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Abstract

For the first time, a palynologic assemblage is described from the upper section of the Tarma Formation, Peru. It is
dominated by monosaccate pollen grains with subordinate striate grains and very few spores. The abundance of llinites
unicus has allowed a revision of the systematic position of the form-genus I//inites. The assemblage is correlated with the
Hllinites unicus palynozone from the Amazonas Basin, and is considered to be of Westphalian C/Late Atokan

age. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

This contribution forms part of the palyno-
stratigraphic study of outcrops in the Madre de
Dios Basin, Peru and northern Bolivia of mainly
Carboniferous age. Its aim is to expand the paly-
nologic and stratigraphic knowledge of the rele-
vant formations, to describe their palynomorphs,
to establish their ages, to recognize their paleoen-
vironments and to carry out the comparison and
correlation with other microfloras in South Amer-
ica.

The material was obtained from one of the
most complete stratigraphic sections exposed in
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eastern Peru, located where the Urubamba river
leaves the Eastern Range of the Andes to enter
the Amazon plains. Here at Pongo de Mainique,
the river crosses a 10-15-km dip section through
vertical Silurian to Tertiary sedimentary rocks
(Text Fig. 1).

Pongo de Mainique is located on the eastern
border of the Andean Range, some 450 km east
of Lima.

2. Lithostratigraphy

The sedimentary rocks exposed in this region
are mainly siliciclastic with minor carbonate com-
ponents. The latter sequence, mostly Permo-Car-
boniferous, is divided into four formations (in as-
cending order): Ambo, Tarma, Copacabana and
Ene. The palynomorphs described herein were re-
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Fig. 1. Location of the Pongo de Mainique locality and distribution of geological units in the area.

covered from the Tarma Formation and are as-
signed to the Late Carboniferous.

The Tarma Formation, with a thickness of 237
m, rests conformably on the Ambo Formation
and is conformably overlain by the Copacabana
Formation (Text Fig. 2). The Formation is com-
posed of interbedded light gray micritic lime-
stones that are in part fossiliferous and dolomitic,
in beds of varying thickness; thin dark gray
marls; light gray siltstones and dark gray to

greenish gray lutites, in medium-sized to thick
beds. The basal part of the formation consists of
a gray-green to pale gray, medium- to thickly
bedded quartzitic sandstone which has a clay or
calcareous matrix and is cross bedded.

3. Materials and methods

Only two samples from the Tarma Formation
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have yielded abundant recognizable palynologic
material (M508 and M509). Both are from the
upper part of the unit, close to the boundary
with the Copacabana Formation. In both cases
the assemblages are well preserved.

Standard methods were used in order to sepa-
rate palynomorphs (Playford, 1977). The slides
have been housed, with sample numbers from
the Laboratory of Palynology of Petroperu S.A.,
in the Laboratory of Palynology, Department of
Geology, University of Buenos Aires, Argentina.
Palynomorph recognition was made using a Leitz
Orthoplan binocular transmitted light microscope
No. 871080, with 1000 X maximum magnifica-
tion. The photomicrographs were taken with a
Leitz Orthomat camera. Coordinates of speci-
mens are denoted by an England Finder (EF)
reference.

4. Systematic palynology

Anteturma Proximegerminantes Potoni¢ 1970
Turma Triletes Reinsch emend. Dettmann 1963
Suprasubturma Acavatitriletes Dettmann 1963
Subturma Azonotriletes Luber emend. Dettmann
1963

Infraturma Laevigati Bennie and Kidston
emend. Potonié 1956

Remarks: Special attention has been paid to
previous records of the species here presented,
given the scant distribution of some South Amer-
ican records and their usefulness in future biostra-
tigraphic and chronostratigraphic discussions. Bi-
lateral monosaccate and bisaccate pollen grain
measurements follow Stephenson and Filatoff’s
(2000) scheme.

Genus Calamospora Schopf, Wilson and Bentall
1944

Type species: Calamospora hartungiana Schopf,
Wilson and Bentall, 1944.

Botanical affinity: Sphenophyta (Potonié, 1962;
Boureau, 1964; Courvoisier and Phillips, 1975).
Filicopsida—Pteridophyta (Eggert and Taylor,

1966; Laveine, 1969). Equisetopsida—Progymno-
spermopsida (Balme, 1995).

Calamospora hartungiana Schopf, Wilson and
Bentall 1944 (Plate 1, 1)

For synonymy see Césari and Gutiérrez (1984)
and Ravn (1986).
Dimensions (5 specimens): Equatorial diameter
87-99.5 um.
Remarks: Specimens attributed to this species
show a thin frequently folded exine, with surface
showing weak scabration.
Previous records: Late Carboniferous: South
America (Menéndez, 1965; Menéndez and Azcuy,
1969; Césari and Gutiérrez, 1984, 1986; Azcuy,
1975; Garcia and Azcuy, 1987; di Pasquo and
Azcuy, 1997, 1999; Playford and Dino, 2000a;
Souza, 2000; di Pasquo et al.,, 2001), Europe
(Smith and Butterworth, 1967), USA (Kosanke,
1950; Felix and Burbridge, 1967; Peppers, 1970;
Ravn and Fitzgerald, 1982), China (Zhou,
1994). Early Permian: South America (Vergel,
1986a, 1987a,c; Acefiolaza and Vergel 1987;
Dias, 1993; Mautino et al., 1998a).

Suprasubturma Pseudosaccitriletes Richardson
1965

Infraturma Monopseudosacciti Smith and
Butterworth 1967

Genus Spelaeotriletes Neves and Owens 1966

Type species: Spelaeotriletes triangulus Neves and
Owens, 1966.
Botanical affinity: Unknown.

Spelaeotriletes ybertii (Marques Toigo) Playford
and Powis 1979 (Plate I, 2, 3, 5, 6, 9)

Dimensions (15 specimens): Equatorial diameter
89-118 um.

Remarks: The Tarma Formation specimens show
all the diagnostic characteristics of the species.
Previous records: Late Carboniferous: South
America (Lima et al., 1983; Césari, 1985; Garcia
and Azcuy, 1987; Ottone, 1989, 1991; Vergel and
Luna, 1992; Garcia, 1995; Souza, 2000), Austra-
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lia (Playford and Powis, 1979). Early Permian:
South America (Marques-Toigo, 1970; Vergel,
1987a,c; Dias, 1993; Césari et al., 1995).

Anteturma Variegerminantes Potonié 1970
Turma Saccites Erdtman 1947

Subturma Monosaccites Chitaley emend. Potonié
and Kremp 1954

Infraturma Dipolsacciti Hart emend. Dibner
1971

Remarks: The species of monosaccate pollen
grains which are not described here have been
extensively discussed by Azcuy and di Pasquo
(2000), who have proposed specific identification
characters and differences.

Genus Cannanoropollis Potonié and Sah 1960

Type species: Cannanoropollis janakii Potonié and
Sah, 1960.

Botanical affinity: Coniferopsida (Staplin et al.,
1967; Potonié, 1967) Ferugliocladaceae (Archan-
gelsky and Cuneo, 1987; Balme, 1995).

Cannanoropollis janakii Potonié and Sah 1960
(Plate 1, 4, 7)

Dimensions (13 specimens): Equatorial diameter
86 (112) 124 um.
Previous records: Late Carboniferous—Permian:

South America (Ottone and Azcuy, 1986; Ottone,
1991; Gutierrez, 1993; Gonzalez et al., 1996; di
Pasquo and Azcuy, 1997, 1999; Mautino et al.,
1998b; Souza, 2000; di Pasquo et al., 2001), Ant-
arctica (Lindstrom, 1995), Libya (Loboziak and
Clayton, 1988), Oman and Saudi Arabia (Ste-
phenson and Filatoff, 2000). For additional re-
cords see Azcuy and di Pasquo (2000) and Play-
ford and Dino (2000b).

