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The palynology of the La Deheza Formation (Carboniferous—Permian; Upper Palaeozoic),
Paganzo Basin, San Juan Province, Argentina

M. Lucia Balarino®®*, Gustavo A. Correa™, Pedro R. Gutiérrez*®, Birbara Cariglino™®
and Marfa L. Carrevedo®®

“Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET); bSeccion Paleopalinologia, Museo Argentino de Ciencias
Naturales “Bernardino Rivadavia”, Av. Angel Gallardo 470, C1405DJR Buenos Aires, A;gennna “Area Paleontologia, Instituto y
Museo de Ciencias Naturales, Av Espaiia Norte 400, J5400DNQ San Juan, Argentina; “Departamento de Ecologia, Pontificia
Universidad Catélica de Chile, Alameda, 340 2° Of. 206, 6513677, “Institute of Ecology and Biodiversity (IEB)-Santiago, Chile

We present the first palynological study of the La Deheza Formation in Paganzo Basin, San Juan Province,
Argentina. A total of 18 samples were studied and 116 palynomorph species were recorded. A multivariate statistical
(R) analysis confirmed the occurrence of three associations. Assemblages 1 (240 m), 2 (230 m) and 3 (220 m) were
referred to biozones already registered in the Paganzo Basin, i.e. Raistrickia densa—Convolutispora muriornata
(DM), Pakhapites fusus—Vittatina subsaccata (FS) and Lueckisporites—Weylandites (LW) biozones. These
assemblages can be assigned a Pennsylvanian—Cisularian age based on previous stratigraphic records of the

identified species.
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1. Introduction

Coal prospecting during the late nineteenth century led
to the discovery of the outcrops of the La Deheza For-
mation (Figure 1; see Borrello 1956). The most com-
plete exposures stretch from 35 km north of the San
Juan River (31°20'S, at kilometre 69 of the former
Ruta Nacional 20) up to the latitude of the Cerro
Cérdoba (31°50’'S, south of Estancia Maradona). In
general, these rocks conformably overlie Devonian
strata, although a slightly erosive surface has been
reported at other localities (Punta Negra Formation,
Bracaccini 1950). Cuerda & Furque (1983) character-
ised the La Deheza Formation exposed at kilometre 69
(Figure 1) as a 557-m-thick sequence representing flu-
vial and lacustrine palacoenvironments. Subsequent
work focused on the La Deheza Formation outcrops
cut by the San Juan River (Figure 1) between kilometre
47 and kilometre 69 (Espejo & Lopez-Gamundi 1984;
Milana et al. 1985, 1987; Milana & Bercoswski 1987a,
1987b, 1990; Lépez-Gamundi & Espejo 1988; Lech et
al. 1990), in which the authors identified sequences that
can be correlated with the formation included in the
Paganzo Group.

Currently there are few studies centred on the deter-
mination of this unit’s age. The first fossils were
recorded by Cuerda & Furque (1983), who mentioned

the presence of floated fragments of Paracalamites sp.
in lacustrine mudstones at the base of the section.
Based on its lithology, this unit was correlated with the
Tupe (Furque 1963), Tuminico (Cuerda et al. 1979)
and Rio Francia formations (Cuerda & Furque 1981)
and, thus, assigned to the Upper Carboniferous.

Further contributions reported the occurrence — at
kilometre 63 (Figure 1) — of leaves of Cordaites sp. and
palynofloras composed of Lundladispora braziliensis
and Vallastisporites sp. (Ramos & Vujovich 2000).
These occurrences agree with a mid-Carboniferous to
early Permian age (Milana & Bercoswski 1987a).
Carboniferous marine invertebrates were identified in
the basal sectors of the unit (Milana et al. 1987; Lech
et al. 1990).

A recent survey from the top of the La Deheza For-
mation, north of Estancia Maradona (Figures 1 and 2),
yielded fertile palynological samples and abundant
Permian floral remains assigned to the Ferugliocladus
Superzone (Correa et al. 2010; Correa & Gutiérrez
2014).

In this contribution, we provide a characterisation
of three palynological assemblages obtained from the
study of 17 detailed, fertile samples from the La
Deheza Formation, collected north of Estancia Mara-
dona (Figures 1 and2).
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Figure 1. Geological map of the studied area.

2. Geological setting

The La Deheza Formation is extensively exposed to the
north of the Estancia Maradona, forming a 690-m-
thick brachysyncline structure (Figures 1 and 2) and
comprising a diverse sedimentary succession that origi-
nated under glaciomarine, fluvial and coastal condi-
tions (Correa & Gutiérrez 2014) and that can be
correlated with most of the Paganzo Group.

This unit provides new and enhanced palaeogeo-
graphic information on the evolutionary schemes pro-
posed for the Paganzo Basin (Fernandez Seveso et al.
1993; Limarino & Spalletti 2006; Net & Limarino
2006). In this context, and following the scheme pro-
posed by Limarino et al. (2006), the La Deheza Forma-
tion would span most of Megasequence II (Sequences
IIT and IV) but with visible modifications of the lateral

facies arising from the palacogeographic position of
the unit (Figure 3). In the studied area, Sequence III is
composed by the lower 320 m of the unit, with its base
overlying conformably or slightly tilted on top of the
Punta Negra Formation (Figure 2). The upper limit of
this sequence is represented by a sixth-order incision
surface representing an anastomosing fluvial system
(Correa & Gutiérrez 2014). The lower part of Sequence
IIT represents a glacial—postglacial event with drop-
stones (facies associations I, IT and III, early Late Car-
boniferous). Overlying it is a 30-m-thick package of
shales lacking dropstones (facies association IV).
Finally, the top of the sequence is characterised by a
coal deposit followed by sandstones and coastal shales
bearing plant remains, interpreted as a fluvial system
(facies associations V and VI).

Sequence IV is 370 m thick with fluvial deposits
(facies association VII) and begins with an incision
surface (equivalent to the San Rafael tectonic sur-
face, according to Limarino et al. 2006) that repre-
sents an anastomosing fluvial system (facies
association VII). Above these there is a cyclic suc-
cession of eolian, barrier island and lagoon palae-
oenvironments filling the upper 280 m of the unit
(facies associations VIII, IX and X, according to
Correa & Gutiérrez 2014).

3. Materials and methods

We analysed a total of 17 samples recovered from the
La Deheza Formation, Central Precordillera, San Juan
Province (Figure 1). These were processed following
the standard palynological treatment for Palaeozoic
material (Wood et al. 1996). One hundred and sixteen
palynomorph species were identified (Appendix 1).
Specimens are deposited at the ‘Coleccion del Instituto
de Ciencias Naturales, Universidad Nacional de San
Juan’ under the PB SJ acronym. The illustrated ele-
ments were located with England Finder coordinates.
Photographs were taken with a Nikon DS-Fil digital
camera with 5 megapixels of resolution, adapted to a
Nikon Eclipse 50i optical light microscope at the
Secciéon de Palinologia in the Museo Argentino de
Ciencias Naturales ‘Bernardino Rivadavia’. The supra-
generic classification of the spores follows the criteria
of Potonié & Kremp (1954) and subsequent modifica-
tions (Playford & Dettmann 1996). A multivariate sta-
tistical analysis was performed to assess quantitative
and qualitative similarities among the palynological
samples using the R software Package (R version 3.1.2
(Pumpkin Helmet) 2014, www.r-project.org). Finally,
a cluster analysis was included to confirm the associa-
tions proposed. Fifty-five genera were used in the data
(raw-count) control samples matrix (Appendix 2).
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Figure 3. Simplified geological framework of Paganzo
Basin (according to Limarino et al. 2006); facies associations
from La Deheza Formation (I, 11, III, etc.) and major marine
ingressions occurring in the latest Carboniferous and Perm-
ian are marked. Black triangles indicate the Pennsylvanian
post glaciations.

