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Angiosperm pollen grains from the Cuayuca Formation
(Late Eocene to Early Oligocene), Puebla, Mexico

Elia Ramírez-Arriaga, Mercedes B. Prámparo, and Enrique Martínez-Hernández

ABSTRACT

Systematic descriptions and illustrations of the best preserved angiosperm pollen
grains (Monocotyledonae or Liliopsida: n= 7 and Dicotyledonae or Magnoliopsida: n=
41) recovered from Cuayuca Formation (late Eocene-early Oligocene), Puebla State,
Mexico are provided, some of them of chronostratigraphic importance (Aglaoreidia
pristina, Armeria, Bombacacidites, Corsinipollenites, Eucommia, Favitricolporites,
Intratriporopollenites, Lymingtonia, Magnaperiporites, Malvacipollis spinulosa, Margo-
colporites aff. vanwijhei, Momipites coryloides, Momipites tenuipolus, Mutisiapollis,
Ranunculacidites operculatus, and Thomsonipollis sabinetownensis). Taxa identified
from the Cuayuca Formation suggest local semiarid vegetation such as tropical decid-
uous forest, chaparral, grassland, and arid tropical scrub, in which angiosperms are
one of the main representatives. Nevertheless, temperate taxa from Pinus forest and
cloud forest were also registered from regional vegetation. It is noticeable that at the
present time, such taxa are well represented in the vegetation of the Balsas River
Basin, which would suggest the existence of this type of flora in the Cuayuca region
since the Oligocene. 
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INTRODUCTION

The Cuayuca Formation was described by
Fries (1966), who designated a Miocene-Pliocene
age. Subsequently, palynostratigraphic research
has allowed it to be re-assigned to a late Eocene-
early Oligocene age based on the presence of
some index taxa, such as Cicatricosisporites doro-
gensis, Aglaoreidia pristina, Ephedripites claricri-
status, Malvacipollis spinulosa, Margocolporites
aff. vanwijhei, Momipites tenuipolus, Ranuncula-
cidites operculatus, Polyadopollenites aff. pflugii,
and Thomsonipollis sabinetownensis (Ramírez-
Arriaga et al., 2006, 2008). The Cuayuca Forma-
tion is within the Balsas Group; it was deposited in
central Mexican Tertiary basins generated through
tectonic events (Silva-Romo et al., 2000). Cur-
rently, those Paleogene basins are distributed
throughout the Mezcala-Balsas hydrological sys-
tem (Fries, 1960) also known as the Balsas River
Basin. The Cuayuca Formation yielded a diverse
and well preserved terrestrial palynological assem-
blage obtained from nine outcrop sections in
Puebla State, southern Mexico (Figure 1). The pal-
ynoflora studied includes gymnosperm and angio-
sperm pollen grains, as well as pteridophyte and
bryophyte spores. Ramírez-Arriaga et al. (2005)
published systematic descriptions of spores and
gymnosperm pollen grains.

There are several publications dealing with
Mexican Cenozoic palynology (Graham, 1976;
Martínez-Hernández et al., 1980; Tomasini-Ortíz
and Martínez-Hernández, 1984; Palacios and Rze-
dowsky, 1993; Martínez-Hernández and Ramírez-
Arriaga, 1996, 1999; Graham, 1999), but taxo-
nomic studies with detailed descriptions of Paleo-

gene and Neogene pollen grains are lacking in
most of those studies.

The present contribution deals with the taxon-
omy and systematics of selected angiosperm pol-
len grains (Monocotyledonae or Liliopsida and
Dicotyledonae or Magnoliopsida) obtained from the
Cuayuca Formation, some of them of chronostrati-
graphic importance. The Monocotyledonae (Liliop-
sida) pollen grains are represented by
monosulcate and monoporate aperture types and
Dicotyledonae (Magnoliopsida) pollen grains
include colpate, colporoidate, colporate, porate,
and inaperturate pollen types. This contribution
constitutes one of the first taxonomic descriptions
of angiosperm pollen grains recovered from the
evaporites of the Cuayuca Formation, which pro-
vides useful information for a better understanding
of the paleobiodiversity and distribution of the Mex-
ican plant communities during the late Paleogene.

MATERIAL AND METHODS

A total of 49 samples were collected from nine
outcrop sections, with 21 samples bearing palyno-
morphs (Figure 2). All samples were processed
through standard methods (HCI and HF). The
slides obtained have been stored in the UNAM
(Universidad Nacional Autónoma de México), at
the Geology Institute Palynological Collection
(IGLUNAM). Samples were examined with a Zeiss
transmitted light microscope, and the photomicro-
graphs were taken with a Sony digital camera. In
order to highlight the morphology, some photo-
graphs were taken in phase-contrast. Coordinates
of the illustrated specimens were provided, most of
them using an England Finder (EF) slide. Total

FIGURE 1. Location of the nine sections studied from the Cuayuca Formation, Puebla, Mexico. 1, Principal, “A” and
“B” sections; 2, “F”, “H” and second sections; and 3, Lagunillas, Lagunillas de Rayón and Tzompahuacan sections.
2



PALAEO-ELECTRONICA.ORG
counts of taxa at the different sections studied are
shown in Table.

Statistical Analysis

In order to determine vegetation types, taxa
were classified by means of multivariate analysis
via hierarchical clustering analysis, in which groups
were defined using the Ward method with a Euclid-
ian distance of 1.8; this was done using program R
(Johnson, 2000). In addition, Constrained Cluster
Analysis (CONISS) through the incremental sum of
squares method was applied using the Tilia Graph
program, in order to define paleopalynological
changes in the Cuayuca Formation Mcy Member
(Grimm, 1987). This analysis was also able to give
information concerning the most representative
elements in each paleocommunity.

The Parsimony Analysis of Endemicity (PAE) 

Parsimony Analysis of Endemicity (Rosen,
1988; Morrone and Crisci, 1995; Ramírez-Arriaga
et al., 2008, 2014) was used to compare the paly-
nomorph diversity of Cuayuca Formation outcrop

sections: 1) principal section; 2) section “A” (Cuay
A); 3) section “B” (Cuay B); 4) section “F” (IzF); 5)
section “H” (IzH); 6) second section (IzS); 7) Lagu-
nillas section (Lag); 8) Lagunillas de Rayón section
(LagRay); and 9) Tzompahuacan section (Tzo).

The WINCLADA data matrix from PAE analy-
sis (Nixon, 2002) shows rows that correspond to
outcrop sections and columns for palynomorphs,
whose presence (1) or absence (0) in each section
is indicated. In hierarchic grouping, sections were
clustered according to the presence of taxa. NONA
was used to carry out the parsimony analysis
(Goloboff, 1993). The PAE analysis included a heu-
ristic search with tree bisection and reconnection
(TBR), branch swapping with 500 replications hold-
ing 10 trees per replication, and further expanding
the memory to hold up to 10,000 trees. WINCLADA
calculated three statistics that reflect the degree of
conflict among data: a) Length=L; b) Consistency
Index=CI; and c) Retention Index=RI. In the pres-
ent work, clades are supported by the presence of
palynomorphs, and unique occurrences are
emphasized with black circles.

FIGURE 2. Stratigraphic columns with the location of the palynological samples studied from the Cuayuca Forma-
tion, Puebla, Mexico.
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TABLE. List of angiosperm and gymnosperm pollen grains identified in Cuayuca Mcy Member: second section (Sec-
ond); Tzompahuacan section (Tz); Lagunillas de Rayón section (LR); Lagunillas section (L); “B”section (“B”); “F” sec-
tion (“F”); “H” section (“H”); Principal section (Principal); “A” section (“A”).

SECTIONS Second Tz LR L "B" "F" "H" Principal "A" 
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DYCOTYLEDONAE

Alnus vera 1 11 1 3 3 2 1 1

Armeria type sp. 2 1 2 1 2 1

Bombacacidites sp. 1 1

Caryophyllaceae type 1

Caryapollenites sp. 2 1 1 1 1

Casuarinidites sp. 1 1 2 1 3 1 4 1

Chenopodipollis sp. 1 2 3 1 2 6 3 12 92 65

Clavainaperturites sp. 1 1

Corsinipollenites spp. 4 1 2 4 2

Cupuliferoidaepollenites sp. 3

Cupuliferoipollenites sp. 1

Eucommia pollen type 3 1 1 10 2

Euphorbiaceae type 2 1

Fabaceae pollen type 4 1 1 2

Favitricolporites sp. 1

Ficus type 1

Gesneriaceae type 1

Glycydendron pollen type 1

Intratriporopollenites sp. 1 1

Juglanspollenites sp. 1 1

Labiatae type 1

Landolphia pollen type 1 1 1

Linum pollen type 1

Lisianthus type 2

Liquidambarpollenites sp. 3 3

Lymingtonia sp. 3 1

Magnaperiporites sp. 1

Malpighiaceoidites sp. 5

Malvacipollis spinulosa 1 3

Margocolporites aff. vanwijhei 1

Margocolporites sp. 1

Meliaceae type 1

Mimosa type 1

Momipites coryloides 1 1 17 4 9 28 37 9 15

Momipites microcoryphaeus 3 11 7 9 1 27 5 7

Momipites tenuipolus 1
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TABLE (continued).
Momipites triradiatus 2

Moraceae type 1 3 1

Mutisiapollis sp. 1

Myrtaceidites sp. 1 1 1 2 1

Perisyncolporites sp. 1

Platanoidites sp. 2 1 4

Polyadopollenites aff. pflugii 1

Polyadopollenites spp. 2 1

Polygalacidites sp. 1

Polygonaceae type 2

Pterocaryapollenites sp. 1

Quercoidites sp. 1 8 1 3 2 1 3 3 2 6 1 1

Ranunculacidites cf. 
communis

1

Ranunculacidites operculatus 3 3 1

Rhamnaceaepollenites sp. 2

Rhoipites aff. cryptoporus 1 1

Rhoipites sp. 1 28 7 1 1

Sabicea pollen type 1

Salixpollenites sp. 1

Sapindaceidites sp. 2 1 1 4 12 4

Striatricolporites sp. 1 2 1 5 3 1 1

Striatricolporites sp.2 1 2 1 2 1

Thomsonipollis 
sabinetawnensis

1 1

Thymelaeaceae type 1

Tubulifloridites spp. 1 26 3 3 58 1 1 1 14 1 1

Ulmipollenites sp. 1 1 1 3 1 3 9 27

Urticaceae type 1

Valerianaceae type 1

Vitaceae type 2

MONOCOTYLEDONAE

Aglaoreidia pristina 1

Aglaoreidia sp. 1 1

Annonaceae type 1

Arecipites sp. 4 2 3 2 2 2

Commelinaceae type 1

Cyperaceae type 2

Liliaciadites spp. 1 7 1 16 65 2 11 2 12 2 8

Monocolpopollenites aff. 
texensis

1

Typha type 1
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TABLE (continued).
6

SYSTEMATIC PALAEONTOLOGY

A total of 114 taxa of angiosperm pollen grains
were identified from the Cuayuca Formation
(Ramírez-Arriaga et al., 2006). The Dicotyledonae
group was the most representative and diverse,
with 95 taxa. The Monocotyledonae showed a
lower diversity of only 19 taxa. Because of the low
number of specimens of each taxon present in the
assemblage, the assignment to known or new spe-
cies has been problematic. Thus, 48 taxa were
classified only to the genus level, with open
nomenclature at the species level (Appendix 1).
These taxa are fully described, illustrated, pre-
sented as Monocotyledonae or Dicotyledonae, and
are in alphabetical order: 41 of them are Dicotyle-
donae and seven Monocotyledonae, with the
botanical affinities provided in Appendix 2. In gen-
eral, scientific names have been cited according to
a parataxonomic classification of fossil taxa. These
diagnoses are based on Jansonius and Hills
(1976) catalogue, as well as on other publications
cited in the text. Only cases which show a clear
affinity to a recent genus are cited as modern
genus pollen types (e.g., Armeria sp.), using the
natural classification system.

The classification down to family level and
author names of orders and families follows the
APG III (2009) and Cronquist (1981). In the case of
some fossil genera of controversial botanical affin-
ity, we gave the taxonomic range up to Class or
Order rank. For each taxon, the distribution is given
for different Mexican basins, and in North America
and Europe, with the exception of some compari-
sons to Southern Hemisphere specimens. Descrip-
tive terminology is based on El Ghazali (1990),
Traverse (1988), and Punt et al. (2007).

Kingdom PLANTAE Haeckel, 1866
Division MAGNOLIOPHYTA Cronquist et al., 1966

Class LILIOPSIDA Cronquist et al., 1966
Genus AGLAOREIDIA Erdtman, 1960 emend. 