Cannanoropollis perfectus (Bose and Mahesh-
wari) Dias Fabricio 1981 (Plate II, 2, 5)

Description: Pollen monosaccate, circular amb,
crenulate to undulate margin. Central body dis-
tinct, circular to subcircular, without folds. Trilete
mark weakly developed. Proximal root equatorial
and distal root subequatorial delimiting a circular
cappula. Radial folds on saccus conspicuous.
Dimensions (4 specimens): Equatorial diameter
90-98 um.

Previous records: Late Carboniferous: South
America (Souza et al., 1997; Playford and Dino,
2000b; Souza, 2000). Early Permian: South
America (Dias Fabricio, 1981; Marques-Toigo,
1988; Dias, 1993; Quadros et al., 1995), Africa
(Bose and Maheshwari, 1968; Kar and Bose,
1976).

Genus Plicatipollenites Lele 1964

Plate 1. Miospores from Tarma Formation assemblages. All X500 unless otherwise stated.

1. Calamospora hartungiana Schopf in Schopf, Wilson and Bentall. BAFC-P1 509: T39.
2,3,56,9. Spelaeotriletes ybertii (Marques-Toigo) Playford and Powis.
2. BAFC-P1 509: S54.

3. BAFC-PI1 509: B56/3.

5. Distal focus, BAFC-P1 509: Q32.

6. Same as 3 with sculptural detail X 1000.

9. BAFC-PI1 509: T32/2.

4, 7. Cannanoropollis janakii Potonié and Sah.

4. BAFC-PI1 508: X39.

7. BAFC-P1 508: Q46.

8, 10. Plicatipollenites malabarensis (Potonié and Sah) Foster.

8. BAFC-P1 509: T44/3.

10. BAFC-PI1 509: U60.

11, 12. Potonieisporites triangulatus Tiwari.

11. BAFC-P1 509: R56/1.

12. BAFC-P1 509: Q43/1.
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Type species: Plicatipollenites malabarensis (Poto-
ni¢ and Sah) Foster, 1975.

Botanical affinity: Coniferophyta (Potonié, 1967;
Bharadwaj, 1975; Clement-Westerhof, 1984);
Cordaitales and/or Coniferales (Vergel, 1986b).

Plicatipollenites malabarensis (Potonié and Sah)
Foster 1975 (Plate 1I, 8, 10)

Dimensions (5 specimens): Equatorial diameter
102-116 pum.

Previous records: Late Carboniferous: South
America (Azcuy and Jelin, 1980; Azcuy and Laf-
fitte, 1981; Gutierrez et al., 1983; Limarino et al.,
1984; Césari, 1984; Azcuy and Gutiérrez, 1984,
1985; Barreda, 1986; Gutierrez and Césari,
1986; Ottone and Azcuy, 1986, 1989, 1990; Vaz-
quez Nistico and Césari, 1987; Garcia and Azcuy,
1987; Césari and Vazquez Nistico, 1988; Ottone,
1989; di Pasquo and Azcuy, 1997, 1999; Azcuy
and di Pasquo, 2000; Playford and Dino, 2000b;
Souza, 2000; di Pasquo et al., 2001), Saudi Arabia
(Owens et al., 2000). Early Permian: South Amer-
ica (Archangelsky and Gamerro, 1979, 1980;
Archangelsky et al., 1980; Dias Fabricio, 1981;
Vergel, 1987a,b,c; Acefiolaza and Vergel, 1987;
Marques-Toigo, 1988; Césari et al., 1995), Libya
(Loboziak and Clayton, 1988). For additional re-
cords see Azcuy and di Pasquo (2000) and Play-
ford and Dino (2000b).

Genus Crucisaccites Lele and Maithy 1964

Type species: Crucisaccites latisulcatus Lele and
Maithy, 1964.

Botanical affinity: Gymnospermopsida? Gutierrez
(1993).

Crucisaccites monoletus Maithy 1965 (Plate III,
2,5)

For synonymy see Césari (1984) and Ottone and
Azcuy (1989).

Dimensions (3 specimens): Equatorial diameter
104-118 pm.

Remarks: The bilateral orthogonal adherence of
the sacci on the proximal and distal faces of the
pollen grains in the Peruvian specimens leaves free
areas which are wide relative to those of the type
material.

Previous records: Late Carboniferous: South
America (Azcuy and Gutiérrez, 1984; Cegsari,
1984; Ottone and Azcuy, 1986, 1989, 1990; Vaz-
quez Nistico and Césari, 1987; Césari and Vaz-
quez Nistico, 1988; Ottone, 1991; Gutierrez,
1993; Garcia, 1996; di Pasquo and Azcuy,
1999; Souza, 2000; di Pasquo et al., 2001). Early
Permian: India (Maithy, 1965; Lele and Maithy,
1969), Australia (Foster, 1979).

Genus Potonieisporites Bharadwaj emend. Bhar-
adwaj 1964

Type species: Potonieisporites novicus Bharadwayj,
1954.

Plate II. Miospores from Tarma Formation assemblages. All X500 unless otherwise stated.

hed

BAFC-PI 509: W40/1.
BAFC-PI 509: V40/3.

v

BAFC-PI 508: J59.
BAFC-PI 508: F56.

Cycadopites sp. BAFC-PI 509: O39/1, x1000.
Potonieisporites neglectus Potonié and Lele.
BAFC-PI 509: N42.

BAFC-PI 509: P6l.

BAFC-PI 509: J32/1.

BAFC-PI 509: V58.

, 8,9, 10.

SOXAP AR AN W

e

Potonieisporites novicus Bharadwaj emend. Poort and Veld.

Cannanoropollis perfectus (Bose and Maheshwari) Dias Fabricio.

Potonieisporites magnus Lele and Karim BAFC-PI 509: G45/1.
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Botanical affinity: Pteridospermales (Potonié,
1967); Coniferopsida, Voltziales (Bharadwaj,
1964; Staplin et al., 1967; Nygreen and Bourn,
1967; Rothwell, 1982; Taylor, 1982; Clement-
Westerhof, 1984; Balme, 1995); Walchiaceae
(Poort and Veld, 1997); Coniferales (Vergel,
1986b).

Potonieisporites congoensis Bose and Maheshwari
1968 (Plate 111, 9)

For synonymy see Azcuy and di Pasquo (2000).
Dimensions (1 specimen): Longitudinal axis 120
pum, transverse axis 71.2 um; longitudinal dimen-
sion of corpus 62 um, transverse axis 47 pm.
Remarks: This species is very rare in the Tarma
Formation assemblages.

Previous records: Late Carboniferous: South
America (Gutierrez, 1993; di Pasquo and Azcuy,
1997, 1999; Azcuy and di Pasquo, 2000; Souza,
2000; di Pasquo et al., 2001). For additional re-
cords see Azcuy and di Pasquo (2000) and Play-
ford and Dino (2000a).

Potonieisporites densus Maheshwari 1967 (Plate
I11, 3, 6)

1970 Florinites sp. Cauduro, pl. XI, 78.

Dimensions (5 specimens): Longitudinal axis 122—
139 um, transverse axis 92.8-110 um; longitudinal
dimension of corpus 66-70 um, transverse axis
52.2-73 um.

Previous records: Late Carboniferous: South
America (di Pasquo and Azcuy, 1997, 1999; Sou-
za, 2000; di Pasquo et al., 2001). Early Permian:
South America (Cauduro, 1970; Dias, 1993). For
additional records see Azcuy and di Pasquo
(2000).

Potonieiporites magnus Lele and Karim 1971
(Plate II, 4; Plate IV, 1)

Dimensions (7 specimens): Longitudinal axis 92.7—
143 um, transverse axis 97.4—116 um; longitudinal
dimension of corpus 46.5-77.7 um; transverse
axis 62.6-84.6 um.

