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ABSTRACT

Thirty-three angiosperm pollen species are here reported from mid-Cretaceous deposits of the Kachaike
Formation, Austral Basin, southern Argentina. Clavatipollenites is the most abundant angiosperm genus,
with six well-defined morphological groups recognised on the basis of their reticulum morphology and
sculpture. Pollen of eudicots are scarce, represented by tricolpate (Psilatricolpites spp. and Tricolpites spp.),
tricolporoidate and tricolporate morphotypes (Dryadopollis spp.). Increasing complexity in the aperture
structure is seen throughout the sequence; tricolpate and tricolporoidate forms are recorded in almost all
samples, while tricolporate pollen grains are restricted to the middle and upper levels of the unit. The high
species richness and abundance of monocolpate-ulcerate angiosperm related to monocots or magnoliids
sensu lato recorded in the unit is comparable to that previously recognised in other assemblages from the
early and middle Albian of the southern (e.g. Australia) and northern hemispheres (e.g. Western Portuguese
basin, Europe). The recorded increase in the number of angiosperm species towards the middle and
upper parts of the Kachaike Formation, with the presence of monocolpate, tricolpate, tricolporoidate and
tricolporate pollen, suggests an early-early middle Albian age for these parts of the unit, in agreement with
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the early Albian age proposed for its basal levels on the basis of dinoflagellates.

1. Introduction

The origin and early diversification of angiosperms was a
major event in the history of land plants. The earliest known
angiosperms appeared in a landscape dominated by Cretaceous
gymnosperms and ferns. Primitive angiosperms have been
the subject of intensive study in the northern hemisphere, but
records of primitive angiosperms in southern South America
remain scarce despite recent efforts to improve it (Vallati 2001,
2013; Barreda and Archangelsky 2006; Archangelsky et al. 2008;
Medina et al. 2008; Archangelsky et al. 2009; Archangelsky and
Archangelsky 2013, among others).

The Austral Basin is located in the southernmost part of South
America with a sedimentary infill of Upper Jurassic to Neogene
deposits (Nullo et al. 1999). Sedimentation within this basin was
affected by several marine transgressions. Arbe (2002) recog-
nised three tectono-sedimentary cycles during the Cretaceous:
the Rio Mayer (Berriasian—early Aptian), the Lago San Martin
(early Aptian-early Turonian) and the Lago Viedma (early Turo-
nian-Maastrichtian) cycles. The Kachaike Formation conformably
overlies the Rio Mayer Formation and was deposited during the
high-stand period of the Lago San Martin Cycle (Arbe 2002). This
unit comprises mudstones deposited in a prodelta environment,
alternating with fine-to medium-grained cross-bedded sandstones
of a delta front. Lithology shows a progressive shallowing trend
towards the upper part of the sequence, which is capped with
fluvial deposits (Riccardi 1971). Abundant plant megafossils and

spore-pollen assemblages were previously reported from the
Kachaike Formation (Halle 1913; Frenguelli 1935; Piatnitzky 1938;
Baldoniand Ramos 1981; Ruiz 1984; Longobuccoetal. 1985; Baldoni
et al. 2001; Archangelsky and Llorens 2003, 2005, 2009; Llorens
and Del Fueyo 2003; Cineo and Gandolfo 2005; Archangelsky
etal. 2012). Palynological analysis reported the presence of the angi-
osperm families Chloranthaceae (Asteropollis), Chloranthaceae
or other primitive angiosperms (Clavatipollenites), Winteraceae
(Walkeripollis) and Arecaceae (Arecipites, Palmidites, Proxaper-
tites and Spinizonocolpites), along with scarce tricolpate and tri-
poroidate pollen of eudicots (Barreda and Archangelsky 2006;
Archangelsky et al. 2012) and other morphotypes of uncertain
botanical affinity including Brenneripollis, Pennipollis (possible
Alismatales or Chloranthaceae), Retimonocolpites and Schranki-
pollis. Cineo and Gandolfo (2005) and Passalia (2007a, 2007b)
described leaf remains collected at the Arroyo Caballo Muerto
and Bajo Comision localities, respectively, that were related to
primitive angiosperms as subordinate components in these fossil
assemblages. These assemblages are instead dominated by conifers,
particularly Cheirolepidiaceae (Classopollis spp., up to 70% of the
total abundance), while Araucariaceae (Cyclusphaera, Balmeiopsis
and Araucariacites, up to 10%) and Podocarpaceae (Podocarpidi-
tes and Callialasporites, up to 10%) are subordinate (Archangelsky
et al. 2012). Pteridophytic spores are co-dominant in the middle
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Figure 1. Location map showing the Bajo Comision locality, modified from Barreda and Archangelsky (2006).

levels of the unit, reaching up to 50% of the total abundance (Arch-
angelsky et al. 2012).

