmán
(1950). However, no plant fossils were reported
until those by Silva-Pineda and González-Gallardo
(1988) from siltstone. The authors attributed these
to Otozamites hespera Wieland, Ptillophyllum sp.
and Brachyphyllum (Brongniart) Harris. However,
the described material was scarce and poorly pre-
served (Silva-Pineda, 1970; Silva-Pineda and
González- Gallardo, 1988). The fossil-bearing out-
crops there are composed of thick layers of white
to yellowish quartz matrix conglomerate composed
of milky quartz mica schist pebbles, gneiss, and
ignimbrite occasionally interspersed with siltstone
and shale (Corona-Esquivel, 1981). 

There are few reports of fossil plants in this
formation (Table 1), which is described as not very
diverse and sparse, as well as fragmented and
poorly preserved (Silva-Pineda, 1970; Silva-Pineda
and González-Gallardo, 1988). Thus, the species
descriptions mentioned above are mostly insuffi-
cient and lack of epidermal details cuticular data.
Cuticular characters are important in the taxonomic
assignment of different plant groups when macro-
scopic characters do not allow a sound systematic
placement (Pott et al., 2010). In the Jurassic of
Oaxaca cuticles of Bennettitales, Coniferales, and
groups of uncertain affinity have been described
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previously (Silva-Pineda, 1969; Ortiz-Martínez,
2014; Guzmán-Madrid and Velasco- de León,
2015, 2017, 2021; Guzmán-Madrid et al., 2019). 

Here, we describe well-preserved plant fossils
from a recently discovered new locality in the
Cualac Formation, near the town of Rosario
Nuevo, in the municipality of Tezoatlán de Segura y
Luna, Oaxaca. 

STUDY AREA AND METHODS

The material studied was collected in the
municipality of Tezoatlán de Segura y Luna,
around the town of Rosario Nuevo, Oaxaca, Mex-
ico. The fossil-bearing strata belong to the Cualac
Formation. In the study area this unit has a thick-
ness of around 100 m. This sequence of rocks is

found above the fluvial deposits belonging to the
Rosario Formation and is located below the strata
of the Tecocoyunca Group. It has been interpreted
that this unit was deposited in an alluvial plain envi-
ronment that was occasionally invaded by marine
waters (Morán-Zenteno et al., 1993).

The Cualac Formation is composed of con-
glomerates, fine-conglomeratic sandstone, and
thin shale strata (Zepeda-Martínez, et al., 2021).
Ten lithofacies have been recognized that are
organized into two different architectural elements,
Gravel Bars and Bedforms (GB) and Floodplain
fines (FF), which according to Zepeda-Martínez et
al. (2021) was part of a coalescent alluvial fan sys-
tem.

Specifically, the collection area of this work is
located in the upper part of the stratigraphic col-

FIGURE 1. Map of the location of the study areas. A - Map of the Mexican Republic. B - Map of the state of Oaxaca
showing the location of the Jurassic units. C - Geological map of the Cualac Formation; Zepeda-Martinez (2021). 
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TABLE 1. Species described by different authors for the region of Tezoatlan, Oaxaca.

Wieland 
(1914)

Silva-Pineda 
(1970)

Pearson and Delevoryas
(1982)

Silva-Pineda and Gallardo
(1988)

Equisetales
Equisetites gumbeli Equisetites cf. ferganensis Equisetum rajmahalensis

Sagenopteris rhoifolia

Filicales
Alethopteris mexicana Conipteris arguta Cladophlebis browniana

Cladophlebis albertsii Cladophlebis browniana Coniopteris arguta

Coniopteris cf. 
hymenophylloides

cf. C. hymenophylloides

Laccopteris sp. Piazopteris branneri

Sphenopteris cf. williamsoni Sphenopteris geoppertii

Coniferales
Araucarioxylon mexicanum Araucarioxylon mexicana Brachyphyllum sp

Cycadeospermun oaxacense

Trigonocarpus oaxacensis

Rhabdocarpus grandis

Cordaitales
Noeggerathiopsis hislopi Noeggerathiopsis hislopii

Phoenicopsis sp

Yuccites schimperianus

Y. oaxacensis

Bennettitales
Otozamites aguilerai Anomozamites lindleyanus Anomozamites sp. Otozamites hespera

O. aguilarianus Cycadolepis mexicana Cycadolepis mexicana Ptillophyllum sp

O. diazii Otozamites aguilerai Otozamites hespera

O. hespera O. graphycus Pterophyllum spinosum

O. juarezii O. cf. hennoquei Pterophyllum sp

O. mandelslohi O. hespera Ptillophyllum cf. acutifolium

O. molinianus O. obtusus Ptillophyllum sp.

 var. oaxacenses O.paratypus Zamites diquiyui

O. oaxacensis O. reglei Z. lucerensis

O. obtusus Pterophyllum rajmahalense Z. oaxacensis

 var. oaxacensis Ptillophyllum acutifolium Z. tribulosus

 var. liassica P. cutchense 

O. paratypus Podozamites cf. lanceolatus

O. cf. reglei Williamsonia cuauhtemoci

 var. lucerensis Yuccites oaxacensis 

Pterophyllum angustifolium Zamites cf. feneonis

P. cf. contigum

P. munsteri

Ptilophyllum acutifolium

cf. var. maxima

cf. var. minor

P. pulcherrimum

Zamites cf. confusus
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umn (meters 73-78) proposed for the Tezoatlan
area (fig. 5A, Zepeda Martines et al., 2021), which
is characterized by an alternation of coarse-
grained shale and sandstone strata (Figure 2).