Previous records: Late Carboniferous: South
America (Azcuy and Jelin, 1980; Azcuy and Gu-
tiérrez, 1985; Garcia and Azcuy, 1987; Césari and
Limarino, 1987; Vazquez Nistico and Césari,
1987; Césari and Vazquez Nistico, 1988; Ottone,
1989, 1991; Ottone and Azcuy, 1989, 1990; Gar-
cia, 1996; di Pasquo and Azcuy, 1997, 1999; Sou-
za, 1997, 2000; Melo et al., 1999; Azcuy and di
Pasquo, 2000; di Pasquo et al., 2001). Early Per-
mian: South America (Vergel, 1987a; Césari et
al., 1995).

Potonieisporites neglectus Potonié and Lele 1961
(Plate 11, 6, 8, 9, 10)

Dimensions (10 specimens): Longitudinal axis
119.5-183 um, transverse axis 84.5-114 pm; lon-
gitudinal dimension of corpus 58-84.5 um, trans-
verse axis 59-84.5 um.

Plate III. Miospores from Tarma Formation assemblages. All X 500 unless otherwise stated.

1. Limitisporites hexagonalis Bose and Maheshwari. BAFC-P1 509: F51.

2, 5. Crucisaccites monoletus Maithy.

2. BAFC-PI 508: H33/4.

5. BAFC-PI 508: M64/3.

3, 6. Potonieisporites densus Maheshwari.

3. BAFC-PI 509: Q32/2.

6. BAFC-PI 509: J60/4.

4. Brazilea scissa (Balme and Hennelly) Foster. BAFC-P1 509: N37/3, X 1000.
7. Marsupipollenites triradiatus (Balme and Hennelly) Balme. BAFC-P1 509: M43/4.
8. Limitisporites rectus Leschik. BAFC-PI 509: J55/2.

9. Potonieisporites congoensis Bose and Maheshwari. BAFC-P1 509: M54.

10, 11. Caheniasaccites flavatus Bose and Kar emend. Azcuy and di Pasquo.

10. BAFC-PI 509: K53/2.

11. BAFC-PI 509: O51/3.



10

C.L. Azcuy et al. | Review of Palaeobotany and Palynology 118 (2002) 1-28




C.L. Azcuy et al. | Review of Palacobotany and Palynology 118 (2002) 1-28 11

Previous records: Late Carboniferous: South
America (Lima et al., 1983; Césari, 1984; Césari
and Vazquez Nistico, 1988; Ottone, 1989, 1991;
Ottone and Azcuy, 1989, 1990; Gutierrez, 1993;
Garcia, 1996; di Pasquo and Azcuy, 1997, 1999;
Azcuy and di Pasquo, 2000; Souza, 2000; di Pas-
quo et al., 2001), Israel (Horowitz, 1974). Early
Permian: South America (Archangelsky and
Gamerro, 1979; Marques-Toigo, 1988; Dias,
1993; Césari et al., 1995; Quadros et al., 1995;
Ottone et al., 1998).

Potonieisporites novicus Bharadwaj emend. Poort
and Veld 1997 (Plate II, 1, 3)

Dimensions (6 specimens): Longitudinal axis 122—
158 um, vertical diameter 98.4-108 um; longitu-
dinal dimension of corpus 70-91.3 um, transverse
axis 65-70.5 pm.

Previous records: Late Carboniferous: South
America (Lima et al., 1983; Gutierrez and Césari,
1986; Ottone, 1989; Ottone and Azcuy, 1989,
1990; Gutierrez, 1993; Garcia, 1996; di Pasquo
and Azcuy, 1997, 1999; Azcuy and di Pasquo,
2000; Souza, 2000; di Pasquo et al., 2001). Early
Permian: South America (Daemon and Quadros,
1970; Archangelsky and Gamerro, 1979; Vergel,
1987a,b; Marques-Toigo, 1988; Vergel and
Luna, 1992; Dias, 1993; Césari et al., 1995;
Quadros et al., 1995; Mautino et al., 1998b; Ot-
tone et al., 1998), Antarctica (Lindstréom, 1995),
Oman and Saudi Arabia (Stephenson and Filat-
off, 2000).

Potonieisporites triangulatus Tiwari 1965 (Plate 1,
11, 12)

Dimensions (3 specimens): Longitudinal axis 98-
110 um, transverse axis 84.5-102 um; longitudinal
dimension of corpus 58-84.5 um, transverse axis
59-84.5 um.

Previous records: Late Carboniferous: South
America (Ottone and Azcuy, 1989; Ottone,
1991; Gutierrez, 1993; di Pasquo and Azcuy,
1997, 1999; Azcuy and di Pasquo, 2000; Souza,
2000; di Pasquo et al., 2001). Early Permian:
South America (Césari et al., 1995; Ottone et
al., 1998).

Genus Caheniasaccites Bose and Kar 1966

Type species: Caheniasaccites flavatus Bose and
Kar, 1966.

Botanical affinity: Coniferophyta (Potonié, 1967;
Azcuy, 1978); Ferugliocladacea (Archangelsky
and Cuneo, 1987; Archangelsky, 1996).

Caheniasaccites flavatus Bose and Kar emend. Az-
cuy and di Pasquo 2000 (Plate III, 10, 11)

2000 Caheniasaccites ovatus Bose and Kar; Stephenson and
Filatoff, pl. 2, fig. j.

2000a Caheniasaccites ovatus Bose and Kar; Playford and
Dino, pl. 12, figs. 5-8.

For additional synonymy see Azcuy and di Pas-
quo (2000).

Dimensions (3 specimens): Longitudinal axis
112.5-170.5 pm.

Plate IV.

1. Potonieisporites magnus Lele and Karim. BAFC-P1 509: V59.

2, 7. Marsupipollenites triradiatus (Balme and Hennelly) Balme.

2. BAFC-PI 509: G45/1.

7. BAFC-PI 509: P33/2.

3,9, 10. Hamiapollenites insolitus (Bharadwaj and Saluha) Balme.

3. BAFC-PI 509: H61/2.

9. BAFC-PI 509: J36/2.

10. BAFC-PI 509: U54/2.

4. Limitisporites rectus Leschik. BAFC-PI 509: V56/2.

S. Crustaesporites sp. BAFC-Pl 509: K35/4.

6. Protohaploxypinus amplus (Balme and Hennelly) Hart. BAFC-Pl 509: Q33/2.
8. Striatopodocarpites fusus (Balme and Hennelly) Potoni¢. BAFC-PI 509: R31/2.
11. Hamiapollenites sp. BAFC-P1 509: O64/1.
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Remarks: In the previous records of this species
the specimens under consideration are now con-
sidered junior synonyms of C. flavatus according
to the criteria given by Azcuy and di Pasquo
(2000).

Previous records: Late Carboniferous: South
America (Césari, 1984; Barreda, 1986; Ottone
and Azcuy, 1986; Garcia and Azcuy, 1987; Ot-
tone, 1989; Souza et al., 1997; di Pasquo and
Azcuy, 1997, 1999; Azcuy and di Pasquo, 2000;
Playford and Dino, 2000a; Souza, 2000; di Pas-
quo et al., 2001). Early Permian: South America
(Marques-Toigo, 1974; Vergel, 1987b,c; Acefiola-
za and Vergel, 1987; Beri, 1987, 1988; Beri and
Aguilar, 1998), Oman and Saudi Arabia (Stephen-
son and Filatoff, 2000). For additional records see
Azcuy and di Pasquo (2000) and Playford and
Dino (2000a).

Subturma Disaccites Cookson 1947
Infraturma Disaccitrileti Leschik emend. Potonié
1958

Genus Limitisporites Leschik emend. Schaar-
schmidt 1963

For synonymy see Playford and Dino (2000b).
Type species: Limitisporites rectus Leschik, 1956.
Botanical affinity: Pteridospermophyta, Glos-
sopteridales (Gould and Delevoryas, 1977).
Coniferophyta (Potoni¢ and Schweitzer, 1960;

Grebe and Schweitzer, 1962; Clement-Westerhof,
1984).