Fowler, 1971

Type species. Aglaoreidia cyclops Erdtman, 1960

Aglaoreidia pristina Fowler, 1971
Figure 3.7

Material. Sample Pb-9334(4), Palynology Labora-
tory, IGLUNAM. 
Description. Monad pollen, heteropolar, radiosym-
metric, amb circular, spheroidal. Monoporate, pore
with annulus 1.2 m thick. Exine semitectate, colu-
mellate, 0.8 m thick, reticulate, heterobrochate,
brochi <0.8 m near the aperture.
Dimensions. Equatorial diameter 24.8 m; polar
diameter 24 m based on one measured speci-
men.
Other occurrences. Mexico – late Eocene to early
Oligocene Pie de Vaca Formation, Puebla
(Martínez-Hernández and Ramírez-Arriaga, 1999).
U.S.A. – late Eocene to early Oligocene, Gulf
Coast (Frederiksen, 1980a, 1988). Europe – late
Eocene to middle Oligocene, northeastern Europe
(Krutsch, 1963); late Eocene, England (Fowler,
1971; Collison et al., 1981).

Genus ARECIPITES Wodehouse, 1933 emend. 
Nichols et al., 1973

Type species. Arecipites punctatus Wodehouse,
1933 ex Potonié, 1958

Arecipites sp.
Figure 3.1

Material. Samples Pb-9138, Pb-9337, Pb-8896,
Pb-8897, Pb-8899, Pb-8902, and Pb-8872, Paly-
nology Laboratory, IGLUNAM.
Description. Monad pollen, heteropolar, bilateral
symmetry, amb oval, oblate. Monosulcate, sulcus
extending full length of the grain and flared at ends.
Exine tectate, columellate, 0.8 µm thick, microfove-
olate with the arrangement of the columellae show-
ing a very fine reticulate pattern.
Dimensions. Length 25.6–32 µm, width 13.6–22
µm, two specimens measured.
Comparisons. This species is very similar to Are-
cipites subverrucatus (Barreda, 1997b) although
differing in the smaller dimensions of our speci-
mens. The Arecipites sp. from the Cuayuca Forma-
tion is not faintly scabrate as in A.
GYMNOSPERMS

Cupressacites/ 
Taxodiaceaepollenites 

2 1 2

Ephedripites spp. 1 1 1 8 13 71

Piceapollis sp. 1

Pinuspollenites sp. 1 4 5 21 5 2 12 1 11 2 46 1 195 440 1 239

Pityosporites sp. 2
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FIGURE 3. Angiosperm pollen grains from the Cuayuca Formation. 1, Arecipites sp., Pb–9137(1): EF R41/1; 2-3, Lili-
acidites sp. 1, Pb–9136(1): EF U36/1); 4, Casuarinidites sp., Pb–9136(2): EF J41/3; 5, Monoporopollenites sp., Pb–
9334(4): Y38/1; 6, Liliacidites sp. 2, Pb–9334(4): EF M31/3; 7, Aglaoreidia pristina, Pb-9334(4): 96.6/4; 8, Liliacidites
sp. 3, Pb–8871 (A): EF V41/4; 9, Chenopodipollis sp., Pb–9334(4): EF U43/1; 10, Favitricolporites sp., Pb–9138(’1):
EF S32/3; 11, Armeria pollen type, Pb–9340(1): EF P33/3; 12-13, Fabaceae pollen type 1, Pb–9334(4): EF N37/1; 14-
15, Glycydendron pollen type, Pb–8872(1): EF O45/2; 16, Eucommia sp., Pb–9334(1): EF E40/3; 17, Intratriporopol-
lenites sp., Pb–9340(1): EF H27/3; 18-20, Fabaceae pollen type 2, Pb–8890(1): N27/4; 21-22, Rhoipites aff. cryptopo-
rus, Pb–8890(1): EF Q30/2; 23, Bombacacidites sp., Pb–9334(4): EF V39/1. Scale bar represents 10 µm.
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pseudotranquilus (Nichols et al., 1973), nor as
granulate as in A. pertusus (Elsik in Stover et al.,
1966). Arecipites sp. described by Jarzen and Klug
(2010) has a scabrate, foveolate to finely reticulate
surface, a pattern very similar to the Mexican spec-
imens, although differing in the dimensions (Florida
specimens: 45-57 µm long axis; 30-38 µm short
axis; Mexican specimens: 25–32 µm long axis, 13–
22 µm short axis). The Mexican specimens are
very similar to the Arecipites sp. (Christopher et al.,
1980, plate 3, figures 1–2) from the Paleocene of
Warm Springs, Georgia (Christopher et al., 1980).
Other occurrences. This genus has been
reported in Mexican paleobasins from Eocene to
Oligocene Simojovel, Chiapas (Tomasini-Ortiz and
Martínez-Hernández, 1984). Reports of the occur-
rence of Arecipites-type pollen in the Caribbean
region and in Texas (U.S.A.) are discussed in
Jarzen and Klug (2010).

Genus LILIACIDITES Couper, 1953

Type species. Liliacidites kaitangataensis Couper,
1953

Liliacidites sp. 1
Figure 3.2-3

Material. Samples Pb-8887, Pb-9136, Pb-9334,
Pb-8897, Pb-9147, Pb-9138, Pb-9340, Pb-9343,
Pb-8898, Pb-8872, and Pb-8896, Palynology Lab-
oratory, IGLUNAM.
Description. Monad pollen, heteropolar, bilateral
symmetry, spherical outline. Monosulcate, sulcus
extending full length of grain. Exine semitectate,
collumelate, 0.8 µm thick, reticulate, heterobro-
chate, reticulum consisting of large brochi of 2–3
µm, with small brochi at the intersections 0.4 µm
and muri 0.5–0.8 µm wide.
Dimensions. Length 22.4–25.6 µm, width 13.6–
20.8 µm, six specimens measured.
Comparisons. This taxon has a distinctive reticu-
lum conformed by large brochi with small brochi at
the intersections of the muri; this kind of reticulum
is neither observed in Liliacidites sp.2 nor in Lilia-
cidites sp.3 of the Cuayuca assemblage. Liliacid-
ites sp.1 has a reticulum very similar to Liliacidites
sp. F, illustrated in Plate 3 (Doyle and Robbins,
1975, figures 23-24) from the Raritan Formation
(Cretaceous), Delaware, U.S.A. (Doyle and Rob-
bins, 1975).
Other occurrences. Liliaceous–type pollen has
been widely distributed throughout the world since
the Cretaceous. In Mexico, records of the Liliacid-
ites genus are known from the late Eocene to early
Oligocene Pie de Vaca Formation, Puebla
(Martínez-Hernández and Ramírez-Arriaga, 1999);

Oligocene of the San Gregorio Formation
(Martínez-Hernández and Ramírez-Arriaga, 2006);
Oligocene to Miocene of Chiapas (Biaggi, 1978);
as well as the Neogene (Palacios and Rzedowski,
1993).

Liliacidites sp. 2
Figure 3.6

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, heteropolar, bilateral
symmetry, amb oval. Monosulcate. Exine semitec-
tate, collumelate, 1 µm thick, reticulate, heterobro-
chate, brochi 1.5–2 µm diminishing size toward the
aperture and muri of 0.8 µm wide.
Dimensions. Length 32 µm, width 22 µm, one
specimen measured.
Comparisons. Liliacidites sp. 2 has muri distinc-
tively wider (0.8 µm) than those of Liliacidites sp.1
and Liliacidites sp. 3 of the Cuayuca assemblage.
Liliacidites sp. 2 has a reticulum very similar to Lili-
acidites sp. 1 (Wingate, 1983, plate 2, figure 8)
from Elko, Nevada (U.S.A), although Liliacidites sp.
1 has greater dimensions: 38 µm length and 30 µm
width (Wingate, 1983).

Liliacidites sp. 3
Figure 3.8

Material. Sample Pb-8871, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, heteropolar, bilateral
symmetry, amb oval. Monosulcate, aperture reach-
ing the ends of the equator. Exine semitectate, col-
lumelate, 1 µm thick, reticulate, heterobrochate,
reticulum consisting of large brochi of 1 µm with
small brochi < 1 µm, both randomly distributed,
muri < 0.5 µm. 
Dimensions. Length 29–46 µm, width 17–28 µm,
three specimens measured.
Comparisons. Liliacidites sp. 3 has thinner muri
than those in Liliacidites sp. 1 and Liliacidites sp. 2
of the same association. This taxon resembles the
specimen Liliacidites quadrangularis illustrated by
Roche and Schuler (1976) from Belgium (plate VII,
figures 12–14), but L. quadrangularis has a thicker
exine. Liliacidites sp. 3 from Cuayuca Formation
closely resembles Liliacidites sp. A (Christopher et
al., 1980, plate 3, figures 3–4) from Warm Springs,
Georgia, U.S.A. (Christopher et al., 1980).

Genus MONOCOLPOPOLLENITES Thomson and 
Pflug, 1953

Type species. Monocolpopollenites tranquillus
(Potonié 1934) Thomson and Pflug, 1953
8
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Monocolpopollenites aff. texensis Nichols et al., 
1973

Figure 4.7

Material. Sample Pb-8872, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, heteropolar, bilateral
symmetry, amb oval. Monosulcate. Exine tectate,
the structure of the wall is difficult to discern, 0.8
µm thick, psilate.
Dimensions. Length 32 µm, width 22.4 µm, one
specimen measured.
Remarks. In a monographic discussion concerning
monosulcate genera, Nichols et al. (1973) pro-
posed that the shape of the sulcus differentiates
the genus Monocolpopollenites from Arecipites.
Arecipites includes monosulcate grains with a
tapered sulcus, not expanded or gaping at the
ends. Monocolpopollenites includes grains with
flared or round-ended sulcus.
Comparison. M. aff. texensis (in this contribution)
has the sulcus extending the entire long axis of the
grain, with margins tending to overlap centrally, as
in M. texensis. However, the Mexican specimen is
larger (32 µm) than M. texensis (Nichols et al.
1973: 17–19 x 24–28 µm) and presents a psilate
instead of scabrate exine.
Other occurrences. There are no previous
records of this taxon in Mexico. The genus has
been reported from the US Gulf Coast (Frederik-
sen, 1980a) and in England (Wilkinson and
Boulter, 1980).

Genus MONOPOROPOLLENITES Potonié, 1960

Type species. Monoporopollenites graminoides
Potonié, 1960

Monoporopollenites sp.
Figure 3.5

Material. Samples Pb-9136, Pb-8870, Pb-9138,
Pb-8896, Pb-9147, Pb-8872, and Pb-9334, Paly-
nology Laboratory, IGLUNAM.
Description. Monad pollen, heteropolar, radiosym-
metric, amb subcircular. Monoporate, pore diame-
ter 1.5–4 µm, with annulus of 1 to 2 µm thick. Exine
tectate, collumelate, 1 µm thick, scabrate.
Dimensions. Diameter 15–39 µm, 19 specimens
measured.
Comparison. Monoporopollenites sp. from
Cuayuca Formation differs of Monoporopollenites
annulatus (Jaramillo and Dilcher, 2001) because
the Mexican specimens are scabrate instead of
psilate.
Fossil record. The genus Monoporopollenites has
been widely reported in Mexico, the U.S.A., and
Central and South America since the late Eocene

(Tschudy, 1973; Leopold, 1974; Graham, 1975;
Biaggi, 1978; Frederiksen, 1980; Graham, 1988,
1989, 1991; Jaramillo and Dilcher, 2001; Palacios
and Rzedowski, 1993; Martínez-Hernández and
Ramírez-Arriaga, 1999, 2006).

Class MAGNOLIOPSIDA Cronquist et al., 1966
Genus BROSIPOLLIS Krutzsch, 1968

Type species. Brosipollis salebrosus (Pflug, 1953)
Krutzsch, 1968

Brosipollis sp.
Figure 5.14-15

Material. Samples Pb-9340, Pb-8898, Pb-8872,
Pb-9138, Pb-9340, and Pb-9334, Palynology Lab-
oratory, IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, subprolate. Tricolporate, endoapertures
slightly protruding, lalongate 5 µm x 4 µm with con-
verging transverse costae, meridional edges indis-
tinct. Exine semitectate, columellate, 0.8 µm thick,
striate, fine striae–reticulate, about 0.4 µm thick.
Dimensions. Equatorial diameter 13–15 µm, polar
diameter 15–27 µm, eight specimens measured.
Comparisons. Brosipollis sp. has similar dimen-
sions, endoaperture, and ornamentation to Ruguli-
tricolporites sp. 1 from the Eocene of California
(Frederiksen et al., 1983, plate 23, figures 1–4);
but, Brosipollis sp. from the Cuayuca Formation is
striate–reticulate instead of simply striate.
Other occurrences. Records of the genus Bur-
sera (Brosipollis) are known for the late Eocene –
early Oligocene Pie de Vaca Formation of Puebla,
Mexico (Martínez-Hernández and Ramírez-
Arriaga, 1999); Oligocene San Gregorio Formation
(Martínez-Hernández and Ramírez-Arriaga, 2006);
Miocene (Palacios and Rzedowski, 1993); and Pli-
ocene (Graham, 1975). U.S.A. – Eocene of Califor-
nia (Frederiksen, 1989; Frederiksen et al., 1983).
This genus was described originally as being from
the Malaysian Eocene (Muller, 1968).