The Kachaike Formation is considered to be of late Aptian to
early Cenomanian age on the basis of numerous paleontological
studies, including ammonoids (Leanza 1970; Blasco de Nullo
etal. 1980; Medina and Rinaldi 1986; Aguirre-Urreta 2002), leaf
impressions (Halle 1913; Longobuco et al. 1985; Del Fueyo et al.
2008) and palynomorphs (Baldoni and Ramos 1981; Gamerro
in Rebasa 1982; Baldoni et al. 2001; Guler and Archangelsky
2006; Archangelsky et al. 2012; Perez Loinaze et al. 2012).

In this study, we analysed new angiosperm pollen mor-
photypes recovered from the Kachaike Formation at the Bajo
Comision section of south-western Santa Cruz Province (48°
51'S, 72° 90" W) (Figure 1). We report on changes in the angi-
osperm composition throughout the sequence as well as major
trends in pollen morphology. These new data are evaluated in
the context of the evolutionary scheme proposed for southern
South America by Archangelsky et al. (2009) and compared
with other palynological assemblages previously reported for
middle latitudes.

2. Material and methods

Fifteen samples were processed using standard palynological
techniques for extraction and concentration of palynomorphs. The
organic residues were sieved using 20-um and 10-um mesh and
mounted in glycerine jelly on microscope slides. Palynomorphs
were examined with an Olympus BX-51 microscope. Photographs
were taken with a Nikon DS-Fil digital camera. Coordinates of the
illustrated specimens are given as England Finder references. The
resulting slides are deposited in the Palynological Collection of
the Museo Argentino de Ciencias Naturales ‘Bernardino Rivadavia
(BA Pal, see Supplemental data) and stubs for SEM are deposited
in the Paleobotanical Collection.

3. Results

A total of 33 angiosperm pollen morphotypes were recovered
from the Kachaike Formation, with 31 of these reported for
the first time. They can be attributed to Chloranthaceae and
plesiomorphic Chloranthaceae-like pollen grains (12), ba-

sal eudicots (11) and incertae sedis angiosperms (10). These
groups are briefly analysed in the following paragraphs and de-
tailed morphological features are listed in Supplemental data;
their distributions are given in Figure 2 and they are illustrat-
ed in Figures 3-5. It is noteworthy that a significant increase
in the number of angiosperm morphotypes was seen through
the sequence, from 1 to 4 morphotypes in the lower levels, 9
morphotypes in the middle ones and 17 morphotypes in the
uppermost levels of the Kachaike Formation (Figure 2).

3.1. Chloranthaceae and plesiomorphic Chloranthaceae-
like pollen grains

The genus Clavatipollenites is used here in a broad sense to
encompass semitectate, monocolpate-ulcerate to trichoto-
mocolpate pollen grains, similar to pollen of the extant
Chloranthaceae or other related lineages (Couper 1958; Doyle
et al. 1975; Walker and Walker 1984; Friis et al. 2011). However,
most of the features of Clavatipollenites have been interpreted
as plesiomorphic (Doyle and Endress 2014; Doyle 2015) and
as a result, this taxon may represent basal angiosperm lineages
not necessarily closely related with Chloranthaceae. Clavati-
pollenites is the most abundant and diverse angiosperm genus
recovered in the Kachaike Formation. These pollen grains are
globose, with variable apertures ranging from ulcerate, mono-
colpate, trichotomocolpate to almost ‘triaperturate’ (with the
apertures located in a subequatorial position).This is a highly
variable character in Clavatipollenites and, even within a single
morphotype, different types of apertures can be observed. This
is especially true in those specimens with an irregular reticulum
(Groups I and II, Figure 6). The sculpture is reticulate with muri
and lumina of variable size. Some specimens show a reticulum
with scattered round and large luminae that clearly contrast
with the normal microreticulate pattern usually seen in Clavati-
pollenites. For the moment, we consider these structures to be
preservation artefacts (secondary structure). However, some of
us (SA and AA) analysing synchronous Cretaceous units from
Patagonia (Cerro Bayo Section at Lago Cardiel) observed sim-
ilar structures in well-preserved specimens that can be defini-
tively attributed to the original morphology.
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Figure 2. Stratigraphic distribution of the angiosperm pollen species recovered from the Kachaike Formation, Bajo Comision locality. Numbers on the right represent the