4. Biostratigraphy and ages

The 116 species identified from 18 microfloristical lev-
els allow the characterisation of three palynological
assemblages, namely Assemblages 1, 2 and 3
(Tables 1—2; Appendix 3).

4.1. Palynological assemblages
4.1.1. Assemblage 1

Assemblage 1 is dominated by trilete spores (84%,
Table 2; Appendix 3). The main components are Crista-
tisporites and Punctatisporites species, accounting for
more than 50% of the association. Lundbladispora, Gros-
susporites and Leiotriletes species constitute only about
5% of the palynoflora. Monosaccate pollen grains, fun-
gal spores and algae complete the spectrum. This assem-
blage includes levels PB SJ 672, 682, 658, 674B, 672T,
also identified in facies associations I, II and IV, in the
lower 240 m of the La Deheza Formation (Figure 2).
Species restricted to Assemblage 1 are (Figure 2;
Table 1): Apiculatisporis variornatus (Plate 1, figure 14),
Cristatisporites chacoparanaensis (Plate 2, figure 1), C.
sp. cf. C. sinuosus (Plate 2, figure 5) and Caheniasaccites

densus (Plate 2, figure 20). This set of species is in associ-
ation with other species such as Brevitriletes cornutus
(Plate 1, figure 15), B. levis (Plate 1, figure 20), B. par-
matus (Plate 1, figure 19), Cristatisporites stellatus (Plate
2, figure 10), C. rolleri (Plate 2, figure 7), C. inconstans
(Plate 2, figure 2), C. longispinosus (Plate 2, figure 6), C.
scabiosus (Plate 2, figure 4), C. menendezi (Plate 2, figure
3), Dibolisporites sp. cf. D. disfacies (Plate 1, figure 23),
Granulatisporites austroamericanus (Plate 1, figure 13),
Grossusporites microgranus (Plate 1, figure 27), Leiotri-
letes sp. cf. L. corius (Plate 1, figure 3), Retusotriletes
simplex (Plate 1, figure 8), Spelaeotriletes spp., Vallatis-
porites russoi (Plate 2, figure 14), Circumplicatipollis sp.
(Plate 3, figure 1) and Plicatipollenites malabarensis
(Plate 3, figure 12) which complete the assemblage but
are also present in Assemblage 2.

4.1.2.  Assemblage 2

Assemblage 2 includes PB SJ 677, 678, 663, 664 and
666 levels (Figure 2) and all are identified in facies asso-
ciations V, VI and IX (first cycle). The microflora that
characterises this assemblage is varied and abundant,
with many similar species to Assemblage 1. However,
the number of pollen grain species increases and plicate
pollen grains such as Protohaploxypinus, Vittatina and
Minutosaccus appear for the first time. Also, acritarch
specimens (Micrhystridium?) are first recorded (Figure
2;Tables 1—2). The top of this distribution assemblage
is not clear because in level 666, several species disap-
pear (e.g. Cristatisporites stellatus, Brevitriletes,levis
and Converrucosisporites confluens). The limit between
Assemblages 2 and 3 (400 m, Figure 2) is indicated
with a question mark.

Species with an exclusive distribution include
Converrucosisporites confluens (Plate 1, figure 17), Hor-
riditriletes uruguaiensis (Plate 1, figure 22), Kraeuselis-
porites sanluisensis (Plate 1, figure 26), K. apiculatus
(Plate 1, figure 25), Spelaeotriletes ybertii (Plate 2,
figure 11) and Micrhystridium? spp. (Plate 5, figures 12,
16). A mix of species belonging to Assemblage 1 and
Assemblage 3 complete the spectrum (Figure 2; Appen-
dix 3), including, Anapiculatisporites tereteangulus
(Plate 1, figure 12), Calamospora breviradiata (Plate 1,
figure 2), Horriditriletes ramosus (Plate 1, figure 21),
Cannanoropollis mehtae (Plate 3, figure 4), Alisporites
australis (Plate 4, figure 1), A. similis (Plate 4, figure 2),
Minutosaccus sp. (Plate 4, figure 8), Pteruchipollenites
gracilis (Plate 4, figure 7) and Vittatina subsaccata
(Plate 5, figure 15).

4.1.3. Assemblage 3

This association comprises the upper 200 m of the La
Deheza Formation, and includes microflora levels PB
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Table 1. Distribution of species identified for levels and biozones. References: C-W Argentinian Basins Biozones: DM, Rais-
trickia densa—Convolutispora muriornata Biozone; FS, Pakhapites fusus—Vittatina subsaccata Biozone; LW, Lueckispori-
tes— Weylandites; Andap., Andapaico Formation. Modified from Césari & Gutiérrez (2001); Césari & Limarino (2002); Perez
Loinaze & Césari (2004); Balarino & Gutiérrez (2006); Gutiérrez & Barreda (2006); Gutiérrez & Limarino (2006); Vergel (2008);
di Pasquo et al. (2010); Gutiérrez et al. (2010, 2011); Perez Loinaze et al. (2011); Balarino et al. (2012); Correa et al. (2012); Perez
Loinaze & Césari (2012); Césari et al. (2013); Perez Loinaze et al. (2014); Archangelsky et al. (2014).
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Table 2. Composition (in %) of the palynofloral elements recorded in the La Deheza Formation.

Palynological assemblages 1

2 3

Facies association 11 1 v

v

VI IX IX

Universidad Nacional

de San Juan (UNSJ) 672 682 658 674B 674T 677 676 663 664 666 678 668 679 680 681 669 670 671

Monolete spores 0.1 0 04 05 07 05 03 0 01 04 20 0 04 14 04 0 0 0

Trilete spores 92.9 95.5 83.8 940 94.0 90 93.3 80.2 82.3 88.5 42.0 54.0 41.8 54.5 51.6 2.3 18.6 10.9

Monosaccate smooth 46 15 68 25 07 6 28 27 18 47 100 17.2 17.6 4.1 8.6 374 6.8 8.1
pollen grains

Monosaccate striate 0.1 0 0 0 0 0 0 0 0 0 0 08 1.09 0.8 1.8 10.8 50 5.0
pollen grains

Bisaccate smooth 0.8 0 0.6 0 0 0 09 1.1 03 36 17.0 13.6 229 21.1 15.1 16.5 18.2 19.4
pollen grains

Bisaccate striate 0 0 0 0 0 0 03 0 0 0 16.0 6.4 105 9.9 13.3 28.7 232 17.8
pollen grains

Polyplicate and colpate 0 0 0 0 0 0 03 0 0 0 60 44 40 58 89 44 273 369
pollen grains