The fossil material recovered in the studied
area corresponds to well-preserved plant frag-
ments, whose stratigraphic position, state of pres-
ervation, and type of preserved structure were
recorded, their degree of fragmentation (they must
retain two-thirds of their size to be considered as
complete leaves), the size of the organs, and their
abundance (Greenwood, 1991; Mancuso and Mar-
sicano, 2008) to support the degree of material
transport. These made it possible to analyze the
transport to which they were subjected (Fergun-
son, 2005). The specimens were deposited in the
Paleontological Collection of the Facultad de Estu-
dios Superiores Zaragoza of the Universidad
Nacional Autónoma de México under the acronym
CFZCr. For the description and subsequent taxo-
nomic identification of the fossil material collected,
observations were made under an Olympus SZ51
stereo microscope and photographs were obtained

with a Nikon 5100 camera. The photographs were
used to measure each specimen in ImageJ version
1.38x.

Cuticular extraction was performed using the
following techniques: acetate peel, dispersed cuti-
cles with 10% hydrofluoric acid (HF), and mechani-
cal extraction. The extracted cuticles were treated
with a 3:1 Schultze solution (HNO3 and KClO3),
40% nitric acid (HNO3), and 5% ammonium
hydroxide (NH4OH), bleached with 6% sodium
hypochlorite (NaClO) and 30% hydrogen peroxide
(H2O2), washed with distilled water, and mounted
in 5% glycerin jelly (Kerp, 1990; Knowenberg et al.,
2007; Guzmán-Madrid, 2016; Guzmán-Madrid and
Velasco-de León, 2017). In the case of CFZCr68,
cellulose acetate was placed in the basal part of
the flower where there is a layer of carbon to try to
recover organic material. The cuticular samples
were observed under an Olympus BX41 optical
microscope and photographed with an Olympus E-
620 digital camera. Specialized literature was used
for the taxonomic determination of the specimens

Z. rolkeri

Stangerites oaxacesis

Cycadolepsis mexicana

Williamsonia centeotl Williamsonia huitizilipochtlii

W. cuauhtemoc W. diquiyui

W. huitzilopochtlii W. netzahualcoyotlii

W. ipalnemoani W. oaxacensis

W. mexicana

W. nathorstii

W. netzahualcoyotlii

W. quetzalcoatl

W. tlazolteotl

W. xicotencatl

W, xipe

W. sp

Cicadales
Nilssonia morrisiana cf. Pseudoctenis sp

Pseudoctenis lanei 

Inserta sedis

Glossopteris linearis Glossopteris linearis Mexiglossa varia

G. mexicana Trigonocarpus oaxacensis Taeniopteris oaxacensis

Taeniopteris tonkinensis

Wieland 
(1914)

Silva-Pineda 
(1970)

Pearson and Delevoryas
(1982)

Silva-Pineda and Gallardo
(1988)

TABLE 1 (continued).
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(Thomas, 1915; Harris, 1953; Harris and Miller,
1974; Pott and McLoughlin, 2009).

Registration

The new name is registered with a unique
PFN number in the Plant Fossil Names Registry,
hosted and operated by the National Museum,
Prague for the International Organisation of Palae-
obotany.

RESULTS

Thus far, 97% of the 517 fossils collected
have been identified, of which 90% correspond to
complete leaves and belong to three orders: Ben-
nettitales, Czekanowskiales, and Filicales, repre-
senting 61.4%, 0.6%, and 1% in this locality,
respectively. The rest correspond to Mexiglossa
Person and Delevoryas. Of these orders, the Ben-
nettitales are the most diverse group with nine gen-
era: Otozamites Wieland, Ptilophyllum Morris,
Zamites Brongniart, Anomozamites Schimper,
Mexiglossa, Cycadolepis Saporta, Pterophyllum

FIGURE 2. Stratigraphic section of the collection zone. A - Sequence of rocks that outcrop in the Rosario locality. B -
Image of the outcrop. C - image of the stratigraphic section where the shale strata are observed. Symbols: 1) Clay, 2)
Silt, 3) Very Fine, 4) Fine, 5) Medium, 6) Thick, 7) Very Thick, and 8) Conglomerate.



PALAEO-ELECTRONICA.ORG

7

Brongniart, Williamsonia Carruthers, and William-
soniella Thomas. The latter are reported for the
first time in this stratigraphic unit. In the case of the
Filicales, the specimens collected thus far corre-
spond to small fragments of poorly preserved ster-
ile fronds that are not possible to identify, and the
specimens of Williamsonia are rare and not very
diverse. Table 2 shows a list of the species present
in this formation. 