angiosperm species number recorded for each sample.

The ornamentation on the muri, when present, is com-
posed of small grana. In contrast to the variable nature of the
aperture, this sculptural feature remains constant within each species.
This allowed us to recognise six well-defined morphological groups
that show a particular distribution through the unit (Figure 6).

Group I (represented by Clavatipollenites sp. 1, Figures 3
(a)-(d) and 4(a)-(c)) is present from the basal to middle levels
of the Kachaike Formation (Figure 6) and is characterised by a
poorly defined reticulum with smooth muri (variable in width),
and thin and high columellae. Several specimens of this group
show a broken reticulum with a partially detached sexine.
The aperture of Clavatipollenites sp. 1 is highly variable, rang-
ing from triulcerate-porate (Figure 4(a)), trichotomocolpate
(Figures 3(b) and (d) and 4(b) and (c)) to monocolpate (Figure
3(c)). Forms with a trichotomocolpate aperture are referred by
some authors to other genera, such as Jusinghipollis Jansonius
and Hill (1987) (=Singhipollis Juhasz and Géczan 1985). We pre-
fer to retain our trichotomocolpate morphotype, together with
the ulcerate and colpate ones within a single taxonomic unit
(Clavatipollenites sp. 1), rather than segregating them into
several less inclusive taxa with unclear taxonomic delimi-
tation. The ‘triaperturate’ condition may have been derived
from a trichotocolpate one with the development of a ‘partially

columellate island’ in the polar region. Paden Phillips and
Felix (1971) proposed the species Porotrichotomosulcus clava-
tus for pollen with three or four pores forming a triradiate or
quadriradiate aperture, similar to the one recorded in some
specimens assigned here to Clavatipollenites sp 1. However,
the Patagonian specimens differ from Porotrichotomosulcus
clavatus in displaying greater variability in aperture configura-
tion. Ward (1986) considered Porotrichotomosulcus clavatus to
be a variation of Asteropollis asteroides, an approach followed
by Burger (1980) and Wintage (1980). Considering both the
closest botanical affinity of Asteropollisis to extant Hedyosmum
and that Hedyosmum pollen grains have four to six (usually
five) apertures (Walker and Walker 1984; Eklund et al. 2004;
Doyle and Endress 2014), we prefer to retain these specimens
within Clavatipollenites sp. 1.