Fungus 1.3 1.0 62 20 0.7 3 15122 123 038 0 0 0 05 02 0 09 0

Algae 03 20 21 10 40 05 07 29 26 20 7.0 36 1.6 19 02 0 0 19

Acritarchs 0 0 0 0 0 0 0 09 08 0 0 0 0 0 0 0 0 0

TOTAL 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

SJ 678, 668, 680, 681, 669, 670 and 671 (Figure 2).
Although palynomorphs are poorly preserved, the
diversity of bisaccate smooth, bisaccate striate and pli-
cate pollen grain genera is high, while spore genera
diversity is low. At the generic level, only a few speci-
mens of each taxon are identified, except for levels
PBSJ 680 and 669. Assemblage 3 is characterised by
Barakarites rotatus (Plate 2, figure 24), Caheniasaccites
densus (Plate 2, figure 20), Latusipollenites quadrisacca-
tus (Plate 3, figure 6), Mabuitasaccites sp. (Plate 3,
figure 9), Klausipollenites sp. (Plate 4, figure 6), Scheur-
ingipollenites medius (Plate 4, figure 11), Vitreisporites
spp. (Plate 4, figures 12—13), Hamiapollenites ruditae-
niatus (Plate 4, figures 20—21), Illinites unicus (Plate 4,
figures 14, 18), Lueckisporites sp. cf. L.balmei (Plate 5,
figure 1), L. sp. cf. L. virkkiae (Plate 4, figure 15), Pro-
tohaploxypinus goraiensis (Plate 5, figures 5, 7), P.
amplus (Plate 5, figure 2), P. microcorpus (Plate 5,
figure 3), P. sp. cf. P. bharadwajii (Plate 5, figures
10—11), P. sp. cf. P. suchonensis (Plate 5, figure 9),
Striatopodocarpites sp. (Plate 5, figure 7), Vittatina cos-
tabilis (Plate 5, figure 14), Weylandites spp., and Pak-
hapites fusus (Plate 5, figure 17). Two conspicuous
palynomorph groups can be distinguished in Assem-
blage 3, with 50-m separation in the column: the lower
group includes levels PBSJ 678, 668, 680 and 681,
whereas the upper group includes levels PBSJ 669, 670
and 671 (Figure 2). Microfloras of the lower group are
mostly characterised by trilete spores (40—55%).

Bisaccate smooth pollen grains (13.6—22.9%), bisac-
cate striate pollen grains (6.4—16%), monosaccatte pol-
len grains (4.1—17.6%), plicate/colpate pollen grains
(4—8.9%) and algae (0.2—7%) complete the associa-
tion. In contrast, the upper group presents a lower pro-
portion of trilete spores (2.3—18.6%). The main
components in the latter group are bisaccate striate
pollen grains (17.8—28.7%), bisaccate smooth pollen
grains (16.5—19.4%), plicate/colpate pollen grains
(4.4—36.9%), monosaccate pollen grains (6.8—37.4%)
and monosaccate striate pollen grains (5—10.8%)
(Table 2).

There was no significant variation in the genus and
species composition between these two groups, indicat-
ing that both belong to the same microfloristic assem-
blage (Assemblage 3).

4.2.  Multivariate statistical analysis

Results derived from the cluster analysis performed
using the data presented herein revealed the presence
of the three identified assemblages, clustered into two
main groups (Figure 4). One of the main branches of
the resulting cluster closely relates Assemblage 1 and 2
because of their similar generic composition. However,
they can be separated on the basis of their percentile
composition. On the other hand, Assemblage 3 is dis-
played on a separate branch of the cluster, reflecting its
different microfloristic composition.
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Plate 1. Selected spores from the La Deheza Formation. The bar on each photomicrograph represents 20 pm. figure 1. Calamo-
spora hartungiana, PB SJ 663(9) H44/4. figure 2. Calamospora breviradiata, PB SJ 668(5) T62/3. figure 3. Leiotriletes sp. cf. L. corius,
PB SJ 672(2) C41/2. figure 4. Leiotriletes directus, PS SJ 677(9) D53/0. figure 5. Leiotriletes virkkii, PB SJ 663(5) Z39/0. figure 6.
Punctatisporites sp. cf. P. gretensis, PB SJ 663(5) M50/3. figure 7. Retusotriletes diversiformis, PB SJ 664(4) M37/0. figure 8. Retuso-
triletes simplex, PB SJ 663(8) Q51/3. figure 9. Retusotriletes sp., PB SJ 674T(3) B51/0. figure 10. Cyclogranisporites sp., PB SJ 663(8)
X25/3. figure 11. Apiculatasporites sp., PB SJ 676(4) N53/0. figure 12. Anapiculatisporites tereteangulus, PB SJ 663(6) K50/3. figure
13. Granulatisporites austroamericanus, PB SJ 663(2)Y62/2. figure 14. Apiculatisporis variornatus, PB SJ 674T(1) E32/0. figure 15.
Brevitriletes cornutus, PB SJ 676(3) M61/0. figure 16. Lophotriletes sp., PB SJ 676(5) B45/2. figure 17. Converrucosisporites confluens,
PB SJ 663(2) J35/0. figure 18. Verrucosisporites sp., PB SJ 664(5) H51/0. figure 19. Brevitriletes parmatus, PB SJ677(9) G40/0. figure
20. Brevitriletes levis, PB SJ 663(5) R51/0. figure 21. Horriditriletes ramosus, PB SJ 664(5) K38/4. figure 22. Horriditriletes uruguaien-
sis, PB SJ 676(4) M31/0. figure 23. Dibolisporites sp. cf. D. difacies, PB SJ 663(3) M47/1. figure 24. Dictyotriletes sp., PB SJ 664(4)
7.52/0. figure 25. Kraeuselisporites apiculatus, PB SJ 658(1) D51/0. figure 26. Kraeuselisporites sanluisensis, PB SJ 672(4) B46/0. figure
27. Grossusporites microgranulatus, PB SJ 663(3) U44/4. figure 28. Densosporites sp., PB SJ 663(3) J24/0. figure 29. Lundbladispora
braziliensis, PB SJ 658(1) 1L28/2. figure 30. Lundbladispora riobonitensis, PB SJ 664(4) R39/4.