Limitisporites hexagonalis Bose and Maheshwari
1968 (Plate 111, 1)

Dimensions (4 specimens): Longitudinal axis 132—
146 um; transverse axis 78-83.5 um; longitudinal
dimension of corpus 74-81.5 um.

Previous records: Late Carboniferous: South
America (Césari, 1984; Césari and Vazquez Nisti-
co, 1988; Ottone, 1991; Gutierrez, 1993; Garcia,
1996; di Pasquo and Azcuy, 1997, 1999; di Pas-
quo et al., 2001). Early Permian: South America
(Vergel, 1987b; Césari et al., 1995; Ottone and
Rossello, 1996; Césari et al., 1996; Mautino et
al., 1998b; Ottone et al., 1998).

Limitisporites rectus Leschik 1956 (Plate 111, 8;
Plate 1V, 4)

For synonymy see Foster (1979) and Gutierrez
(1993).

Dimensions (4 specimens): Longitudinal axis 122—
127 um; transverse axis 60.4-65.7 um; longitudi-
nal dimension of corpus 64.2-68 um.

Previous records: Late Carboniferous: South
America (Gutierrez, 1993; Garcia, 1996; di Pas-
quo and Azcuy, 1997, 1999; Azcuy and di Pas-
quo, 2000; Souza, 2000; di Pasquo et al., 2001).
Early Permian: South America (Daemon and

Plate V.

L
N

BAFC-PI1 508: H54.
BAFC-P1 508: R39.
BAFC-P1 508: U40/1.
BAFC-P1 508: W45/3.
BAFC-PI1 508: V46.
BAFC-P1 508: T38/3.
BAFC-P1 508: F51.
BAFC-PI1 508: F55/2.
BAFC-P1 508: T33/1.
BAFC-P1 508: S51/3.
BAFC-PI1 508: O63/1.
BAFC-P1 508: P66/2.

PN R W=

—— = O
D= o

Lllinites unicus Kosanke emend. Jansonius and Hills.
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Quadros, 1970; Gamerro and Archangelsky,
1981; Marques-Toigo, 1988; Dias, 1993;
Césari et al., 1995; Beri and Daners, 1995,
1998; Césari et al.,, 1996; Ottone et al., 1998;
Beri and Aguilar, 1998), Australia (Segroves,
1969; Foster, 1979; Foster and Waterhouse,
1988; Backhouse, 1991), Antarctica (Lindstrém,
1995, 1996), Oman and Saudi Arabia (Stephenson
and Filatoft, 2000).

Subturma Striatiti Pant 1954
Infraturma Circumstriatiti Lele and Makada
1972

Genus Illinites Kosanke 1950 emend.

1956 Kosankeisporites Bhardwaj, p. 135.
1962 Complexisporites Jizba, p. 878.
1972 Circumstriatites Lele and Makada, p. 61.

Type species: Illinites unicus Kosanke emend. Jan-
sonius and Hills 1976 (card 1300).

Botanical affinity: Gymnosperm (Kosanke, 1950;
Jizba, 1962; Staplin et al., 1967); Voltziales
(Scheuring, 1970). Ullmannia frumentaria (Schlot-
heim) Goeppert (Potonié and Schweitzer, 1960;
Grebe and Schweitzer, 1962; Clarke, 1965). ?Cal-
lipteris conferta Sternberg (Helby, 1966).

Generic remarks: The study of miospores from the
Tarma Formation has allowed the recognition of
a great number of haploxylonoid bisaccate stri-
ated specimens characterized by the presence, on
the proximal face of the corpus, of a sub-equato-
rial furrow that encompasses the taeniae. Taeniae
do not cross the furrow to reach the edge of the
corpus.

Four genera of striated pollen grains bear these
features: Illinites Kosanke 1950, Kosankeisporites
Bhardwaj 1956, Complexisporites Jizba 1962 and
Circumstriatites Lele and Makada 1972. Kosanke
(1950) proposed the genus Illinites to include spe-
cies of haploxylonoid non-striated bisaccate speci-
mens, considering them pre-pollen due to the
presence of a functional trilete mark. However,
he did not recognize the presence of striae con-
tained in a perimetral furrow. Illinites was first
emended by Potonié and Kremp (1954), who cited
Potonié and Klaus (1954) as the authors of the
emendation. However, the latter authors did not

provide such an emendation or mention Illinites
in their work, an error clarified by Klaus (1963).
Klaus (1964) proposed an emendation emphasiz-
ing the presence of two transverse striae on the
cappa, and gave details concerning the arms of
the trilete mark but he made no reference to the
perimetral furrow.

Helby (1966) discussed the characteristics of the
genus in detail, and recognized the presence of
‘areas of contact’ limited by a perimetral furrow
on the cappa. These areas contain additional fur-
rows or striae and a trilete, dilete or monolete
mark. Helby (1966), in spite of recognizing the
characteristics of a striated grain in Illinites and
proposing its synonymy with Kosankeisporites
Bharadwaj, Complexisporites Jizba and Striato-
saccites Jizba (pars), did not emend [llinites. The
present authors consider that the genus Striato-
saccites does not present the basic diagnostic fea-
tures to be included in the synonymy of Ilinites,
as it shows other features of its own, such as
transversal striae in the distal face.

Staplin et al. (1967) did not provide a supple-
mented diagnosis of [llinites unicus as mentioned
in their summary but instead mentioned the pres-
ence of a faint proximal ring-like furrow. Emen-
dation of this species was made by Jansonius and
Hills (1976: card 1300), who reviewed the original
material and recognized its striated character and
the presence of a peripheral furrow of the cappa.

Bhardwaj (1956) created the genus Kosankei-
sporites selecting Illinites elegans Kosanke 1950
as the type species, in which he recognized the
presence of striae. Peppers (1970) emended the
genus and its type species, recognizing the pres-
ence of the perimetral furrow. Thus, both Illinites
unicus and Kosankeisporites elegans were shown to
have the perimetral furrow containing the striae
on the cappa. Jansonius and Hills (1976) pro-
posed Kosankeisporites as a junior synonym of
Hlinites. Furthermore, they emended I unicus,
type species of the genus, but left the emendation
of the genus unresolved. The emendation of
L elegans performed by Peppers (1970) is accepted
here, but not its combination with the genus
Kosankeisporites, for the aforementioned reasons.

Complexisporites was created by Jizba (1962) to
house species characterized by a perimetral fur-
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row on the cappa. Jansonius and Hills (1976; card
540) and Traverse and Ash (1999) consider this
genus a junior synonym of [/linites. Habib (1966)
described Complexisporites chalonerii, assigning it
to this genus due to the structure of its cappa.

Circumstriatites Lele and Makada 1972 also
shows the characteristics of the cappa mentioned
above. Lele and Makada (1972) also proposed a
new Infraturma to house other taxa with these
characteristics in the cappa, defining three species:
Circumstriatites talchirensis, Circumstriatites ob-
scurus and Circumstriatites ovatus. Visscher and
Brugman (1981) illustrated a specimen (pl. I, fig.
1) which they consider a new species of Circum-
striatites, anticipating the proposal of a generic
emendation.