It is important to note that the species
described for the Rosario locality result in a three-
fold increase in diversity compared to previous
reports from the Cualac Formation (Table 2). This
is due to the good state of preservation of the
material in carbonaceous shale, which allowed
identification of four genera of Bennettitales and
one of Czekanowskiales (Czekanowskia Heer) that
had not been previously described for the Cualac
Formation (Table 2). Previously, Czekanowskia

had been recorded only for the Zorrillo Formation
of the Middle Jurassic and with few specimens.
The new collection also allows expanding the
description of the taxa Mexiglossa varia and
Zamites diquiyui (Wieland) Person and Delevo-
ryas. In the case of the latter, the characters
described in the present work allowed emending
the original description by Person and Delevoryas
(1982). Finally, a new species of Williamsoniella is
proposed. The new and best-preserved taxa are
described below.

SYSTEMATIC PALEONTOLOGY

Order BENNETTITALES Engler, 1892
Family WILLIAMSONIACEAE (Carruthers, 1870) 

Nathorst, 1913
Genus ANOMOZAMITES Schimper (1870) emend. 

Pott et McLoughlin, 2009

TABLE 2. Species described by different authors for the Cualac Formation.

Orden 

Silva-Pineda (1970)
Cualac, Oaxaca

(Loc. Río Yucuquimi)

Silva-Pineda and 
Gallardo (1988) 

Cualac, Guerrero
Velasco de León et al. (2023) 

Cualac, Oaxaca (Loc. Rosario)

Filicales Percentage of 
representativeness

 1

Coniferales
Brachyphyllum sp

Czekanowskiales
Czekanowskia sp 0.6

Bennettitales
Anomozamites sp 1

Otozamites aguilerai Otozamites hespera Otozamites hespera 4

O. graphicus Pterophyllum sp 1

Ptillophyllum sp Ptillophyllum acutifolium 2.2

Zamites cf. feneonis Zamites diquiyui 6.7

Z. lucerensis 2.5

Z. oaxacensis 38.8

Z. tribulosus 1.6

Z. sp 1

Cycadolepis mexicana 0.2

Williamsonia 
netzahualcoyotlii

0.4

W. cuauhtemoc 0.4

W. oaxacensis 0.2

W. sp 0.4

Williamsoniella sp 1

Incertae sedis

Mexiglossa varia 37
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FIGURE 3. Fossil flora of the Rosario locality, Cualac Formation. A - incomplete leaf of Anomozamites, the diagnostic
characters of the genus are observed; B - close-up of a leaflet of the same specimen; C - Cycadolepis cf. C. mexicana,
towards the upper right the hairs are observed, D - and E - Zamites diquiyui with subopposite leaflets, in the approach
of the leaflets strong and robust veins are observed, some of these veins bifurcate near the base. F-H - Cuticle of
Zamites diquiyui. F - epidermal cells with slightly sinuous thick walls; G - butterfly-shaped stoma typical for Bennetti-
tales; H - hooked trichome. Scale in A 2 cm; B 1 cm; C 1 cm; D 5 cm; E 2 cm; F 20 μm; G 10 μm; H 10 μm.
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Type species. Anomozamites nilssonii (Phillips,
1829) Harris, 1969, Jurassic of Yorkshire, England

Anomozamites sp.
Figure 3A-B

Material examined. CFZ-Cr 3, Cr 4, Cr 7, Cr 27,
Cr 53.
Description. Incomplete compound leaf, regularly
segmented, with a length of 9.7–8.9 cm and a
width of 4.4 cm. Rachis traversed longitudinally by
three distinct, about 0.2 cm wide, striae (Figure
3A). Leaflets oppositely positioned, oblong and
tapering towards the base, 2.5 cm long and 1.1 cm
wide, length/width ratio is 2:1, laterally attached to
the stem along their entire base, which is recurrent,
apex rounded to obtuse (Figure 3B). The macro-
scopic margin is straight (90˚), while the basiscopic
margin is decurrent. Leaflet longitudinally traversed
by six-11 distinct veins per leaflet that run perpen-
dicular to the rachis, bifurcating once near the base
(Figure 3B).
Discussion. The fossil taxon Anomozamites com-
prises segmented leaves with leaflets as broad as
long or twice as long as broad, with a broad base
generally inserted laterally to the rachis, with
numerous and parallel veins, simple or once-forked
(Figure 3A). In recent decades, the assignment of
fossil leaves based on the classic definitions made
by Harris (1932) for Anomozamites and Pterophyl-
lum have been questioned (Pott and McLoughlin,
2009), This has led to the revision and in many
cases the taxonomic relocation of leaves. The
macroscopic characteristics of the specimens from
the Terreno Mixteco agree with the description
amended by Pott and McLoughlin (2009) for Ano-
mozamites, since they are leaves up to twice as
long as they are wide. This is an essential charac-
ter for their assignment, since according to Pott
and McLoughlin (2009) the species of the genus
Pterophyllum have leaves with leaflets that are
more than twice as long as they are wide.