Downloaded by [Gustavo Correa] at 09:23 07 May 2015

10 M. Lucia Balarino et al.

Plate 2. Selected spores and monosaccate pollen grains from the La Deheza Formation. The bar on each photomicrograph rep-
resents 20 wm. figure 1. Cristatisporites chacoparanaensis, PB SJ 658(3) H45/0. figure 2. Cristatisporites inconstans, PB SJ 672(4)
B47/3. figure 3. Cristatisporites menendezi, PB SJ 672(2) S28/0. figure 4. Cristatisporites scabiosus, PB SJ 672(2) X34/4. figure 5.
Cristatisporites sp. cf. C. spinosus, PB SJ 658(1) D35/2. figure 6. Cristatisporites longispinosus, PB SJ 672(7) D61/0. figure 7. Crista-
tisporites rolleri, PB SJ 672(2) Z58/0. figure 8. Vallatisporites arcuatus, PB SJ 664(3) Y52/0. figure 9. Vallatisporites sp., PB SJ 664
(4) E58/0. figure 10. Cristatisporites stellatus, PB SJ 658(1) X30/2. figure 11. Spelaeotriletes ybertii, PB SJ 676(1) Q48/0. figure 12.
Micrhystridium? sp., PB SJ 664(4) J57/0. figure 13. Laevigatosporites sp., PB SJ 680(1) E50/0. figure 14. Vallatisporites russoi, PB
SJ 664(3) Y52/3. figure 15. Cristatisporites sp., PB SJ 672(4) B48/3. figure 16. Micrhystridium? sp., PB SJ 664(4) E44/1. figure 17.
Botryococcus braunii, PB SJ 658(1) D29/1. figure 18. Brazilea sp., PB SJ 668(2) W31/0. figure 19. Portalites sp., PB SJ 672(2) 168/
0. figure 20. Caheniasaccites densus, PB SJ 679(2) Z64/0. figure 21. Caheniasaccites sp. cf. C. ovatus, PB SJ 669(7) F57/0. figure 22.
Accinctisporites sp., PB SJ680(10) H60/0. figure 23. Fungus indet., PB SJ 672(7) H60/0. figure 24. Barakarites rotatus, PB SJ 668
(5) B51/4. figure 25. Crucisaccites sp., PB SJ 669(2) 058/3. figure 26. Caheniasaccites sp., PB SJ 669(10) F43/0.
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Plate 3. Selected monosaccate pollen grains from the La Deheza Formation. The bar on each photomicrograph represents 20
pm. figure 1. Circumplicatipollis sp., PB SJ 672(2) C46/4. figure 2. Cannanoropollis janakii, PB SJ 669(6) K21/2. figure 3.
Divarisaccus? sp., PB SJ 669(6) H21/0. figure 4. Cannanoropollis mehtae, PB SJ 669(12) Y58/3. figure 5. Caheniasaccites flavatus,
PB SJ 669(7) E50/00. figure 6. Latusipollenites quadrisaccatus, PB SJ 669(6) J26/1. figure 7. Potonieisporites sp., PB SJ658(1) H53/
3. figure 8. Meristocorpus sp., PB SJ 658(3) J45/1. figure 9. Mabuitasaccites sp., PB SJ 669(2) H47/2. figure 10. Tuberisaccites sp.,
PB SJ 669(12) F33/3. figure 11. Crustaesporites sp., PB SJ 669(7) V65/0. figure 12. Plicatipollenites malabarensis, PB SJ 663(8)
Q41/1.
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Plate 4. Selected bisaccate smooth and bisaccate striate pollen grains from the La Deheza Formation. The bar on each photomi-
crograph represents 20 wm. figure 1. Alisporites australis, PB SJ 669(4) W51/0. figure 2. Alisporites similis, PB SJ 680(9) Q60/0.
figure 3. Limitisporites sp. cf. L. rectus, PB SJ 680(8) T60/0. figure 4. Limitisporites sp., PB SJ 681(4) O56/0. figure 5. Colpisaccites
sp. cf. C. granulosus, PB SJ 669(7) A62/4. figure 6. Klausipollenites sp., PB SJ 669(2) Q55/4. figure 7. Pteruchipollenites gracilis, PB
SJ 669(6) C52/1. figure 8. Minutosaccus sp., PB SJ 680(2) M52/0. figure 9. Platysaccus sp., PB SJ 669(5) C45/0. figure 10. Scheurin-
gipollenites ovatus, PB SJ 669(6) B39/2. figure 11. Scheuringipollenites medius, PB SJ 678(5) U60/0. figure 12. Vitreisporites sp., PB
SJ680(3) B53/3. figure 13. Vitreisporites sp., PB SJ680(8) A48/0. figure 14. Illinites unicus, PB SJ 669(6) J22/1. figure 15. Lueckis-
porites sp. cf. L. virkkiae, PB SJ 669(2) E59/2. figure 16. Scheuringipollenites maximus, PB SJ 669(5) X50/4. figure 17. Pteruchipol-
lenites sp., PB SJ 669(6) S23/2. figure 18. Illinites unicus, PB SJ 669(6) J22/1. figure 19. Hamiapollenites, sp. PB SJ 669(11) P36/4.
figure 20. Hamiapollenites ruditaeniatus, PB SJ 669(6) G47/1. figure 21. Hamiapollenites ruditaeniatus, PB SJ 669(10) N65/0.
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Plate 5. Selected striate pollen grains from the La Deheza Formation. The bar on each photomicrograph represents 20 pm.
figure 1. Lueckisporites sp. cf. L. balmei, PB SJ 678(4) R37/0. figure 2. Protohaploxypinus amplus, PB SJ 669(9) W54/2. figure 3.
Protohaploxypinus microcorpus, PB SJ 669(7) B48/2. figure 4. Vittatina costabilis, S54/3. figure 5. Protohaploxypinus goraiensis,
PB SJ 669(10) X36/2. figure 6. Protohaploxypinus goraiensis, PB SJ 669(2) T51/0. figure 7. Striatopodocarpites sp., PB SJ 680(8)
Q40/2. figure 8. Vittatina fasciolata, PB SJ 669(12) O38/1. figure 9. Protohaploxypinus sp. cf. P. suchonensis, PB SJ 669(2) M62/2.
figure 10. Protohaploxypinus sp. cf. P. bharadwajii, PB SJ 669(7) V42/4. figure 11. Protohaploxypinus sp. cf. P. bharadwajii, PB SJ
681(4) C67/0. figure 12. Striatabieites sp., PB SJ 681(6) D39/3. figure 13. Striatabieites multistriatus, PB SJ 678(3) B34/4. figure 14.
Weylandites lucifer, PB SJ 669(2) E42/4. figure 15. Vittatina subsaccata, PB SJ 676(4) 041/2. figure 16. Pakhapites ovatus, PB SJ
669(4) B58/4. figure 17. Pakhapites fusus, PB SJ 669(6) W47/0. figure 18. Cycadopites sp., PB SJ 669(6) Y51/3. figure 19. Weylan-
dites magmus, PB SJ 669(7) G47/0.

4.3. Biostratigraphy Pakhapites fusus— Vittatina subsaccata (FS) biozones,
respectively, indicating a Pennsylvanian—early Cisura-
lian age for its stratigraphic interval. Both assemblages
share several species such as Cristatisporites stellatus,
Brevitriletes cornutus, B. levis, Cristatisporites menendezi,

C. rolleri, Granulatisporites austroamericanus, Lundbla-

The comparison of the microfloristic assemblages from
La Deheza Formation with the biozonation scheme
known for central western Argentine basins (Paganzo,
Rio Blanco, Calingasta Uspallata and San Rafael, sensu
Césari and Gutiérrez 2001, and subsequent modifica-

tions — see the references in Table 1) suggests that
Assemblages 1 and 2 can be correlated with the Rais-
trickia densa— Convolutispora muriornata (DM) and the

dispora riobonitensis and Vallatisporites arcuatus. How-
ever, the occurrence of Converrucosisporites confluens,
Vittatina  subsaccata, Kraeuselisporites  sanluisensis,
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Figure 4. Cluster analysis of palynological levels. Similarity
line in red.

Anapiculatisporites  teretangulus, Alisporites australis,
Calamospora breviradiata, Horriditriletes ramosus and
A. similis, present in Assemblage 2, supports its attribu-
tion to the Pakhapites fusus— Vittatina subsaccata (FS)
biozone (Figure 2; Table 1). Also, the absence of char-
acteristic species of FS biozone (Calamospora brevira-
diata,  Horriditriletes  ramosus,  Kraeuselisporites
apiculatus, K. sanluisensis, Latusipollenites quadrisacca-
tus, Alisporites australis, Vittatina spp., etc.) and its
associations’ facies context (glacial—postglacial event
with dropstones; see Correa & Gutiérrez 2014) allows
us to assign a Pennsylvanian age for Assemblage 1. The
specific and generic qualitative and quantitative compo-
sition of microflora of Assemblage 2 shows a clear
equivalence with the microflora from facies association
I of the Andapaico Formation (Table 1).