Features common to all of the species men-
tioned above are the haploxynoloid character
and the presence of a peripheral furrow that con-
tains the taeniae on the cappa. The rest of the
features observed such as the shape of the body,
the number and characteristics of striae, the shape
and inclination of the sacci (width of the cappu-
la), the presence of semilunar folds in the body,
and the thickness of the cappa and other minor
features, such as size and brochi, represent differ-
ences which should be considered as pertaining to
the specific level. Therefore, it is proposed to
emend the genus [llinites to contain the species
with the diagnostic features mentioned above, giv-
en the fact that Jansonius and Hills (1976) never
accomplished a generic emendation. Likewise, we
agree with these authors on the synonymy pro-
posed of Kosankeisporites and Complexisporites
to Illinites, adding Circumstriatites to that list.
Generic diagnosis (emended): Bisaccate pollen
grains, striated, haploxylonoid to very slightly
diploxylonoid. Corpus of various forms with a
laevigate, punctuate or finely granulate exine. Fis-
sured cappa with a more or less peripheral canal
(about sub-equatorial in position) containing a
variable number of taeniae. In a central position,
a furrow is frequently present, as a laesura-like
monolete to an imperfect trilete formed by a
wider stria which is penetrated by a triangular
or wedge-shaped taenia. The attachment of sacci
in the distal face may be accompanied by folds.
Width of the cappula or sulcus is variable.

Remarks: In the long history of Illinites since
its creation by Kosanke (1950) and the subse-
quent discussions started by Potoni¢ and Kremp
(1954), Klaus (1963, 1964), Helby (1966), and
Scheuring (1970), the debate has been focused
on the morphologic characteristics of the trilete
mark and its germinative function. This character-
istic has always been difficult to establish and so it
should not be used as a generic diagnostic feature
(Azcuy and di Pasquo, 2000). Beginning with Ko-
sanke’s (1950) diagnosis, Illinites has been com-
pared with other non-striated genera like Limiti-
sporites Leschik and Jugasporites Leschik, mainly
taking into consideration the characteristics of the
proximal opening. Based upon these studies, Li-
mitisporites and Jugasporites have been synony-
mized with [Illinites (Grebe and Schweitzer,
1962; Clarke, 1965), although Klaus (1963), con-
sidering the same features, maintained them as
separate genera.

The Illinites emendation proposed here aims at
formally establishing, in agreement with the Inter-
national Code of Botanical Nomenclature, the
true diagnostic features of the genus as shown
by its type species. The detailed analysis of the
Peruvian material and of the bibliography related
to the [Illinites species and of the genera now
placed in synonymy shows a lack of consistency
in the discussion concerning laesurae.
Comparisons: Some species of Lunatisporites and
Protohaploxypinus present a slight resemblance to
species of Illinites. However, the absence in the
first two genera of a perimetral furrow containing
the striae marks the essential difference between
them and [llinites.

Species recognized: At present three distinctive
species can be recognized within Illinites:

Lllinites unicus Kosanke emend. Jansonius and
Hills 1976

Lllinites elegans Kosanke emend. Peppers 1970
Hllinites talchirensis (Lele and Makada) comb.
nov. (Basionym: Circumstriatites talchirensis Lele
and Makada 1972; Geophytology, 2, p. 62, pl.
4, fig. 44)

The following list contains species, earlier in-
cluded in other genera, that without any doubt
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can be synonymized with one of the three recog-
nized species of Illinites. The list after that in-
cludes specimens that should be assigned to I//i-
nites. The third one includes species of which type
samples must be evaluated in the light of the
aforementioned discussion. The final list contains
species that must be placed in other genera be-
cause they are non-striated bisaccate pollen
grains.

List of junior synonyms of [llinites species

1962 Complexisporites polymorphus Jizba, p. 879,
pl. 121, figs. 1-14.

Remark: We agree with Helby (1966) that this
species is a junior synonym of [llinites unicus Ko-
sanke emend. Jansonius and Hills 1976.

1966 Complexisporites chaloneri Habib 1966, p.
650, pl. 108, fig. 10.

Remark: We agree with Playford and Dino
(2000b) that this species is a junior synonym
of Illinites elegans Kosanke emend. Peppers
1970.

1972 Circumstriatites obscurus Lele and Makada
1972; p. 62, pl. 4, figs. 46, 47.

Remark: We consider that this species is a junior
synonym of Illinites unicus Kosanke emend. Jan-
sonius and Hills 1976.

1972 Circumstriatites ovatus Lele and Makada, p.
62, pl. 4, figs. 48, 49.

Remark: We consider that this species is a junior
synonym of Illinites elegans Kosanke emend. Pep-
pers 1970.

1976 Protohaploxypinus circumvens Falcon, p. 29,
pl. 4, fig. 11.

Remark: We consider that this species is a junior
synonym of Illinites talchirensis (Lele and Maka-
da) comb. nov.

Hlinites paucitaeniatus (Césari, Archangelsky and
Seoane) comb. nov.

1995  Protohaploxypinus paucitaeniatus Césari,
Archangelsky and Seoane, p. 93, pl. 6, fig. 50.

Remark: We agree with Playford and Dino
(2000b) that this species is a junior synonym of
Lllinites unicus Kosanke emend. Jansonius and
Hills 1976.

List of specimens to be assigned to [llinites

1967 Kosankeisporites sp. Staplin, Pocock and
Jansonius; pl. 1, fig. 3.

1981 Circumstriatites sp. Visscher and Brugman;
pl. 1, fig. 1.

1994 Complexisporites sp. Zhou; pl. 4, fig. 8.

List of species that must be revised before assign-

ment to Ilinites

1964 Kosankeisporites sp. Neves, pl. 3, figs. 5-
8.

1964 Illinites chitonoides Klaus, pl. 3, fig. 25.

1964 Illinites kosankei Klaus, pl. 3, figs. 23, 24.

1964 Illinites melanocorpus Klaus, pl. 3, fig. 29.

1966 Illinites trivisus Visscher, pl. 14, fig. 2.

List of taxa that are excluded from [llinites be-

cause of the lack of striae

1955 Illinites bentzi Klaus, pl. 34, fig. 6.

1956 Illinites purus Leschik, pl. 21, fig. 6.

1956 Illinites spectabilis Leschik, pl. 21, fig. 7.

1956 Illinites tener Leschik, pl. 21, fig. 8.

1962 Illinites delasaucei (Potoni¢é and Klaus)
Grebe and Schweitzer (ibid. Potonié and
Klaus, pl. 10, fig. 6).

1963 Illinites gamsi Klaus, pl. 5, fig. 16.

1963 Illinites parvus Klaus, pl. 5, fig. 18.

1963 Illinites pemphicus Klaus, pl. 5, fig. 17.

1965 Illinites klausi Clarke, pl. 40, fig. 12, pl. 43,
fig. 14.

1965 lllinites tectus (Leschik) Clarke, pl. 41, figs.
6, 7.

1966 Illinites goldi Helby, pl. 9, figs. 5-9.

1967 ?Kosankeisporites sp. Maheshwari, pl. 7,
fig. 61.
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1968 Illinites sp. Venkatachala and Kar, pl. 5,
fig. 85.

1970 Ilinites nitellus Cauduro, pl. 19, figs. 129-
131.

1970 Illinites disectus (Hart) Srivastava, p. 163
(combination not accepted here).

1970 Illinites novus (Tiwari) Srivastava, p. 164
(combination not accepted here).

1971 lllinites notus Lele and Karim, pl. 2, figs.
20, 21.

1987 Illinites sp. Vergel, pl. 2, fig. 14.

1987 lllinites sp. Acefiolaza and Vergel, pl. 1,
fig. 10.

Hlinites unicus Kosanke emend. Jansonius and

Hills 1976 (Plate V, 1-12)

1962 Complexisporites polymorphus Jizba, p. 879,
pl. 121, fig. 1-14.

1966  Complexisporites — polymorphus
Tschudy and Kosanke, pl. 1, fig. 29.
1972 Circumstriatites obscurus Lele and Makada,

p- 62, pl. 4, figs. 46, 47.