Genus FAVITRICOLPORITES Sah, 1967

Type species. Favitricolporites eminens Sah,
1967

Favitricolporites sp.
Figure 3.10

Material. Sample Pb-9138, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb circular. Tricolporate syncolpate, colpi
with margins 1 µm wide, extending nearly to the
poles. Exine semitectate, collumelate, 1 µm thick,
reticulate, homobrochate.
9
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FIGURE 4. Angiosperm pollen grains from the Cuayuca Formation. 1, Corsinipollenites sp. 1, Pb–9334(1): EF G33/
3; 2, Corsinipollenites sp. 3, Pb–9334(4): EF R36/1; 3, Corsinipollenites sp. 2, Pb–9334(4): EF T35/3; 4-5, Margocol-
porites sp., Pb–9340(1): EF N35/3; 6, Margocolporites aff. vanwijhei, Pb-9334(1'): EF T39/2; 7, Monocolpopollenites
aff. texensis Nichols, Ames and Traverse 1973 Pb–8872(1A): EF W29/1; 8-9 Rhoipites sp., Pb–8890(1):101.9/17.2;
10, Lymingtonia sp., Pb–9334(4): EF S32/4; 11, Momipites tenuipolus Pb-9334(4): 101.6/12.5; 12, Momipites coryloi-
des, Pb-9138’(1): 92.2/2.8; 13, Fabaceae pollen type 3, Pb–9334(4): EF M34/4; 14, Clavainaperturites sp., Pb–
9147(2): EF R34/2; 15, Linum pollen type, Pb–9334 (1’): EF S33/2; 16, Magnaperiporites sp., Pb–9334(4): EF R39/2;
9. Scale bar represnts 10 µm.
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Dimensions. Equatorial diameter 16 µm, one
specimen measured.
Comparisons. Favitricolporites sp. 1 described by
Frederiksen et al. (1983) is similar in ornamenta-
tion to the Favitricolporites from the Cuayuca For-
mation, although Favitricolporites sp. 1 is larger
(Frederiksen et al., 1983: 36–50 µm). Unfortu-
nately, no specimens were observed in meridional
(equatorial) view, and for this reason the endoaper-
ture could not be described.
Other occurrences. This taxon has been reported
from the U.S.A. middle Eocene Mission Valley For-
mation (Frederiksen et al., 1983). There are no
previous records of the genus in Mexico.

Genus INTRATRIPOROPOLLENITES Thomson 
and Pflug, 1953 emend. Mai, 1961

Type species. Intratriporopollenites instructus
(Potonié, 1931) Thomson and Pflug, 1953

Intratriporopollenites sp.
Figure 3.17

Material. Sample Pb-9340, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb circular. Triporate, planaperturate,
pores annulate, annulus 1 µm thick. Exine semitec-
tate, columellate, 0.5 µm thick, microreticulate,
homobrochate.
Dimensions. Equatorial diameter 20 µm, one
specimen measured.
Comparisons. Elsik and Dilcher (1974, plate 29,
figures 91–92) reported a similar specimen as
Bombacaceae, Sterculiaceae, Tiliaceae? from mid-
dle Eocene Claiborne Formation, Tennessee.
Other similar Intratriporopollenites (Frederiksen,
1980a, plate 14, figure 17) and Tiliaepollenites
(Tschudy and van Loenen, 1970, plate 5, figures
11a, 11b) were reported from upper Eocene, Jack-
son Group. Tilia was recovered from middle
Eocene Kisinger Lake locality (Leopold, 1974:
plate 44, figure 18) and Intratriporopollenites cecil-
iensis from the Eocene of California (Frederiksen,
1989, table 5, figures 2, 3). Intratriporopollenites
differs from Bombacacidites because the later taxa
is suprareticulate with the greatest diameter of the
lumina at the poles, becoming gradually finer
toward the apertures and in the intercolpial areas
(Nichols, 2010).
Other occurrences. The genus has been reported
in Mexico as Oligo–Miocene, Chiapas (Biaggi,
1978); Miocene, Pichucalco, Chiapas (Palacios
and Rzedowski, 1993). This taxon has been identi-
fied in U.S.A., Tennessee (Elsik and Dilcher, 1974),

Kisinger Lakes locality (Leopold, 1974), and Cali-
fornia (Frederiksen, 1989).

Genus LYMINGTONIA Erdtman, 1960

Type species. Lymingtonia rhetor Erdtman,
1960

Lymingtonia sp.
Figure 4.10

Material. Samples Pb-9334 and Pb-9340, Palynol-
ogy Laboratory, IGLUNAM.
Description. Monad pollen, apolar, radiosymmet-
ric, spherical. Pericolpate, 12 costate colpi 7.9–19
µm long and 2.4–4 µm wide, with microverrucate
on membrane. Exine semitectate, columellate, 0.8
µm thick, microreticulate.
Dimensions. Diameter 28–31 µm, four specimens
measured.
Comparisons. The Lymingtonia sp. described
herein is smaller than L. rhetor (Erdtman, 1972: 50
µm), although both have perforations of similar
dimensions: about 1.0 µm wide (Jansonius and
Hills, 1976: card number 1562). L. cenozoica,
described by Pocknall and Mildenhall (1984) from
New Zealand, has smaller perforations (< 5 µm), a
sparsely conate/spinulose ornamentation and
raised crater–like punctae; in contrast, our speci-
mens are microreticulate.
Other occurrences. This genus has been recov-
ered in the U.S.A. – early Eocene of Tennessee
(Elsik and Dilcher, 1974); late Eocene of Jackson
Group, Mississippi and Alabama (Frederiksen,
1980a). Caribbean islands – middle Miocene of the
Saramaguacán Formation, Cuba (Graham, 2000;
Graham et al., 2000).

Genus MALVACIPOLLIS Harris, 1965

Type species. Malvacipollis diversus Harris, 1965

Malvacipollis spinulosa Frederiksen, 1983
Figure 5.12

Material. Sample Pb-9334(4), Palynology Labora-
tory, IGLUNAM.
Description. Monad, isopolar, radiosymmetric,
amb circular, spheroidal. Stephanoporate, pores
annulate. Exine tectate, supraechinate, echinae
solid, 1 – 1.2 µm in height, distributed homoge-
neously over the surface of pollen grain.
Dimensions. Equatorial diameter 23 (25) 27 µm
based on three measured specimens.
Other occurrences. Mexico – late Eocene to early
Oligocene Pie de Vaca Formation (Martínez-
Hernández and Ramírez-Arriaga, 1999). U.S.A. –
late Paleocene Silverado Formation, California
(Gaponoff, 1984); Paleocene – Oligocene, South
Carolina (Frederiksen, 1980b); late Eocene – early
11
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FIGURE 5. Angiosperm pollen grains from the Cuayuca Formation. 1, Polyadopollenites sp. 2, Pb–9334(4): EF R37/
4; 2-3, Polyadopollenites sp. 1, Pb–9340(1): 101.4/12.6; 4, Landolphia pollen type, Pb–9334(1): EF T41/1; 5, Peri-
syncolporites sp., Pb–9334(4): EF E44/1; 6, 10, Malpighiaceoidites sp., Pb–9334(4): EF H42/2; 7, 11, Mutisiapollis
sp., Pb–8872(3): EF P33/4; 8-9, Striatricolporites sp., Pb–9336(1): EF G32/1; 12, Malvacipollis spinulosa, Pb-
9334(4): 94/7; 13, Ranunculacidites cf. communis, Pb–9334(4): EF D34/1/4; 14-15, Brosipollis sp., Pb–9334(4): EF
U41/3; 16, Polyadopollenites sp. 1 Pb–9334(4): EF S39/4; 17, Tubulifloridites sp., Pb–9136(1): EF F39/4; 18, Ulmipo-
llenites sp., Pb–9334(4): EF N40/1; 19, Thomsonipollis sabinetownensis, Pb-9334(4): 94.2/7.4; 20, Sabicea pollen
type, Pb–9334(4): EF E42/1; 21, Ranunculacidites operculatus, Pb-9334(4): 101.8/7.2; 22 Rhamnaceaepollenites
sp., Pb–9334(4): EF T32/2. Scale bar represents 10 µm.
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Oligocene of the Elko Formation, Nevada (Win-
gate, 1983); it was cited as Echiperiporites from the
Eocene of Mississippi embayment (Tschudy,
1973); middle Eocene, San Diego, California
(Frederiksen et al., 1983). Argentina –middle Mio-
cene, Argentina (Barreda et al., 1998).

Genus RHOIPITES Wodehouse, 1933

Type species. Rhoipites bradleyi Wodehouse,
1933

Rhoipites aff. cryptoporus Srivastava, 1972
Figure 3.21-22

Material. Sample Pb-8890, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, prolate. Tricolporate, endoaperture circular
2 µm in diameter. Exine tectate, columellate, 1 µm
thick, micropitted.
Dimensions. Equatorial diameter 15 µm, polar
diameter 22 µm, one specimen measured.
Comparisons. This pollen grain resembles a
specimen illustrated by Jardine and Harrington
(2008) from the Paleocene of Mississippi, U.S.A. It
is characterized by its circular endoaperture and its
subtectate–reticulate exine; but the specimen from
Mississippi is larger (Jardine and Harrington, 2008:
29 µm polar diameter). Differs from R. cryptoporus,
which is heterobrochate (Srivastava, 1972).
Other occurrences. Rhoipites has shown world-
wide distribution since the late Cretaceous (Srivas-
tava, 1972). R. cryptoporus has been recovered
from the late Paleocene of Mississippi, U.S.A. (Jar-
dine and Harrington, 2008) and Alabama (Srivas-
tava, 1972). There are no previous records of this
taxon in Mexico.

Rhoipites sp.
Figure 4.8-9

Material. Samples Pb-9334 and Pb-8890, Palynol-
ogy Laboratory, IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, subprolate. Tricolporate, endoaperture
lalongate 12x3 µm. Exine semitectate, columellate,
1 µm thick, reticulate, homobrochate.
Dimensions. Equatorial diameter 22 µm, polar
diameter 27 µm, one specimen measured.
Comparisons. The Rhoipites sp. is distinguished
by its homobrochate reticulum instead of the het-
erobrochate reticulum very evident in Rhoipites
latus and R. subprolatus from the Eocene of Ala-
bama, U.S.A. (Frederiksen, 1980a). A comparable
form has been illustrated by Quattrochio et al.
(2000) from the Paleogene of Argentina.

Other occurrences. Rhoipites has a worldwide
distribution since Late Cretaceous. There are no
previous records of this taxon in Mexico.

Genus STRIATRICOLPORITES Van der Hammen, 
1956 ex Leidelmeyer, 1966

Type species. Striatricolporites primulis
Leidelmeyer, 1966

Striatricolporites sp.
Figure 5.8-9

Material. Samples Pb-9334, Pb-9340, Pb-8898,
Pb-9138, Pb-8896, and Pb-9136, Palynology Lab-
oratory, IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, subprolate. Tricolporate, endoaperture
lalongate with converging transverse costae,
meridional edges indistinct. Exine semitectate, 0.8
µm thick, striate, striae 0.5 µm parallel to polar
axis.
Dimensions. Equatorial diameter 16–21 µm, polar
diameter 28–33 µm, five specimens measured. 
Comparisons. Striatricolporites digitatus (Jara-
millo and Dilcher, 2001) has similar dimensions to
Striatricolporites sp. However, S. digitatus has a
thicker exine (Jaramillo and Dilcher, 2001: 1 µm)
and ectocolpi costate.
Other occurrences. Striatricolporites has been
recovered in Mexico from the late Eocene to early
Oligocene of Puebla (Martínez-Hernández and
Ramírez-Arriaga, 1999). Jaramillo and Dilcher
(2001) reported Striatricolporites digitatus from the
middle Paleocene of Colombia. Africa – Oligocene
of Cameroon (Salard-Cheboldaeff, 1979). Type
species from the Paleocene-Eocene of Guyana
(Leidelmeyer, 1966).

