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ABSTRACT

The Magallanes-Austral Foreland Basin preserves an important record of orogenesis and
landscape evolution in the Patagonian Andes of Chile and Argentina. This paper evaluates
the comparison between the thick Paleogene sequences in the Chilean Peninsula
Brunswick (Chorrillo Chico and Agua Fresca formations) and the reduced Paleogene
sequence (La Barca Formation) in the Punta Ainol locality, Argentina, by taking account
of palynological and geochemical analyses. Warm and humid subtropical conditions
(Subtropical Gondwanic Paleoflora) are inferred for the late Paleocene-Eocene interval
studied. A new record of Lactoridaceae in the La Barca Formation expanded the known
fossil range of this family in Patagonia. During the late Paleocene the Chorrillo Chico and
La Barca formations would have been deposited mainly from hyperpycnal flows and this

accumulation process continued until the Lutenian in the La Barca Formation. A relative
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rise in the sea level in the early Eocene would be recognized in both sections. In the
middle Eocene a relative fall in the sea level would have occurred with increased
terrigenous influx. The rate of sedimentation was similar in both sections during the
Thanetian and Ypresian intervals according to the ages assigned by biostratigraphy,
suggesting that the sedimentation rate would have been controlled mainly by relative
changes in sea level during the Paleocene-Eocene transition. Paleoenvironmental changes
during the Paleocene-Eocene transition were characterized at the La Barca Formation of
the Punta Ainol section, considering the new geochemical and palynological data

provided in this contribution.

1. Introduction

The Magallanes-Austral Foreland Basin preserves an important record of orogenesis and
landscape evolution in the Patagonian Andes of Chile and Argentina (Biddle et al., 1986;
Malumién, 1999).

A Carbon Isotope Excursion (CIE) together with Apectodinium-dominated dinoflagellate
cyst assemblages are primary criteria worldwide for the definition of the Paleocene-
Eocene (P/E) boundary (Bujak and Brinkhuis, 1998; Crouch, 2001; Crouch et al., 2003;
Cybulska and Rubinkiewicz, 2020). Sluijs et al. (2011) have shown the global dominance
of Apectodinium prior to the CIE (Quattrocchio, 2020). Apectodinium first evolved at low
latitudes during the middle Paleocene (Prevot et al., 1979; Brinkhuis et al., 1994) and
appears to have migrated to middle and high latitudes during the late Paleocene due to
global warming (Bujak and Brinkhuis, 1998).

The paleoenvironmental analysis of dinoflagellate cysts is key to understanding
Paleogene paleoceanographic change and climate dynamics (Sluijs et al., 2005). In recent

years, significant progress has been made in the integration of these microfossil
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assemblages with geochemical, oceanographic, and physical reconstructions and several
high-resolution records have been reported worldwide (Frieling and Sluijs 2018).

In particular, the Paleocene-Eocene boundary was a period of transient and intense global
warming that had a profound effect on middle and high latitude biotas. A pronounced
feature of the Paleocene-Eocene transition is that physical and geochemical changes
affected both terrestrial and marine biota simultaneously (e.g., Crouch, 2001; Greenwood
et al., 2003; Wilf et al., 2013; Woodburne et al., 2014).

Most of the data on organic, inorganic, and isotopic geochemical changes during the P/E
transition come from Northern Hemisphere localities (Crouch, 2001; Crouch et al., 2003;
Sluijs et al., 2011). Recognition of equivalent successions in the Southern Hemisphere is
rare due to the land mass distribution and a comparatively short history of geological
research. Detailed records of biotic and geochemical response during the Paleocene-
Eocene transition from Southern Hemisphere localities can provide a greater insight into
the mechanisms and causes of paleoenvironmental changes during this unique time
interval. In this study, we address these issues by applying a palynological and
geochemical approach, integrating the analysis of sporomorphs and dinoflagellate cysts
with organic and inorganic chemostratigraphy of two expanded sedimentary successions,
Punta Prat (Chorrillo Chico and Agua Fresca formations) and Punta Ainol (La Barca
Formation) localities, in the Magallanes-Austral Basin (Fig. 1) during the Paleocene-
Eocene transition. The aim of the combination of these techniques is to characterize the
paleoclimatic variability and relative sea level fluctuations as drivers of the changes in
both successions and to create a stratigraphic framework for the late Paleocene and
Eocene in southern South America.

In this contribution, the associations of continental palynomorphs of the La Barca

Formation in the Punta Ainol locality are documented for the first time. The first records
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of paleoenviromental and paleoclimatic conditions were inferred from palynomorph data
from the Punta Prat and Punta Ainol sections using additional published information on
sporomorphs corresponding to the Chorrillo Chico and Agua Fresca formations (Carrillo
Berumen et al., 2013). The dinoflagellate cyst assemblages from the Punta Prat section
were published in Quattrocchio and Sarjeant (2003) and Quattrocchio (2009), and
dinoflagellate cyst data from the La Barca Formation at the Punta Ainol locality were

published in Quattrocchio (2021).

2. Geological setting and Palynostratigraphy

2.1. Geological setting

The Magallanes-Austral Basin (Chile-Argentina), which developed in the southern tip of
South America, is related to the evolution of Cenozoic marine basins associated with the
tectonically active margin of the Andes. During the Cenozoic, Patagonia was repeatedly
inundated by the Atlantic and these marine transgression periods alternated with periods
of non-marine sedimentation and erosion (Biddle et al., 1986; Malumian, 1999). The
thickest marine outcrop is located in the western region; Bijl et al. (2021), and
bibliography cited therein, gave a detailed chronostratigraphic framework for the
sequences through dinoflagellate cyst biostratigraphy and radiometric dating of zircons.

The stratigraphic successions involved in the thrust-fold belt correspond to the
Magallanes-Austral Foreland Basin and they have been divided into several
unconformity-bounded sequences (Olivero and Malumian, 2008; Bijl et al., 2021), which
record the kinematic evolution of the Fuegian Thrust-Fold Belt.

The sum of the thicknesses of the Chorrillo Chico and Agua Fresca formations at their
type localities is approximately 3000 stratigraphic meters (Decat and Pomeyrol, 1931;

Martinez-Pardo, 1971), deposited during the regressive-transgressive event that occurred
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from the Paleocene to the Eocene (Malumian, 1999; Malumian et al., 2013) (Fig. 1.B).
This event had only been recognized in the main depocenters, based on the study of
planktonic and benthic foraminifera (Natland et al., 1974) and dinoflagellate cysts. It is
well represented in the Punta Prat locality (53° 9' 50.594" S; 71° 34' 14.689" W - 53° 10’
4.148" S; 71° 33' 42.354" W, Fig. 1.B) in Chile (Quattrocchio and Sarjeant, 2003;
Quiattrocchio, 2009) located in the external thrust-fold belt (Torres Carbonell and Olivero,
2019).

Mainly for the Chorrillo Chico Formation, the lithofacies would correspond to
hyperpycnal flows (Carrillo-Berumen et al., 2013), i.e., fluvial discharges originating in
the continent with interstitial fresh water (extrabasinal turbidites type E) (Zavala, 2020).
At the type locality (Cabo Leticia), the La Barca Formation consists of a ~ 220m section
with two members: a lower member LB1, composed of tuffaceous sandstones interbedded
with carbonaceous siltstones; and an upper member LB2, composed of black mudstones
(Olivero and Malumién, 2008; Quattrocchio, 2017) (Fig. 1.C).

At Punta Ainol, in the east of Tierra del Fuego Island (54° 35' 32.273" S; 65° 59' 42.450"
W - 54° 35'40.423" S; 65° 59' 56.098" W, Fig. 1.C), only LB2 (~120 m thick) is exposed
in the external thrust-fold belt and it comprises predominant dark mudstones with
siliceous sponge spicules, agglutinated foraminifera (Torres Carbonell et al., 2009;
Cuciniello et al., 2017) and calcareous nannofossils (Bedoya Agudelo et al., 2018; Torres
Carbonell and Olivero, 2019). The organic-rich mudstone samples from Punta Ainol
contain calcareous nannofossils that correlate with other Paleocene-Eocene assemblages
from the Southern Hemisphere (Bedoya Agudelo et al., 2018). Punta Ainol is a rocky
outcrop, which is conspicuous at low tide, located between Cabo Jose and Cabo Leticia

around the mouth of the Rodas stream (Torres Carbonell et al., 2009). According to Torres
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Carbonell et al. (2009) the sequence of the La Barca Formation (LB2) is inverted and its
base is not exposed.

The LB2 Member in Punta Ainol is interpreted to have been deposited by hyperpycnal
density flows (Ronchi et al., 2015, Torres Carbonell and Olivero, 2019). This type of
density flow typically transports large volumes of sediment and organic matter from
proximal to deep-marine settings (Quattrocchio et al., 2018). The presence of
Impagidinium, an oceanic taxon (Sluijs et al., 2005), could indicate the distality of the
setting. A similar situation is observed in the Chorrillo Chico Formation (Carrillo-
Berumen et al., 2013), with which the La Barca Formation (in part) is correlated
(Malumién et al., 2013).

2.2 Palynostratigraphy

The entire assemblage and the stratigraphically significant species of the Chorrillo Chico
and Agua Fresca formations is based on Quattrocchio and Sarjeant (2003) and
Quattrocchio (2009), documented in Figure 2-3 and illustrated in Plate 1. In the profiles,
the first occurrence (FO) refers to the oldest, lowest or first occurrence of a taxon and the
last occurrence (LO) to youngest, highest or last occurrence of a taxon.

The interval between PP5 and PP7 (Figure 2) suggests an age no younger than late
Selandian due to the presence of Palaeoperidinium pyrophorum (68.20-59.20 Ma, Bijl et
al., 2013).

In PP9 Magallanesium macmurdoense (Spinidinium macmurdoense) is recorded. This
species has its First Appearance Datum (FAD) in the high latitudes of the Southern
Hemisphere in the uppermost Chron 25 (57.0 Ma, Williams et al., 2004; 56.8 Ma, Bijl et
al., 2013). Deflandrea cygniformis, present in PP10, has its FAD in the middle part of
Chron 24 at 55.0 Ma in the Southern Hemisphere (Williams et al., 2004) and therefore

probably reflects an age near the Paleocene/Eocene boundary.