Group II (represented by Clavatipollenites sp. 2 (Figures
3(f)-(h) and 4(d)) and C. sp. 3 (Figure 4(e)-(g)) is present
from the middle to upper levels of the Kachaike Formation
(Figure 6) and characterised by a well-defined and irregular
reticulum (muri of variable width and lumina of variable
morphology). These species differ both in their muri width and
aperture type (Supplemental data). Clavatipollenites sp. 2, in par-
ticular, has poorly defined apertures: colpate (Figures 3(g) and
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Figure 3. (a)-(d) Clavatipollenites sp. 1; (a) BA Pal 5862-2:Y30/1; (b) BA Pal 5862-1: G41/0; (c) BA Pal 61074:V41/0; (d). BA Pal 5862-2: S40/1; (e) Clavatipollenites sp. 4, BA
Pal 5872-1:V28/0; (f)-(h) Clavatipollenites sp. 2; (f) BA Pal 6118: S50/0; (g) BA Pal 5872-1: J38/3; (h) BA Pal 5871-2: K27/1; (i) Clavatipollenites sp. 5, BA Pal 6107: P55/3;
(j) Clavatipollenites sp. 7, BA Pal 5867-1: H45/2; (k)-(I) Clavatipollenites sp. 6; (k) BA Pal 5871-1:N25/4; (I) BA Pal 5872-1: N55/0; (m) Tetra-aperturate pollen grain, BA
Pal 5867-1: G51/2; (n) Psilatricolpites sp. 1, BA Pal 5875-1: U31/4; (o) Psilatricolpites sp. 2, BA Pal 5862-1: H36/1; (p) Tricolpites sp. 1, BA Pal 5876-1:Y33/4; (q) Tricolpites
sp. 2, BA Pal 5868-1: N26/3; (r) Tricolpites sp. 3, BA Pal 5872-1: E41/2; (s) Tricolpites sp. 4, BA Pal 5862-1: R33/1; (t) Dryadopollis sp. 1, BA Pal 5869-1: R331/1; (u)—(v)
Foveotricolporites sp., BA Pal 5876-2: M40/3; (w) Psilate tricolporoidate pollen, BA Pal 5862-1: S35/0; (x)-(y) Dryadopollis sp. 2, BA Pal 5872-1: F48/4; (z) Brenneripollis sp.
A, BA Pal 5876-2: L35/1; (aa) Retimonocolpites sp. 1, BA Pal 5876-2: T46/2; (bb) Retimonocolpites sp. 2, BA Pal 5872-2:V51/2; (cc) Pennipollis sp., BA Pal 5876-2: X51/3;
and (dd) Tetracolpites sp., BA Pal 6119:V46/3. Scale bar: 5 pm.

4(d)), trichotomocolpate (Figure 3(f)) to ‘triaperturate, with aper-  columellae (Figure 3(h)). In this character, it resembles Clavati-
tures in a subequatorial position and a central area of free-standing  pollenites sp. 1, but it differs in having a well-defined reticulum.
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Figure 4. (a)-(c) Clavatipollenites sp. 1; (d) Clavatipollenites sp. 2; (e)-(g) Clavatipollenites sp. 3; (h) and (I) Clavatipollenites sp. 4; (i) Clavatipollenites sp. 5; (j)

Clavatipollenites sp. 6; and (k) Clavatipollenites sp. 7. Scale bar: 5 um.

Groups III-VI include forms with well-defined and
regular reticulum (muri with uniform width and lumina with
well-defined morphology), grouping iso and heterobrochate
forms. Group III (represented by Clavatipollenites sp. 4 (Figures
3(e) and 4(h) and (1)) C. sp. 5 (Figures 3(i) and 4(i)), C. sp. 6
(Figures 3(k) and (1) and 4(j)) and C. sp. 7 (Figures 3(j) and
4(k)) is present in the upper levels of the Kachaike Formation
(Figure 6) and is characterised by a well-defined regular reticu-
lum with sculptured muri of the same width as, or thinner, than
the lumina. Clavatipollenites sp. 5 and C. sp. 6 are subcircular
and monocolpate with a well-defined long and straight colpus.
In Clavatipollenites sp. 6, the colpus is bordered by infoldings of
the exine. The latter feature was previously recognised in Reti-
monocolpites dividuus Pierce 1961 (=Clavatipollenites rotundus
Kemp 1968), but that species differs from Clavatipollenites sp.
6 in having a coarser reticulum (lumina 1-2 um in diameter).
Clavatipollenites sp. 7 has a trichotomocolpate aperture (Sup-
plemental data).

Group IV (represented by Clavatipollenites sp. 8 (Figure
5(a)), is present from the middle to the upper levels of the unit
(Figure 6) and characterised by having a well-defined regular
reticulum and smooth muri of the same width as, or thinner,
than the lumina.

Group V (represented by Clavatipollenites sp. 9 (Figure 5(b)),
is present from the basal to the upper levels of the Kachaike

Formation (Figure 6) and characterised by a well-defined regular
reticulum with sculptured muri, where the muri are thicker than
the lumina, creating a microreticulate to tectate-foveolate appear-
ance.