Other characters that corroborate the assign-
ment to Anomozamites are the uniform shape of
the leaflets along the length of the leaf, numerous
strong parallel veins, simple or once bifurcated
near the leaflet base. At the species level, the
specimens were compared with A. angustifolium
Pott et McLoughlin, specimens with affinity to the
species A. triangularis and with A. sp. described by
Lozano-Carmona et al. (2019) for the Zorrillo-Tab-
erna Formation, since, although Person and Del-
evoryas (1982) mention for the first time the
presence of the genus for the Rosario (Early Juras-
sic) and Zorrillo (Middle Jurassic) formations, the

conservation status of the specimens did not allow
assigning them to a species. On the other hand,
the bibliographic review of the morphological char-
acteristics of 30 species of Anomozamites
described for Laurasia by Xu et al. (2019) and the
characteristics described for the species from the
Terreno Mixteco indicate that the specimens ana-
lyzed here differ from the species with which they
were compared in the characteristics of the rachis
and the size, shape, and number of veins per leaf-
let. It is therefore impossible to assign them to a
previously described species of the genus.

Anomozamites is one of the most important
genera of the extinct order Bennettitales and also
one of the most diverse in Laurasia. Analysis of its
distribution during the Mesozoic in Asia shows that
Anomozamites appeared in China during the Late
Triassic, where it reached its maximum diversity. At
the end of this period, the number of its species
decreased significantly but its distribution
extended. It was in Mexico in the region of Tezoat-
lán (Oaxaca) during the Lower Jurassic and up to
the Middle Jurassic, but finally disappeared from
the planet during the Cretaceous (Xu et al., 2019).

Genus CYCADOLEPIS Saporta 1875 emend. 
Harris, 1953

Type species. Cycadolepis villosa Saporta, 1875
Cycadolepis aff. C. mexicana Wieland, 1914

Figure 3C
Material examined. CFZ-Cr 137
Description. Lanceolate bract impression, with
four longitudinal veins, margin entire, 6.1 cm long
and 1.8 cm wide at maximum, hairs 10.4–21.0 mm
long and 0.4–1.4 mm wide on the margin, without
apparent arrangement.
Discussion. Cycadolepis is used to name the set
of bracts that likely surrounded the reproductive
structures of some Bennettitales and detached with
floral maturity (McLoughlin, 2017). The species C.
mexicana Wieland has been reported from the
Jurassic of Mexico, and has the same shape, size,
and presence of hairs as the specimen described
in the present work (Figure 3C). However, the frag-
mentation of the specimen only allows proposing
an affinity with this species. This genus has a cos-
mopolitan distribution throughout the Mesozoic
(Beheresmeyer and Turner, 2022). 

Genus ZAMITES Brongniart, 1828 
emend. Harris, 1969

Type species. Zamites gigas Lindley and Hutton,
1831
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Zamites diquiyui (Wieland) 
Person et Delevoryas, 1982

Figure 3D-H
1914 Otozamites or Zamites Wieland, pl.19, figs. 

6, 7.
1914 Otozamites (Otopteris) sp. Wieland, pl. 44, 

fig. 2.
1982 Zamites diquiyui Person and Delevoryas, 

pl. 6, fig. 39.
Holotype. IGPB 420. U. of Texas P. C. No. 164
Epitype. CCr10-1
Type locality. Rosario, Cualac Formation 
Age. Lower-Middle Jurassic
Deposited. Facultad de Estudios Superiores Zara-
goza, Universidad Nacional Autónoma de México.
Material examined. CFZ Cr. 1-3, Cr4-9, Cr9-4,
Cr10-1, Cr20-1, Cr24-4, Cr28-6, Cr28-11, Cr31-1,
3, and 4, Cr40-2, Cr42-10, Cr45-1, Cr46-1, Cr51-8,
Cr55-1, Cr58-3, Cr62-1 and 2, Cr64-1, Cr66-2,
Cr73-2, Cr76-3, Cr78-3, Cr82-5, Cr84-2, Cr94-1
and 2, Cr95-1, Cr97-5, 6, 7, and 8, Cr98-1, Cr114-
3, and Cr120-1, Cr123-1, 
Emended diagnosis. Compound leaves, leaflet
entire-margined, base cordate even quadrate,
acute apex, inserted to the rachis by the central
part of the base, and sub-oppositely arranged. Fine
and robust occasionally bifurcating veins. Cuticle
with syndetocheilic stomata, with rectangular epi-
dermal cells and hook-shaped trichomes.
Description. Elliptic leaf 26.5 cm long and 19.6 cm
wide, rachis longitudinally striated and tapering
towards the leaf apex with a maximum width of 0.4
cm. Leaflet sup-oppositely arranged, close
together, 4.9–10.6 cm long and 1.7–3.5 cm wide
(Figure 3D). Acute apex, base cordate, quadrate in
some cases (Figure 3D). Pinnae laterally inserted
to the rachis in angles of 80°–85°, robust veins at
the base, widely spaced, at a density of seven-10
per leaflet, occasionally bifurcating once near the
base. Two finer veins between the larger veins
(Figure 3E). 