On other hand, Assemblage 3 could be correlated
to the FS and Lueckisporites— Weylandites (LW) bio-
zones (Table 1), based on the presence of Barakarites
rotatus, Caheniasaccites flavatus, Latusipollenites quad-
risaccatus, Scheuringipollenites medius, Protohaploxypi-
nus amplus, Striatabieites sp. cf. S. multistriatus,
Vittatina costabilis, V. fasciolata, Weylandites magmus,
Pakhapites fusus and P. ovatus, but the presence of
Hamiapollenites ruditaeniatus, Lueckisporites sp. cf. L.

virkkiae, L. sp. cf. L. balmei, Protohaploxypinus micro-
corpus and Weylandites lucifer indicates the mid-
dle—late Cisularian age of the LW biozone.
Assemblage 3 could be correlated with the VII facies
association of the Andapaico Formation (Table 1).

5. Conclusions

Eighteen levels were studied and 116 palynomorph spe-
cies were identified. These are the first records of Perm-
ian microfloristic associations from La Deheza
Formation, Paganzo Basin, San Juan Province. The
vertical distribution of species allowed the recognition
of three palynological assemblages, also supported by
a multivariate statistical analysis. Assemblage 1 is char-
acterised by the restricted occurrence of Cristatisporites
chacoparanaensis, C. sp. cf. C. sinousus, Cahenasaccites
densus and Apiculatisporis variornatus. This association
is dominated by trilete spores (84%) mainly of Crista-
tisporites and Punctatisporites genera and can be
referred to the Raistrickia densa— Convolutispora mur-
iornata (DM) biozone. Assemblage 2 presents several
exclusive species (e.g., Converrucosisporites confluens,
Kraeuselisporites sanluisensis, K. apiculatus, Spelaeotri-
letes  ybertii,  Horriditriletes — uruguaiensis  and
Micrhystridium? spp.) along with species shared with
Assemblage 1 (Anapiculatisporites  tereteangulus,
Calamospora breviradiata, Granulatisporites austroa-
mericanus, Horriditriletes ramosus, Cannanaropollis
mehtae, Plicatipollenites malabarensis, Alisporites
australis, A. similis, Pteruchipollenites gracilis, etc.).
Although the composition of Assemblage 1 is similar
to that of Assemblage 2 (reflected also in the cluster
analysis), the increased proportion of pollen grains and
the occurrence of Minutosaccus, Protohaploxypinus
and Vittatina in this latter assemblage suggests they are
different associations. Based on its species composi-
tion, Assemblage 2 can be referred to the Pakhapites
Sfusus—Vittatina subsaccata (FS) biozone and, there-
fore, an early Cisuralian age is inferred. Even though
Assemblage 3 is characterised by a dominance of trilete
spores (40—55%), other groups such as bisaccate
smooth, bisaccate striate and plicate pollen grains
show an increase and diversification at both generic
and specific levels. Klausipollenites spp., Barakarites
rotatus, Caheniasaccites densus, Latusipollenites quadri-
saccatus, Scheuringipollenites medius, Vitreisporites
spp., Lueckisporites sp. cf. L. balmei, L. sp. cf. L.
virkkiae, Protohaploxypinus goraiensis, P. amplus,
P. microcorpus, P. sp. cf. P. bharadwajii, P. sp. cf.
P. suchonensis, Striatopodocarpites spp., Hamiapollen-
ites ruditaeniatus, Illinites unicus, Mabuitasaccites sp.,
Pakhapites fusus and Weylandites spp. are recorded
for the first time. This association can be referred
to the Lueckisporites—Weylandites (LW) biozone.
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In summary, the biostratigraphical correlation between
Assemblages 1 and 2 with the scheme proposed by
Césari & Gutiérrez (2001) suggests a Pennsylva-
nian—early Cisularian age for the basal and middle sec-
tions of La Deheza Formation, and a middle—late
Cisularian age based on the record of Assemblage 3 at
the top of the sequence.

In addition, new information is incorporated
(Table 1) into the central-western Argentine basins
with the inclusion of the species Falcisporites similis for
the FS biozone and Protohaploxypinus sp. cf. P. bhar-
adwajii for the LW biozone.

Acknowledgements

Special thanks go to E. Coturel for her collaboration in the
field and in the laboratory and to L. Palazzesi for his contri-
bution performing the statistical analysis. Duncan McLean,
an anonymous reviewer and the Editor are gratefully
acknowledged for valuable comments and suggestions that
helped to greatly improve the manuscript. This work was
supported by research grants awarded by Agencia Nacional
de Promocién Cientifica y Técnica (ANPCYT-PICT 32693,
1637 and PRESTAMO BID-PICT 2010 N°2196) and Con-
sejo Nacional de Promocién Cientifica y Técnica CONICET
(PIP 0585).

Author biographies

# M. LUCIA BALARINO received her
PhD in 2009 from the Universidad
Nacional de La Plata, Argentina for a
thesis on the Permian palynostratigra-
phy of the Claromec6 Basin, Argentina.
In 2010, she became a CONICET
researcher at the Museo Argentino de
Ciencias Naturales “B. Rivadavia”,
Argentina. Since 2006, Lucia has been
working on the Carboniferous and Permian palynology of
the Chacoparand, Parand and Paganzo basins in Argentina
and Uruguay.

GUSTAVO A. CORREA is a researcher with the Consejo
Nacional de Investigaciones Cientificas y Técnicas (CONI-
CET) in Argentina. He received his PhD in 2012 from the
Universidad Nacional, San Juan, Argentina. Gustavo’s
research interests are on the lithostratigraphy and palacobo-
tany of western Gonwana, in particular the Paganzo and
Ischigualasto-Villa Unidn basins.

PEDRO RAUL GUTIERREZ received his PhD in 1989
from the University of Buenos Aires, Argentina for a thesis
on the Late Carboniferous macrofloras and palynofloras of
western Argentina. Since 1983, his research has been on
Upper Palaeozoic palacobotany and palynology. In 1990,
Pedro became a permanent CONICET researcher. In 2000,
he began work at the palynology laboratory of the Argentine
Museum of Natural Sciences in Buenos Aires, working on
Carboniferous and Permian material from Argentina and
Uruguay. Recently, Pedro began work on the Middle Triassic
of Mendoza Province. He served for 12 years on the editorial
board of Ameghiniana, and for six years Pedro was a member

Fa

of the Board of the Paleontological Association of Argentina
(APA).

BARBARA CARIGLINO is a CONICET Assistant Researcher
at the Museo Argentino de Ciencias Naturales “B. Rivadavia”,
Argentina. She received her PhD from the Universidad Nacional
de La Plata, Argentina for a thesis on the Glossopteris flora from
Santa Cruz Province, Argentina. Barbara currently works on
Carboniferous and Permian megafloras from Patagonia and
western Argentina.

MARIA L. CARREVEDO received her PhD in 2010 from
the Universidad de Buenos Aires, Argentina. Between 2007
and 2011, she worked on the Carboniferous and Permian pal-
ynology of the Paganzo Basin, Argentina, and between 2012
and 2015 on a project on Holocene global change. Maria is
currently a postdoctoral researcher at the Instituto de Ecolo-
gia y Biodiversidad (IEB) in Argentina.

References

Archangelsky S, Vazquez MS, Césari SN. 2014. Palinofloras
cisuralianas en el subsuelo del noreste de la provincia de
La Pampa. Ameghiniana 51:433—436.