Finally, Group VI (represented by Clavatipollenites
sp. 10 (Figure 5(c) and (d)) and C. sp. 11 (Figure 5(e)) is
present only in the uppermost levels of the unit (Figure 6)
and is characterised by a well-defined regular reticulum
with smooth muri, thicker than the lumina. Clavatipollenites
sp. 10 and C. sp. 11 differ in the shape and in the size of the
lumina (Supplemental data).

Other chloranthaceous pollen is represented by a few
specimens of Asteropollis sp. (Figure 5(h)), which was recorded
in the middle levels of the Kachaike Formation (Figure 6). It is
similar to the extant genus Hedyosmum.

3.2. Eudicots

A total of 11 pollen types of presumed eudicotyledonous
affinities were recognised throughout the unit. This group is
represented by a scarce number of specimens, but is relatively
rich in terms of species diversity.

Psilate-tricolpate pollen grains, represented by Psilatri-
colpites sp. 1 (Figure 3(n)) and P sp. 2 (Figure 3(0)), were
recovered from the basal to the uppermost levels of the Kachaike
Formation (Figure 2).
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Figure 5. (a) Clavatipollenites sp. 8; (b) Clavatipollenites sp.9; (c)—(d) Clavatipollenites sp. 10; (e) Clavatipollenites sp. 11; (f) tetraperturate pollen grain; (g) Dryadopollis
sp. 2; (h) Asteropollis sp.; (i) Brenneripollis sp. A; (g) Brenneripollis sp. B; (k) Schrankipollis sp.; and (I) Brenneripollis sp. C. Scale bar: 5 um.

Reticulate tricolpate pollen grains, represented by four spe-
cies of Tricolpites, were recovered from the middle to the upper
levels. They differ in general size, type of the reticulum and size
of the lumina (Figures 2 and 3(p)-(s), Supplemental data).

Tetracolpate pollen grains assigned to Tetracolpites sp.
(Figure 3(dd)) were also recorded in the middle levels
(Figure 2), along with scarce tetra-aperturate pollen grains
(Figures 3(m) and 5(f)). A tetrahedral tetrad of psilate-tricol-
poroidate pollen grains was recorded in the basal levels of the
Kachaike Formation (Figures 3(w) and Figure 2).

Reticulate and microfoveolate tricolporate pollen grains
possessing lumina that become smaller towards the apocolpi
are represented by Dryadopollis sp. 1 (Figure 3(t)) and D. sp.
2 (Figures 3(x) and (y) and 5(g)) and derived from the middle
levels (Figure 6). Dryadopollis sp. 1 is distinguishable from D.
sp. 2 in having smaller colpi and a microreticulate exine.

The first record of a microfoveolate tricolporate form with
thickened apertures was identified in the uppermost levels of
the unit (Figure 2) and is represented by Foveotricolporites sp.
(Figure 3(u) and (v)).

3.3. Other angiosperm pollen grains

Other species also recorded in the Kachaike Formation are
Pennipollis  peroreticulatus, Pennipollis sp. (Figure 3(cc)),
Walkeripollis sp., Schrankipollis sp. (Figure 5(k)), five species

of Brenneripollis (two of them previously reported in Barreda
and Archangelsky [2006]) and two species of Retimonocolpites
(Figure 3(aa) and (bb)). These species do not have well-defined
botanical affinities with the exception of Walkeripollis, which
has been related to Winteraceae and Pennipollis peroreticula-
tus, which is probably related to Alismatales (Friis et al. 2000)
or Chloranthaceae (Hesse and Zetter 2007; Doyle et al. 2008;
Doyle 2009; Doyle and Endress 2014).

4. Discussion

This study suggests that the angiosperm richness during the
mid-Cretaceous in southern South America was higher than
previously thought. However, angiosperm taxa were not abun-
dant but, in fact, subordinate within a gymnosperm-fern-dom-
inated flora (Archangelsky et al. 2012); these results are analo-
gous to those obtained in other mid-Cretaceous sites around the
world (Crane 1987; Crane and Lidgard 1989; Crane et al. 1995;
Heimbhofer et al. 2007, among others). Smith et al. (2010) proposed
that diversification preceded ecological abundance by an order of
millions of years. Interestingly, Feild et al. (2004) suggested that
the first angiosperms were trees or shrubs that established in dis-
turbed habitats under low-light regimes. Bond and Scott (2010)
suggested that the spread of angiosperms during the Cretaceous
was promoted by fire regimes. As angiosperms have several key
evolutionary innovations that provide them with competitive
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Figure 6. Stratigraphic distribution of the six morphological groups of Clavatipollenites recognised in the Kachaike Formation, Bajo Comision locality. Group I, details
of the specimen illustrated in Figure 4(b); Group II, details of the specimen illustrated in Figure 4(d); Group IlI, details of the specimen illustrated in Figure 4(1); Group IV,
details of the specimen illustrated in Figure 5(a); Group V, details of the specimen illustrated in Figure 5(b); and Group VI, details of the specimen illustrated in Figure 5(d).