Cuticle with rectangular epidermal cells 6.4–
18.9 μm wide and 31.1–80.7 μm long, short, and
elongated cells are interspersed, elongating, and
thinning towards the rachis with a width of 4.2–6.7
μm and a length of 39.6–72.4 μm. Undulate to sin-
uous cell walls 1.4–6.2 μm wide, which are straight
in the rachis and 0.5–1 μm wide (Figure 3F). Dis-
persed simple, unicellular, hook-shaped trichomes
3–7 μm long with a rounded base 1.7–5.6 μm wide
between the stomata, size increases in the veins to
30.1 μm in diameter at the base and up to 47.4 μm
in length. Oval-rounded syndetocheilic stomata

14.6–20.9 μm wide and 19.9–25.2 μm long at the
base, elongating towards the center to up to 38.7
μm. Open ostioles are 3–4.5 μm wide and 7.6–8.1
μm long and closed ostioles are 1–2.9 μm wide
and 10.7–24.9 μm long. Guard cells are 1.5–2 μm
wide and 5.1–9.8 μm long, subsidiary cells are
4.7–6.8 μm wide and 7.1–22.6 μm long (Figure
3G).
Discussion. Given that the material used to estab-
lish Z. diquiyui is based only on poorly preserved
isolated pinnae (Person and Delevoryas, 1982, pl.
6, fig. 39), its description is ambiguous, and thus it
was necessary to assign a new type with a higher
number of morphological and cuticular characters,
which were used for the emendation of the taxon. 

Epitype CCr10-1 has compound leaves, pin-
nae with a symmetric base, and parallel veins that
never anastomose, which are characters that allow
corroborating its assignment to the genus Zamites
(Harris, 1969). The species Z. oaxacensis, Z. luce-
rensis, and Z. tribulosus recorded in the Rosario
locality (Table 2) differ in leaf and pinna size and
have a higher vein density, a variable vein arrange-
ment, and lack trichomes.

Genus WILLIAMSONIELLA Thomas, 1915
Type species. Williamsoniella coronata (Thomas)
Harris,1944

Williamsoniella rosarensis sp. nov.
Figure 4A-G

PFN003250

Holotype. CFZCr115
Paratype. CFZCr11, 45-5, 68, 82, 112, 128
Type locality. Rosario, Cualac Formation 
Age. Lower-Middle Jurassic
Deposited. Facultad de Estudios Superiores Zara-
goza, Universidad Nacional Autónoma de México.
Etymology. The specific epithet is dedicated to the
village of Rosario
Diagnosis. Pedunculate, flower-like hermaphro-
dite structure; obovate gynoecium with obtuse
crown, rhomboidal interseminal scales. The andro-
cecium consists of at least four free microsporo-
phylls surrounding the gynoecium. The peduncle is
robust, longitudinally striated and has bracteoles
on two levels. Elongated epidermal cells, thin-
walled and straight, simple single-celled hooked tri-
chomes. Oval syndetochelic stomata.
Description. Impression of pedunculated, flower-
shaped, hermaphrodite structure, 9.8 mm high and
11.2 mm wide, gynoecium is 8.34 mm long, 3.5
mm at its widest part, and 2.0 mm at the base.
Rhomboidal structures of 0.6 mm x 0.6 mm on the
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FIGURE 4. Williamsoniella rosarensis sp. nov. A - type specimen CFZr115, hermaphroditic structure where the pedun-
cle is preserved attached to the rest of the structure and is characteristic of the material studied, the arrows point to the
microsporophylls (side arrow) surrounding the gynoecium (central arrow). B - paratype CFZCr68, the arrows indicate
the opening of the sporophylls (right side) and another flower in abaxial view (left side). C - upper part of specimen
CFZCr115 the arrow pointing to the crown sensu Thomas (1915). D - upper part of gynoecium of specimen CFZCr 68.
E - Specimen CFZCr82, the arrow upper part points to hair on the margin. F - Peel of peduncle with sting-shaped tri-
chome. G - Peel where it is observed. Oval syndetocheilic stomata in peduncle. Scale in A 2 cm; B 1 cm; C 1 mm; D 1
mm; E 5 mm; F 15 μm; G 10 μm
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distal right area corresponded an interseminal
scales. There are observed four free microsporo-
phylls surrounding the gynoecium, up to 6.9–8.9
mm long and 1.1- 1.4 mm wide, forming the
androecium (Figure 4A-B). Peduncle is 11 mm long
and 5.2 mm wide with two bracts arranged in two
different levels at 5.33 mm and 8.7 mm, respec-
tively. It is possible to observe hairs 2.25 mm long
on the apex of some of these bracts. The peduncle
of paratype CFZCr68 (Figure 4B) is longitudinally
striated and 2.6 mm wide and 9 mm long. In Figure
4B, another specimen of W. rosarensis is observed
on the left side, which is observed from an abaxial
view. Elongated epidermal cells (3.6–6.7 µm wide
and 22.4–106.1 µm long) with thin and straight
walls and dispersed simple, unicellular, sting-
shaped trichomes 8–37 μm long with a rounded
base 7–25 μm wide (Figure 4F). Oval syndetochei-
lic stomata 15–20 μm wide and 20–25 μm long.
Open ostioles are 3–5 μm wide and 12–15 μm
long. Guard cells are 6–8 μm wide and 20–22 μm
long (Figure 4G).