150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

In the Agua Fresca Formation (PP13), the FO of Impagidinium cassiculum (54.30-52.10
Ma, Bijl et al. 2013) indicates an early Eocene age. The FO of Pyxidiniopsis delicata in
PP15, reflects the middle part of the early Eocene (Kisselovia coleothrypta Zone of
Wilson, 1988). Additionally, the middle Eocene to middle Miocene marker Lejeunecyta
fallax is recorded (PP19-PP20; PP26). Alterbidinium distinctum (PP23) has a Southern
Hemisphere mid-latitude FAD in Chron 27, 37.0 Ma associated with the middle-late
Eocene boundary (Williams et al., 2004). The Achilleodinium biformoides FAD (PP24-
PP25), in equatorial latitudes, is within the latest Chron 13 (late Eocene, 33.7 Ma)
according to Williams et al. (2004).

The absence of Apectodinium possibly indicates a hiatus at the Paleocene-Eocene
boundary in the area (Quattrocchio, 2009). Biddle et al. (1986) interpreted the top of the
Chorrillo Chico Formation as a possibly mid-Thanetian (late Paleocene) unconformity.
This unconformity is apparently of regional extent and is present in southern South
America and in the subsurface of the Magallanes and Malvinas-Falklands basins.

Based on Quattrocchio (2021), some significant dinoflagellate cyst biostratigraphic
events are recognized in the Punta Ainol section (Figure 3) associated with Apectodinium.
Throughout the studied section the FOs of A. homomorphum (FAD 58.8 Ma, LAD 48.3
Ma, Bijl et al., 2013) and Impagidinium crassimuratum (FAD 55.20 Ma, Bijl et al., 2013)
are recorded at 49 m. The FO of Impagidinium cassiculum (54.30-52.10 Ma, Bijl et al.
2013) at 62 m and Samlandia septata at 71 m (FAD 53.3 Ma, LAD 51.8 Ma, Bijl et al.,
2013) are also documented. Based on the presence of these taxa, an age no older than
early Eocene is suggested for this part of the LB2 member of the La Barca Formation.
Cleistosphaeridium diversispinosum (FAD 49.3 Ma, LAD 37.8 Ma, Bijl et al., 2013) is
present at 77 m, its stratigraphic range extends from the late Ypresian to the Bartonian in

the South Pacific Ocean (FO: 49.30 Ma, LO: 38.30 Ma according to Bijl et al., 2013).
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The upper part of the section (88 m) is attributed to the Lutetian due to the presence of
Enneadocysta dictyostila (FAD 47.9 Ma, LAD 33.2 Ma, Bijl et al., 2013). At 102 m only

sporomorphs were recognized.

3. Material and methods

3.1. Palynology

Eighteen samples were studied from outcrop samples from the Punta Ainol locality.
Physical and chemical extraction was carried out using standard palynological processing
techniques (Volkheimer and Melendi, 1976), which involve treatment with hydrochloric
and hydrofluoric acids. Nitric acid was used to produce a brief oxidation (two minutes or
less). The residue was sieved through a 10um mesh to concentrate the palynomorphs. All
the specimens mentioned are stored in the collection of the Palynological Laboratory at
Universidad Nacional del Sur, Bahia Blanca, Argentina.

The taxonomy of the dinoflagellate cyst species follows Williams et al., 2017. Age
determinations are based on well-known First Appearance Datum (FAD) and Last
Appearance Datum (LAD), especially for the Southern Hemisphere (Williams et al.,
2004; Bijl et al., 2013).

In order to recognize paleoenvironmental trends in the palynomorph records, spore
abundance and paleoecological preferences of each dinoflagellate cyst taxon were
considered.

The paleoecological preferences considered are those of ecogroups or groups of
dinoflagellate cysts (i.e., complexes of taxa that are closely related morphologically),
widely applied in several studies (e.g., Brinkhuis, 1994; Powell et al., 1996; Lamolda and

Mao, 1999; Pross and Brinkhuis, 2005; Sluijs et al., 2005; Frieling and Sluijs, 2018;
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Steeman et al., 2020; Quattrocchio et al., 2021), and/or to paleoecological preferences
well known in the literature (Table 4).

3.2. Geochemistry

Organic geochemical analyses were performed with a Rock-Eval 6 Pyro-Analyzer at the
geochemical laboratory of Y-TEC (YPF Tecnologia), Berisso, Buenos Aires, Argentina.
Total organic carbon (TOC), total inorganic carbon (TIC) and hydrogen index (HI) were
measured by a programmed Basic/Bulk-Rock open system Rock-Eval pyrolysis,
according to Behar et al. (2001).

Inorganic geochemical analysis was performed with X-Ray Fluorescence (XRF)
equipment at the sedimentary laboratory of Y-TEC, Berisso, Buenos Aires, Argentina.
Twenty-six samples of sedimentary rocks were analyzed with a Thermo Scientific
NITON XL3t XRF-Analyzer, using a gold anode tube with 50 kV voltage, 200 pA of
current during 120 seconds, to obtain data for the following elements: Ti, Ca, Rb, Sr, Mn,
Fe and P. Geochemical analysis focused mainly on elemental ratios to avoid
misinterpretations due to possible dilution (e.g., carbonates, organic matter) (Lowemark
etal., 2011).

Eight curves were performed for the Punta Prat and Punta Ainol sections (Figs. 2, 3,
Supplementary data geochemistry) based on results from the pyrolysis analysis as TOC,
TIC and HI, and according to elemental trends of Ca and P concentrations and Ti/Ca,
Rb/Sr and Mn/Fe ratios. The amounts of organic matter were examined using a TOC (%)
curve (Tribovillard et al., 2006). Furthermore, organic matter type was assessed using the
HI curve (mg HC/g TOC) according to Peters (1986) and Exon et al. (2001). Calcite
(CaC03) concentration was estimated with TIC (%) and Ca (%) curves (Sageman and
Lyons, 2004). The degree of weathering was evaluated using the Rb/Sr curve (Dasch,

1969; Chen et al., 1999; Buggle et al., 2011; Candel et al., 2020; Sue et al., 2022). Clastic
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input was interpreted from the Ti/Ca curve fluctuations (Ingram et al., 2013). The P curve
(ppm) was taken as a paleoproductivity proxy (Tribovillard et al., 2006) and the Mn/Fe
curve was used as an indicator for paleo-redox conditions (Davison, 1993; Koinig et al.,
2003; Burn and Palmer, 2014).

In addition, carbon isotope analyses from the Punta Prat section were performed at the
Earth Sciences Department at Utrecht University, Utrecht, the Netherlands, with the aim
to identify the CIE that characterized the PETM (Kennett and Stott, 1991; Koch et al.,

1992; Schouten et al., 2007).

4. Results and discussion

4.1. Paleocommunities and paleoclimatic inferences

Sporomorph analysis at the Punta Ainol locality, La Barca Formation (Plate I1), allowed
the characterization of the paleofloristic and paleoclimatic scenario of the studied section
during the late Paleocene-Eocene interval. The distribution charts of sporomorphs, the
list of identified species and the botanical affinities are given in Table 1. It reflects a
regional forest dominated by Araucariaceae, Nothofagaceae, Podocarpaceae and
Proteaceae, accompanied by abundant ferns belonging to the Schizaeaceae,
Polypodiaceae and Dicksoniaceae families, developed under a temperate to warm-
temperate and humid climate. The species of Nothofagidites correspond to N.
fortispinulosus, N. rocaensis and N. saraensis, which are similar to the Nothofagus
“Dombeyi type” and, among others, include the current N. dombeyi (Mirb.) Oerst. and N.
antarctica (Forst.) Oerst. These two species are opposite ecologic indicators. The first
corresponds to the evergreen forest and the second to the microtermic and deciduous
forest. So, the paleoenviromental inferences with these morphospecies are limited

(Quattrocchio et al., 2013 and bibliography cited therein), but high humidity conditions
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are inferred due to the presence of Phyllocladidites mawsonii in the present association.
This is compatible with the presence of the evergreen forest in the studied interval.

The pollen grains of Phyllocladidites mawsonii Cookson are very similar to that of
Lagarostrobus franklinii (Hook) Quinn. L. franklinii is currently restricted to high-rainfall
areas in western Tasmania, where the annual precipitation is up to 2,500 mm. Its habitat
Is banks of rivers and swampy flats up to 750 m.

Podocarpidites is associated with the living genus Podocarpus, which has a wide
latitudinal distribution even recognized in mountainous areas of tropical regions (Barreda,
1996). Paleoclimatic estimation shows that this family has a mean annual temperature
(MAT) of 17 °C and mean annual precipitation of 1,839.6 mm (Carvajal, 2013).

The frequent presence of gymnosperms suggests that the parent plants grow near to the
site of deposition. Their anemophilous pollen grains (Phyllocladidites, Podocarpidites
and Microcachryidites) characterize the regional input of palynomorphs in the
depositional site.

The Araucariaceae community may have occupied ecotones associated with lowlands
(Garcia et al., 2006). Some authors even related them with coastal (Abbink, 1998) and/or
swampy (Whitaker et al., 1992) communities. The morphological and structural features
of their pollen grains suggest that they are not suitable for transport over large distances
or for eolian dispersion. The presence of high proportions of araucariacean pollen grains
may be related to forests of altitude or to relatively lower areas where pollen was
transported principally by fluvial currents (Martinez et al., 1996). Paleoclimatic
estimation shows that this family has a mean annual temperature of 17 °C and mean

annual precipitation of 1,839.6 mm (Carvajal, 2013).
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The Lactoridaceae is a monotypic shrub family confined to the Juan Fernandez Islands,
located off the coast of Chile, which is found in wet montane forest above 500 m (Zavada
and Benson, 1987).