advantages over ferns and gymnosperms (i.e. rapid reproduction
and growth, efficient hydraulic systems and life history flexibility),
they could spread more efficiently because of frequent disturbanc-
es. The presence of charcoal remains in the Kachaike Formation
(Passalia 2007a; Archangelsky et al. 2012) supports this assump-
tion. Additionally, the upper levels of the unit (where the highest
number of angiosperm morphospecies was recorded) also contain
a great amount of charcoalified remains (Archangelsky et al. 2012).

Among angiosperms, Chloranthaceae and plesiomorphic
Chloranthaceae-like pollen grains are the most abundant and rich-
est plant groups in the Kachaike Formation. The same is true for
older deposits from Patagonia (Archangelsky and Archangelsky
2013). Interestingly, the aperture configuration, feature particu-
larly informative when identifying genera within Chloranthaceae
because although there are variations these are constant within the
genus (Although with variations within the family, it is constant
within each genus, Martinez et al. 2013), appears to be of scarce
diagnostic value within species of Clavatipollenites. Most Patago-
nian pollen grains have a highly variable aperture configuration
even within the same morphospecies (ulcerate-monocolpate,
trichotomocolpate to almost ‘triaperturate — Clavatipollenites
sp. 1 and C. sp. 2, see Supplemental data), except in those
morphotypes with a regular reticulum (e.g. Clavatipollenites
sp. 3). Extant Ascarina, the closest living relative of most
Clavatipollenites species, does display trichotomocolpate variation,
although it is predominantly monocolpate (Eklund et al. 2004).
In contrast, the reticulate sculpture appears to be very helpful in
splitting Clavatipollenites specimens into different morphospecies.
Hughes (1994) analysed fossil pollen from the middle Hauteriv-
ian-early Aptian of Southern England and recognised six

phases in the evolution of early angiosperms. He observed a
progressively greater supratectal diversity of the semitectate-
reticulate pollen towards younger deposits. Moreover, Archan-
gelsky and Archangelsky (2013) recognised different angiosperm
pollen types from the late Aptian of southern Argentina, all
being semitectate-reticulate and strongly sculptured. In an anal-
ysis of living Chloranthaceae, Eklund et al. (2004) remarked that
all species of Ascarina and Hedyosmum have distinct supratectal
ornamentation on the muri of the reticulum, but this is lacking
in Sarcandra and Chloranthus. On the other hand, Chloranthus
exhibits polycolpoidate to polyporate pollen and Sarcandra is
polyforate with scattered pores. The pollen found adhering onto
the stigma of the floral fossils Canrightia and Zlatkocarpus, which
are a stem relatives of Chloranthaceae (Doyle and Endress 2014),
also lack supratectal sculpture. In the Patagonian specimens, the
supratectal sculpture does not show remarkable changes through
the sequence. Morphotypes with sculptured or smooth muri are
represented in similar proportions all through the unit. The first
ones (with supratectal sculpture on the muri) could be related to
the extant Ascarina or Hedyosmum; the others (without supratectal
sculture on the muri) do not possess a clear botanical affinity and
may represent an extinct lineage of the Chloranthaceae or relatives
or, alternatively, they may not be related to this family at all. Phy-
logenetic results of Doyle and Endress (2014) implied that the
supratectal sculpture evolved between the divergence of Canrightia
and Zlatkocarpus and the crown group of Chloranthaceae, and was
later lost in the Sarcandra and Chlorantus clade.