Williamsoniella is characterised by male and
female organs united in a small flower-like struc-
ture (Thomas, 1915). Three species have been
described worldwide, all from the Jurassic of the
UK. The first description was of Williamsoniella
coronata Thomas from the UK, whose diagnostic
characters are the high number (12-16) of
microsporophylls; bearing 4-6 synangia with abun-
dant pollen (Thomas, 1915). The gynoecium is
pear-shaped, ending in a well-differentiated trun-
cated apex (a corona sensu Thomas, 1915). The
number of microsporophylls, as well as the shape
of the gynoecium and corona differ from the spe-
cies described here; in Figure 4B four microsporo-
phylls are observed, in addition to the obovate
shape of the gynoecium, which ends in an obtuse
apex (Figure 4D) that hardly resembles the struc-
ture called corona. Another recorded species is
Williamsoniella papillosa Cridland (Harris, 1957),
described on disarticulated specimens, character-
ised by the presence of microsporophylls and large
gynoecium, which are twice the size of the speci-
mens from Oaxaca. The name W. papillosa refers
to the presence of papillae on the micropyle, but no
such structures have been observed in the cuticles
obtained so far from the receptaculum, so it is not
assigned to this species.

The third species, Williamsoniella lignieri
Nathorst, from the Bajocian of Yorkshire, was pro-
posed based on its pollen, which is very similar to
that of W. coronata (Harris, 1974). In the speci-
mens reviewed, no pollen was obtained, so it is not

assigned to this species either. Another report for
this genus is by Flores-Barragan et al. (2017) from
the Middle Jurassic Zorrillo Taberna Formation of
Oaxaca, Mexico. This structure is like W. rosaren-
sis in the number and size of the microsporophylls,
however, it lacks a gynoecium; therefore, it is sug-
gested to refer to this specimen as Williamsonia cf.
W. rosarensis. In the Cualac Formation seven
specimens have been found that correspond to
Williamsonia rosarensis, the flowers have varia-
tions in the opening of their microsporophylls, e.g.,
Figure 4A shows closed flowers, unlike the fossil
CFZC68 (Figure 4B), the microsporophylls are
separated in size, which allows to observe the
gynoecium (arrow); these differences were
observed in W. coronata by Thomas (1915), who
proposed that they represent up to six stages of
maturity; in addition, he commented that from
stage 4 both sexes can be differentiated. Finally,
the distribution of Williamsoniella rosarensis is
restricted to the Cualac Formation, where leaves of
Zamites diquiyui Delevoryas and Person, restricted
to this locality, are abundant. In previous para-
graphs the cuticle of Zamites diquiyui was
described, and cuticle from the upper part of the
peduncle of Williamsonia rosarensis was also
obtained; the presence of sting-shaped trichomes
and similar stomata in both taxa was observed,
which suggests a possible biological association
between both organs.

In the case of W. papillosa, it is associated
with Nilssoniopteris major Lindley and Hutton, and
the abundant W. coronata Thomas is associated
with Nilssoniopteris vittata (Crane and Herendeen,
2009); The absence of these leaf fossil taxa in the
flora of Mexico supports the presence of a new
species of reproductive structure.

Order INCERTAE SEDIS
Genus MEXIGLOSSA 

Delevoryas and Person, 1975
Type species. Mexiglossa varia Delevoryas and
Person, 1975