1976 Illinites unicus Kosanke emend. Jansonius
and Hills, card 1300.

1995 Complexisporites polymorphus Jizba; Qua-
dros, Marques-Toigo and Cazzulo-Klepzig,
p- 36.

1995  Protohaploxypinus paucitaeniatus Césari,
Archangelsky and Seoane; p. 93, pl. 6, fig. 50.

1995 Protohaploxypinus micros auct. non Hart
1964; Césari, Archangelsky and Seoane, p. 92,
pl. 6, fig. 47.

1997 Complexisporites polymorphus Jizba; Gha-
videl-Syooki, pl. 6, Fig. 1, 12.

1999 Complexisporites polymorphus Jizba; Tra-
verse and Ash, fig. 3D, E, G.

2000 Complexisporites polymorphus Jizba; Ste-
phenson and Filatoff, pl. 2, fig. p.

Jizba;

Holotype: Kosanke, 1950, pl. 1, fig. 3.

Type locality: 10-inch coal bed exposed in Coffee
Creek, Wabash County, IL, USA; Missourian.
Emended diagnosis (Jansonius and Hills, 1976;
transcription card 1300): ‘Bisaccate pollen;
central body thin-walled, elliptical to oval in
shape; proximally grooves incised in exoexine
over the body, forming internal striae which
may bifurcate and connect with a ring groove

that encircles the striate area, with a diameter
smaller than the c.b.; sacci only slightly pendant
distally, with modest distal overlap, internally
finely reticulate to punctate; distal face between
sacci thin, without distinct furrow. Size range ca.
55-75 microns”.

Identifying characters: Bisaccate to monosaccate
striated pollen grain, haploxylonoid to very
slightly diploxylonoid. Corpus distinct to indis-
tinct, circular to subcircular, elongated longitudi-
nal. Cappa multifissured; few striae, sometimes
bifurcate; contained in an area that does not
exceed the equatorial edge of the corpus,
which is limited by a more or less perimetral
furrow. The branching of striae occurs principally
in the central part of the fissured area. Branch-
ing resembles a dehiscence fissure, from irregular
trilete to monolete mark. Sacci weakly inclined
distally, distal roots define a cappula of vari-
able width and more or less straight edges, occa-
sionally accompanied by folds. The brochi are
variable in shape and/or size in different speci-
mens.

Dimensions (38 specimens): Longitudinal axis
90.5-127 pum, transverse axis 8§1-95 um; longitu-
dinal dimension of corpus 86-113 um; longitudi-
nal saccus diameter from distal roots 29-47 um;
longitudinal fissured area of the corpus 64-98 um,
transverse 49-65 um; maximum cappula width
23-45 um; taeniae width 6-24 pum.

Remarks: The Peruvian specimens of Illinites uni-
cus usually show fewer than five striae that define
wide taeniae. Most specimens have a deeply
forked stria in the central region that resembles
an irregular trilete mark. The specimens range
from subcircular to oval-shaped, with the corpus
covered by narrow sacci faintly inclined distally.
The poorly defined distal sacci roots suggest a
wide cappula. The range in size of the Peruvian
specimens is larger than the one registered in as-
semblages from USA and Europe. Intermediate
sizes were recorded in the Amazonas Basin. This
size variability in specimens of Illinites should be
interpreted as an example of a geographical and
chronological morphocline. Henderson and Mei
(2000) have discussed a modern example of an
extant biotic group with a geographic cline. Ac-
cording to this concept, larger forms present in
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higher latitudes should evolve by diminishing
their size range as they migrate to lower latitudes.
This would occur between the Atokan and Mis-
sourian.

Comparisons: lIllinites elegans Kosanke emend.
Peppers 1970 (we do not accept Bhardwaj’s com-
bination) is separated from [llinites unicus by its
vertically elongated corpus and by its relatively
narrower cappula. Helby (1966) proposed to syn-
onymize I. elegans and I unicus, emphasizing the
morphological diversity observed in his material.
The authors consider that the diverse specimens
of I elegans observed in different regions (Ko-
sanke, 1950; Bhardwaj, 1955; Jizba, 1962; Pep-
pers, 1970; Lele and Makada, 1972) show that the
aforementioned differences are enough to keep
them separated. Illinites talchirensis differs from
I umicus in having more numerous striae, a nar-
rower cappula and a more distinct rhomboidal
corpus. I talchirensis differs from I elegans by a
longitudinal elongated corpus and a greater num-
ber of striae.

Previous records: Late Carboniferous: South
America (Césari et al., 1995; Quadros et al.,
1995; Playford and Dino, 2000a,b), USA (Ko-
sanke, 1950; Jizba, 1962; Traverse and Ash,
1999), Europe (Helby, 1966). Early Permian:
South America (Quadros et al., 1995), USA Jizba,
1962; Tschudy and Kosanke, 1966), Europe (Hel-
by, 1966), India (Lele and Makada, 1972), Iran
(Ghavidel-Syooki, 1997), Oman and Saudi Arabia
(Stephenson and Filatoff, 2000).

Infraturma Striatiti Pant 1954

Genus Protohaploxypinus Samoilovich emend.
Morbey 1975

Type species: Protohaploxypinus latissimus (Luber
and Valtz) Samoilovich, 1953.

Botanical affinity: Pteridospermophyta—Glossop-
teridales (Gould and Delevoryas, 1977).

Protohaploxypinus amplus (Balme and Hennelly)
Hart 1964 (Plate IV, 6)

For synonymy see Foster (1979).
Dimensions (4 specimens): Longitudinal axis 116

123 pm, transverse axis 68-79 pum; longitudinal
dimension of corpus 65-81 um; longitudinal cap-
pula diameter 30-47.6 um; number of striae 7-9.
Remarks: The Tarma Formation specimens are
slightly haploxylonoid with a circular to oval cor-
pus showing seven to nine striae and a wide cap-
pula with narrow, scarcely semilunar folds along
its border.

Previous records: Late Carboniferous—Early Per-
mian: South America (Daemon and Quadros,
1970; Azcuy and Jelin, 1980; Gutierrez, 1993;
Césari et al., 1995; Souza et al., 1997; Mautino
et al., 1998a,b), Australia (Foster, 1975; 1979;
Rigby and Hekel, 1977), Africa (Anderson,
1977), Antarctica (Lindstrém, 1995), Oman and
Saudi Arabia (Stephenson and Filatoff, 2000).
For additional records see Foster (1975).

Genus Striatopodocarpites Zoricheva and Sedova
ex Sedova emend. Hart 1964

For synonymy see Balme (1970) and Foster
(1979).

Type species: Striatopodocarpites tojmensis Sedo-
va, 1956.

Botanical affinity: Pteridospermaphyta, Glossop-
teridales (Srivastava, 1970; Lindstrom et al.,
1997).

Striatopodocarpites fusus (Balme and Hennelly)
Potonié 1958 (Plate IV, 8)

For synonymy see Segroves (1969) and Foster
(1975, 1979).

Description: Pollen bisaccate, taeniate, strongly
diploxylonoid. Corpus circular to oval. Cappa
with seven to eight subparallel taeniae separated
by narrow striae. Sacci exceeding a half-circle in
outline and larger than corpus.

Dimensions (1 specimen): Longitudinal axis 112.5
pum, saccus breadth 60.3 um; longitudinal dimen-
sion of corpus 47.7 um; longitudinal cappula di-
ameter 23.2 um.

Remarks: Except for the greater width of its cap-
pula, the rest of the present specimen’s morpho-
logical characters are totally coincident with those
of Striatopodocarpites fusus.

Previous records: It is a very common miospore
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assemblage component from Gondwanan Per-
mian microfloras (e.g., South America and other
records in Playford and Dino, 2000b; Foster,
1975, 1979).

Genus Hamiapollenites Wilson emend. Tschudy
and Kosanke 1966

1962 Distriatites Bharadwaj, p. 96.

For additional synonymy see Hart (1964), Seg-
roves (1969).

Type species: Hamiapollenites saccatus Wilson,
1962.