Some general morphological trends could be recognised
throughout the unit within Clavatipollenites species. Pollen
grains with variable apertures, poorly developed reticulum (with
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Figure 7. Stratigraphic distribution of the main morphological types recognised in the angiosperm pollen assemblage. (1) Subcircular pollen with irregular poorly
defined reticulum and variable aperture (Clavatipollenites Group I: C. sp. 1); (2) Subcircular pollen with poorly defined aperture (Clavatipollenites Groups Ill: C. sp.
4;V: C.sp. 9; VI: C. sp. 10); (3) Subcircular pollen with irregular well-defined reticulum and variable aperture (Clavatipollenites Group II: C. sp. 2); (4) Subcircular pollen
with trichotomocolpate aperture (Clavatipollenites Group IV: C. sp. 7); (5) Subcircular pollen monocolpate (Clavatipollenites Group Ill: C. sp. 5); (6) Subcircular pollen
monocolpate with thickened margin colpus (Clavatipollenites Group lIl: C. sp. 6); (7) Elongate monocolpate pollen (Reticulatisporites sp. 1 and R. sp. 2); (8) Asteropollis
sp.; (9) Psilate tricolporoidate pollen (Psilate tricolporoidate grains); (10) Tetracolpate reticulate (Tetracolpites sp.); (11) Reticulate tetra-aperturate pollen; (12) Psilate
tricolpate pollen (Psilatricolpites sp. 1 and P. sp. 2); (13) Tricolpate reticulate pollen (Tricolpites sp. 1, T. sp. 3, T. sp 4); (14) Tricolpate reticulate pollen with the sexine thicker
in the mesocolpium (Tricolpites sp. 2); (15) Tricolporate reticulate pollen with colpi costae and lumina smaller at the apocolpia and colpus margin (Dryadopollis sp. 1); (16)
Tricolporate tecto-perforate pollen with smaller foveolae at the apocolpia and colpi margin (Dryadopollis sp. 2); and (17) Tricolporate foveolate pollen with colpi costae

(Foveotricolporites sp.) (*single record).

muri of variable width) and subcircular amb characterised the
basal levels (S3-S9 in Figure 7). Towards the middle levels (S9-
S11 in Figure 7), pollen grains with a regular reticulum, well-
developed muri and regular apertures were more abundant;
and in the uppermost levels, definite monocolpate pollen
grains with well-defined margins were identified (S11-S17 in
Figure 7). Moreover, the development of the tectum shows
a similar trend, varying from poorly defined reticulum
(Clavatipollenites sp. 1, Figure 2) in the basal level, semitectate
(Clavatipollenites sp. 2-8, Figure 2) to almost tectate-foveolate
(Clavatipollenites sp. 9, 10 and 11, Figure 2) at the top of the
unit.

Other angiosperms are represented by few specimens. In
particular, eudicots are rare elements of these assemblages,
but show a significant species richness. Aperture structures
become more complex through the sequence. Tricolpate and
tricolporoidate forms are recognised from the basal levels of
the Kachaike Formation (Figure 7), and tricolporate pollen
appears from the middle levels (S10) onwards. The presence of

three apertures represents an important evolutionary advantage
in having a higher number of available sites for germination
(Furness and Rudall 2004). From the middle levels upwards,
pollen grains with thickened aperture margins were identified
(Figure 7), and it is possible that the presence of thickenings
around the colpi or pores may result in an advantage by acting
as a harmomegathic mechanism (Payne 1981).

Other species were recorded throughout the unit
(Brenneripollis and Pennipollis), in the middle and upper levels
(Schrankipollis) or as only isolated records (Walkeripollis and
Retimonocolpites) (Figure 2).

Archangelsky et al. (2009) proposed three stages in the evo-
lution of early angiosperms for southern South America based
on the known records of fossil leaves and pollen grains. The
third stage, assigned to the middle Albian-Coniacian time
interval, is characterised by a relatively diverse angiosperm
assemblage with tricolporoidate and tricolporate pollen grains
since the base of this zone. The spore-pollen assemblage
recorded in the Kachaike Formation may be correlated with
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the lower part of this ‘third stage’ (middle-late Albian). This is
also in agreement with an early Albian age suggested for the
most basal levels of the Kachaike Formation on the basis of
their dinoflagellate content (Guler and Archangelsky 2006).
These author recognised important biostratigraphic species
such as Dinopterygium cladoides, Muderongia tetracantha and
Prolxosphaeridium conulum, and referred these assemblages
to the early Albian Muderongia tetracantha Interval Zone
proposed by Helby et al. (1987).