Mexiglossa varia Delevoryas and Person, 1975
Figure 5A-G

Material examined. CFZCr2-1, Cr4-2, 3, 6, 8, 10,
Cr5-1, 2, 3, Cr7-1, 2, 5-8, Cr8-1, 2, 5-8, Cr9-1-3,
Cr10-2-10, 13-15, Cr11-1, 2, 5-8, Cr12-1, 3, Cr13-
1,2, Cr14-1-3, Cr15-1, 2, Cr17-1, Cr18-2-4, Cr19-3,
Cr21-2, 3, 5-9, Cr22-1, 6, 8, Cr24-1, 3, Cr25-1,
Cr28-1, 5, 7, 8, 10, 12-14, Cr30-2, 4, 9, 12, Cr38-1,
2, Cr39-1-4, 6, Cr40-1, Cr41-1, Cr42-2-6, 9, 11, 12,
Cr43-1-7, Cr48-1-4, Cr49-1, 4, Cr50-2, 4, Cr51-1,
5, 7, 9, 11, 12, 15, 17, Cr52-1, 3, 5, 8, 10, 12, 13,
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FIGURE 5. Leaves of Mexiglossa and Czekanowskia. A-B - whole leaves of Mexiglossa varia, note that the midvein
cells; C-E- F-G light microscopic images, rectangular epidermal cells of Mexiglossa with straight walls; D - electron
microscopy image, thick walls of epidermal cells; F - arrows indicate two stomata; G - trichomes present on leaves of
Mexigossa varia; H - linear leaves of the genus Czekanowskia, the arrows indicate the middle vein and the fork of the
leaf; I - specimen CFZcr105 shows base of bundle of laciniae, the arrow indicates a bifurcation. Scale in A 3 cm; B 3
cm; C 10 μm; D 50 μm; E 15 μm; F 15 μm ; G 2.5 μm; H 1 mm; I 5 mm.
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Cr53-2, 5-7, 9, 17, 18, Cr54-1, 2, Cr55-6, Cr56-5,
8, 10,12, Cr55-6, Cr56-5, 8, 10, 11, Cr65-1, Cr66-1,
Cr67-1, Cr69-1, Cr70-1, 2, Cr71-1, 2, Cr72-1,
Cr73-1, Cr74-1, Cr75-2, 3, Cr76-1, Cr77-1, Cr79-1,
Cr80-1, Cr81-1-3, Cr82-1, 2, 9-12, Cr84-1,3, 6, 7,
Cr88-1, 2, Cr89-2, 3, Cr90-2, Cr97-3, Cr104-2,
Cr105-1, Cr118-1, 2, 4, 6, Cr121-1, 2, Cr123-2,
Cr124-2, Cr129-1
Description. Impressions and compressions of
oblanceolate to lanceolate, even elliptic, leaflets 7–
26 cm long and 2–8 cm wide, margin entire, thick
midvein tapering towards the apex measuring 3–
0.7 mm between eight to 11 anastomosing second-
ary veins. Mucronate, acuminate, acute, or
rounded apices (Figure 5A-B). The cuticle has
quadrangular to rectangular epidermal cells 3–5
μm wide and 8–15 μm long, the largest are 9–25
μm wide and 23.2–69.4 μm long. Slightly undulate
cell walls with a thickness of 0.5–1.5 μm, and the
thickest of up to 9 μm (Figure 5C-E). Sunken sto-
mata without apparent arrangement, stomatal
opening is 0.5–3 μm wide and 2–5 μm long, from
paracytic to anisocytic. Rounded to oval stomata
10–13 μm wide and 10–20 μm long in some speci-
mens. Thin, 1–2 μm wide and 1.5–3 μm long, and
thickened, 4–7 μm wide and 6–10 μm long, guard
cells. Anisocytic subsidiary cells 2.5–4.2 μm wide
and 5–8 μm long (Figure 5F). Simple trichomes in
the midvein 0.4 μm wide and 0.3–0.5 long (Figure
5G).
Discussion. When analyzing the morphological
characters of this species, differences are mainly
observed in the venation patterns, and there are
also anatomical variants in specimens Cr4-6, Cr8-
6, Cr11-1, Cr30-13, and Cr70-2 with smaller epi-
dermal cells and very thin cell walls, larger para-
cytic stomata, and thickened guard cells without
trichomes. These data allow the identification two
fossil taxa of this genus that probably correspond
to independent species. However, this point is
beyond the scope of the present work and should
be reevaluated in future studies. 

Order CZEKANOWSKIALES Pant, 1957
Family LEPTOSTROBASTACEAE Meyen, 1984

Genus CZEKANOWSKIA Heer, 1897
Type species. Czekanowskia setacea Heer, 1876

Czekanowskia sp.
Figure 5H-I

Material examined. CFZCr105, Cr135
Description. Incomplete laciniate leaf impres-
sions, stiff and firm in appearance; bundle of up to
nine laciniae united at base, without short out-
growths, largest leaves up to 71.8 mm long and

0.61-2 mm wide, at base the specimen is dichoto-
mous up to twice (Figure 5H). Each lacinia bears a
distinct median vein, the apex is unknown. The lac-
iniae diverge at angles of 15°-22°. 
Discussion. Leaves of the Czekanowskiales are
borne on short shoots, are deciduous and are sur-
rounded by squamiform leaves; the laminae are
elongate, simple, or dichotomously segmented,
with a single vein at the base of the leaf, usually
forked several times, not anastomosing, so that at
least one vein remains per leaf segment resulting.
There are three genera; the first, Solenites Lindley
and Hutton is characterized by a leaf without seg-
mentation; Phoenicopsis Heer with leaves that are
narrow wedge-shaped with numerous veins and
Czekanowskia Heer with linear, segmented leaves
1 mm wide and a vein (Harris and Miller 1974; Wat-
son et al., 2001). The material studied here has a
single vein and leaves with a width of 1.2 mm and
bifurcation is therefore assigned to Czekanowskia. 