The presence of Rubiaceae Randia (Canthiumidites aff. C. bellus) was recorded, which
is a Neotropical genus (Salas, 2021) ranging from c. 30° N to 30° S. It is represented by
shrubs, trees, and lianas from sea level to 3,300 m in the deciduous and evergreen forests
(Gustafsson, 2000).

Pandanaceae (Pandanus) can also be recognized, associated with lowland environments.
They grow along seacoasts and in marshy places in forests of tropical and subtropical
regions (Petriella and Archangelsky, 1975).

Volkheimer et al. (2007) reported proteacean pollen, indicative of subhumid to semiarid
lowland. The Proteaceae is one of the most diverse families in the Southern Hemisphere
that is restricted to tropical and subtropical regions, especially in areas with long dry
seasons (Gonzélez et. al., 2007).

Sphagnum species dominate many wetlands and produce huge deposits of peat.

The statistical analysis of Paleocene—late Miocene palynological data from Patagonia
supports several major stages of vegetation (Quattrocchio et al., 2013). The affinities of
the fossil genera with the living ones (Romero, 1986) are based on physiognomic analyses
of taphofloras, mainly from Chile and Argentina, warm and humid tropical conditions are
inferred for the Paleocene-Eocene (Hinojosa, 2005). High rainfall and estimated
temperatures for the Ligorio Marquez, Lota-Coronel and Cocholgue taphofloras of the
Paleocene-Eocene boundary are concordant with the tropical-subtropical climatic
conditions inferred from its floristic composition. This analysis is based on the current
correlation established between morphological characters of the leaves and climatic

variables, basically, temperatures and rainfall (Hinojosa, 2005).
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Paleoenvironmental reconstructions based on the Patagonian Paleocene floras of the
Salamanca and Boror6 fomations enabled us to infer the presence of mangroves (with
Nypa palms and Pandanus), swamp woodlands, mossy forests and sclerophyllous forests
(Archangelsky, 1973; Petriella and Archangelsky, 1975).

The Paleocene flora is called the Gondwanic Paleoflora (Hinojosa, 2005) or Neotropical
(Romero, 1986). The Gondwanic Paleoflora was characterized by dominant Australasian,
Neotropical and Pantropical phytogeographical elements. The climate was warm and very
humid (mean annual temperature of 12.3-13°C, i.e., 1.5-2.5°C warmer than today, and
annual precipitation over 1000 mm, Iglesias et al., 2007).

In the early Eocene, the Subtropical Gondwanic Paleoflora of Hinojosa (2005) is
characterized by the mixture of Neotropical, Pantropical and Australasian taxa with a low
proportion of Antarctic elements.

The early Eocene was a globally warm period (Huber and Caballero, 2011; Lunt et al.,
2011). In Patagonia, the leaf floras yield estimated MATSs of around 14-18 °C (Wilf et
al., 2005; Hinojosa et al., 2011) and mean annual precipitation of > 2000 mm (Wilf et al.
2009). No significant ice accumulation existed at high latitudes in either hemisphere
(Compagnucci, 2011).

The climate throughout Patagonia was humid and subtropical in the early Eocene; as the
humid easterlies (Atlantic monsoon) extended so far south that they dominated
continental Patagonia (Campagnucci, 2011).

The section analyzed (late Paleocene-Eocene) could be related to the Subtropical
Gondwanic Paleoflora of Hinojosa (2005) due to the presence of Antarctic (e.g.,
Nothofagidites), Australasian (e.g., Dacrycarpidites) and Pantropical (Pandanus)

elements. The spores of bryophytes and ferns are reported from the Antarctic Realm in
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the Paleogene and are associated with pollen of Nothofagus (Morh et al., 2001 and
bibliography cited therein).

According to Carvajal (2013) the palynoflora of the Ligorio Mérquez Formation
(Cordillera Patagonica Central of Chile, S 46° 45", W 71° 507) is a transition between a
Subtropical Godwanic and a Mixed Palynoflora. The unit is no older than 52 Ma (time of
the early Eocene Climate Optimum) and no younger than 47.6 Ma (Carvajal, 2013).
However, Suérez et al. (2000) concluded that the age was late Paleocene to early Eocene
based on newly collected plant megafossils, as well as on K-Ar ages for the overlying
basalt flows (Yabe, 2006).

The inferences of the Ligorio Marquez paleoclimate were made from Niche Modelling
Analysis of current relatives and Coexistence Analysis of taxa identified in the microflora.
The DCA (Detrended Correspondence Analysis) suggests similarity with the Punta Prat
locality (Chorrillo Chico and Agua Fresca formations). These unique formations share
the presence of Nothofagidites kaitangataensis, which is grouped as ‘Ancestral’
Nothofagidites (Dettmann et al. 1990) that is exclusively fossil (Carvajal, 2013). This
taxon is also recorded in the La Barca Formation (in this paper).

Comparison of the present palynoflora with the late Paleocene-early Eocene Ligorio
Marquez Formation from Patagonia, Argentina (Macphail et al., 2013) yielded a fairly
similar palynological association (e.g., Podocarpidites marwickii, Nothofagidites spp.,
Proteaceae), but the La Barca Formation mainly lacks: Ericipites microverrucatus
(Ericales), Mutisiapollis sp. (Asteraceae), Proxapertites sp. (Araceae) and Schizocolpus
sp. (Didymelaceae).

The new record of Lactoridaceae expands the known fossil range of this family in
Patagonia. It was found in in Cerro Malvinera (Rosannia manika (Srivastava) Srivastava

and Braman, 2010), correlated with the La Barca Formation at the type locality of this
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formation (Quattrocchio, 2017) (Fig. 1.A). Gamerro and Barreda (2008) found fossil
tetrads of Lactoridaceae and informally named them as ‘Lactoris type’ in the early
Miocene of eastern Patagonia.

From the comparison of the present microfloristic association with the Punta Prat locality
(Chorrillo Chico and Agua Fresca formations) the absence of the Lactoridaceae stands
out in the latter, but almost all the rest of the families are the same. In the late Paleocene-
early Eocene characterized by Apectodinium it is also not recorded. The absence of this
family could be related to the hiatus in that interval.

In the Magallanes-Austral Basin Apectodinium (as Apectodinium spp.) was first observed
in the Punta Noguera Formation (Olivero et al., 2002), assigned to the upper Paleocene
and Paleocene-Eocene on the basis of foraminifera and dinoflagellate cysts. In the
Tranquilo-2 well, Core T6 (1,205.04-1,205.10 m), near the Chile-Argentina border, 148
km from Punta Arenas, Morgan et al. (2000) briefly described the dinoflagellate cyst
assemblages including Apectodinium homomorphum. To the north, diverse marine
dinoflagellate cyst assemblages, including Apectodinium homomorphum, have been
recorded (Bijl et al., 2021) in outcrops at Isla Riesco in the Chorillo Chico Formation (S
52°40°24.71", W 71°57°9.62") and Agua Fresca Formation (S 52° 40°35.98", W
71°56°57.27") and also in the Laguna Blanca Rio Pérez region in the Chorrillo Chico
Formation (S 52°3271.56", W 72° 6°22.41"). This taxon was also recorded in the Punta
Torcida Formation at its type locality (Quattrocchio, 2017).

4.2. Paleoenviromental inferences based on palynological analysis

Dinoflagellate cysts have been widely and successfully employed as paleoenvironmental
indicators (e.g., Downie et al., 1971; Wall et al., 1977; Dale, 1996; Pross and Brinkhuis,
2005; Frieling and Sluijs, 2018; Quattrocchio et al., 2021). The richness and abundance

of the dinoflagellate cyst assemblages recovered from the Chorrillo Chico and Agua
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Fresca formations, Punta Prat locality, and from the La Barca Formation, Punta Ainol
locality, allow us to evaluate the depositional environment of the studied sections during
the Paleocene (Chorrillo Chico), early—late Eocene (Agua Fresca formations) and the
Thanetian—Lutenian (La Barca Formation) intervals. The distribution diagrams of the
dinoflagellate cyst species are shown in Tables 2 and 3. The ecogroup to which each taxon
belongs and the paleoecological preferences of the ecogroups or taxa are given in Table
4,

4.2.1. Punta Prat Section. Chorrillo Chico and Agua Fresca formations

Two curves were plotted based on the spore abundance and paleoecological preferences
of dinoflagellate cysts (ecogroups and taxa), one showing changes in the depositional
environment of the Chorrillo Chico and Agua Fresca formations and the other portraying
the terrigenous input to the basin (Fig. 2). The high sea level is interpreted based on the
presence of outer neritic conditions or even oceanic taxa.

In the Chorrillo Chico Formation, the curves do not show any major oscillations except
for the peaks in PP6 and PP12. The PP5-PP11 interval (no younger than late Selandian—
Thanetian), would have been deposited mainly in an outer neritic environment with high-
moderate terrigenous input, except for PP6, which may have accumulated in an oceanic
environment with high terrigenous input. PP12 (Thanetian) would have been deposited
in an oceanic environment with low terrigenous input.

In these same levels Carrillo-Berumen et al. (2013) identified a rich and abundant
sporomorph association, especially in spores, a high abundance and richness of
dinoflagellate cysts and the presence of Impagidinium, from which they suggested that
the Chorrillo Chico Formation would have been deposited from hyperpycnal flows. The
capacity of these flows to transport large volumes of sediment and organic matter from

proximal to deep marine settings (Quattrocchio et al., 2018) would explain the co-
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occurrence of dinoflagellate cysts indicative of low salinity and high nutrients related to
an increase in fresh-water runoff (e.g. Senegalinium complex, PAGC, Paleocystodinium
and Paleoperidinium pyrophorum) and dinoflagellate cysts indicative of outer neritic or
oceanic settings (e.g. Spiniferites, Pyxidinopsis and Impagidinium) (Fig. 2).

As previously mentioned, the deposition of sample PP12 would have accumulated in an
oceanic environment with low terrigenous input to the basin. This possibility, suggested
by the presence of Impagidinium and the low spore abundance, reinforces the idea that a
relative rise in sea level was present at the top of the outcrop of the Chorrillo Chico
Formation (Carrillo-Berumen et al., 2013).