Genus THOMSONIPOLLIS Krutzsch, 1960 
emend. Elsik, 1968

Type species. Thomsonipollis magnificus (Thom-
son and Plug, 1953) Krutzsch, 1960

Thomsonipollis sabinetownensis Elsik, 1968
Figure 5.19

Material. Sample Pb-9334(4), Palynology Labora-
tory, IGLUNAM.
Description. Monad, isopolar, radiosymmetric,
amb circular. Triporate, pores 5 x 4 m, annulate,
annulus 1 µm thick. Exine tectate, 0.5 µm thick,
scabrate. 
Dimensions. Equatorial diameter 24.8 µm x 28
µm, one specimen measured.
Other occurrences. U.S.A. – Eocene of Gulf
Coast (Elsik, 1974)
13
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Order ASTERALES Lindley, 1833
Family ASTERACEAE Berchtold and Presl, 1820
Genus MUTISIAPOLLIS Macphail and Hill, 1994

Type species. Mutisiapollis patersonii Macphail
and Hill, 1994

Mutisiapollis sp.
Figure 5.7, 5.11

Material. Sample Pb-8872, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, prolate. Tricolporate, endoaperture lalon-
gate, 12 µm x 4.8 µm. Exine tectate, columellate,
clearly stratified with two layers, 3.2 µm thick in the
mesocolpi, and 2.4 µm in the apocolpi, supramicro-
echinate, echinae <0.5 µm high.
Dimensions. Equatorial diameter 24.8 µm, polar
diameter 38.4 µm, one specimen measured.
Comparisons. M. viteauensis Barreda et al., 1998
from the Miocene “Serie del Yeso” of Argentina has
a thicker exine (Barreda et al., 1998: 3.5 to 6 µm)
and spines less than 1 µm high. However, Mutisia-
pollis sp. from the Cuayuca Formation has lalon-
gate endoapertures with dimensions similar to
those of M. viteauensis.
Other occurrences. There are no records of this
taxon in Mexico. Mutisieae pollen grains have been
recovered from the Miocene Gatun Formation,
Panamá (Graham, 1990a) and in Argentina from
the Miocene of San Juan Province (Barreda et al.,
1998).

Genus TUBULIFLORIDITES Cookson, 1947 ex 
Potonié, 1960

Type species. Tubulifloridites antipodicus Cook-
son, 1947 ex Potonié, 1960

Tubulifloridites sp.
Figure 5.17

Material. Samples Pb-9138, Pb-9340, Pb-8896,
Pb-8897, Pb-8871, Pb-9141, Pb-8868, Pb-8869,
Pb-9136, Pb-8870, and Pb-9147, Palynology Lab-
oratory, IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb circular. Tricolporate. Exine tectate,
columellate, 4 µm thick, cavate, echinae columel-
late at the base, conical, 4 µm long x 3 µm wide at
the base, distance between echinae 4–5 µm.
Dimensions. Equatorial diameter 20–23 µm, three
specimens measured.
Comparisons. Compositae specimens have been
recovered from the Monterrey Formation (Mio-
cene), although they are larger (Srivastava, 1984:
40 µm) with echinae 6 µm high (Srivastava, 1984).

Other occurrences. Compositae specimens have
been reported in Mexico – Eocene of Baja Califor-
nia (Cross and Martínez-Hernández, 1980).
U.S.A.– late Miocene Valentine Formation,
Nebraska (MacGinitie, 1962). Originally described
from the Tertiary of Australia (Cookson, 1947) and
Germany (Potonié, 1960).

Order CARYOPHYLLALES Bentham and Hooker, 
1862

Family AMARANTHACEAE Jussieu, 1789
Genus CHENOPODIPOLLIS Krutzsch, 1966

Type species. Chenopodipollis multiplex (Weyland
and Pflug, 1957) Krutzsch, 1966

Chenopodipollis sp.
Figure 3.9

Material. Samples Pb-9147, Pb-9136, Pb-9343,
Pb-8869, Pb-8872, Pb-9138, Pb-8898, and Pb-
9334, Palynology Laboratory, IGLUNAM.
Description. Monad pollen, apolar, radiosymmet-
ric, spheroidal. Periporate, 22 pores 2.5–3 µm
wide, annulate, annulus 1.5 µm thick. Exine tec-
tate, collumelate, 1 µm thick, with microreticulate
pattern.
Dimensions. Diameter: 16–25 µm, 10 specimens
measured.
Comparison. Our specimens have dimensions
and annulus similar to Chenopodipollis multiplex
(Bebout, 1980). However, the exine of the Cheno-
podipollis sp. from the Cuayuca Formation shows a
microreticulate pattern, and this trait is not
observed in C. multiplex.
Other occurrences. This genus has been
reported across the globe since the Paleocene. In
Mexico there are records of this genus from the
late Eocene to early Oligocene Pie de Vaca Forma-
tion, Puebla (Martínez-Hernández and Ramírez-
Arriaga, 1999); Oligocene San Gregorio Forma-
tion, Baja California Sur (Martínez-Hernández and
Ramírez-Arriaga, 2006); Oligocene-Miocene of
Chiapas (Biaggi, 1978); and Neogene (Palacios
and Rzedowski, 1993; Graham, 1975).

Family NYCTAGINACEAE Jussieu, 1789
Genus MAGNAPERIPORITES González-Guzmán, 

1967

Type species. Magnaperiporites spinosus
González-Guzmán, 1967

Magnaperiporites sp.
Figure 4.16

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, apolar, radiosymmet-
ric, spheroidal, periporate. Pores circular or subcir-
14
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cular, 3 µm in width, distance between pores from
8 to 10 µm, pattern areolate. Exine tectate collu-
melate, 4 µm thick without echinae, perforate
supraechinate, echinae 1 µm high.
Dimensions. Diameter 65 µm, one specimen
measured.
Comparisons. Magnaperiporites sp. has smaller
dimensions than M. spinosus illustrated by
González-Guzmán (1967) and Salard-Cheboldaeff
(1979). González-Guzmán (1967) gave a diameter
for M. spinosus of 90 to 105 µm, with an exine
thickness of 13.5 µm. Salard-Cheboldaeff (1979)
reported M. spinosus with a diameter of 92–93 µm
and exine 13 µm thick.
Other occurrences. This is the first mention of the
genus in Mexican fossil microfloras. Magnaperipo-
rites spinosus has been recovered from the Oligo-
cene of Cameroon, Africa (Salard-Cheboldaeff,
1979) and from the early to middle Eocene of
Colombia (González-Guzmán, 1967).

Family PLUMBAGINACEAE Jussieu, 1789
Genus ARMERIA Willdenow, 1809

Type species. Armeria vulgaris Willdenow, 1809

Armeria sp.
Figure 3.11

Material. Samples Pb-9340, Pb-8898, Pb-8872,
Pb-9137, Pb-9334, and Pb-8896, Palynology Lab-
oratory, IGLUNAM.
Description. Monad, isopolar, radiosymmetric,
amb circular, prolate spheroidal. Tricolpate. Exine
semitectate, columellate, 5 µm thick, reticulate,
supramicroequinate, muri with large columellae of
4.2 µm and lumina 3.6–5.6 µm in diameter.
Dimensions. Equatorial diameter 37–40 µm, polar
diameter 35–45 µm, two specimens measured.
Remarks. Armeria is included in Plumbaginaceae.
This family is cosmopolitan, although its distribu-
tion center is the Mediterranean (Papanicolaou and
Kokkini, 1982).
Comparison. The Armeria pollen type is very simi-
lar to the Armeria sp. recovered from the Monterey
Formation (Miocene) phosphatic facies, California
(Srivastava, 1984). Both have similar dimensions
and ornamentation.
Other occurrences. Mexico – late Eocene to early
Oligocene Pie de Vaca Formation, Puebla
(Martínez-Hernández and Ramírez-Arriaga, 1999).
U.S.A. – Miocene of the Monterey Formation, Cali-
fornia (Srivastava, 1984).

Order FABALES Bromhead, 1838
Family FABACEAE Lindley, 1836

Fabaceae pollen type 1
Figure 3.12-13

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, subprolate. Tricolporoidate. Exine semitec-
tate, columellate, 1.2 µm thick, microreticulate,
lumina 0.5 µm, muri 0.5 µm.
Dimensions. Equatorial diameter 26 µm, polar
diameter 32 µm, one specimen measured. 
Comparisons. Fabaceae pollen type 1 differs from
Fabaceae pollen type 2 and Fabaceae pollen type
3 (in this paper) because it is tricolporoidate and
microreticulate whereas Fabaceae pollen type 2
and Fabaceae pollen type 3 are tricolporate and
not reticulate.
Other occurrences. Leguminosae fossil pollen
grains have been recovered from late Eocene to
early Oligocene Pie de Vaca Formation, Puebla
(Martínez-Hernández and Ramírez-Arriaga, 1999).

Fabaceae pollen type 2
Figure 3.18-20

Material. Sample Pb-8890, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, prolate. Tricolporate, ectoaperture reaching
apocolpia, endoaperture lolongate 3 x 7 µm. Exine
tectate, columellate, 1 µm thick, psilate. 
Dimensions. Equatorial diameter 18µm, polar
diameter 30 µm, one specimen measured.
Comparisons. The colporate and tectate – psilate
condition makes this specimen different from
Fabaceae pollen type 1, and Fabaceae pollen type
3 (of the same association, described in this
paper). 
Other occurrences. Fabaceae fossil pollen grains
have been recovered from late Eocene to early Oli-
gocene Pie de Vaca Formation, Puebla (Martínez-
Hernández and Ramírez-Arriaga, 1999).

Fabaceae pollen type 3
Figure 4.13

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb triangular. Tricolporate. Exine tectate,
1µm thick, foveolate.
Dimensions. Equatorial diameter 25 µm, one
specimen measured.
Comparisons. Observations on morphology was
only achievable in polar view, thus it was not possi-
ble to describe the endoaperture. Nevertheless, it
differs from other Fabaceae described in this con-
tribution, because it is tectate–foveolate.
15
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Other occurrences. Fabaceae fossil pollen grains
(Caesalpinia, Acacia, and Mimosa) have been
recovered from late Eocene to early Oligocene Pie
de Vaca Formation, Puebla (Martínez-Hernández
and Ramírez-Arriaga, 1999).

Genus MARGOCOLPORITES Ramanujam, 1966 
ex Srivastava, 1969 emend. Pocknall and 

Mildenhall, 1984

Type species. Margocolporites tsukadai Ramanu-
jam 1966 ex Srivastava, 1969

Margocolporites aff. vanwijhei Germeraad et al., 
1968

Figure 4.6

Material. Samples Pb-9334(1) and Pb-9334(4),
Palynology Laboratory, IGLUNAM.
Description. Monad, isopolar, radiosymmetric,
amb circular. Tricolporate, exoapertures present
colpal membrane with fine baculae and margo 1
µm thick, endoaperture lolongate 2.4 µm X 5.6 µm.
Exine subtectate, collumelate, 1.2 µm thick, reticu-
late, heterobrochate, lumina 0.8- 1.5 µm, simplicol-
umelate muri.
Dimensions. Equatorial diameter 34.3 (38) 44 µm,
polar diameter 34 µm, four specimens measured.
Other occurrences. Mexico – Oligocene San Gre-
gorio Formation, Baja California Sur (Martínez-
Hernández and Ramírez-Arriaga, 2006). Originally
described from the Paleogene of the Caribbean
region and Nigeria (Germeraad et al., 1968). South
America – late Oligocene to Miocene Chenque
Formation (Barreda, 1997c); early Miocene
Chinches Formation (Ottone et al., 1998); and mid-
dle Miocene “Serie el Yeso,” Argentina (Barreda et
al., 1998).

Margocolporites sp.
Figure 4.4-5

Material. Sample Pb-9340, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb circular. Tricolporate, colpi with mem-
brane bearing fine bacula. Exine semitectate,
columellate, 0.8 µm thick, reticulate, heterobro-
chate, lumina 1–2 µm.
Dimensions. Equatorial diameter 45 µm, one
specimen measured.
Comparisons. This taxon is similar to Margocolpo-
rites sp. 2 from central Colombia (Jaramillo and
Dilcher, 2001); but, Margocolporites sp. 2 is larger
than Margocolporites sp. from the Cuayuca Forma-
tion. Margocolporites sp. (this work) has a larger
equatorial axis and larger brochi than M. vanwijhei
(Germeraad et al., 1968). The diameter of the

endoaperture is almost equal to the width of the
ectoaperture in the Margocolporites sp. from the
Cuayuca Formation. The diameter of the endoap-
erture is smaller than the width in M. vanwijhei
(Macphail, 1999; Eisawi and Schrank, 2008).
Other occurrences. The genus Margocolporites
has been recovered from late Eocene to early Oli-
gocene Pie de Vaca Formation, Puebla (Martínez-
Hernández and Ramírez-Arriaga, 1999); Oligocene
San Gregorio Formation, Baja California Sur
(Martínez-Hernández and Ramírez-Arriaga, 2006).
M. vanwijhei has been recovered from middle
Paleogene of central Colombia (Jaramillo and
Dilcher, 2001); Germeraad et al. (1968) reported
this species from late Eocene of Nigeria and in the
Caribbean region Graham (2010) reported it from
Eocene to the present time. It has also been recov-
ered from the Murray Basin of southeastern Aus-
tralia (Macphail, 1999) and southeastern Sudan
(Eisawi and Schrank, 2008).