Balarino ML, Gutiérrez PR. 2006. Palinologia de la For-
macién Tasa Cuna (Pérmico Inferior), Cérdoba, Argen-
tina: sistemdtica y consideraciones bioestratigraficas.
Ameghiniana 43:437—460.

Balarino ML, Correa GA, Gutiérrez PR, Carrevedo ML.
2012. Palinologia de la Formaciéon Andapaico (Cisuralia-
no—Guadalupiano) Precordillera Central sanjuanina
(Argentina): consideraciones bioestratigraficas region-
ales. Rev Bras Paleontolo. 153:281-299.

Beri A, Gutiérrez PR, Cernuschi F, Balarino ML. 2006. Pal-
inologia del Pérmico Inferior en el Cerro Largo, Uru-
guay. Parte I: esporas, algas, prasinofitas y acritarcas.
Ameghiniana 43:227—-244.

Borrello AV. 1956. Recursos minerales de la Republica
Argentina. III. Combustibles sélidos minerales. Revista
del Instituto Nacional de Investigaciones de Ciencias
Naturales, Ciencias Geoldgicas 5:1—655.

Bracaccini O. 1950. Investigaciones tectonicas en la Precor-
dillera sanjuanina. Boletin de Informaciones Petroleras
301:1-36.

Césari SN, Gutiérrez PR. 2001. Palynostratigraphy of upper
Paleozoic sequences in Central-Western Argentina. Paly-
nology 24:113—146.

Césari SN, Limarino CO. 2002. Palynology of glacial sedi-
ments from the Guandacol formation (Middle Carbonif-
erous) in the Cerro Bola area, Paganzo Basin, Argentina.
Alcheringa 26:159—176.

Césari SN, Perez Loinaze VS, Limarino CO. 2013. La Bio-
zona Pakhapites fusus-Vittatina subsaccata en la For-
macién Patquia (Pérmico), Precordillera de La Rioja,
Argentina. Revista del Museo Argentino de Ciencias
Naturales 15:71—88.

Correa GA, Gutiérrez PR. 2014. Caracterizacion estratigraf-
ica, paleoambiental y biocronoldgica de la Formacién La
Deheza, San Juan, Argentina. Revista Mexicana de Cien-
cias Geologicas 31:340—353.

Correa GA, Gutiérrez PR, Carrevedo ML, Balarino L. 2010
Nuevas asociaciones floristicas pérmicas de la Formacién
La Deheza, sector austral de la Cuenca Paganzo. In:
Congreso Latinoamericano de Paleontologia y Bio-
estratigrafia, No. 10 y Congreso Latinoamericano de
Paleontologia, No 4, La Plata: Actas; p. 150—151.



Downloaded by [Gustavo Correa] at 09:23 07 May 2015

16 M. Lucia Balarino et al.

Correa GA, Carrevedo ML, Gutiérrez PR. 2012. Paleoam-
biente y paleontologia de la Formacion Andapaico (Pale-
ozoico superior, Precordillera Central, Argentina).
Andean Geol. 39:22—52.

Cuerda AJ, Furque G. 1981. Depdsitos carbdnicos de la Pre-
cordillera de San Juan. Parte I. Comarca del cerro La
Chilca (Rio Francia). Revista de la Asociacion Geoldgica
Argentina 36:187—196.

Cuerda AJ, Furque G. 1983. Depdsitos carbdnicos de la Pre-
cordillera de San Juan. Parte II- Quebrada La Deheza.
Revista de la Asociacion Geoldgica Argentina 38:384—390.

Cuerda AlJ, Cingolani CA, Varela R, Schauer OC. 1979.
Depdsitos carbdnicos en la vertiente occidental de la
Sierra del Valle Fértil, Provincia de San Juan. Revista de
la Asociacidén Geoldgica Argentina 34:100—107.

di Pasquo M, Vergel MM, Azcuy CL. 2010. Pennsylvanian
and Cisuralian palynofloras from the Los Sauces area,
La Rioja province, Argentina: Chronological and paleo-
ecological significance. Int J Coal Geol. 83:276—291.

Espejo IS, Lopez-Gamundi OR. 1984. Depositos continen-
tales del Paleozoico Superior en el sector central de la
Precordillera sanjuanina, provincia de San Juan. In Con-
greso Geoldgico Argentino, No. 9, Actas 5:258—273. San
Carlos de Bariloche. i

Ferndndez Seveso F, Pérez MA, Brisson IE, Alvarez LA.
1993. Analisis de la cuenca: técnicas aplicadas en la serie
carbénica—pérmica del Paganzo. Boletin de Informa-
ciones Petroleras 10:77—108.

Furque G. 1963. Descripcion geoldgica de la Hoja 17b-Guan-
dacol, prov. La Rioja, prov. San Juan. Boletin de la
Direccion Nacional de Geologia y Mineria 92:1—104.

Gutiérrez PR, Barreda VD. 2006. Palinologia de La For-
maciéon El Trampeadero (Carbonifero Superior), La
Rioja, Argentina: significado bioestratigrafico. Ame-
ghiniana 43:71—-84.

Gutiérrez PR, Limarino CO. 2006. El perfil del sinclinal del
Rincdn Blanco (noroeste de La Rioja): El limite Carbon-
ifero-Pérmico en el noroeste Argentina. Ameghiniana
43:687—703.

Gutiérrez PR, Correa GA, Carrevedo ML. 2010. Primer
registro de palinomorfos de edad pérmica en la For-
macién Rio Francia (Paleozoico Superior; San Juan,
Argentina). Revista del Museo Argentino de Ciencias
Naturales 12:203—-216.

Gutiérrez PR, Zavattieri AM, Ezpeleta M, Astini RA. 2011.
Palynology of the La Veteada formation (Permian) in the
Sierra de Narvdez, Catamarca province, Argentina. Ame-
ghiniana 48:154—176.

Lech RR, Milana JP, Bercowski F. 1990. Nueva asociacion
de braquidépodos fésiles en el Carbonifero Superior de
Precordillera central, San Juan, Argentina. In Congreso
Argentino de Paleontologia y Bioestratigrafia, No. 5, San
Miguel de Tucuman: Actas; p. 89—96.

Limarino CO, Spalletti LA. 2006. Paleogeography of the
upper Paleozoic basins of southern South America: An
overview. J S Am Earth Sci. 22:134—155.

Limarino CO, Tripaldi A, Marenssi S, Fauque L. 2006. Tec-
tonic, sea-level, and climatic controls on Late Paleozoic
sedimentation in the western basins of Argentina. J S Am
Earth Sci. 22:205-226.

Loépez-Gamundi OR, Espejo IS. 1988. Analisis petrofacial de
las epiclastitas neopaleozoicas en los alrededores del Rio
Sassito (San Juan): dreas de proveniencia e importancia
paleogeografica. Revista de la Asociaciéon Geoldgica
Argentina 43:91-105.

Milana JP, Bercoswski F. 1987a. Nueva localidad marina
para el neopaleozoico de precordillera, en la confluencia
de los rios San Juan y Uruguay, San Juan, Argentina.
Reunién Internacional del Grupo PIGG 211 (IUGS-
UNESCO), No. 4 y Congreso Latinoamericano de Pale-
ontologia, No.4, Actas, 46—48. Santa Cruz de la Sierra.