In the Agua Fresca Formation the curves oscillate considerably, reflecting deposition in
oceanic (PP13-PP14, PP16, PP18, PP26 and PP27), outer neritic (PP15, PP17, PP21,
PP24, PP25) and inner neritic (PP19, PP20, PP22, PP23) settings with low to moderate
terrigenous input. From the evolutionary perspective, from the base to the top, the PP13—
PP18 interval (early Eocene) may have been deposited in an oceanic and outer neritic
setting with low terrigenous input. In PP19-PP20 interval (middle Eocene), a relative sea
level fall would have occurred and deposition would have taken place in an inner neritic
setting with increased terrigenous input (low to moderate). In the PP21-PP25 interval
(middle Eocene—late Eocene) the depositional environment would have deepened to
inner-outer neritic, the terrigenous input decreased and then gradually increased (low
terrigenous input). Finally, in the PP26-PP27 interval (late Eocene) a new deepening
would have occurred and deposition would have taken place in outer neritic and oceanic
settings with increased terrigenous input to the basin (low-moderate terrigenous input).
The changes in the depositional setting and in the terrigenous input to the basin
recognized fit quite well with what is expected from the sequence stratigraphy postulated

for the Agua Fresca Formation (Quattrocchio, 2009). It also correlates with the marine
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palynomorph and paludal palynomorph index curves (Carrillo-Berumen et al., 2013),
reflecting relative sea level rise, e.g., from PP13-PP18 (presence of Impagidinium,
Spiniferites, high marine palynomorph index and low paludal palynomorph index), or the
expansion of nearshore environments, e.g., from PP19-PP20 (presence of
Palaeocystodinium, Senegalinium complex, Protoperidinioids, high paludal palynomorph
index and low marine palynomorph index). These relative sea level fluctuations could
have acted in conjunction with higher subsidence rates of the Magallanes-Austral Basin
with respect to sedimentation rates and sediment supply during most of the Thanetian—
Ypresian and Bartonian—Priabonian intervals (Bijl. et al., 2021). However, further
thermocronology data would help to improve the knowledge of such an important
climatical and biological Paleocene-Eocene transition (Dr. C. Jaramillo, pers. comm.).
4.2.2. Punta Ainol Section. La Barca Formation

From the base to the top, there are three clearly recognizable intervals, 0-44 m, 49-74 m
and 82-120 m (Fig. 3). The 0 to 44 m interval (Thanetian) would have accumulated in an
inner neritic environment with a moderate to high terrigenous input. The 49—74 m interval
(Thanetian—Ypresian) may have accumulated in oceanic and outer neritic environments
with a high terrigenous input. The 82 to 113 m interval (Ypresian—Lutenian) would have
been deposited in an inner-outer neritic environment with a moderate terrigenous input.
At 120 m (Lutenian) there would have been a relative fall in the sea level with only
records of sporomorphs.

The analysis of the curves suggests, from the base to the top, that from 0-74 m
(Thanetian—Ypresian) the depositional environment may have deepened from inner
neritic to mainly oceanic and the terrigenous input increased (moderate to high). In the

82-113 m interval (Ypresian—Lutenian) there would have been a relative fall in the sea
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level to inner-outer neritic environments and a decrease in the terrigenous input (high to
moderate). Finally, at 120 m expansion of the coastal environment may have occurred.
The co-occurrence of several species of the Senegalinium complex, Protoperidinioids,
PAGC (indicative of low salinity and high nutrients) and Impagidinium (oceanic settings)
would indicate a high terrigenous input to the deep basinal environment. The transport of
terrigenous material to environments so far from the coast would require flows with high
transport capacity. Thus, it is plausible that the transport and accumulation process
responsible for the studied deposits of the La Barca Formation were hyperpycnal flows.
This inference is supported by the recurrent (vertical and lateral) alternation of
sedimentary structures without rheological boundaries and the abundant carbonized plant
fragments present in these levels of the La Barca Formation, both features considered
diagnostic criteria for the recognition of hyperpycnites (Ponce and Carmona, 2011a;
Quattrocchio et al., 2018; Torres Carbonell and Olivero, 2019).

The possibility that the studied levels of the La Barca Formation had accumulated from
hyperpycnal flows has previously been suggested in sedimentological,
micropaleontological and palynological studies (Ronchi et al., 2015; Torres Carbonell
and Olivero, 2019; Quattrocchio, 2020).

4.2.3. Paleoenvironmental synthesis

During the Thanetian, most of the Chorrillo Chico Formation (up to PP11) and the La
Barca Formation would have accumulated from hyperpycnal flows. Furthermore, in the
upper part of the Chorrillo Chico Formation (PP12) a relative sea level rise event that
occurred during the Thanetian would be recognized. The depositional environment of the
La Barca Formation continued to be dominated by hyperpycnal flows until the Lutenian.
The changes in the depositional setting and in the terrigenous input to the Magallanes

Basin identified at the top of the Chorrillo Chico Formation and in the Agua Fresca
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Formation could probably be related to the interaction of relative sea level fluctuations
and higher rates of basin subsidence with respect to sedimentation rates and sediment
supply.

In both sections during the Thanetian interval (59.2 Ma-56 Ma) and Ypresian interval
(56 Ma—48.1 Ma) the sedimentation rates are similar according to the ages assigned with
biostratigraphy: ~20 m/Ma and ~6 m/Ma respectively (Dr. A. Folguera, pers. comm.).
This suggests that in both areas the sedimentation rate would have been controlled mainly
by relative sea level changes.

4.3. Geochemical inferences

4.3.1. Punta Prat section. Chorrillo Chico and Agua Fresca formations

In order to carry out a geochemical characterization of the sedimentary rocks from the
Chorrillo Chico and Agua Fresca formations, the Punta Prat sequence was divided into
three chemozones illustrated in Figure 2. The first interval, CZ-1P, covers almost the
entire section of the Chorrillo Chico Formation, from PP1 to PP8 (Paleocene?), the second
interval, CZ-2P, extends across the transition of the Chorrillo Chico-Agua Fresca
formations, from PP9 to PP18 (late Paleocene-early Eocene), and the third interval (CZ-
3P) includes the rest of the Agua Fresca Formation, from PP19 to PP27 (middle to late
Eocene).

The first chemozone of the Punta Prat section (CZ-1P) presents a drop in TOC, HI, and
P values, from the base to the middle of the interval, with similar behavior of the Rb/Sr
ratio that could be related to the availability of bioelements and the fluctuations of organic
matter accumulation with a contribution of a mixture of terrigenous and basin material.
TIC and Ca, together with the Mn/Fe and Ti/Ca ratios, show a relative increase in their
values throughout CZ-1P (Fig. 2), suggesting enhanced accumulation and preservation of

CaCOs, favored by oxic and alkaline conditions (Burn and Palmer, 2014). These relative
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geochemical fluctuations could be related to relative sea level falls and the manifestation
of critical condition for preservation of organic matter.

In the second study interval (CZ-2P), specifically at 124 m during the Thatenian-Y presian
transition, TOC, HI and P together with the Rb/Sr and Ti/Ca ratios show the highest CZ-
2P values, suggesting a rapid relative sea level rise associated with increased subduction
rates (Bijl et al. 2021), with a large input of material concentrated in bioelements (like
phosphorous), derived from the intensely weathered Patagonian-Fuegian magmatic arc
(Barbeau et al., 2009), which migrated seaward (recorded by the increase of the Rb/Sr
and Ti/Ca ratios in Figure 2). Gavrilov et al. (1997) postulated that this event was
associated with activation of organic-walled phytoplankton productivity that served as
the main supply for the accumulation of marine organic matter (exhibited by rising values
of HI and TOC). In contrast, TIC, Ca, and Mn/Fe show the lowest values of the interval
(CZ-2P), proposing the development of anoxic conditions in deep marine successions,
responsible for the lack or suppressed state of calcareous plankton communities due to
the elevation of the calcite compensation depth (Jenkyns, 2010).

At the top of CZ-2P (late Ypresian), all geochemical parameters recovered the initial
values of the interval, characterized by a decrease in TOC, HI, P, Rb/Sr and Ti/Ca, and
an increase in TIC, Ca and Mn/Fe values, indicating a stage of relative sea level lowering
and eustatic level recovery.

At the base of the last interval (CZ-3P), during the timing of a deep foreland basin from
the late Ypresian to Bartonian (Bijl et al., 2021), TOC and HI concentration increase, but
TIC, Ca and Mn/Fe behave inversely and decay, compared to the upper part of the lower
interval (CZ-2P). These relative geochemical changes are associated with a new relative
sea level rise event and could be associated with a switch in sediment provenance,

characterized by accumulation of organic matter with notable presence of organic-walled
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plankton and a low contribution of calcareous plankton communities (Barbeau et al.,
2009).

At the top of CZ-3P (Priabonian), the values of the geochemical parameters fluctuate
considerably, controlled by the relative sea level changes. TOC concentration shows the
lowest value at the top, and the HI is similar in the two evaluated samples of the interval,
due to changes in the conditions of accumulation and preservation of organic matter. In
contrast, TIC, Ca and Mn/Fe have the highest values at the end of CZ-3P, reflecting higher
carbonate contents, which could be associated with higher abundance of nannofossils.
Meanwhile, the Rb/Sr and Ti/Ca ratios together with P show no relative changes
throughout the CZ-3P (Fig. 2), reflecting an equilibrium in the fluctuations of terrigenous
and marine organic matter accumulation.

4.3.2. Punta Ainol section. La Barca Formation

In order to characterize the geochemical trends of the Punta Ainol sequence (Fig. 3), the
section was divided into three chemozones (CZ-A) based on the intervals defined by the
palynomorph records, spore abundances and paleoecological dinoflagellate cysts
preferences: CZ-1A (5 samples: 4440 to 4445) covers the 0-44 m interval (Thanetian),
CZ-2A (6 samples: 4437 to 4439 and 4448 to 4449) includes 44 m to 74 m (Thanetian-
Ypresian) and CZ-3A (7 samples: 4446 to 4447 and 4450 to 4454) which extends from
74 mto 120 m (Ypresian-Lutetian).