Genus POLYADOPOLLENITES Thomson and 
Pflug, 1953

Type species. Polyadopollenites multipartitus
Thomson and Pflug, 1953

Polyadopollenites sp.1
Figure 5.2-3

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Polyad with 16 pollen grains: eight
central grains and eight peripheral. Inaperturate.
Exine atectate, 0.8–1.6 µm thick, regulate.
Dimensions. Polyad 48.8 µm x 46.4 µm. Monad:
Equatorial diameter 16–20 µm, polar diameter 11.2
–14.4 µm, one specimen measured.
Comparisons. Polyadopollenites sp. 1 is distin-
guished by its suprarrugulate exine instead of a
psilate tectum in Acaciapollenites from late Oligo-
cene of New Zealand (Pocknall and Mildenhall,
1984). Polyadopollenites sp. 1 presents similar
ornamentation to Polyadopollenites mulleri
(Cavagnetto and Guinet, 1994); however, Polyado-
pollenites sp. 1 is not as big as P. mulleri (Cavag-
netto and Guinet, 1994: 65–72 µm). Furthermore,
P. mulleri from the Oligocene of Spain has porate
monads (Cavagnetto and Guinet, 1994).
Other occurrences. This genus has been recov-
ered in Mexico from the late Eocene to early Oligo-
cene Pie de Vaca Formation (Martínez-Hernández
and Ramírez-Arriaga, 1999); Oligocene San Gre-
gorio Formation, Baja California Sur (Martínez-
Hernández and Ramírez-Arriaga, 2006); Oligo-
Miocene of Chiapas (Biaggi, 1978); Neogene
(Palacios and Rzedowski, 1993). Central America
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– early Miocene La Culebra Formation, Panamá
(Graham, 1988). Caribbean islands– Oligocene
San Sebastián Formation, Puerto Rico (Graham
and Jarzen, 1969). Originally described from the
Eocene-Oligocene in Germany (Thomson and
Pflug, 1953).

Polyadopollenites sp. 2
Figure 5.1

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Polyad with 16 pollen grains: eight
central grains and eight peripheral. Syncolpate.
Exine tectate columellate, 0.8–1.6 µm thick, foveo-
late.
Dimensions. Polyad 36.8 µm, one specimen mea-
sured.
Comparisons. Polyadopollenites sp. 2 has distinc-
tively syncolpate, tectate and foveolate monads; in
contrast, Acaciapollenites has inaperturate, tec-
tate and psilate monads (Pocknall and Mildenhall,
1984). This taxon does not have a superficial retic-
ulum as Polyadopollenites cooksonii (Cavagnetto
and Guinet, 1994); furthermore, Polyadopollenites
sp. 2 has syncolpate apertures instead of subsidi-
ary apertures.
Other occurrences. Polyadopollenites sp. 2
shows the same geographic pattern as Polyado-
pollenites sp. 1.

Family POLYGALACEAE Hoffmannsegg and Link, 
1809

Genus POLYGALACIDITES Sah and Dutta, 1966

Type species. Polygalacidites clarus Sah and
Dutta, 1966

Polygalacidites sp.
Figure 5.16

Material. Sample Pb-9340, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, subprolate. Stephanocolporate, endoaper-
ture lalongate with costae. Exine atectate, 1.2 µm
thick, psilate.
Dimensions. Equatorial diameter 11 µm, polar
diameter 20 µm, one specimen measured.
Comparisons. This taxon differs from the Poly-
galacidites sp. from the Neogene of southeastern
Sudan (Eisawi and Schrank, 2008) as the latter
has more numerous and larger ectoapertures than
the Polygalacidites sp. from the Cuayuca Forma-
tion. Nevertheless, both taxa have almost the
same polar diameter.
Other occurrences. Mexico – late Eocene – early
Oligocene (Martínez-Hernández, 1999), Oligo-

cene San Gregorio Formation (Martínez-Hernán-
dez and Ramírez-Arriaga, 2006). Originally
described from Paleogene in Assam, India (Sah
and Dutta, 1966).

Order FAGALES Engler, 1892
Family CASUARINACEAE Brown, 1814

Genus CASUARINIDITES Cookson and Pike, 
1954

Type species. Casuarinidites cainozoicus Cook-
son and Pike, 1954

Casuarinidites sp.
Figure 3.4

Material. Samples Pb-9337, Pb-9340, Pb-8898,
Pb-9141, Pb-9147, Pb-9136, Pb-9339, and Pb-
8896, Palynology Laboratory, IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb triangular. Triporate, angulaperturate,
aspidate pores, annulate, annulus with a 5.6 m
diameter. Exine tectate, granulate, 1.2 m thick,
scabrate. The granular infratectal structure gives a
microreticulate pattern.
Dimensions. Equatorial diameter 26–37 µm, two
specimens measured.
Comparisons. The size of the Casuarinidites sp.
from the Cuayuca Formation is similar to that of C.
granilabrata described by Srivastava (1972); how-
ever the exine of C. granilabrata is 2 µm thick.
Other occurrences. This genus has been
reported in Mexico from the Oligocene San Grego-
rio Formation (Martínez-Hernández and Ramírez-
Arriaga, 2006); Oligo-Miocene of Chiapas (Biaggi,
1978). U.S.A. – Miocene, Massachussets
(Frederiksen, 1984); Paleocene, Alabama (Srivas-
tava, 1972).

Family JUGLANDACEAE de Candolle ex Perleb, 
1818

Genus MOMIPITES Wodehouse, 1933

Type species. Momipites coryloides Wodehouse,
1933

Momipites coryloides Wodehouse, 1933
Figure 4.12

Material. Samples Pb-9138’(1), Pb-9334(4) and
Pb-9340(2), Palynology Laboratory, IGLUNAM.
Description. Monad, isopolar, radiosymmetric,
amb triangular. Triporate, equidistant zonate pores.
Exine tectate, 1 µm thick with uniformly spaced
spinules.
Dimensions. Equatorial diameter 14 (17.8) 20 µm,
five specimens measured.
Other occurrences. Mexico – late Eocene to early
Oligocene Pie de Vaca Formation (Martínez-
Hernández and Ramírez-Arriaga, 1999); Oligocene
17



RAMÍREZ-ARRIAGA, PRÁMPARO, & MARTÍNEZ-HERNÁNDEZ: ANGIOSPERM POLLEN CUAYUCA FM.
San Gregorio Formation (Martínez-Hernández and
Ramírez-Arriaga, 2006); Oligo-Miocene of Chiapas
(Langenheim et al., 1967). U.S.A. – late Creta-
ceous to Paleocene, Colorado (Newman, 1965);
late Paleocene, South Carolina (Van Pelt et al.,
2000); late Eocene, Yazoo Clay, Mississippi
(Tschudy and van Loenen, 1970); late Eocene,
Mississippi and Alabama (Frederiksen, 1980a);
Paleocene – late Eocene, South Carolina (Fred-
eriksen, 1980b); Eocene, Mississippi embayment
(Tschudy, 1973); Miocene, Massachusetts (Fred-
eriksen, 1984); early Eocene, Tennessee (Elsik
and Dilcher, 1974). Central America – Oligocene
San Sebastión Formation, Puerto Rico (Graham
and Jarzen, 1969); Eocene Gatuncillo Formation,
Panamá (Graham, 1985); early Miocene Cucara-
cha Formation and La Boca Formation (Graham,
1988); Mio-Pliocene of Haiti (Graham, 1990b).
Europe – Eocene, England (Wilkinson and Boulter,
1980).

Momipites tenuipolus Anderson, 1960
Figure 4.11

Material. Samples Pb-8872(2), Pb-8898(3) and
Pb-9334(4), Palynology Laboratory, IGLUNAM.
Description. Monad, isopolar, radiosymmetric,
amb triangular. Triporate. Exine tectate, psilate, 0.8
µm thick with a polar thinning.
Dimensions. Equatorial diameter 16.8 (17.3) 18
µm, based upon three measured specimens.
Other occurrences. U.S.A. – early Paleogene,
San Juan Basin, New Mexico (Anderson, 1960);
late Paleocene Silverado Formation, California
(Gaponoff, 1984); Paleocene, Virginia (Frederik-
sen, 1979, 1998); early Eocene, Gulf Coast
(Frederiksen, 1980b).

Order GARRYALES Lindley, 1846
Family EUCOMMIACEAE Engler, 1907

Genus EUCOMMIA Oliver, 1890

Type species. Eucommia ulmoides Oliver, 1890

Eucommia pollen type
Figure 3.16

Material. Samples Pb-9138, Pb-8898, Pb-9340,
Pb-8896, and Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb circular, subprolate. Tricolporoidate,
with two large colpi: one measuring 24 m long
and a smaller one 17.6 µm long. Exine atectate,
0.8 – 1 µm thick, psilate.
Dimensions. Equatorial diameter 17–30 µm, polar
diameter 22–35 µm, 13 specimens measured, five
specimens measured.

Comparison. Eucommia sp. from the Cuayuca
Formation has similar dimensions to E. ?leopoldae
(Frederiksen et al., 1983) and the Eucommia type
(Frederiksen, 1988), but differs from both because
they are tricolporate whereas the Eucommia herein
described is distinctively tricolporoidate as seen in
the Eucommia described by Erdtman (1972). It is
also similar to Eucommia cf. E. ulmoides illustrated
by Leopold (1974, plate 39, figure 13) and Wingate
(1983, plate 2, figure 10).
Other occurrences. This genus was recorded in
Mexico from the late Eocene to early Oligocene Pie
de Vaca Formation, Puebla (Martínez-Hernández
and Ramírez-Arriaga, 1999); Oligocene of the San
Gregorio Formation (Martínez-Hernández and
Ramírez-Arriaga, 2006). U.S.A. – middle Eocene
of Kisinger, Wyoming (Leopold, 1974); Eocene,
Nevada (Wingate, 1983); early Eocene into middle
Eocene, Gulf Coast (Frederiksen, 1988); middle
Eocene, Hominy Peak Formation, San Diego, Cali-
fornia (Frederiksen, 1983); Eocene, Teton Range,
Wyoming (Love et al., 1978); late Oligocene of Flo-
rissant Formation, Colorado (Leopold and Scott,
2001).

Order GENTIANALES Lindley, 1833
Family APOCYNACEAE Jussieu, 1789

Genus LANDOLPHIA Palisot de Beauvois, 1806

Type species. Landolphia owariensis Palisot de
Beauvois, 1806

Landolphia pollen type
Figure 5.4

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, oblate spheroidal. Tricolporate, endoaper-
ture with costae converging with meridional edges
of endoapertures indistinct (El Ghazali, 1990).
Exine semitectate, columellate, 0.8–1 µm thick,
reticulate.
Dimensions. Equatorial diameter 27–33 µm, polar
diameter 27–34 µm, two specimens measured.
Equatorial diameter in polar view 27–29 µm, two
specimens measured.
Comparisons. Landolphia comorensis Benth. and
Hook has similar breviectoapertures as the Landol-
phia pollen type from Cuayuca Fm., although L.
comorensis has endoapertures with transverse
converging edges and indistinct meridional edges
(Erdtman, 1972). The Landolphia pollen type
herein described has endoapertures with converg-
ing transverse costae and indistinct meridional
edges.
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Other occurrences. This is the first report of the
genus in Mexican fossil associations. Apo-
cynaceae pollen grains have been reported from
late Eocene to early Miocene from Cameroon (Sal-
ard-Cheboldaeff, 1981).

Family RUBIACEAE Jussieu, 1789
Genus SABICEA Aublet, 1775

Type species. Sabicea cinerea Aublet, 1775

Sabicea pollen type
Figure 5.20

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosymme-
tric, amb circular. Triporate, lolongate pore. Exine
semitectate, columellate, 2 µm thick, microreticu-
late, simplicolumellate.
Dimensions. Equatorial diameter 27 m, one
specimen measured.
Comparisons. Pollen grains of the genus Sabicea,
with finely reticulate exine and dimensions ranging
from 32 to 36 m, have been reported for the Mio-
cene of Panama (Graham, 1987); however, the
Sabicea pollen type recovered from the Cuayuca
Formation is smaller (27 m in equatorial diame-
ter).
Other occurrences. Central America – early Mio-
cene La Culebra Formation, Panama (Graham,
1987). There are no previous records of this genus
in Mexico.

Order MALPIGHIALES Martius, 1835
Family EUPHORBIACEAE Jussieu, 1789

Genus CLAVAINAPERTURITES Hammen and 
Wymstra, 1964

Type species. Clavainaperturites clavatus Ham-
men and Wymstra, 1964

Clavainaperturites sp.
Figure 4.14

Material. Sample Pb-9147, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, apolar, radiosymmet-
ric, spheroidal. Inaperturate. Exine tectate, 2.4 µm
thick, sculture baculate with crotonoid pattern
showing groups of five to six supratectal bacula.
Dimensions. Diameter 55 x 52 µm, one specimen
measured.
Comparisons. Clavainaperturites sp. is very simi-
lar to the C. cf. clavatus (35 µm) from the Nuer For-
mation, Southeast Sudan (Eisawi and Schrank,
2008), although the specimen from the Cuayuca
Formation is larger than the taxon from Sudan.
Other occurrences. There are no previous
records of this taxon in Mexico. This genus has

been reported in the Paleocene of Southeast
Sudan (Eisawi and Schrank, 2008); and in the Oli-
gocene of British Guyana (Van der Hammen and
Wymstra, 1964).