Botanical affinity: Coniferophyta (Potonié, 1967;
Azcuy, 1978; Quadros et al., 1995).

Remarks: In 1962, the taxa Hamiapollenites Wil-
son and Distriatites Bharadwaj were proposed.
Later several authors discussed the validity and
characteristics of both genera (Hart, 1964, 1965;
Playford and Dettmann, 1965; Tschudy and
Dwivedi, 1981; among others). The emendation
carried out by Tschudy and Kosanke (1966) con-
tributed to facilitate the inclusion in Hamiapollen-
ites of forms with a lesser number of distal striae.
However, these authors propose that the sacci be
smaller than the width of the corpus, thus leading
to the removal from the genus of those forms
slightly diploxylonoid up to haploxylonoid with
sacci the same size as the corpus.

No significant differences arise from the consid-
eration of the original diagnoses of both genera to
justify the existence of two separate taxa at the
generic level. However, Foster (1979) upholds the
validity of Distriatites emphasizing the size of
the sacci in the zone of adherence, suggesting
that they reach or almost reach the transverse
axis of the body. Foster also recognizes that the
Hamiapollenites species, with smaller sacci, are
mainly recorded in the Northern Hemisphere, un-
like Distriatites, which is recorded in Gondwanan
areas.

Bharadwaj and Dwivedi (1981) analyzed the
status of both genera, suggesting that Hamiapol-
lenites presents exine that is thinner in its distal
face, revealing a polysulcate close gap nature.
They concluded that Distriatites presents only
striated distal exine.

The authors consider that the transitional var-
iations in the size of the sacci in relation to the

width of the corpus shown by some species, in-
cluding Hamiapollenites insolitus (e.g., Playford
and Dettmann, 1965; Segroves, 1969), do not jus-
tify maintaining two different genera. Likewise,
the considerations carried out by Bharadwaj and
Dwivedi based on illustrations presented by differ-
ent authors and Balme’s (1970, p. 381) text fig. 8,
imply more than a subtle morphological differ-
ence, germinative functional differences, the for-
mer being very difficult to recognize in fossil ma-
terial.

Finally, if we add the above considerations to
the mention of Hamiapollenites by Jansonius
(1962, p. 72), Hamiapollenites should be senior
to Distriatites, considering the latter a junior syn-
onym of the former. In this way, the following
combination is proposed:

Hamiapollenites bilateris (Bharadwaj) comb. nov.

Basionym: Distriatites bilateralis Bharadwaj,
1962; Palaeobotanist, 9, p.97, pl. 22, figs. 281,
282.

Hamiapollenites insolitus (Bharadwaj and Saluj-
ha) Balme 1970 (Plate IV, 3, 9, 10)

1972 Distriatites distinctus Sinha, pl. 8, figs. 107,
108.

1972 Distriatites indicus Sinha, pl. §, figs. 109,
110.

1978 Hamiapollenites plicatus Falcon, pl. 4, fig. 6.
1979 Distriatites insolitus Bharadwaj and Salujha;
Foster, pl. 28, figs. 8, 9.

1981 Distriatites indicus Sinha; Bharadwaj and
Dwivedi, pl. 8, fig. 86.

1985 Distriatites insolitus Bharadwaj and Salujha;
Brugman et al., pl. 39, figs. 1, 2, pl. 41, fig. 9.
For additional synonymy see Balme (1970, p.
380), Foster (1979, p. 81).

Remarks: The specimens from Peru are slightly
diploxylonoid with a circular corpus to slightly
oval in vertical direction; striae are faint on
both faces, there are between six and 12 on the
proximal face and three to six on the distal face.
The cappula is wide and has two narrow, semi-
lunar to straight folds on its borders. The pres-
ence of folds accompanying the sacci roots on the
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distal face has not been mentioned in the diagno-
sis (Bharadwaj and Salujha, 1964) or in later orig-
inal descriptions of the species. This characteris-
tic, however, mentioned in the diagnosis of
Distriatites indicus Sinha 1972 and Hamiapollen-
ites plicatus Falcon 1978 and also illustrated by
Brugman et al. (1985, pl. 39, figs. 1 and 2) in
specimens assigned to Distriatites insolitus, is not
considered here a feature of specific value.
Comparisons: Hamiapollenites bilateris (Bharad-
waj) comb. nov. is distinguished from Hamiapol-
lenites insolitus by its greater number of distal
striae.

Dimensions (9 specimens): Longitudinal axis 92.8—
133 um, transverse axis 63.8-88 um; longitudinal
dimension of corpus 52-79 pum; longitudinal cap-
pula diameter 25-47.6 um.

Previous records: Permian: South America (Ot-
tone, 1989; Ottone et al., 1998), India (Bharadwaj
and Salujha, 1964; Sinha, 1972; Bharadwaj and
Dwivedi, 1981), Pakistan (Balme, 1970), Rhodesia
(Falcon, 1978), Australia (Foster, 1979, 1982),
Libya (Brugman et al., 1985; Loboziak and Clay-
ton, 1988).

Hamiapollenites sp. (Plate IV, 11)

Description: Pollen bisaccate, taeniate, diploxylo-
noid. Corpus circular to oval longitudinally
crossed by eight to nine subparallel taeniae sepa-
rated by narrow furrows. Distal subsurface of
corpus bisected by two to four transverse taeniae.
Abundant radially arranged sacci folds.
Dimensions (1 specimen): Longitudinal axis 99.7
um, transverse axis 54.5 um; longitudinal dimen-
sion of corpus 44 um; longitudinal cappula diam-
eter 21 um.

Remarks: The specimen under study is similar to
Hamiapollenites andiraensis Playford and Dino
2000b but the apparent lack of a thickening or
lengthwise exinal band on its distal face separates
it from this species.

Subturma Polysaccites Cookson 1947

Genus Crustaesporites Leschik emend. Jansonius
1962
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Fig. 2. Composite stratigraphic log of the Tarma Formation
showing lithologies and sampling horizons in the Pongo de
Mainique section. The asterisks (*) show the sample levels
studied (508 and 509) and the one (210) with Reduviasporo-
nites stoschianus Wood and Elsik (1999).

Type species: Crustaesporites globosus Leschik,
1956.

Botanical affinity: Pteridospermaphyta, Glossop-
teridales (Lindstréom et al., 1997).

Crustaesporites sp. (Plate 1V, 5)

Description: Pollen trisaccate with more or less
subtriangular amb. Corpus subpolygonal. Laesur-
ae distinct, slightly geniculate. Proximal sacci
roots equatorial and distally subequatorial associ-
ated with three peripheral folds following the amb
of the corpus. Cappa with 10-12 narrow striae
which are parallel or wedge-shaped; continuous
over full breadth of corpus. Sacci hemispherical.
Cappula subpolygonal.

Dimensions (2 specimens): Longitudinal axis
140.3-150.8 um; longitudinal dimension of corpus
88.5-92.8 um; longitudinal cappula diameter
48.3-56 pum.
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Remarks: No comparable taxon has previously
been described in the literature.

Turma Plicates Naumova 1937
Subturma Praecolpates Potonié¢ and Kremp 1954

Genus Marsupipollenites Balme and Hennelly
emend. Balme 1970

Type species: Marsupipollenites triradiatus Balme
and Hennelly, 1956.

Botanical affinity: Pteridospermae (Balme and
Hennelly, 1956; Balme, 1970).

Marsupipollenites triradiatus (Balme and Hen-
nelly) Balme 1970 (Plate III, 7; Plate IV 2, 7)

Dimensions (3 specimens): Transverse axis 64.5-
81 um.

Previous records: Late Carboniferous—Permian:
South America (di Pasquo and Azcuy, 1997,
1999; di Pasquo et al., 2001), Australia (Balme
and Hennelly, 1956; Rigby and Hekel, 1977; Fos-
ter, 1979), Antarctica (Balme and Playford, 1967),
India (Pant and Nautiyal, 1960), Pakistan (Balme,
1970), Oman and Saudi Arabia (Stephenson and
Filatoff, 2000).