The TOC values exhibit a slight fluctuation between 1.11% and 1.33% throughout CZ-
1A (Thanetian), but HI decays at the top of this zone in coincidence with the highest peak
of Mn/Fe, proposing more alkaline and oxic conditions (Burn and Palmer, 2014) which
favored the presence of CaCOs, represented by the highest values of TIC and Ca reached
in the top sample (4440) of CZ-1A. The drop of HI in the middle of CZ-1A (between 19-

32m) might be influenced by the increase in Rb/Sr and Ti/Ca, indicating more weathering
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and clastic input, characterized by a higher contribution of terrestrial and/or
marine/lacustrine residual organic matter to the basin (Exon et al., 2001).

HI and TOC reached the minimum values at the beginning and the end of CZ-2A, in
coincidence with the fluctuations of the Rb/Sr and Ti/Ca ratios, suggesting variations in
the organic matter flux and changes in its composition with a higher proportion of
terrestrial compounds, suggested by the low HI values. Conversely, TIC, Ca and the
Mn/Fe ratio reached the highest values of the entire sequence indicating oxic conditions
that increase biogenic skeletal material from calcareous nannoplankton and foraminifera
(Sageman and Lyons, 2004). These stages could be related to relative sea level falls that
favor pelagic biogenic carbonate contribution versus organic phytoplankton productivity,
associated with critical condition for organic matter accumulation.

In the middle of CZ-2A (Thanetian-Ypresian boundary), coincident with 62m, TOC, HI
and P with the Rb/Sr and Ti/Ca ratios suddenly rise up and reach the highest values of
this zone. This episode could be interpreted as a rapid transgression (Malumiéan, 1999)
associated with the eustatic sea level rise (Haq et al., 1987). This event caused insoluble
and dissolved organic matter, bioelements such as P, Fe, and other compounds
accumulated in humid terrestrial areas during the preceding relative low sea level stage
to bewere supplied to the basin. The enhancement of nutrients generated a vigorous
phytoplankton productivity that served as the main provider of organic matter (Gavrilov
etal., 1997) characterized by elevated values of HI (Shcherbinina et al., 2016). In contrast,
TIC, Ca, and Mn/Fe dropped sharply until they reached the lowest values of the entire
sequence. Gavrilov and Shcherbinina (2003) suggested that these changes could be
accompanied by dramatic turnover from predominantly calcareous plankton communities
to organic-walled plankton forming enormous biomasses and initiating accumulation of

TOC and HI rich sediments.
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This middle level of CZ-2A of the La Barca Formation accumulation was evidently
caused by a greatly enhanced supply of nutrients, which stimulated a burst of productivity
in the basin. Such increased fertilization could be induced by hyperpycnal flows, during
the relative sea level rise.

At the base of CZ-3A (early Ypresian), TOC, HI, TIC and Ca show very low values,
suggesting a decrease in the community of calcareous plankton and organic walls, such
as dinoflagellate cysts and nannofossils, related to relative sea level lowering and shoaling
of the basin (Shcherbinina et al., 2016). TOC and HI values increase towards the top of
CZ-3A (Ypresian-Lutenian), accompanied by a slight increase in Rb/Sr, Ti/Ca and P, a
drop in the Mn/Fe ratios and constant TIC and Ca values. However, there is a notorious
drop in the HI values at the top level of the Punta Ainol section (120 m), suggesting an
increase of terrigenous organic matter proportion (only sporomorphs are recorded),
characterized by lower TOC values. The behavior of the geochemical parameters along
the CZ-3A suggests a variation in the source of organic matter, characterized by
fluctuations from terrigenous to marine organic matter accumulation, and then, an
increase in the proportion of terrigenous organic matter towards the top, reflecting relative
sea level rise in the middle (82 m to 108 m) and the consequent sea level fall at the end.
4.3.3. Geochemical synthesis

The geochemical parameters from the La Barca Formation at Punta Ainol and a few
samples from the top of the Chorrillo Chico Formation from the Punta Prat section show
a vast increase in sediment supply from the continent with high concentrations of
nutrients, which stimulated a burst of productivity in the basin during Paleocene-Eocene
transition. These processes could be interpreted as hyperpycnal flows, characterized by
an increase in terrestrial weathering and the consequent supply of extrabasinal materials

(typically plant debris), fresh water and chemicals to environments far from the coast.
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The CIE that characterized the Paleocene-Eocene Thermal Maximum (PETM) was not
identified in the Punta Prat section. The carbon isotope density values obtained were in
the order of -10%. or -15%., suggesting that the vast majority of the carbonate did not
derive from plankton but was precipitated in sediment pore waters with a low density of
13C due to organic matter remineralization. So, carbon isotope values from Punta Prat
would not be reliable for consideration in this study (Prof. Dr. A. Sluijs, 2022, pers.
comm., Paleoceanography, Earth Sciences Department of Utrecht, Utrecht, Netherlands).
Despite the lack of the CIE record that characterized the PETM, the Punta Ainol section
provides geochemical data related to characteristic processes of the Paleocene-Eocene
transition, recorded in other type localities around the world, such as significant increases
in river discharge and sediment input (e.g. Crouch et al., 2003; Giusberti et al., 2007; John
et al., 2008; Sluijs et al., 2008), sudden increases in organic microfossil productivity and
decreases in the amount of biogenic calcite (Sluijs et al., 2011), changes in trophic level
(e.g. Crouch et al., 2001; Speijer and Wagner, 2002; Gibbs et al., 2006), as well as a
globally recorded rise in sea level (Gavrilov et al., 1997), suggesting a link between

phases of extreme global warming phases and sea level change (Sluijs et al., 2008).

5. Conclusions

In this paper the comparison between the thick Paleogene sequences in the Chilean
Peninsula Brunswick (Chorrillo Chico and Agua Fresca formations) and the reduced
Paleogene sequence (La Barca Formation) in Argentina are evaluated by taking account
of palynological and geochemical analyses.

Warm and humid subtropical conditions (Subtropical Gondwanic Paleoflora) are inferred
for the late Paleocene-Eocene interval studied. The new record of the Lactoridaceae in

the La Barca Formation expanded the known fossil range of this family in Patagonia.
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The comparison of the Punta Prat locality (Chorrillo Chico and Agua Fresca formations)
with the Ainol locality (La Barca Formation) shows the absence of Lactoridaceae in the
former, but almost all the rest of the families are the same. The late Paleocene—early
Eocene characterized by Apectodinium is not recorded either. Both absences could be
related to a hiatus in that interval.

During the late Paleocene the Chorrillo Chico and La Barca formations would have been
deposited mainly from hyperpycnal flows. The depositional environment of the La Barca
Formation continued to be dominated by hyperpycnal flows until the Lutenian.

A relative sea level rise event would be recognized in both sections studied in the early
Eocene. In the middle Eocene a relative sea level fall would have occurred with increased
terrigenous influx. These fluctuations could have been acting together with higher
subsidence rates of the Magallanes-Austral Basin during most of the Thanetian—Y presian
and Bartonian—Priabonian.

The rate of sedimentation according to the ages assigned by biostratigraphy were similar
during the Thanetian and Ypresian intervals in both sections, suggesting that the
sedimentation rate would have been controlled mainly by relative sea level changes
during the Paleocene-Eocene transition.

The increase in the organic phytoplancton productivity and notable decrease in the
amount of biogenic calcite, associated with an increased sediment supply in a high sea
level stage, suggested by geochemical and paleoecological parameters in the Punta Ainol
section, eastern Tierra del Fuego, provide an opportunity to further understand the
paleoenvironmental change in high southern latitudes during the greenhouse world of the
late Paleocene-early Eocene transition. This would be reinforced by the presence of
Apectodinium (Quattrocchio, 2021) and nannofossils characteristic of this interval

(Bedoya Bedoya Agudelo et al., 2018).
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FIGURE CAPTIONS

Figure 1. A. Regional map of southern South America (modified from Malumian et al., 2013)
showing the location of Punta Prat and Punta Ainol sections and other localities in the
Magallanes-Austral Basin. 1. B. Satellite image and geologic sketch of western Brunswick
Peninsula, Chile, indicating the distribution of Chorrillo Chico and Agua Fresca formations and
the location of the studied section at Punta Prat, compiled from SERNAGEOMIN (2003) and
ENAP (1992). 1. C. Satellite image and geologic sketch of southeastern Tierra del Fuego,
Argentina, indicating the location of the studied section of the La Barca Formation at Punta
Ainol and the distributions of the Paleogene lithostratigraphic units: Cabo Leticia Formation
(upper Paleocene), La Barca Formation (upper Paleocene-lower Eocene) including the
distribution of LB1 and LB2 members in Cabo Leticia and Punta Ainol, Punta Noguera
Formation (lower Eocene), Leticia Formation (middle Eocene) and Cerro Colorado Formation
(upper Eocene), compiled mainly from Olivero et al. (2002), Torres Carbonell et al. (2009),
Bedoya et al. (2018) and Torres Carbonell and Olivero (2019).

Figure 2. Stratigraphic section of the Chorrillo Chico and Agua Fresca formations from Punta
Prat, Chile, indicating location of the samples, distribution of dinoflagellates cysts events,
terrigenous input, type of depositional environment, geochemical parameters and chemozones.
Ages according to the GTS2020 time scale of Gradstein and Ogg (2020).

Figure 3. Stratigraphic section of the La Barca Formation from Punta Ainol, Argentina,
showing location of the palynological preparations, distribution of dinoflagellate cysts events,
terrigenous input, type of depositional environment, geochemical parameters and chemozones.
Ages according to the GTS2020 time scale of Gradstein and Ogg (2020).

Table 1. Distribution of palynomorphs recovered from the La Barca Formation at Punta Ainol
section with their botanical affinities.

Table 2. Distribution of dinoflagellate cysts in the Chorrillo Chico and Agua Fresca formations,
Punta Prat, Chile.

Table 3. Distribution of dinoflagellate cysts in the La Barca Formation at Punta Ainol, Tierra
del Fuego.