Genus GLYCYDENDRON Ducke, 1922

Type species. Glycydendron amazonicum Ducke,
1922

Glycydendron pollen type
Figures 3.14-15

Material. Sample Pb-9137, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb circular. Tricolpate, colpi with irregular
margin. Exine intectate, 1.2–1.5 µm thick, echi-
nate, spines 1.2–2 µm high are very thick at their
bases in contrast with the thin flexible apices.
Dimensions. Equatorial diameter 31 µm, one
specimen measured.
Comparisons. Glycydendron pollen type is intec-
tate, echinate, and similar to the specimen
described from the Miocene Uscari Formation
(Graham, 1987), but it is of smaller dimensions. In
contrast, the Glycydendron pollen type from the
Cuayuca Formation has echinae with flexible api-
ces which are thinner than those described by Gra-
ham (1987) from the Miocene of Costa Rica.
Other occurrences. Central America – Miocene
Uscari Formation, Costa Rica (Graham, 1987).
There are no previous records of the genus in Mex-
ico.

Family LINACEAE de Candolle ex Perleb, 1818
Genus LINUM Linnaeus, 1753

Type species. Linum usitatissimum Linnaeus,
1753

Linum pollen type
Figure 4.15

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb subcircular. Tricolpate, the broad and
large colpi make a small polar area. Exine semitec-
tate columellate, 3 µm thick, microreticulate to stri-
ate, supragemmate, gemmae 2–3.5 µm in
diameter, distributed irregularly over the surface of
the grain. 
Dimensions. Equatorial diameter 48–53 µm, one
specimen measured.
Comparisons. Tricolpate pollen grain character-
ized by large size (Wingate, 1983: 44 x 49 µm) and
gemmate ornamentation has been reported from
the Elko Formation (Wingate, 1983, plate 2, figure
12). The tricolpate pollen type 1 from the Elko For-
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mation is not semitectate microreticulate like the
Linum pollen type from the Cuayuca Formation,
and has a thinner exine.
Other occurrences. This is the first mention of the
genus in the Mexican fossil record. This taxon is
also recorded from the European middle Eocene to
early Oligocene, Ebro Basin, Spain (Cavagnetto
and Anadón, 1996).

Family MALPIGHIACEAE Jussieu, 1789
Genus MALPIGHIACEOIDITES Takahashi and 

Jux, 1989

Type species. Malpighiaceoidites periporifer Taka-
hashi and Jux, 1989

Malpighiaceoidites sp.
Figures 5.6, 5.10

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, apolar, radiosymmet-
ric, spheroidal. Perisyncolporate, six to eight pores
distributed irregularly and joined with colpi. Exine
atectate, 1.5–2 µm thick, supraverrucate, verrucae
irregular supratectal, 0.5–4 µm wide.
Dimensions. Diameter 25 (29.9) 33.6 µm, five
specimens measured.
Comparisons. The Malpighiaceoidites sp. has
pores connected by thin colpal bands, like the Type
A described by Martin (2002); nevertheless, the
Malpighiaceoidites sp. exhibits verrucae bigger
than those presented by Type A of Martin (2002).
Malpighiaceae specimens recovered in Central
America by Graham (1985, 1988, 1989, 1990b) are
different from those of the Cuayuca Formation.
Perisyncolporites pokornyi reported from the Mio-
cene of Venezuela (Lorente, 1986) and from the
Río Turbio Formation (Eocene) from Argentina
(Fernández et al., 2012) has a thicker exine without
the distinctive verrucae present in the Cuayuca
Formation specimen.
Other occurrences. The genus Malpighiaceoid-
ites has been recovered only from the Miocene of
Venezuela (Lorente, 1986), Paleocene of São
Paulo, Brazil (Lima et al., 1991), Eocene of Argen-
tina (Fernández et al., 2012), and Tertiary rocks
from southeastern Australia (Martin, 2002).

Genus PERISYNCOLPORITES Germeraad et al., 
1968

Type species. Perisyncolporites pokornyi Germer-
aad et al., 1968

Perisyncolporites sp.
Figure 5.5

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.

Description. Monad pollen, apolar, radiosymme-
tric, spheroidal. Perisyncolporate, colpi with one or
two endoapertures with irregular distribution, ora
2.5–4 µm in diameter, with costae. Exine tectate,
0.8–1 µm thick, suprarrugulate.
Dimensions. Diameter 34.4 µm x 32 µm, one
specimen measured.
Comparisons. This taxon resembles Perisyncol-
porites pokornyi from the middle Eocene of Florida,
U.S.A. (Jarzen et al., 2010), although P. pokornyi
has a thicker exine (Jarzen et al., 2010: 2.5 – 3 µm)
and a smaller size (23–26 µm).
Other occurrences. U.S.A. – Middle Miocene,
Florida (Jarzen and Klug, 2010). This genus has
also been reported from the Paleogene of the Car-
ibbean region and Nigeria (Germeraad et al., 1968;
Graham, 1990b) and the Paleogene of South
America (Jaramillo and Dilcher, 2001).

Order MALVALES Lindley, 1833
Family MALVACEAE Jussieu, 1789

Genus BOMBACACIDITES Couper, 1960

Type species. Bombacacidites bombaxoides
Couper, 1960

Bombacacidites sp.
Figure 3.23

Material. Samples Pb-9334 and Pb-9340, Palynol-
ogy Laboratory, IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb tringular obtuse. Tricolporate, aper-
tures interangular with exinal thickenings. Exine
semitectate, columellate, 0.8 m thick, reticulate,
heterobochate, apocolpial lumina of 1.6 m are
larger than mesocolpial lumina <0.8 m.
Dimensions. Equatorial diameter 21.2 µm, based
on one measured specimen.
Comparisons. The Bombacacidites sp. (in this
contribution) is similar in size (16–20 µm) to Bomb-
acacidites sp. 2 in Frederiksen (1988), although
the Bombacacidites sp. from the Cuayuca Forma-
tion has wider brochi (0.8 – 1.6 µm) than Bomba-
cacidites sp. 2 from the eastern Gulf Coast
(Frederiksen, 1988: 0.5 – 1 µm). The specimen
herein studied is also similar in the thickness of the
exine and the width of the luminae at apocolpia to
Bombacacidites sp. 2 described by Jaramillo and
Dilcher (2001) from the middle Paleogene of
Colombia, but differs in having a smaller equatorial
diameter (Bombacacidites sp. of Cuayuca: 21.2
µm; Bombacacidites sp. 2: 33 to 40 µm). Another
similar specimen to the Bombacacidites sp. from
the Cuayuca Formation was described as middle
Eocene at the Kissinger Lakes locality (Leopold,
1974, plate 45, figures 2–3).
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Other occurrences. This genus has been
recorded in Mexico from the late Eocene to early
Oligocene Pie de Vaca Formation, Puebla
(Martínez-Hernández and Ramírez-Arriaga, 1999).
U.S.A. – middle Eocene, San Diego, California
(Frederiksen et al., 1983); Eocene and Eocene-Oli-
gocene of the Gulf Coast (Elsik, 1974; Frederiksen,
1988); middle Eocene, Kisinger, Wyoming (Leop-
old, 1974); middle Eocene from Pine Island, Flor-
ida, U.S.A. (Jarzen and Klug, 2010).

Order MYRTALES Lindley, 1833
Family ONAGRACEAE Jussieu, 1789

Genus CORSINIPOLLENITES Nakoman, 1965

Type species. Corsinipollenites oculus-noctis (Thi-
ergart, 1940) Nakoman, 1965

Corsinipollenites sp. 1
Figure 4.1

Material. Samples Pb-9343, Pb-9340, and Pb-
9334, Palynology Laboratory, IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb triangular. Triporate, annulate, annulus
7 m thick, pores aspidate with granulate structure.
Exine tectate, 1–1.6 m thick, psilate, with microre-
ticular endopattern.
Dimensions. Equatorial diameter 24–38.4 µm,
four specimens measured.
Comparisons. Corsinipollenites. sp. 1 (in this
paper) shows smaller dimensions and more aspi-
date pores compared to Corsinipollenites sp. 2 and
Corsinipollenites sp. 3 of the Cuayuca assem-
blage. Corsinipollenites sp.1 has a more protruding
pore and annuli thicker than those reported by
Jaramillo and Dilcher (2001) which have annulus 2
m thick, as well as that recovered from middle
Eocene of Florida, with annulus 2–4 m wide
(Jarzen and Klug, 2010).
Other occurrences. In Mexico, the genus is
reported to be from late Eocene to early Oligocene
Pie de Vaca Formation (Martínez-Hernández and
Ramírez-Arriaga, 1999); Oligocene San Gregorio
Formation (Martínez-Hernández and Ramírez-
Arriaga, 2006). Jaramillo and Dilcher (2001)
reported Corsinipollenites in the Paleocene of
Colombia; it is also mentioned in the Paleocene of
Merida Andes, western Venezuela (Pocknall and
Jarzen, 2009) and in the early to middle Eocene
from Pine Island, Florida (Jarzen and Klug, 2010)
and Oligocene of Germany (Thiergart, 1940). More
data on the distribution of this genus in the U.S.A.
and northern South America is in Jarzen and Klug
(2010).

Corsinipollenites sp. 2
Figure 4.3

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb triangular.Triporate, pores aspidate.
Exine tectate, 0.8 m thick, psilate.
Dimensions. Equatorial diameter 32.8 x 71.2 µm,
one specimen measured.
Comparisons. Corsinipollenites sp. 2 is different
from Corsinipollenites sp. 1 and Corsinipollenites
sp. 3 of the same association, because it is larger,
with a thinner exine and pores that are not as aspi-
date as in the other species of Corsinipollenites
described in this contribution. This taxon is larger
and has a thinner exine than Corsinipollenites
atlantica from Argentina (Barreda and Pala-
marczuk, 2000b) and Corsinipollenites cf. psilatus
from the Melot Basin, southeast Sudan (Eisawi and
Schrank, 2008).

Corsinipollenites sp. 3
Figure 4.2

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb triangular. Triporate, pores aspidate.
Exine tectate, granulate, 0.8–1 m thick, psilate.
Dimensions. Equatorial diameter 41–50 µm, three
specimens measured.
Comparisons. This species of Corsinipollenites
exhibits a characteristic pore with evident granulate
structure. Although granulate structure is present in
Corsinipollenites sp. 1 and Corsinipollenites sp. 2,
more aspidate pores are present in Corsinipollen-
ites sp. 1; Corsinipollenites sp. 2 presents less asp-
idate pores than the other two species described.
Corsinipollenites sp. 3 has similar dimensions and
annulus thickness to Corsinipollenites atlantica
described from the Argentinian Oligocene–Mio-
cene by Barreda and Palamarczuk (2000b); never-
theless, the exine of C. atlantica is thicker. This
taxon closely resembles Corsinipolleites cf. psila-
tus from the Melot Basin, southeast Sudan (Eisawi
and Schrank, 2008).

Order RANUNCULALES Lindley, 1833
Genus RANUNCULACIDITES Van der Hammen, 

1956 ex Van der Hammen and Wijmstra, 1964

Type species. Ranunculacidites operculatus (Van
der Hammen and Wijmstra, 1964) Jaramillo and
Dilcher, 2001
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Ranunculacidites cf. communis Sah, 1967
Figure 5.13

Material. Samples Pb-9334 and Pb-9340, Palynol-
ogy Laboratory, IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, oblate spheroidal. Tricolporate, pantopercu-
late. Exine semitectate, columellate, 0.8 m thick,
microreticulate, brochi 0.8 m.
Dimensions. Equatorial diameter 23 µm, polar
diameter 23 µm, one specimen measured.
Comparisons. Ranunculacidites communis from
the late Neogene of Africa (Sah, 1967) differs from
R. operculatus from the middle Miocene of Florida
(U.S.A.) in having a fine reticulum instead of a psi-
late exine (Jarzen and Klug, 2010). Ranunculacid-
ites communis (Sah, 1967) differs from R. cf.
communis by having shorter colpi and a thick plug
pontoperculum.
Other occurrences. There are no previous
records of this taxon in Mexico. Ranunculacidites
operculatus has been recovered from the middle
Miocene of Florida (Jarzen and Klug, 2010) and
from the Paleogene of central Colombia (Jaramillo
and Dilcher, 2001).