Czekanowskia is distributed in the Northern
Hemisphere from the upper Triassic to the Creta-
ceous (Taylor et al., 2009). Harris and Miller (1974)
recorded four species in Yorkshire, UK: C. furcula
Harris and Miller, 1 mm wide over most of the leaf,
tapering towards the apex and over 120 mm long;
it also has eight-leaved bundles; the latter charac-
ter distinguishes it from the Oaxacan species as
seen in the specimen, CFZCr 105-135, Figure 5 H-
I. Czekanowskia thomasi Harris and Miller has few,
delicate, unevenly sized leaves; its foliage with leaf
bundles of seven to eight leaves, and up to 80 mm
in length. Most leaf segments fork once and are
mostly 0-5 mm wide. The fossil studied here does
not have any of the diagnostic characters of C.
thomasi the third species, Czekanowskia blacki
Harris and Miller, has twice forked leaves with
unequal size and about seven leaves per bundle,
over 140 mm in length; again, the specimens from
Mexico are characterized by leaves of constant
size and are therefore not assignable to this spe-
cies. Finally, Czekanowskia microphylla Harris and
Miller has leaves forked three times, in bundles of
five leaves. Both of these characters differentiate it
from the Cualac Formation specimen. Therefore,
the material presented here differs from that of the
UK. Other species have been proposed from Rus-
sia, many of them from the Cretaceous, and others
from the Wealden flora by Watson et al. (2001)
where cuticle is used as the main character. As no
cuticle could be obtained so far from our speci-
mens the assignment to any species is impossible,
and we leave the record at genus level only. 
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DISCUSSION

Taphocenosis 

The flora included in the paleofloristic list of
the Cualac Formation comes from two lithofacies.
In the Olinalá area, the paleobotanical record is
preserved in siltstone interstratified with conglom-
erate deposited in a high-energy environment that
caused wear, transport, and fragmentation of the
plants. This is reflected in their poor state of preser-
vation and low diversity and abundance. The char-
acteristics mentioned for the flora of the Cualac
Formation in the outcrops of the state of Guerrero
suggest that its elements are allochthonous (Silva-
Pineda and Gallardo, 1988). 

In the region of Tezoatlán, fossil plants were
preserved in shale and laminated siltstone, which
correspond to the Fl lithofacies reported by
Zepeda-Martínez (2021). Miall (2000) reported that
these rocks are characteristic of alluvial plains, that
is, low-energy depositional environments. This
would indicate little transport of the elements that
comprise the taphocenosis described for the Rosa-
rio locality. This idea is reinforced by the abun-
dance of complete large leaflets of Bennetittales
(61.4%) and almost complete well-preserved
leaves of Mexiglossa (37 %), which allows defining
the flora as paraautochthonous in the sense of
Gastaldo (1988). 

In the case of Czkanowskiales and Filicales,
they have a low abundance (0.6 % and 1 %,
respectively), and a high fragmentation level. In the
case of Czekanowskia, only united leaves have
been found but without dwarf shoots and isolated
pinnae, which may be interpreted as uncommon
taxa in the taphocenosis of the Rosario locality or
as possible allochthonous elements.

Current Knowledge of the Paleoflora

As observed in Table 2, Mexiglossa is the
most abundant taxon in this formation. However, its
distribution is restricted to the Rosario and Cualac
Formations (Tezoatlán paleobasin), which has
complicated its taxonomic assignment thus far
despite its morphological similarity to Glossopteris
Brongniart and Sagenopteris Presl (reticulate veins
and compound leaves, respectively), and thus is
still considered Incertae sedis until a greater num-
ber of characters can be found to elucidate their
nature, such as an association with some repro-
ductive structure. 

Williamsoniella has a distribution that, in Mex-
ico, is thus far restricted to Oaxaca and, specifi-
cally, to the Cualac and Zorrillo-Taberna

Formations undifferentiated. Worldwide, it has only
been reported from the United Kingdom, in the
Grisethorpe and Whitby localities, with two spe-
cies. In both countries, this genus has low abun-
dance and diversity, unlike Williamsonia and
Weltrichia (Brongniart) Harris, which are present in
all the Jurassic formations of Mexico. In the locali-
ties where these rocks crop out, the diversity of
these genera includes more than two species in
many cases (Delevoryas 1991; Silva-Pineda et al.,
2011; Velasco- de León et al., 2019; Lozano-Car-
mona, 2021). Even though there are no analyses
of reproductive systems of gymnosperms, the dis-
covery of new genera will allow future comparisons
of seed number, as reported by Crane and Heren-
den (2009) (higher in bisexual structures), which is
interpreted as an evolutionary strategy of plants to
colonize new environments. This is a long-term
goal of the present work. 

The results allow proposing a floristic assem-
blage of Zamites diquiyui and Williamsoniella-
Mexiglossa as a biofacies indicator in the Cualac
Formation.

CONCLUSIONS 

The discovery of a new locality and exhaus-
tive sampling has increased the floristic diversity of
the Cualac Formation, with the description of: Ano-
mozamites, Cycadolepis, Williamsoniella, and Cze-
kanowskia. It is confirmed that an alluvial or flood
plain depositional environment favored quality
preservation of the specimens, as well as of small
and delicate structures (Williamsoniella). This
allowed the emendation of Zamites diquiyui and
the proposal of nov. sp. Williamsoniella rosarensis.
A possible biological association between the spe-
cies Zamites diquiyui and Williamsoniella rosaren-
sis is proposed. The Bennettitales and Mexiglossa
are established as the most abundant paleofloristic
elements in this area. Finally, the cuticular analysis
of Mexiglossa allows the identification of two possi-
ble independent fossil taxa. 
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