Table 4. Paleoecological preferences of the identified dinoflagellate cysts ecogroups or taxa.

Plate 1. Selection of dinoflagellate cysts considered in the palynostratigraphic analysis of the
Chorrillo Chico, Agua Fresca (both at Punta Prat locality, figs. 1-8) and La Barca (Punta Ainol
locality, figs. 9—14) formations. Scale bar = 10 pum.

1. Achilleodinium biformoides (Eisenack 1954) Eaton 1976 (Sample PP25).

2. Eisenackia crassitabulata Deflandre & Cookson 1955 (Sample PP25; Slide 3989/1; J32).

3. Deflandrea cygniformis Pothe de Baldis 1966 (Sample PP10; Slide 3974/4; F39/2).

4. Lejeunecysta fallax Morgenroth 1966 (Sample PP20).

5. Magallanesium macmurdoense (Wilson 1967) Quattrocchio & Sarjeant 2003 (Sample PP9).
6. Palaeoperidinium pyrophorum (Ehrenberg 1838 ex Wetzel 1933) Sarjeant 1967 (Sample
PP10; Slide 3974/5; F31/1).

7. Pyxidinopsis delicata Wilson 1988 (Sample PP22; Slide 3986/2; O44).

8. Impagidinium cassiculum Wilson 1988 (Sample PP13; Slide 3977/4; G36/4).

9. Apectodinium homomorphum (Deflandre & Cookson 1955) Lentin & Williams 1977 emend.
Harland 1979 (Slide 4438a; P33).

10. Cleistosphaeridium diversispinosum Davey et al. 1966 emend. Eaton et al. 2001 (Slide
4440a; Q70/4).

11. Enneadocysta dictyostila (Menéndez) Fensome et al. 2006 (Slide 4452b; P70/1).
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12. Impagidinium crassimuratum Wilson 1988 (Slide 4452b; H38).

13. Pyxidinopsis waipawaensis Wilson 1988 (Slide 4449a; D65/1).

14. Samlandia septata Wilson 1988 (*Slide 3121/2; T33). * From the La Barca Formation
outcropping at Co. Malvinera (Quattrocchio, 2017).

Plate I1. Selected sporomorphs from La Barca Formation, Punta Ainol locality. Scale bar = 10

um.
1. Cingutriletes australis (Cook.) Archangelsky 1972 (Slide 4439a; J68/1).

2. Biretisporites sp. (Slide 4441b; L43/4).

3. Cyathidites patagonicus Archangelsky 1972 (Slide 4441a; S54).

4. Trilites fasolae Archangelsky 1972 (Slide 4445b; N72/3).

5-6. Klukisporites cf. foveolatus Pocock 1964 (Slide 4447a; F59).

7-8. Camarozonosporites insignis Harris 1967 (Slide 4450b; R36/2).

9-10. Corrugatisporites argentinus Archangelsky 1972 (Slide 4442b; T66).

11. Hymenophyllumsporites sp. (Slide 4441a; M22/2).

12. Laevigatosporites ovatus Wilson & Webster 1946 (Slide 4451b; F28/4).

13. Podocarpidites elegans Romero 1977 (Slide 4441b; H42).

14. Gamerroites volkheimeri Archangelsky 1988 (Slide 4445b; D43/3).

15. Psilatricolpites cf. inargutus (Mcintyre) Archangelsky 1973. (Slide 4438b; H44).

16. Rhoipites cienaguensis (Duefias 1980) Barreda 1997 (Slide 4451b; J70/2).

17. Nothofagidites kaitangataensis (Te Punga) Romero 1973 (Slide 4440b; G39).

18. Nothofagidites rocaensis Romero 1973 (Slide 4446b; E36).

19. Psilatricolporites salamanquensis Archangelsky & Zamaloa 1986 (Slide 4450b; G72).
20. Rosannia manika (Srivastava) Srivastava & Braman 2010 (Slide 4443a; N71).

21. Pandaniidites texus Elsik 1968 (Slide 4440A; P26).

22. Canthiumidites aff. C. bellus (Partr.) Midl. & Pocock (in Barreda, 2002) (Slide 4440a;
R47/4).

23. Corsinipollenites atlantica Barreda 1997 (Slide 4440a; S28/2).

24, Proteacidites symphyonemoides Cookson 1950 (Slide 4447a; Y62).
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Table 1. Preparation 4445 4444 4443 4442 4440 4441 4439 4438 4437 4449 4448 A44T 4446 4454 4453 4452 4451 4450

Fossil Taxon Botanical affinity _ Thickness (m) 0 19 25 32 38 44 49 55 62 71 74 82 89 96 102 108 113 120
Sporomorphs

Baculatisporites comaumensis Hymnophy llaceae x X
(Cookson) Potonié, 1956 y phy

Baculatisporites turbioensis Osmundaceae x X X
Archangelsky, 1972

Biretisporites crassilabratus Schizaceae N N X X X X
Archangelsky, 1972

Biretisporites sp. Schizaceae X

Camarozonosporites insignis Ly copodiales x

Harris, 1967

i . Ly copodiaceae,
Ceratosporites cf. equalis ycop

Cookson & Dettmann, 1958 Selagm_ellaceae X

(Selaginella)
Cingutriletes australis Sphagnaceae x N " X X X N . X X N
(Cook.) Archangelsky, 1972
i(r)cr;;gget:zisr|;(;s72rgentmus Schizaceae? X X X X X X X X
Cyathidites paleospora
(Martin) Alley and Cyatheaceae
Broadbridge, 1992
Cyathidites patagonicus Cyatheaceae / " x N x X
Archangelsky, 1972 M atoniaceae?

Deltoidospora Polypodiaceae /

australis (Couper) Pocock, Cyatheaceae X X X X X X X

1970

Dictyophyllidites cf. mortoni

(de Jersey) Play. & Dett., M atoniaceae X

1956

Dictyophyllidites sp. M atoniaceae

Foveotriletes palaequetrus Ly copodiaceae:

Partridge in Stover & Lycopodium X
Partridge, 1973 australianum -type

Gleicheniidites senonicus

Ross, 1949 Gleicheniaceae X X
Gleichenidites sp. (in . .

Archangelsky, 1972) Gleicheniaceae X
Hymenophyllumsporites sp.  Hymenophy llaceae X

Klukisporites cf. foveolatus .

Pocock, 1964 Schizaceae X

Laevigatosporites ovatus Blechnaceae «

Wilson y Webster, 1946




Table 1 continuation.

Preparation

4445 4444 4443 4442 4440 4441 4439 4438 4437 4449 4448 4447 4446 4454 4453 4452 4451 4450

Fossil Taxon Botanical affinity  Thickness (m) 0 19 25 32 38 44 49 55 62 71 74 82 89 96 102 108 113 120
Reticulatisporites sp. X

Retitriletes austroclavatidites Lycopodiaceae x X x . x x x
(Cook.) Déringet al., 1963

Trilites fasolae Archangelsky, Dicksoniaceae X

1972

Gymnosperm pollen

Araucariacites australis Araucariaceae X N " " " X N
Cookson, 1947

nglle\S/;ynltes granulatus Harris, Araucariaceae

Dacrycarpites australiensis Podocarpacese X
Cookson & Pike, 1953

Gamerroites volkheimeri Podocarpacese " " "

Archangelsky, 1988

Microcachryidites antarcticus Podocarpaceae: < . ”

Cookson, 1947 Microcachrys

Phyllocladidites mawsonil Podocarpaceae X X X X X X X X X X X
Cookson, 1947

Podocarpidites elegans Podocarpacese X x X X
Romero, 1977

Podocarpidites marwickii Padocarpacese > x . " " X X »
Couper, 1953

Podocarpidites verrucosus Podocarpacese ” x
Volkheimer, 1972

Podocarpidites spp. Podocarpaceae X X X X
Angiosperm pollen

Canthiumidites aff. C. bellus

(Partr.) Midl. & Pocock (in Rubiaceae: Randia X X

Barreda, 2002)

Corsinipollenites atlantica Onagraceas X x X

Barreda, 1997

Nothofagidites

kaitangataensis (Te Punga) Nothofagaceae X

Romero, 1973

Nothofagidites fortispinulosus Nothofagaceae X X x . . x X

Menendez & Caccavari, 1975

Nothofagidites rocaensis Nothofagaceae X " . " X X

Romero, 1973
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Table 1 continuation.

Preparation 4445 4444 4443 4442 4440 4441 4439 4438 4437 4449 4448 4447 4446 4454 4453 4452 4451 4450
Fossil Taxon Botanical affinity  Thickness (m) 0 19 25 32 38 44 49 55 62 71 74 82 89 96 102 108 113 120

Nothofagidites saraensis

M enendez & Caccavari, 1975 Nothofagaceae X X
Nothofagidites spp. Nothofagaceae X X X X X X
Pandanidites texus Elsik, 1968 Pandanaceae X X X
Peninsulapollis gillii Dett. &

insutapoflis gitii Proteaceae X X X

Jars., 1988

Proteacidites
Proteaceae: cf.

symphyonemoides Cookson, symphionema X

1950

Proteacidites sp.1 (in Olivero Proteaceae X
etal., 1998)

ggge)aadltes sp. (in Fasola, Proteaceae

Psilatricolpites cf. inargutus

(Mc Intyre) Archangelsky, ?Violaceae X
1973

Psilatricolporites
salamanquensis Archangelsky X X X
& Zamaloa, 1986

Retitricolporites chubutensis

Vitaceae / Rutaceae
Archangelsky, 1973 tace u X
Rhoipites cienaguensis N
(Duefias 1980) Barreda, 1997
R i ik i .
osannia manika (Srivastava) Lactoridaceae X x

Srivastava & Braman, 2010




Table 2. Distribution of dinoflagellate cysts in the Chorrillo Chico and Agua Fresca formations, Punta Prat, Chile.