Ranunculacidites operculatus
Figure 5.21

Material. Sample Pb-9334(4), Palynology Labora-
tory, IGLUNAM.
Description. Monad, isopolar, radiosymmetric,
amb oval triangular. Tricolpate, pontoperculate.
Exine tectate, 0.8 m thick, psilate.
Dimensions. Equatorial diameter 20 µm based on
one measured specimen.
Other occurrences. Mexico – Oligocene to Mio-
cene of Chiapas (Biaggi, 1978); Pliocene of Verac-
ruz (Graham, 1975). Central America – early
Miocene La Culebra Formation (Graham, 1988);
early Miocene of Uscari, Costa Rica (Graham,
1987); Pleistocene of Panamá (Bartlett and
Barghoorn, 1973); Pleistocene of El Salvador and
Guatemala (Tsukada and Deevey, 1967); early
Miocene La Boca Formation, Panamá (Graham,
1989). Carribean islands – Oligocene of Puerto
Rico (Graham and Jarzen, 1969); late Miocene to
Pliocene of Haiti (Graham, 1990b). South America
– Eocene and Miocene of Venezuela (Lorente,
1986); Oligocene to early Miocene of Venezuela
(Rull, 2001, 2003); middle Eocene of Tibu, Colom-
bia (Gonzalez-Guzman, 1967); Cenozoic of Brazil
(Regali et al., 1974); late Oligocene to Miocene of
Santa Cruz Province, Argentina (Barreda and
Palamarczuk, 2000a); Tertiary of Colombia and

British Guyana (Van der Hammen and Wymstra,
1964).

Order ROSALES Lindley, 1833
Genus RHAMNACEAEPOLLENITES Thielle-

Pfeiffer, 1980

Type species. Rhamnaceaepollenites triquetrus
Thielle-Pfeiffer, 1980

Rhamnaceaepollenites sp.
Figure 5.22

Material. Sample Pb-9334, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, oblate spheroidal. Tricolporate, endoaper-
tures 5 x 4 µm with margo. Exine semitectate,
columellate, 0.8 µm thick, microreticulate to tectate
perforate, heterobrochate, brochi less than 1 m.

Dimensions. Equatorial diameter 13 µm,
polar diameter 13–19 µm, two specimens mea-
sured.
Comparisons. Rhamnaceaepollenites sp. has
dimensions similar to the type species R. triquetrus
(Jansonius and Hills, 1976: 18–20 µm), and pres-
ents a faint to distinct reticulate exine (Jansonius
and Hills, 1976: card number 3904) which is con-
sidered heterobrochate.
Other occurrences. There are no previous
records of this taxon in Mexico. This genus has
been reported from the Miocene of Turkey (Kayseri
and Akgün, 2008).

Family ULMACEAE Mierbel, 1815
Genus ULMIPOLLENITES Wolff, 1934

Type species. Ulmipollenites undulosus Wolff,
1934

Ulmipollenites sp.
Figure 5.18

Material. Samples Pb-9137, Pb-9343, Pb-8896,
Pb-8872, Pb-9141, Pb-9138, Pb-8898, Pb-9339,
Pb-9340, and Pb-9147, Palynology Laboratory,
IGLUNAM.
Description. Monad pollen, isopolar, radiosym-
metric, amb subcircular. Tetraporate or pentapo-
rate. Exine tectate, 1 µm thick, suprarugulate.
Dimensions. Equatorial diameter 17–33 µm, five
specimens measured.
Comparisons. Considering dimensions and num-
ber of pores, Ulmipollenites sp. is similar to U.
krempii from the Eocene of California, U.S.A.
(Frederiksen et al., 1983) and U. undulosus (Jan-
sonius and Hills, 1976: card number 3121); but the
rugulae are less conspicuous in our specimens.
Other occurrences. Mexico - Ulmipollenites has
been recovered from the late Eocene to early Oli-
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gocene Pie de Vaca Formation (Martíne–-Hernán-
dez and Ramírez-Arriaga, 1999); Oligocene San
Gregorio Formation (Martínez-Hernández and
Ramírez, 2006); Oligo-Miocene of Chiapas (Biaggi,
1978); Neogene (Palacios and Rzedowski, 1993);
Pliocene, Paraje Solo, Veracruz (Graham, 1975).
U.S.A. – late Miocene Valentine Formation,
Nebraska (MacGinitie, 1962); late Eocene, Jack-
son Group, Mississippi and Alabama (Frederiksen,
1980a); Eocene of California (Frederiksen, 1989)
and middle Miocene of Florida (Jarzen and Klug,
2010). Initially found in the Tertiary of Germany by
Wolff (1934) and Thomson and Plug (1953).

DISCUSSION

The Cuayuca Formation yields rich and
diverse palynoflora composed of 97 taxa. Spores
are represented by 13.4% (n=13) and gymno-
sperms 7.2% (n= 7) of the taxa, whereas angio-
sperms are the most diverse plant group,
represented by 76.3% (n= 74) with dominance of
Dicotyledonae (66%; n=64) over the Monocotyle-
donae (10.3%; n=10). Finally, algae are also pres-
ent with 3.1% (n=3). The present contribution deals
with the taxonomy and systematics of selected
angiosperm pollen grains (Monocotyledonae and
Dicotyledonae) recovered from the Cuayuca For-
mation (Table). The Monocotyledonae pollen
grains are represented by monosulcate and
monoporate aperture types; on the other hand,
Dicotyledonae pollen grains include colpate, col-
poroidate, colporate, porate and inaperturate pol-
len types.

Vegetation types represented in the Cuayuca
Formation palynoflora are suggested as a result of
comparison between botanical affinities of fossil
taxa and the most representative plants reported
for current vegetation (Rzedowsky, 2006; Fernán-
dez-Nava et al., 1998), as well as comparison
between percentages from fossil assemblages
against current pollen rain (Velázquez, 2008; Pala-
cios and Rzedowsky, 1993). In general, the palyno-
flora from the Cuayuca Formation includes taxa
belonging to semiarid vegetation such as tropical
deciduous forest, chaparral, grassland, and arid
tropical scrub, in which angiosperms are one of the
main representatives (Table); besides, two temper-
ate vegetation types have been suggested: Pinus
forest and cloud forest.

It is important to mention that in the analysis
of fossil pollen association, several taphonomic
factors must be considered. Since pollen assem-
blages represent the admixture of a number of
plant communities in accordance with their distribu-

tion, type of pollen dispersal, biological habit, and
proximity to the depositional area, their representa-
tiveness will vary greatly in any given space.
Despite the previous consideration, hierarchical
clustering analysis supports the hypothesis that
several plant communities existed at the time of
deposition (Figure 6). This analysis was carried out
considering the total count of each taxon in order to
know whether plant communities were grouped
independently. Cluster analysis shows highlighted
taxa according to the vegetation type in which they
are usually found (Rzedowsky, 2006). In general,
three groups are shown in the cladogram. First of
all, node A groups four types of vegetation, of
which most taxa belong to cloud forest, although
elements of tropical deciduous forest, arid tropical
scrub, and chaparral are also included. On the
other hand, even though most of the taxa included
in node B are currently common in tropical decidu-
ous forest (subnodes B-2 and B-3), there are also
representatives of cloud forest grouped principally
in subnodes B-1 and B2, besides two taxa in B-3.
Finally, node C contains Pinus forest and scarce
taxa from chaparral, cloud forest, and tropical
deciduous forest (Figure 6).

The existence of Pinus forest (Pinuspollen-
ites: 43.6 – 55.4%) and cloud forest with abun-
dance of Engelhardia-Alfaroa-Oreomunnea
(Momipites: 10.5 – 16.7%) during late Eocene –
early Oligocene have also been corroborated by
means of comparison between percentages in
Cuayuca Formation pollen fossil assemblages and
current pollen rain (Velázquez, 2008; Palacios and
Rzedowsky, 1993).

The palynoflora is interpreted to have been
deposited in a shallow lacustrine environment
under semiarid conditions. The local semiarid veg-
etation surrounding the lake included grassland,
arid tropical scrub, and tropical deciduous forests.
Upland plant communities are represented by
Pinus forest and cloud forest (Ramírez-Arriaga et
al., 2006, 2008).

PAE Analysis between Cuayuca Formation 
Sections

PAE analysis included the presence/absence
of 44 palynomorphs (Appendix 3) and resulted in
one cladogram in which L= 89, CI = 0.50 and RI =
0.54 (Figure 7). Upon analysis, the cladogram
shows that the base of the tree -node I- groups
Tzompahuacan (Tzo) with all other clades due to
the presence of Liliacidites (13) and Tubulifloridites
(42). Level II clusters Lagunillas de Rayón
(LagRay) with node III sections based on the pres-
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ence of Alnus vera (15), Quercoidites (31) and
Rhoipites aff. cryptoporus (32). Cupressacites/Tax-
odiaceaepollenites (7), Monoporopollenites (12)
and Chenopodipollis (20) provide support for node
III to group Lagunillas (Lag) with node IV. Clade IV
relates the Cuayuca “B” section with node V
because they share Momipites microcoryphaeus
(25), Myrtaceidites (28) and Ulmipollenites (43).
Node V associates the Cuayuca B section with
node VI based on the presence of Momipites tenui-

polus (26), Platanoidites (29), Rugulitriporites (33)
and Armeria type (38). Izúcar de Matamoros “F”
section and node VII share Eucommia (21) and
Striatricolporites (35). Finally, the derived state -
node VII- shows cladistic relationship between the
Cuayuca Principal section and Cuayuca Section A
(CyA) due to the presence of Aglaoreidia (10) and
Aeschynomene (37).

PAE analysis applied to Cuayuca sections
expresses historical links, related by space-time

Rhoipites aff. cryptoporus
Fabaceae type

Myrtaceidites sp.
Ephedripites spp.
Striatricolporites sp. 1
Monoporopollenites sp.
Momipites microcoryphaeus

Chenopodipollis sp.
Salixpollenites sp.

Glycydendron pollen type
Euphorbiaceae type
Ulmipollenites spp.
Momipites triradiatus
Armeria type

Cupressacites/ Taxodiaceaepollenites 
Alnus vera

Quercoidites sp.
Liliaciadites spp. 
Momipites coryloides

Thomsonipollis aff. sabinetawnensis
Intratriporopollenites sp.
Clavainaperturites sp.

Corsinipollenites spp.
Mimosa type
Juglanspollenites sp.
Cyperaceae type
Eucommia sp.
Mutisiapollis sp.
Momipites tenuipolus
Monocolpopollenites aff. texensis
Typha type
Ranunculacidites operculatus
Platanoidites sp.
Moraceae type
Polyadopollenites spp.
Caryapollenites sp.
Piceapollis sp.
Landolphia pollen type
Sapindaceidites sp.
Annonaceae type
Striatricolporites sp.2

Brosipollis spp.
Rhamnaceaepollenites sp.
Polygonaceae type
Lymingtonia sp.
Malpighiaceoidites sp.
Ficus type
Caryophyllaceae type
Gesneriaceae type
Linum pollen type
Magnaperiporites sp.
Margocolporites aff. vanwijhei
Perisyncolporites sp.
Polyadopollenites sp.
Pterocaryapollenites sp.
Ranunculacidites communis
Sabicea  type
Thymelaeaceae type
Valerianaceae type
Aglaoreidia pristina
Commelinaceae type
Labiatae type
Favitricolporites sp.
Valerianaceae type
Aglaoreidia sp.
Lisianthus type
Malvacipollis spinulosa
Cupuliferoidaepollenites sp.
Liquidambarpollenites sp.
Pityosporites sp.
Vitaceae type
Margocolporites sp. 
Cupuliferoipollenites sp.
Meliaceae type
Polygalacidites sp.
Bombacacidites sp.

Pinuspollenites sp.
Arecipites sp.

Tubulifloridites spp.
Rhoipites sp.

Casuarinidites sp.

1234 0

Pinus forest
cloud forest
tropical desciduous forest

chaparral
arid tropical scrub

A

B

C

B-3

B-2

B-1

FIGURE 6. Hierarchical cluster of the Cuayuca Formation pollen grains. Names of taxa were highlighted according
to the vegetation type in which they are usually found in present days in Mexico.
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(Figure 7). According to field observations, sec-
tions grouped at the base of the cladogram corre-
spond to the base of the Cuayuca Mcy Member
(Figure 7: group A); in contrast, the most derived
sections shown in the cladogram are located within
the upper layers (Figure 7: group B) of the
Cuayuca Formation. On the other hand, basal sec-
tions were less diverse, while more derived sec-
tions are the most diverse and yield a great
abundance of palynomorphs (Figure 8).

Finally, index taxa such as Aglaoreidia (10),
Eucommia (21), Momipites tenuipolus (26), and
Armeria (38) are found among the taxa defining the
most derived hierarchic levels. On the other hand,
two index taxa are located at different hierarchic
levels: Ranunculacidites operculatus (30) and
Thomsonipollis sabinetownensis (36).