Milana JP, Bercoswski F. 1987b. Rasgos erosivos y deposita-
cionales glaciales en el neopaleozoico de Precordillera
central, San Juan, Argentina. Reunién Internacional del
Grupo PIGG 211 (IUGS-UNESCO), No. 4 y Congreso
Latinoamericano de Paleontologia, No. 4, Actas, 56—59.
Santa Cruz de la Sierra

Milana JP, Bercoswki F. 1990. Facies y geometria de
depdsitos glaciales en un paleovalle Carbonifero de Pre-
cordillera Central, San Juan, Argentina. Reunién Argen-
tina de Sedimentologia, No. 3, Actas 3, 199—204. San
Juan.

Milana JP, Banching AL, Bercowski F. 1985. Descripcién
sedimentoldgica de la seccion basal de una secuencia neo-
paleozoica de la Precordillera de San Juan. Jornadas
sobre Geologia de Precordillera, No. 1, Asociacion Geo-
légica Argentina, Serie A-Monografias y Reuniones 2
(1986), 295—300.

Milana JP, Bercowski F, Lech RR. 1987. Analisis de la
secuencia marino-continental neopaleozoica en la region
del rio San Juan, Precordillera Central Argentina. Con-
greso Geoldgico Argentino, No. 10, Actas 3, 113—116.
San Miguel de Tucuman.

Net LI, Limarino CO. 2006. Applying sandstone petrofacies
to unravel the Upper Carboniferous. J S Am Earth Sci.
22:239-254.

Perez Loinaze VS, Césari SN. 2004. Palynology of the Estra-
tos de Mascasin, Upper Carboniferous, Paganzo Basin,
Argentina: systematic descriptions ans stratigraphic con-
siderations. Revista Espanola de Microplacontologia
36:407—438.

Perez Loinaze VS, Césari SN. 2012. Palynology of late Serpu-
khovian glacial and postglacial deposits from Paganzo
Basin, northewestern Argentina. Micropaleontology
58:335-350.

Perez Loinaze VS, Limarino CO, Césari SN. 2011. Palyno-
logical study of the Carboniferous sequence at Rio Fran-
cia Creek, Paganzo Basin, Argentina. Ameghiniana
48:605—620.

Perez Loinaze VS, Limarino CO, Césari SN. 2014. Carbonif-
erous outcrops at La Herradura Creek, San Juan Prov-
ince (Western Argentina), revised: age of the
transgressions. Andean Geol. 41:83—105.

Playford G, Dettmann ME. 1996. Spores. In: Jansonius J,
McGregor DC, editors. Palynology: Principles and
Applications. Dallas: American Association of Strati-
graphic Palynologists Foundation; p. 227—260.

Potonié R, Kremp G. 1954. Die Sporae dispersae des Ruhr-
karbonns. Thre Morphographie und Stratigraphie mit
Ausblicken auf Arten anderen Gebiete und Zeitabsch-
nitte. Teil 1. Palacontographica Abteilung B 98
(1955):1-136.

Ramos VA, Vujovich GI. 2000. Hoja Geoldgica 3169-IV, San
Juan, Provincia de San Juan. Subsecretaria de Mineria
Nacidn, Servicio Geoldgico Minero Argentino. Boletin
243, 82 p. Buenos Aires.

Vergel MM. 2008. Palynology of late Palaeozoic sediments
(Tupe Formation) at La Herradura Creek, San Juan
province, Argentina. Alcheringa 32:339—352.



Downloaded by [Gustavo Correa] at 09:23 07 May 2015

Palynology 17

Wood GD, Gabriel AM, Lawson JC. 1996. Palynological
techniques-processing and microscopy. In: Jansonius J,
McGregor DC, editors. Palynology: Principies and
Applications. Dallas: American Associations of Strati-
graphic Palynologists Foundation; p. 29—50.

Appendix 1. List of identified species and illustration
references

Trilete spores

Calamospora hartungiana Schopf in Schopf, Wilson & Bentall
1944 (Plate 1, figure 1)

Calamospora breviradiata Kosanke 1950 (Plate 1,
figure 2)

Calamospora spp. (not illustrated)

Leiotriletes sp. cf. L. corius Kar & Bose 1967 (Plate 1,
figure 3)

Leiotriletes directus Balme & Hennelly 1956 (Plate 1,
figure 4)

Leiotriletes virkkii Tiwari 1965 (Plate 1, figure 5)

Leiotriletes spp. (not illustrated)

Punctatisporites sp. cf. P. gretensis Balme & Hennelly
1956 (Plate 1, figure 6)

Punctatisporites spp. (not illustrated)

Retusotriletes diversiformis (Balme & Hennelly) Balme &
Playford 1967 (Plate 1, figure 7)

Retusotriletes simplex Naumova 1953 (Plate 1, figure 8)

Retusotriletes sp. (Plate 1, figure 9)

Apiculated trilete spores

Anapiculatisporites tereteangulus (Balme & Hennelly) Play-
ford & Dino 2002 (Plate 1, figure 12)

Apiculatasporites sp. (Plate 1, figure 11)

Apiculatisporis variornatus Di Pasquo, Azcuy & Souza
2003 (Plate 1, figure 14)

Apiculatisporis spp. (not illustrated)

Apiculiretusispora spp. (not illustrated)

Brevitriletes cornutus (Balme & Hennelly) Backhouse
1991 (Plate 1, figure 15)

Brevitriletes levis (Balme & Hennelly) Bharadwaj & Sri-
vastava 1969 (Plate 1, figure 20)

Brevitriletes parmatus (Balme & Hennelly) Backhouse
1991 (Plate 1, figure 19)

Brevitriletes spp. (not illustrated)

Converrucosisporites confluens (Archangelsky & Game-
rro) Playford & Dino 2002 (Plate 1, figure 17)

Converrucosisporites spp. (not illustrated)

Convolutispora spp. (not illustrated)

Cyclogranisporites sp. (Plate 1, figure 10)

Dibolisporites sp. cf. D. difacies Jones & Truswell 1992
(Plate 1, figure 23)

Dibolisporites sp. (not illustrated)

Dictyotriletes sp. (Plate 1, figure 24)

Granulatisporites — austroamericanus ~Archangelsky &
Gamerro 1979 (Plate 1, figure 13)

Granulatisporites spp. (not illustrated)

Horriditriletes ramosus (Balme & Hennelly) Bharadwaj &
Salujha 1964 (Plate 1, figure 21)

Horriditriletes uruguaiensis (Marques Toigo) Archangel-
sky & Gamerro 1979 (Plate 1, figure 22)

Horriditriletes spp. (not illustrated)

Lophotriletes sp. (Plate 1, figure 16)

Verrucosisporites sp. (Plate 1, figure 18)

Cingulated trilete spores
Cristatisporites chacoparanaensis Ottone, 1989 (Plate 2,

figure 1)

Cristatisporites inconstans Archangelsky & Gamerro
1979 (Plate 2, figure 2)

Cristatisporites longispinosus Menendez 1971 (Plate 2,
figure 6)

Cristatisporites menendezi (Menendez & Azcuy) Playford
1978 (Plate 2, figure 3)

Cristatisporites rolleri Ottone 1989 (Plate 2, figure 7)

Cristatisporites scabiosus Menendez 1965 (Plate 2, figure
4)

Cristatisporites sp. cf. C. spinosus (Menendez & Azcuy)
Playford 1978 (Plate 2, figure 5)

Cristatisporites stellatus (Azcuy) Gutierrez & Limarino
2001 (Plate 2, figure 10)