Formation
Sample
Thickness (m)

Chorrillo Chico

PP5 PP6 PP7 PP8 PP9 PP10 PP11 PP12 PP13 PP14 PP15 PP16 PP17 PP18 PP19 PP20 PP21 PP22 PP23 PP24 PP25 PP26 PP27
221

395 51 58

68

i

914 105

Agua Fresca

114 124 134

160

169

178

229

239

247

255

Taxon

P. golzowense
P.pyrophorum

E. crassitabulata
S. granulatus

S. membranaceous
?1. maculatum

S. styloniferum

1 bakeri

L. bergmannii

S. ramosus

D. boloniensis

T. tenuistriatum
E. chilensis

P. crassimurata
S. colemanii

M. macmurdoense
S. argentinum

S. (H.) cryptovesiculatus
D. cygniformis

O. azcaratei

T. filosa

S. cornuta

H. tubiferum

V. lanterna

C. fragile

D. fuegiensis

D. granulata

G. cf. retiintexta
L cassiculum

O. erinaceum
Apteodinium sp.
I crassimuratum
S. dilwynensis
P.delicata

D. menendezii

G. delicata

B. micropapillata
D. antarctica

L. fallax

A. latispinosum
M. asymmetricum
Chiropteridium sp.
A. distinctum

A. biformoides

A. senoniensis
Hystrichostrogylon sp.
Leujenecysta sp.

C. speciosum

X
X

A A AR

PSS AR

X

X
X
X

AR AR A

X
X

[T I

A A A AR

X
X

PR AR

X

H A
A ANA

AR

A

X

X

X

A A A

A A

oA

X

X

PR A

X

X

A
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Table 3. Distribution of dinoflagellate cysts in the La Barca Formation at Punta Ainol, Tierra del Fuego.

Preparation 4445 4444 4443 4442 4440 4441 4439 4438 4437 4449 4448 4447 4446 4454 4453 4452 4451 4450
Thickness (m) 0 19 25 32 38 44 49 55 62 71 74 82 89 96 102 108 113 120

Taxon
P. golzowense X X X X X X X X X
S. nephroides X

S. styloniferum X X X X

M. rallum X

E. circumtabulata X
D.phosphoritica

D. fuegiensis

PR KA
o

M. asymmetricum
L. bergmannii X

C. lumectum X

P.crassimurata X

E. crassitabulata X X X
O. puelcherrimum X
I crassimuratum

A. homomorphum

R KA

B. micropapillata

S. colemanii

oA A A
o

D. antarctica X

~
~

D. boloniensis
I cassiculum X

L. fallax X
P. waipawaensis
S. septata X

C. fragile X

C. diversispinosum X

D. heterophycta X X
E. dictyostila X
T.pelagica X X

>
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Lable 4, Paleoecological preferences of the identified dinoflagellate cvsts ecoaroups or taxa

Ecogroup

Taxa

Paleoecological preferences

References

Achilleodinium
Areoligera complex

Apectodinium

Apteodinium

Cassidium
Cleistosphaeridium

Cordosphaeridium
complex

Enneadocysta

Hystrichosphaeridium

Impagidinium

Isabelidinium
Oligosphaeridium

Operculodinium
complex

Palaeocystodinium
Palaeoperidinium
pyrophorum
Proximal apical
gonyaulacoid cysts
(PAGC)
Protoperidinioids
Pyxidinopsis

Samlandia

Spiniferites complex

Senegaliniumcomplex

Achilleodinium spp.
Areoligera senoniensis
Chiropteridium sp.
Glaphyrocysta spp.

Apectodinium

homomorphum
Apteodinium sp.

Cassidiumfragile
Cleistosphaeridium spp.

Thalassiphora pelagica
Tityrosphaeridium
Turbiosphaera filosa
Enneadocysta dictyostila

Hystrichosphaeridium
tubiferum
Impagidinium spp.
?Impagidinium
maculatum
Isabelidinium bakeri

Oligosphaeridium
puelcherrimum
Lingulodinium
bergmannii
Operculodinium spp.
Palaeocystodinium
golzowense
Palaeoperidinium
pyrophorum
Batiacasphaera
micropapillata
Eisenackia spp.
Leujenecysta spp.
Selenopemphix
Pyxidiniopsis Spp.

Samlandia septata

Hystrichostrogylon sp.
Spiniferella cornuta
Spiniferites spp.
Alterbidinium distinctum
Cerodinium speciosum
Deflandrea spp.
Magallanesium spp.
Senegalinium
Spinidinium spp.
Volkheimeridium

Inner neritic settings.

Nearshore, shallow marine environments
with high energy. It also has affinity for
low terrestrial input and normal salinity.

Normal marine conditions and low

terrestrial input.
Inner neritic, neritic (open shallow marine)

settings.

High terrestrial input?

Coastal, nearshore to outer neritic
environments.

Open marine, neritic-outer neritic water
masses.

Coastal settings and/or slightly more
distal offshore, less eutrophic setting and

warm water masses.
Coastal and inner neritic conditions.

Oligotrophic water masses, oceanic
enviroments.

Inner neritic settings with high terrestrial

input.
Tolerant to reduced salinity, possibly

reflecting middle shelf settings.
Restricted to open marine, neritic water
masses.

High productivity.

Nutrient-rich waters masses. Acmes in
neritic, shelf to upper slope settings.
Marine waters with reduced salinity and
high terrestrial input.

Inner neritic environments, high nutrients,
and upwelling zones.
Open marine settings.

Coastal to middle shelf depositional
settings.

Open marine neritic environments, outer
neritic conditions or even oceanic
settings.

Lowsalinity and high nutrients related to
an increase in fresh-water runoff.

(Van Mourik et al., 2001).

(Brinkhuis and Zachariasse, 1988; Sluijs et al.,
2005; Vellekoop et al., 2015; Frieling and
Sluijs, 2018).

(Bijl et al., 2021; Frieling and Sluijs, 2018).

(Wilpshaar and Leereveld, 1994; Peyrot, 2011;
Guleret al.,2014).

(Bijl etal., 2021).

(Pross and Brinkhuis, 2005; Lamolda and Mao,
1999; Steeman et al., 2020).

(Downie et al., 1971; Brinkhuis, 1994; Powell et
al., 1996; Frieling and Sluijs, 2018;
Quattrocchio et al., 2021).

(Rohl et al., 2004; Pross and Brinkhuis, 2005).

(Woelders et al., 2017; Guler et al., 2019).

(Brinkhuis et al., 1992; Brinkhuis, 1994; Dale,
1996; Sluijs et al., 2005; Pross and Brinkhuis,

2005 amona others).
(Arai and Viviers, 2013; Castro and Carvalho,

2015; Steeman et al.. 2020).
(Harris and Tocher, 2003; Prauss, 2012; Deaf et

al., 2020).
(Wall et al., 1977; Powell et al., 1996).

(Eshet et al., 1994; Vellekoop et al., 2015;
Quattrocchio et al., 2021).
(Askin, 1988; Tayloretal., 2018).

(Frieling and Sluijs, 2018; Steeman et al., 2020).

(Frieling and Sluijs, 2018; Slimani et al., 2019;
Bijl etal., 2021).

(Dale, 1996; Crouch and Brinkhuis, 2005;
Vellekoop et al., 2015; Tayloretal., 2018).

(Crouch and Brinkhuis, 2005; Bijl et al., 2021).

(Sluijs et al., 2008 and references therein;
Steeman et al., 2020).

(Sluijs and Brinkhuis, 2009; Frieling and Sluijs,
2018; Guleretal., 2019).
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Figure 2.
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Table 4. Paleoecological preferences of the identified dinoflagellate cysts ecogroups or taxa.

Ecogroup Taxa Paleoecological preferences References

Achilleodinium Achilleodinium spp. Inner neritic settings. (Van Mourik et al., 2001).

Areoligera complex Areoligera senoniensis  Nearshore, shallow marine environments (Brinkhuis and Zachariasse, 1988; Sluijs et al.,
Chiropteridium sp. with high energy. It also has affinity for  2005; Vellekoop et al., 2015; Frieling and
Glaphyrocysta spp. low terrestrial input and normal salinity. ~ Sluijs, 2018).

Normal marine conditions and low
terrestrial input.

Apectodinium Apectodinium

homomorphum

(Bijl et al., 2021; Frieling and Sluijs, 2018).

Apteodinium Apteodinium sp. Inner neritic, neritic (open shallow (Wilpshaar and Leereveld, 1994; Peyrot, 2011;
marine) settings. Guler et al., 2014).
Cassidium Cassidium fragile High terrestrial input? (Bijl et al., 2021).

Cleistosphaeridium Cleistosphaeridium spp. Coastal, nearshore to outer neritic

environments.

(Pross and Brinkhuis, 2005; Lamolda and Mao,
1999; Steeman et al., 2020).

Cordosphaeridium

complex Tityrosphaeridium masses.

Turbiosphaera filosa

Enneadocysta dictyostila Coastal settings and/or slightly more
distal offshore, less eutrophic setting and

warm water masses.
Hystrichosphaeridium  Hystrichosphaeridium Coastal and inner neritic conditions.

tubiferum

Thalassiphora pelagica  Open marine, neritic-outer neritic water  (Downie et al., 1971; Brinkhuis, 1994; Powell
et al., 1996; Frieling and Sluijs, 2018;
Quattrocchio et al., 2021).

Enneadocysta (Rohl et al., 2004; Pross and Brinkhuis, 2005).

(Woelders et al., 2017; Guler et al., 2019).

Impagidinium Impagidinium spp. Oligotrophic water masses, oceanic (Brinkhuis et al., 1992; Brinkhuis, 1994; Dale,
?Impagidinium enviroments. 1996; Sluijs et al., 2005; Pross and Brinkhuis,
maculatum 2005 among others).

Isabelidinium Isabelidinium bakeri Inner neritic settings with high terrestrial (Arai and Viviers, 2013; Castro and Carvalho,

input. 2015; Steeman et al., 2020).
Oligosphaeridium Oligosphaeridium Tolerant to reduced salinity, possibly (Harris and Tocher, 2003; Prauss, 2012; Deaf et

puelcherrimum reflecting middle shelf settings. al., 2020).