Subturma Monocolpates Iverson and Troles-
Smith 1950
Infraturma Diptyches (Naumova) Potoni¢ 1958

Genus Cycadopites Balme and Hennelly emend.
Balme 1970

Type species: Cycadopites triradiatus Balme and
Hennelly, 1956.

Botanical affinity: Pteridospermae (Balme and
Hennelly, 1956; Balme, 1970).

Cycadopites sp. cf. C. adjectus de Jersey 1962
(Plate II, 7)

Dimensions (1 specimen): Transverse grain diam-
eter 34 um.

Remarks: The specimen obtained differs from
other specimens of Cycadopites adjectus in having
the colpus somewhat open at the extremities,
which are more rounded.

Previous records: Late Carboniferous: South
America (di Pasquo and Azcuy, 1997, 1999).
Early Permian: India (Tiwari, 1965), Africa
(Kar and Bose, 1976).

Group Acritarcha Evitt 1963
Subgroup Schizomorphitae Segroves 1967
Genus Brazilea Tiwari and Navale 1967

For synonymy and discussion see Foster (1979).

Type species: Brazilea punctata Tiwari and Navale
1967.

Table 1
Distribution of selected species recognized in samples from
the Tarma Formation

PREVIOUS RECORDS OF SELECTED MIOSPORES

. late | Early
Species Carb. | Perm.

Spelaeotriletes ybertii

Crucisaccites monoletus
Hllinites unicus
Cannanoropollis janakii
Cannanoropollis perfectus
Plicatipollenites malabarensis
Potonieisporites congoensis
Potonieisporites densus
Potonieiporites magnus
Potonieisporites neglectus
Potonieisporites novicus
Potonieisporites triangulatus
Caheniasaccites flavatus
Limitisporites hexagonalis
Limitisporites rectus

Protohaploxypinus amplus

Marsupipollenites triradiatus
Hamiapollenites insolitus

Striatopodocarpites fusus

The thinner lines represent fewer previous records.
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Brazilea scissa (Balme and Hennelly) Foster
1975 (Plate 111, 4)

Dimensions (1 specimens): maximum diameter 31
um.

Previous records: Late Carboniferous—Early Per-
mian: South America (Burjack, 1978; Archangel-
sky and Gamerro, 1979; Vergel, 1987a,b,c; Césari
et al., 1995; di Pasquo and Azcuy, 1997, 1999; di
Pasquo et al., 2001). Permian: Australia (Balme
and Hennelly, 1956; Segroves, 1967; Foster, 1975,
1979), Antarctica (Balme and Playford, 1967;
Lindstrom, 1995), Africa (Hart, 1960, 1963;
Bose and Maheshwari, 1968), India (Pant and
Nautiyal, 1960), Pakistan (Balme, 1970).

5. Discussion and conclusions

The assemblages from the Tarma Formation
were obtained from two samples from the upper-
most part of the unit, located immediately below
the base of the Copacabana Formation (Text Fig.
2). It is important to remark that the stratigraphic
relationship between the Tarma and Copacabana
Formations is transitional and conformable which
makes the identification of the boundary between
them arbitrary. In this study, the samples are lo-
cated 20 m below the arbitrary boundary between
the formations as suggested by one of the authors
(H.V.A.). The criterion used to establish the
boundary was a fair increasing of mudstones, typ-
ical of Copacabana Formation.

The assemblages found in the samples are char-
acterized by few spores, and the fact that species
present in one are absent from the other. In sam-
ple 508, Illinites unicus is the dominant species;
also present are Cannanoropollis janakii, Canna-
noropollis perfectus and Crucisaccites monoletus.
The assemblage in sample 509, located about 10
m stratigraphically above the previous sample,
shows a greater diversity; it is dominated by
monosaccate pollen (Plicatipollenites spp., Poto-
nieisporites spp., Caheniasaccites spp.), Spelaeotri-
letes ybertii, Hamiapollenites insolitus, and certain
taeniate and non-taeniate bisaccate pollen (Limi-
tisporites spp., Protohaploxypinus amplus, Striato-
podocarpites fusus, Crustaesporites sp.). Taking

both assemblages together, the previous records
of their species (Table 1), both in Gondwana
and in the Northern Hemisphere, seems to indi-
cate a late to perhaps latest Carboniferous age.

Recently, Wood et al. (1997, 1999) and Wood
and Elsik (1999) analyzed palynomorphs and mi-
crofossils from the Copacabana Formation at the
same section of the Urubamba river (Pongo de
Mainique) and from another section on the Cami-
sea river, 90 km to the north-east of the latter
location. In the former, at about 250 m strati-
graphically above samples 508 and 509, Wood
and Elsik (1999) indicated the presence of the
fungal spore Reduviasporonites stoschianus associ-
ated with calcareous microfossils and small fora-
minifera (Diplosphaerina inaequalis, Earlandia ele-
gans group, Endothyra sp., Endotiranella? sp.,
Pseudoglomospira sp. and Globivalvulina bulloides)
of an ‘Early-Middle’ Pennsylvanian age. The
palynomorph assemblage that is found with
R. stoschianus does not differ substantially from
those described here though a thorough compar-
ison is not possible given that most of the taxa
were cited at a generic level only.

Similar assemblages to those of the Tarma For-
mation were recently described by Playford and
Dino (2000a,b) from the Amazonas Basin in Bra-
zil. The authors defined five palynozones for the
Late Carboniferous of that basin and their 1//i-
nites unicus Palynozone could be clearly seen in
our samples. lllinites unicus, Cannanoropollis jana-
kii, Protohaploxypinus amplus and similar species
of Spelacotriletes, Crucisaccites and Cycadopites
are common elements in both the Brazilian and
Peruvian assemblages.

Atokan conodonts and fusulinids recorded in
the middle to upper Itaituba Formation of the
Amazonas Basin (Lemos, 1992a,b; Altiner and
Savini, 1995) have enabled Playford and Dino
(2000b) to assign a tentative Westphalian C age
to the Illinites unicus. The correlation of [llinites
unicus palynozone with others from Argentina
and Gondwanan regions is presented in Playford
and Dino (2000b).

The first record of taeniate bisaccate pollen
grains is known from the Late Namurian to Early
Westphalian (Ravn, 1986; Jones and Truswell,
1992; Zhou, 1993, 1994; Ouyang, 1996). How-
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ever, the frequent and diverse presence of these
grains occurs in somewhat younger strata (Lobo-
ziak et al., 1997). In the Tarma Formation assem-
blages, species that occur commonly such as
Hlinites  unicus, Hamiapollenites insolitus and
Marsupipollenites triradiatus would suggest, tak-
ing into account the previous records cited above
(Table 1), a younger age, from Late Carbonifer-
ous (=Late Westphalian) to perhaps the latest
Late Carboniferous (=Late Stephanian). Never-
theless, foraminifera recorded in the overlying
Copacabana Formation of the same outcrop
are dated as ‘Early-Middle’ Pennsylvanian (see
above). Therefore, the Peruvian assemblages reg-
istered in the upper Tarma Formation are consid-
ered to be Late Atokan/Westphalian C or slightly
older in age and correlated with [llinites unicus
palynozone.

This apparent contradiction can be attributed
to the different stratigraphic resolutions given by
the fossil groups. It is acknowledged that fora-
minifera and conodonts are more precise strati-
graphic indicators than palynomorphs. In conse-
quence, for the assemblage under study the age
suggested by the first group mentioned is hereby
accepted. In future studies, the traditional chro-
nological value assigned to certain taeniate pollen
grains such as Hamiapollenites insolitus and Stria-
topodocarpites fusus (early Permian) might be
modified based on the age control given by the
microfossil groups.
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