Several mid-Cretaceous palynological assemblages of
mid-latitudes are characterised by the presence of tricolpate, tri-
colporoidate and tricolporate pollen grains. In Argentina, in par-
ticular, the closest palynological assemblage is that from the Huin-
cul Formation (Albian-Cenomanian Fraxinoipollenites fragilis
Assemblage Zone, [Vallati 2001, 2006]). Both, the Kachaike and
the Huincul Formation assemblages share the presence of many
spore and gymnosperm species, and among angiosperms, Reti-
monocolpites, Clavatipollenites and tricolpate, tricolporoidate and
tricolporate pollen grains. However, in the Fraxinoipollenites fra-
gilis Assemblage Zone, angiosperms are dominant. The Bajo Bar-
real Formation (=Cafadén Seco Formation), San Jorge Gulf Basin,
dated as Cenomanian in age (91 + 0.49 Ma; Bridge et al. 2000),
shares many angiosperm and gymnosperm pollen grains, but the
number of angiosperm morphotypes in the latter is also higher.
General similarities were also recorded with assemblages from
the Margas Verdes Formation (late Albian/Cenomanian), Austral
Basin, but pollen documentation of this unit is still very meagre for
detailed comparisons.

Similar assemblages to those recovered from the Kachaike
Formation have been described from early and middle
Albian units of mid-latitudes of the southern and northern
hemispheres, with high diversity of monocolpate pollen and
the presence of tricolpate taxa (Doyle and Robbins 1977; Burger
1993; Heimhofer et al. 2007; among others).

In Australia (Eromanga and Surat Basins), the middle
Albian is marked by the first appearance of tricolporoidate pol-
len grains (Burger 1993) that characterised the upper part of the
Coptospora paradoza Zone. Assemblages from this Australian
Zone and those of the Kachaike Formation also share the pres-
ence of several monocolpate types and the genera Dryadopollis
and Tricolpites.

The high number of morphotypes and the relative high abun-
dance of monocolpate-ulcerate angiosperm pollen, related to
monocots or magnoliids recorded in the Kachaike Formation,
are comparable to that of previously recognised in assemblages
from the classical continental sequences of the northern hemi-
sphere of eastern USA (Potomac Group) and western Portugal
(Algarve and Lusitanian Portuguese Basins). They also share
the presence of the Dichastopollenites/Schrankipollis/Afropollis
complex, Brenneripollis and/or Pennipollis (Doyle and Robbins
1977; Doyle et al. 1982; Doyle 1992; Heimhofer et al. 2007). In
particular, the ratios between triaperturate forms (eudicots)
and monocolpate pollen (monocots—magnoliids) presented by
Hochuli et al. (2006) for early-middle Albian assemblages from
the Portuguese Basin are comparable to those obtained here
from the Kachaike Formation (<0.5 in the Portuguese Basin,
ranging between 0.2 and 0.4 in the Kachaike Fm.). The E/M-M
ratio from the Kachaike Formation was also compared with the
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values from the classical Potomac Group presented by Hochuli
etal. (2006). The upper part of the Zone I of the Potomac Group,
characterised by monocolpate and the first record of tricolpate
grains, has a E/M-M ratio of 0.3, and this values suddenly rises
to 1.3 in Subzone ITA (Hochuli et al. 2006). On the base of this
sudden change, Hochuli et al. (2006) suggested the presence of
a hiatus beetwen these zones. These authors proposed an early
Albian age from the upper part of Zone I and a middle-late
Albian age for the Subzone ITIA/B. Doyle and Upchurch (2014)
agree with an age of the Zone I reaching the early Albian, but
suggested that the hiatus is shorter, restricting the Subzone IIA
of the middle Albian.

Based on this new pollen evidence, the middle and upper
parts of the Kachaike Formation can be tentatively assigned
to the early-early middle Albian, in agreement with an early
Albian age assignment proposed for the basal levels of this unit
on the basis of dinoflagellates.
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