Operculodinium
complex

Palaeocystodinium

Palaeoperidinium
pyrophorum
Proximal apical
gonyaulacoid cysts
(PAGC)
Protoperidinioids

Lingulodinium
bergmannii

Operculodinium spp.

Palaeocystodinium
golzowense
Palaeoperidinium
pyrophorum
Batiacasphaera
micropapillata
Eisenackia spp.
Leujenecysta spp.
Selenopemphix

Restricted to open marine, neritic water

masses.

High productivity.

Nutrient-rich waters masses. Acmes in
neritic, shelf to upper slope settings.
Marine waters with reduced salinity and

high terrestrial input.

Inner neritic environments, high
nutrients, and upwelling zones.

(Wall et al., 1977; Powell et al., 1996).

(Eshet et al., 1994; Vellekoop et al., 2015;
Quattrocchio et al., 2021).
(Askin, 1988; Taylor et al., 2018).

(Frieling and Sluijs, 2018; Steeman et al.,
2020).

(Frieling and Sluijs, 2018; Slimani et al., 2019;
Bijl et al., 2021).
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Pyxidinopsis Pyxidiniopsis spp. Open marine settings. (Dale, 1996; Crouch and Brinkhuis, 2005;
Vellekoop et al., 2015; Taylor et al., 2018).

Samlandia Samlandia septata Coastal to middle shelf depositional (Crouch and Brinkhuis, 2005; Bijl et al., 2021).
settings.
Spiniferites complex  Hystrichostrogylon sp.  Open marine neritic environments, outer  (Sluijs et al., 2008 and references therein;
Spiniferella cornuta neritic conditions or even oceanic Steeman et al., 2020).
Spiniferites spp. settings.
Senegalinium complex Alterbidinium distinctum Low salinity and high nutrients related to (Sluijs and Brinkhuis, 2009; Frieling and
Cerodinium speciosum  an increase in fresh-water runoff. Sluijs, 2018; Guler et al., 2019).

Deflandrea spp.
Magallanesium spp.
Senegalinium
Spinidinium spp.
\olkheimeridium
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Table 2. Distribution of dinoflagellate cysts in the Chorrillo Chico and Agua Fresca formations, Punta Prat, Chile.

Formation
Sample
JThickness (m)

Chorrillo Chico

Agua Fresca

PP5 PP6 PP7 PP8 PP9 PP10 PP11 PP12 PP13 PP14 PP15 PP16 PP17 PP18 PP19 PP20 PP21 PP22 PP23 PP24 PP25 PP26 PP27
395 505 57.5 68

774 914 105

114 124

134

145

155 160 169

178 184 105 208 221

229 230 247

255

Taxon

P. golzowense

P. pyrophorum

E. crassitabulata
S. granulatus

S. membranaceous
?1. maculatum

S. styloniferum

I. bakeri

L. bergmannii

S. ramosus

D. boloniensis

T. tenuistriatum
E. chilensis

P. crassimurata
S. colemanii

M. macmurdoense
S. argentinum

S. (H.) cryptovesiculatus
D. cygniformis

0. azcaratei

T. filosa

S. cornuta

H. tubiferum

V. lanterna

C. fragile

D. fuegiensis

D. granulata

G. cf. retiintexta
I. cassiculum

O. erinaceum
Apteodinium sp.
I. crassimuratum
S. dilwynensis

P. delicata

D. menendezii

G. delicata

B. micropapillata
D. antarctica

L. fallax

A. latispinosum
M. asymmetricum
Chiropteridium sp.
A. distinctum

A. biformoides

A. senoniensis
Hystrichostrogylon sp.
Leujenecysta sp.
C. speciosum

XXX XX

X

XXX XX

X

X

X
X
X

XXXXX XX

X
X

X XX X

XXX XXX XX

X
X

XXX X

X X

X

X X X

X

XX XX

X X X

X X

X

X X

X X

X
X X X X

X X X

X X

X

X

XXX X

X

X

X X
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Table 3. Distribution of dinoflagellate cysts in the La Barca Formation at Punta Ainol, Tierra del Fuego.

Preparation 4445 4444 4443 4442 4440 4441 4439 4438 4437 4449 4448 4447 4446 4454 4453 4452 4451 4450
Thickness (m) 0 19 25 32 38 44 49 55 62 71 74 82 89 96 102 108 113 120

Taxon

P. golzowense
S. nephroides
S. styloniferum X X X X
M. rallum X
E. circumtabulata X
D. phosphoritica

D. fuegiensis

M. asymmetricum

L. bergmannii X

C. lumectum X

P. crassimurata X

E. crassitabulata X X X
O. puelcherrimum X
I. crassimuratum

A. homomorphum

B. micropapillata

S. colemanii

D. antarctica X
D. boloniensis
I. cassiculum X

L. fallax X
P. waipawaensis
S. septata X

C. fragile X
C. diversispinosum
D. heterophycta X X
E. dictyostila

T. pelagica X

X X X X X X X X X
X

X X X X

X X X X
X X X X

X
X

X

X

X X
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Preparation 4445 4444 4443 4447 4440 4441 4430 4438 4437 4449 4448 4447 4446 4454 4453 4452 4451 4450
Fossil Taxon Botanical affinity __Thickness (m) 0 19 25 32 38 44 49 55 62 71 74 82 89 96 102 108 113 120
Sporomorphs

Baculatisporites comaumensis

(Cookson) Potonié, 1956 Hymnophyllaceae x x
Baculatisporites turbioensis Osmundaceae « « «
Archangelsky, 1972

Biretisporites crassilabratus Schizaceae « « « x « «
Archangelsky, 1972

Biretisporites sp. Schizaceae X

Camarozonosporites insignis .

Harris, 1967 Lycopodiales X

. . L i
Ceratosporites cf. equalis ycopodiaceae,

Cookson & Dettmann, 1958 Selaglr\ellaceae 'y
(Selaginella)
Cingutriletes australis (Cook.) Sphagnaceae « « « 4 « « « " « « "
Archangelsky, 1972 phag
Corrugatisporites argentinus . "
Archangelsky, 1972 Schizaceae® X X X X X X X X
Cyathidites paleospora
(Martin) Alley and Cyatheaceae
Broadbridge, 1992
Cyathidites patagonicus Cyatheaceae/Matoni « « « « «
Archangelsky, 1972 aceae?
Delt0|d_ospora Polypodiaceae /
australis (Couper) Pocock, X X X X X X X
Cyatheaceae
1970
Dictyophyllidites cf. mortoni .
(de Jersey) Play. & Dett., 1956 Matoniaceae X
Dictyophyllidites sp. Matoniaceae
Foveotriletes palaequetrus Lycopodiaceae:
Partridge in Stover & Partridge, Lycopodium X
1973 australianum -type
Gleicheniidites senonicus Ross, . .
Gleicheniaceae X X
1949
Gleichenidites sp. (in Gleicheniaceae «

Archangelsky, 1972)

Hymenophyllumsporites sp. Hymenophyllaceae X



Klukisporites cf. foveolatus
Pocock, 1964
Laevigatosporites ovatus
Wilson y Webster, 1946

Schizaceae

Blechnaceae

Fossil Taxon

Botanical affinity

Thickness (m) 0

4445 4444 4443 4442 4440 4441 4439 4438 4437 4449 4448 4447 4446 4454 4453 4452 4451 4450

82 102 108 113 120

Reticulatisporites sp.

Retitriletes austroclavatidites
(Cook.) Déring et al., 1963
Trilites fasolae Archangelsky,
1972

Gymnosperm pollen

Araucariacites australis
Cookson, 1947

Dilwynites granulatus Harris,
1965

Dacrycarpites australiensis
Cookson & Pike, 1953
Gamerroites volkheimeri
Archangelsky, 1988
Microcachryidites antarcticus
Cookson, 1947
Phyllocladidites mawsonii
Cookson, 1947
Podocarpidites elegans
Romero, 1977
Podocarpidites marwickii
Couper, 1953
Podocarpidites verrucosus
Volkheimer, 1972
Podocarpidites spp.
Angiosperm pollen
Canthiumidites aff. C. bellus
(Partr.) Midl. & Pocock (in
Barreda, 2002)
Corsinipollenites atlantica
Barreda, 1997

Nothofagidites kaitangataensis
(Te Punga) Romero, 1973

Lycopodiaceae

Dicksoniaceae

Araucariaceae
Araucariaceae
Podocarpaceae

Podocarpaceae

Podocarpaceae:
Microcachrys

Podocarpaceae
Podocarpaceae
Podocarpaceae

Podocarpaceae

Podocarpaceae

Rubiaceae: Randia

Onagraceae

Nothofagaceae

X

X



Nothofagidites fortispinulosus

Menendez & Caccavari, 1975 Nothofagaceae X X X X X X X X

Nothofagidites rocaensis

Romero, 1973 Nothofagaceae X X X X X X

Preparation 4445 4444 4443 4442 4440 4441 4439 4438 4437 4449 4448 4447 4446 4454 4453 4452 4451 4450
Fossil Taxon Botanical affinity _ Thickness(m) 0 19 25 32 38 44 49 55 62 71 74 82 89 96 102 108 113 120

Nothofagidites saraensis

Menendez & Caccavari, 1975 Nothofagaceae X X

Nothofagidites spp. Nothofagaceae X X X X X X
Pandanidites texus Elsik, 1968 Pandanaceae X X X
Peninsulapollis gillii Dett. & Proteaceae x ) x

Jars., 1988

Proteacidites
. Proteaceae: cf.
symphyonemoides Cookson, . X
symphionema

1950

Proteacidites sp.1 (iin Olivero Proteaceae «
etal., 1998)

Proteacidites sp. (in Fasola,

1969) Proteaceae

Psilatricolpites cf. inargutus Niolaceae «

(Mc Intyre) Archangelsky, 1973

Psilatricolporites
salamanquensis Archangelsky X X X
& Zamaloa, 1986

Retitricolporites chubutensis

Archangelsky, 1973 Vitaceae / Rutaceae X

Rhoipites cienaguensis (Duefias X
1980) Barreda, 1997

Rosannia manika (Srivastava) Lactoridaceae X X

Srivastava & Braman, 2010
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