Cristatisporites sp. (Plate 2, figure 15)

Densosporites sp. (Plate 1, figure 28)

Endosporites sp. (not illustrated)

Grossusporites microgranulatus (Menendez & Azcuy)
Perez Loinaze & Cesari 2004 (Plate 1, figure 27)

Grossusporites sp. (not illustrated)

Kraeuselisporites apiculatus Jansonius 1962 (Plate 1,
figure 25)

Krauselisporites sanluisensis Menendez 1971 (Plate 1,
figure 26)

Krauselisporites spp. (not illustrated)

Lundbladispora brasiliensis (Marques-Toigo & Pons)
Marques-Toigo & Picarelli 1985 (Plate 1, figure 29)

Lundlbadispora riobonitensis Marques-Toigo & Picarelli
1985 (Plate 1, figure 30)

Lundbladispora sp. (not illustrated)

Vallatisporites arcuatus (Marques-Toigo) Archangelsky
& Gamerro 1979 (Plate 2, figure 8)

Vallatisporites russoi Archangelsky & Gamerro 1979
(Plate 2, figure 14)

Vallatisporites sp. (Plate 2, figure 9)

Camerated trilete spores

Spelaeotriletes ybertii (Marques-Toigo) Playford & Powis
1979 (Plate 2, figure 11)
Spelaeotriletes spp. (not illustrated)

Monolete spores
Laevigatosporites sp. (Plate 2, figure 13)

Algae-Prasynophyta

Botryoccocus sp. (Plate 2, figure 17)
Brazilea sp. (Plate 2, figure 18)

Fungii
Portalites sp. (Plate 2, figure 19)
Fungus indet. (Plate 2, figure 23)

Acritarchs

Michrystridium? spp. (Plate. 2, figures 12 and 16)
Comparision. Micrhystridium sp. described from the top
of the San Gregorio Formation (Beri et al. 2006, p. 242,
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figs 4K, 4N) is superficially similar but the specimens from
the La Deheza Formation are poorly preserved and did not
allow further comparison.

Monosaccate pollen grains

Accinctisporites sp. (Plate 2, figure 22)

Barakarites rotatus (Balme & Hennelly) Bharadwaj &
Tiwari 1964 (Plate 2, figure 24)

Barakarites spp. (not illustrated)

Caheniasaccites densus Lele & Karim emend. Gutierrez
1993 (Plate 2, figure 20)

Caheniasaccites flavatus (Bose & Kar) emend. Azcuy &
Di Pasquo 2000 (Plate 3, figure 5)

Caheniasaccites sp. cf. C. ovatus Lele & Karim emend.
Gutierrez 1993 (Plate 2, figure 21)

Caheniasaccites sp. (Plate 2, figure 26)

Cannanoropollis janakii Potonie & Sah 1960 (Plate 3,
figure 2)

Cannanoropollis mehtae (Lele) Bose & Maheshwari 1968
(Plate 3, figure 4)

Cannanoropollis spp. (not illustrated)

Circumplicatipollis sp. (Plate 3, figure 1)

Crucisaccites sp. (Plate 2, figure 25)

Divarisaccus? sp. (Plate 3, figure 3)

Latusipollenites quadrisaccatus Marques-Toigo 1974
(Plate 3, figure 6)

Plicatipollenites malabarensis (Potonie & Sah) Foster
1975 (Plate 3, figure 12)

Plicatipollenites spp. (not illustrated)

Potonieisporites sp. (Plate 3, figure 7)

Tuberisaccites sp. (Plate 3, figure 10)

Crustaesporites sp. (Plate 3, figure 11)

Mabuitasaccites sp. (Plate 3, figure 9)

Meristocorpus sp. (Plate 3, figure 8)

Bisaccate smooth pollen grains

Alisporites australis de Jersey 1962 (Plate 4, figure 1)

Alisporites similis (Balme) Balarino 2012 (Plate 4, figure
2)

Alisporites spp. (not illustrated)

Colpisaccites sp. cf. C. granulosus Archangelsky & Game-
rro 1979 (Plate 4, figure 5)

Klausipollenites sp. (Plate 4, figure 6)

Limitisporites sp. cf. L. rectus Leschik 1956 (Plate 4,
figure 3)

Limitisporites sp. (Plate 4, figure 4)

Minutosaccus sp. (Plate 4, figure 8)

Platysaccus sp. (Plate 4, figure 9)

Pteruchipollenites gracilis (Segroves) Foster 1979 (Plate 4,
figure 7)

Pteruchipollenites sp. (Plate 4, figure 17)

Scheuringipollenites maximus (Hart) Tiwari 1973 (Plate 4,
figure 16)

Scheuringipollenites medius (Burjack) Dias-Fabricio 1981
(Plate 4, figure 11)

Scheuringipollenites ovatus (Balme & Hennelly) Foster
1979 (Plate 4, figure 10)

Scheuringipollenites. sp. (not illustrated)

Vitreisporites spp. (Plate 4, figures 12 and 13)

Bisaccate striate pollen grains

Hamiapollenites ruditaeniatus Qu & Wang 1986 (Plate 4, fig-
ures 20 and 21)

Hamiapollenites sp. (Plate 4, figure 19)

Hllinites unicus Kosanke emend. Jansonius & Hills 1976
(Plate 4, figures 14 and 18)

Lueckisporites sp. cf. L. virkkiae Potonie & Klaus 1954
(Plate 4, figure 15)

Lueckisporites sp. cf. L. balmei (Tiwari & Vijaya) Gutier-
rez, Zavattieri, Ezpeleta & Astini 2011 (Plate 5, figure 1)

Lueckisporites spp. (not illustrated)

Protohaploxypinus amplus (Balme and Hennelly) Hart
1964 (Plate 5, figure 2)

Protohaploxypinus goraiensis (Potonie and Lele) Hart
1964 (Plate 5, figures 5 and 6)

Protohaploxypinus microcorpus (Schaarschmidt) Clarke
1965 (Plate 5, figure 3)

Protohaploxypinus sp. cf. P. suchonensis (Sedova) Hart
1964 (Plate 5, figure 9)

Protohaploxypinus sp. cf. P. bharadwajii Foster 1979
(Plate 5, figures 10 and 12)

Protohaploxypinus spp. (not illustrated)

Striatabieites sp. cf. S. multistriatus (Balme and Hennelly)
Hart 1964 (Plate 5, figure 13)

Striatabieites sp. (Plate 5, figure 12)

Striatopodocarpites sp. (Plate 5, figure 7)

Plicate pollen grains

Vittatina costabilis Wilson 1962 (Plate 5, figure 4)

Vittatina fasciolata (Balme & Hennelly) Bharadwaj 1962
(Plate 5, figure 8)

Vittatina subsaccata Samoilovich 1953 (Plate 5, figure 15)

Vittatina spp. (not illustrated)

Weylandites lucifer (Bharadwaj & Salujha) Foster 1975
(Plate 5, figure 14)

Weylandites magmus (Bose & Kar) Backhouse 1991
(Plate 5, figure 19)

Weylandites spp. (not illustrated)

Colpate pollen grains
Cycadopites sp. (Plate 5, figure 18)

Pakhapites fusus (Bose & Kar) Menendez 1971 (Plate 5,
figure 17)

Pakhapites ovatus (Bose & Kar) Garcia 1996 (Plate 5,
figure 16)

Pakhapites spp. (not illustrated)
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Palynology
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