CONISS Analysis

Finally, considering that the hierarchic levels
of sections in the PAE analysis were concordant
with their lithological position in the field, pollen
assemblages were plotted and a CONISS analysis
was applied to recognize paleopalynological
changes throughout Cuayuca Formation Mcy
Member. The graph (Figure 8) shows four paleop-
alynological groups. Samples taken from the base
of the Cuayuca Formation, group A, are character-
ized by the dominance of Alnus vera, Rhoipites
and Tubulifloridites; group B shows dominance of
the Momipites group and Tubulifloridites; Momip-
ites group and Liliacidites characterize group C;
finally, group D shows abundance of temperate
elements such as Momipites group, Ulmipollenites

FIGURE 7. PAE anlaysis between studied sections from the Cuayuca Formation Mcy member: second section, Izú-
car de Matamoros (IzS); Tzompahuacan (Tzo); Lagunillas de Rayón (LagRay); Lagunillas (Lag); “B” section,
Cuayuca (CyB); “F” section, Izúcar de Matamoros (IzF); “H” section, Izúcar de Matamoros (IzH); Principal section
(CyPrincipal); “A” section (CyA).
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FIGURE 8. Paleopalynological assemblage of the Cuayuca Formation Mcy member and CONISS analysis. Sec-
tions were organized considering PAE analysis of Figure 7.
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and Pinuspollenites, as well as semiarid taxa, for
instance, Brosipollis, Chenopodipollis, Monoporo-
pollenites, Liliacidites, and Ephedripites.

In summary, within the upper sections of the
Cuayuca Formation, tropical deciduous forest, and
arid tropical scrub, as well as cloud forest and
Pinus forest are well represented, contrasting with
the lower sections, where Rhoipites and Tubuliflo-
ridites elements from tropical deciduous forest are
dominant.

Index Taxa

Pollen grain morphology of the best preserved
angiosperm specimens is described. Several pol-
len types found in the Cuayuca Formation are use-
ful age-diagnostic taxa. Angiosperms of
chronostratigraphic importance in south central
Mexico, such as Aglaoreidia pristina, Armeria,
Bombacacidites, Corsinipollenites, Eucommia,
Favitricolporites, Intratriporopollenites, Lymingto-
nia, Magnaperiporites, Malvacipollis spinulosa,
Margocolporites aff. vanwijhei, Momipites coryloi-

des, Momipites tenuipolus, Mutisiapollis, Ranuncu-
lacidites operculatus, and Thomsonipollis
sabinetownensis all suggest a late Eocene – early
Oligocene age for the Cuayuca Formation (Figure
9). The index taxa have been useful for correlating
outcrops from Izúcar de Matamoros sections with
the Cuayuca Formation stratotypes (Figure 10),
thus allowing for the conclusion that the Izúcar de
Matamoros outcrops are part of the Evaporitic
Member of the Cuayuca Formation (Ramírez-
Arriaga et al., 2008).

CONCLUSION

This contribution is the first to include morpho-
logical descriptions of 48 angiosperm pollen grain
taxa from the Cuayuca Formation, south-central
Mexico, identified to genus level and in some
cases to species level. It complements a previous
systematic study describing pteridophyte spores
and gymnosperm pollen grains (Ramírez-Arriaga
et al., 2005).

FIGURE 9. Index taxa recovered from the Cuayuca Formation, Puebla.
27



RAMÍREZ-ARRIAGA, PRÁMPARO, & MARTÍNEZ-HERNÁNDEZ: ANGIOSPERM POLLEN CUAYUCA FM.

28

F
IG

U
R

E
 1

0.
 C

o
rr

e
la

tio
n

s 
be

tw
ee

n 
tw

o 
ou

tc
ro

ps
 f

ro
m

 t
he

 I
zu

ca
r 

de
 M

at
am

or
os

 (
F

 a
nd

 H
 s

ec
tio

n
s 

fr
om

 t
he

 E
l 

C
al

va
rio

) 
w

ith
 t

h
e 

st
ra

to
ty

pe
 s

ec
tio

ns
 f

ro
m

 t
he

C
ua

yu
ca

 F
or

m
at

io
n

.



PALAEO-ELECTRONICA.ORG
In the palynoflora recovered from the
Cuayuca Formation we have recognized represen-
tatives of semiarid vegetation such as tropical
deciduous forest, chaparral and arid tropical scrub;
nevertheless, temperate taxa from Pinus forest and
cloud forest were also present.

A total of 16 age-diagnostic index taxa have
been useful in assigning a late Eocene – early Oli-
gocene age for the Cuayuca Formation:
Aglaoreidia pristina, Armeria, Bombacacidites,
Corsinipollenites, Eucommia, Favitricolporites,
Intratriporopollenites, Lymingtonia, Magnaperipo-
rites, Malvacipollis spinulosa, Margocolporites aff.
vanwijhei, Momipites coryloides, Momipites tenui-
polus, Mutisiapollis, Ranunculacidites operculatus,
and Thomsonipollis sabinetownensis.

PAE analysis showed space-time relation-
ships between sections. Upper sections from the
Cuayuca Formation were characterized by domi-
nance of semiarid taxa such as Chenopodipollis,
Monoporopollenites, and Ephedripites, suggesting
the presence of arid tropical scrub. Additionally,
tropical deciduous forest, cloud forest, and Pinus
forest are well represented. In the lower sections,
Rhoipites and Tubulifloridites elements from tropi-
cal deciduous forest were dominant.

Finally, the analysis of angiosperm pollen from
the Cuayuca Formation is a valuable tool for under-
standing the evolution of Mexican plant diversity.
Since many of the plant families represented in the
Cuayuca Formation palynoflora are part of the cur-
rent vegetation (Appendix 2) growing in the Balsas
River Basin (Fernández-Nava et al., 1998), most of
the angiosperm families identified from the
Cuayuca Formation may have been present within
the Cuayuca region since the Paleogene.
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APPENDIX 1. 

List of angiosperm pollen grains described in the present work.

a.1. Monocotyledonae
a.1.1 Sulcate 

Arecipites sp.
Liliacidites sp.1
Liliacidites sp.2
Liliacidites sp.3
Monocolpopollenites aff. texensis Nichols et al., 1973

a.1.2 Porate 
Aglaoreidia pristina Fowler, 1971
Monoporopollenites Potonié, 1960

b.2. Dicotyledonae
b.2.1 Colpate 
b.2.1.1 Tricolpates

Armeria pollen type
Glycydendron pollen type
Linum pollen type
Ranunculacidites operculatus (Van der Hammen and Wijmstra, 1964) Jaramillo and Dilcher, 2001

b.2.1.2 Pericolpate
Lymingtonia sp.

b.2.1.3 Syncolpate 
Polyadopollenites sp. 2

b.2.2 Tricolporoidate
Eucommia pollen type
Fabaceae pollen type 1

b.2.3 Colporate 
b.2.3.1 Tricolporate

Bombacacidites sp.
Landolphia pollen type
Fabaceae pollen type 2
Fabaceae pollen type 3
Margocolporites aff. vanwijhei Germeraad et al., 1968 
Margocolporites sp.
Mutisiapollis sp.
Ranunculacidites cf. communis Sah, 1967
Rhamnaceaepollenites sp.
Rhoipites aff. cryptoporus Srivastava, 1972
Rhoipites sp.
Rugulitriporites sp.
Striatricolporites sp.
Tubulifloridites sp. 

b.2.3.2 Stephanocolporate 
Polygalacidites sp.

b.2.3.3 Syncolporate 
Favitricolporites sp.

b.2.3.4 Perisyncolporate 
Malpighiaceoidites sp.
Perisyncolporites sp.

b.2.4 Porate
b.2.4.1 Triporate

Casuarinidites sp.
Corsinipollenites sp. 1
Corsinipollenites sp. 2
Corsinipollenites sp. 3
Intratriporopollenites sp.
Momipites coryloides Wodehouse, 1933
Momipites tenuipolus Anderson, 1960
Sabicea pollen type
Thomsonipollis sabinetownensis Elsik, 1968

b.2.4.2 Tetraporate-pentaporate 
Ulmipollenites sp.

b.2.4.3 Stephanoporate 
Malvacipollis spinulosa Frederiksen, 1983

b.2.4.4 Periporate 
Chenopodipollis sp.
Magnaperiporites sp.

b.2.5 Inaperturate
Polyadopollenites sp. 1
Clavainaperturites sp.
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APPENDIX 2. 

Botanical affinity of Angiosperm pollen grains described from the Cuayuca Formation. Total number of genera (No. G)
and species (spp.) reported currently in the Balsas River Basin region taken from Fernández-Nava et al. (1998).

BOTANICAL AFFINITY
Balsas River Basin 

region 
No. G (spp.) 

MONOCOTYLEDONEAE

Arecipites Arecaceae 2(3)

Liliacidites

 

Liliaceae, 
Amaryllidaceae,
Bromeliaceae

23(62)
11(49)
7 (59)

Monocolpopollenties aff. texensis Monocotyledoneae

Monoporopollenites Gramineae. 84 (253)

DICOTYLEDONEAE

Armeria Armeria (Plumbaginaceae)

Bombacacidites Bombacaceae
Sterculiaceae
Tiliaceae 

3(5)
8 (21)
5 (19)

Casuarinidites Casuarina (Casuarinaceae) (1)

Chenopodipollis Amaranthaceae
Chenopodiaceae 

6 (20)
1 (4)

Corsinipollenites Onagraceae. 8 (29)

Clavainaperturites Croton (Euphorbiaceae) (11)

Eucommia pollen type Eucommia (Eucommiaceae)

Fabaceae pollen type Fabaceae 90 (486)

Favitricolporites sp. Aeschynomene (Fabaceae) (13)

Glycydendron pollen type Glycydendron (Euphorbiaceae)

Intratriporopollenites Mortoniodendron (Graham, 1979) or 
Fremontodendron (Sterculiaceae)

8(21)

Landolphia pollen type Landolphia (Apocynaceae).

Fabaceae pollen type Fabaceae 90 (486)

Linum pollen type Linum (Linaceae) (2)

Lymingtonia Nyctaginaceae and/or 
Portulacaceae

9 (24)
4 (4)

Magnaperiporites Nyctaginaceae 9 (24)

Malpighiaceoidites Malpighiaceae 13 (33)

Margocolporites Caesalpinia (Fabaceae). (9)

Mutisiapollis Mutisia (Compositae).

Perisyncolporites Malpighiaceae 13 (33)

Polyadopollenites Acacia (Fabaceae). (27)

Polygalacidites Polygalaceae. 3 (12)

Ranunculacidites cf. communis Euphorbiaceae 18 (103)

Rhamnaceaepollenites Rhamnaceae 6 (19)

Rhoipites Araliaceae 4(8)

Brosipollis Bursera (Burseraceae). (43)

Sabicea pollen type Probably Sabicea 
(Rubiaceae) 23(66)

Striatricolporites Anacardiaceae 10(20)

Tubulifloridites Compositae 136 (573)

Ulmipollenites Ulmaceae 3 (14)
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APPENDIX 3.

List of palynomorphs from Cuayuca Formation Mcy Member with identification numbers that correspond to the clado-
gram (Figure 9) obtained from the parsimony analysis of endemicity (PAE) anlaysis. 

0 Deltoidospora 23 Fabaceae types

1 Leptolepidites 24 Momipites coryloides 

2 Retitriletes 25 Momipites microcoryphaeus

3 Lusatisporis dettmannae 26 Momipites tenuipolus 

4 Stereigranisporis granula 27 Momipites triradiatus 

5 Laevigatosporites 28 Myrtaceidites

6 Polypodiisporites 29 Platanoidites 

7 Cupressacites /Taxodiaceaepollenites 30 Ranunculacidites operculatus

8 Ephedripites 31 Quercoidites 

9 Pinuspollenites /Piceapollis 32 Rhoipites aff. cryptoporus

10  Aglaoreidia 33 Rugulitriporites 

11 Arecipites 34 Sapindaceidites 

12 Monoporopollenites 35 Striatricolporites 

13 Liliacidites 36 Thomsonipollis aff. sabinetawnensis 

14 Polyadopollenites aff. pflugii 37 Aeschynomene 

15 Alnus vera 38 Armeria type

16 Caryapollenites 39 Moraceae type

17 Casuarinidites 40 Sterculiaceae 

18 Corsinipollenites 41 Typha type

19 Cupuliferoidaepollenites 42 Tubulifloridites 

20 Chenopodipollis 43 Ulmoideipites 

21 Eucommia 44 Leiosphaeridia 

22 Juglanspollenites 
38


	Angiosperm pollen grains from the Cuayuca Formation (Late Eocene to Early Oligocene), Puebla, Mexico
	Elia Ramírez-Arriaga, Mercedes B. Prámparo, and Enrique Martínez-Hernández
	INTRODUCTION
	MATERIAL AND METHODS
	Statistical Analysis
	The Parsimony Analysis of Endemicity (PAE)

	SYSTEMATIC PALAEONTOLOGY
	DISCUSSION
	PAE Analysis between Cuayuca Formation Sections
	CONISS Analysis
	Index Taxa

	CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


