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Abstract. This work presents the first palynological and palynofacies analysis of the 20 

Río Tarde Formation (Aptian–Albian) from the Parque Nacional Perito Moreno, Santa 21 

Cruz Province, Argentina. Four samples from the lower member of the unit were 22 

analyzed, revealing a palynological assemblage composed of 13 species. Nine of these 23 

correspond to ferns from the families Anemiaceae, Cyatheaceae, Gleicheniaceae, 24 

Lygodiaceae, and Schizaeaceae; three are gymnosperms assigned to the families 25 

Araucariaceae, Hirmeriellaceae, and Podocarpaceae; and one species represents a 26 

freshwater alga of the genus Botryococcus. The recovered association of palynomorphs 27 

allows us to infer temperate to warm and relatively humid paleoclimatic conditions. The 28 

palynological organic matter, dominated by dark brown to black translucent phytoclasts, 29 

suggests a significant contribution of continental material from macrophyte remains, 30 

consistent with a fluvial depositional environment. 31 

Keywords. Palynology. Paleoenvironment. Paleoclimate. Santa Cruz. Palynofacies 32 

Resumen. PALINOLOGÍA Y PALINOFACIES DE LA FORMACIÓN RÍO TARDE 33 

(CRETÁCICO INFERIOR) DEL SUR DE LA PATAGONIA, ARGENTINA. Este 34 

estudio presenta el primer análisis palinológico y de palinofacies de la Formación Río 35 

Tarde (Aptiano–Albiano) en el Parque Nacional Perito Moreno, provincia de Santa 36 

Cruz, Argentina. Se analizaron cuatro muestras del miembro inferior de la unidad, 37 

revelando una asociación compuesta por 13 especies. Nueve de ellas corresponden a 38 

helechos pertenecientes a las familias Anemiaceae, Cyatheaceae, Gleicheniaceae, 39 

Lygodiaceae y Schizaeaceae; tres son gimnospermas asignadas a las familias 40 

Araucariaceae, Hirmeriellaceae y Podocarpaceae; y una especie corresponde a un alga 41 

de agua dulce del género Botryococcus. La asociación de palinomorfos recuperada 42 

sugiere condiciones paleoclimáticas templadas a cálidas y relativamente húmedas. La 43 

materia orgánica palinológica, dominada por fitoclastos translúcidos de color marrón 44 
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oscuro a negro, indica un alto aporte de material continental derivado de restos de 45 

plantas macrófitas, consistente con un ambiente de depositación fluvial. 46 

Palabras clave. Palinología. Paleoambiente. Paleoclima. Santa Cruz. Palinofacies.  47 

THE RÍO TARDE FORMATION (RTF) is part of the Cretaceous infill in the northwestern 48 

edge of the Austral-Magallanes Basin (AMB), in the Santa Cruz Province, Argentina. 49 

The AMB record begins with a Paleozoic basement, overlained by Jurassic 50 

volcaniclastic units followed by Cretaceous marine-continental sedimentary beds 51 

covered by Cenozoic basaltic volcanic effusions and intrusive bodies encompassing 52 

marine to continental sedimentary deposits (Aguirre-Urreta & Ramos, 1981; Giacosa & 53 

Franchi, 2001; Escosteguy et al., 2003). 54 

During the Early Cretaceous, Patagonia had a temperate to warm climate (Smith 55 

et al., 1994; Scotese et al., 1999; Del Fueyo et al., 2007; Passalia, 2009), which enabled 56 

the proliferation of distinct plant assemblages. This environment was characterized by 57 

conifer forests developed at high elevations (Scotese et al., 1999; Del Fueyo et al., 58 

2007; Greppi et al., 2020, 2023; Rombola et al., 2023). In lowlands and more humid 59 

areas, particularly along river margins, flooded areas, lakes, and swamps, vegetation 60 

was dominated by ferns, lycophytes, bryophytes, and equisetales (Villar de Seoane, 61 

2005; Archangelsky et al., 2008). In contrast, open areas such as plains and dissected 62 

upland terrains were dominated by Cycadales and Bennettitales, which thrived under 63 

drier conditions (Del Fueyo et al., 2007). 64 

The paleobotanical record of the lower member of the RTF is limited to 65 

silicified trunk and stem remains (Ramos & Drake, 1987; Ramos, 1979; Giacosa & 66 

Franchi, 2001; Aramendía et al., 2018). Rombola et al. (2023) described an assemblage 67 

of 84 wood specimens that constitute a para-autochthonous fossil forest composed 68 
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mainly of conifer wood; nonetheless, to date, no studies have reported palynomorphs 69 

from this unit. 70 

The aim of this study is to identify and report the first occurrence of 71 

palynomorphs recovered from the lower member of the RTF and evaluate the 72 

paleoenvironmental conditions inferred from the paleoecological requirements of the 73 

identified taxa. Furthermore, through the quantitative characterization of palynological 74 

organic matter and the assessments of palynomorph degradation types, this research 75 

seeks to refine and expand the current paleoenvironmental interpretation of the unit. 76 

Institutional abbreviations. MACN, Museo Argentino de Ciencias Naturales, Ciudad 77 

Autónoma de Buenos Aires, Argentina. 78 

Geological abbreviations. AMB, Austral-Magallanes basin; SPA, Southern Patagonian 79 

Andes; RTF, Río Tarde Formation. 80 

GEOLOGICAL SETTINGS 81 

The study area is located in the northwestern sector of the AMB, near the Río Roble 82 

Ranch, south of Burmeister Lake (Figs. 1.1, 1.3). The AMB lies on the southern edge of 83 

the South American Plate, bounded by the Southern Patagonian Andes (SPA) to the 84 

west, the Deseado Massif to the east, and the Fuegian Andes to the south, extending 85 

offshore across the Argentine continental shelf into the Malvinas Basin (Biddle et al., 86 

1986; Robbiano et al., 1996; Ghiglione et al., 2016; Aramendía et al., 2018, 2019, 87 

2022). 88 

The AMB tectonic phases are closely linked to the Andean orogenesis and the opening 89 

of the Atlantic Ocean (Biddle et al., 1986; Ghiglione et al., 2016; Cuitiño et al., 2019). 90 

The sedimentary succession begins with the Jurassic pre-rift (El Bello Formation) and 91 

syn-rift deposits (El Quemado Complex), followed by Lower Cretaceous sag-phase 92 

sediments (Springhill and Río Mayer formations). These are overlain by post-rift and 93 
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early foreland basin deposits (Río Belgrano Formation and the lower member of the 94 

RTF). The uplift of the SPA exposed extensive Upper Cretaceous volcaniclastic 95 

sediments (e.g., upper member of the RTF), associated with the eastward migration of 96 

the SPA fold-and-thrust belt (Biddle et al., 1986; Giacosa & Franchi, 2001; Escosteguy 97 

et al., 2003; 2017; Ghiglione et al., 2016; Aramendía et al., 2018; Cuitiño et al., 2019). 98 

Figure 1. 99 

The RTF, defined by Ramos (1979), comprises two informal members (Fig. 2). The 100 

lower member consists of red and white clast-supported conglomerates and very coarse- 101 

to pebbly-grained sandstones, interpreted as high-energy braided fluvial deposits with 102 

channelized systems incising floodplain sediments (Aramendía et al., 2018; Valle et al., 103 

2024). In contrast, the upper member is composed of multicolored ash- to lapilli-sized 104 

volcaniclastic rocks. The RTF forms a relatively continuous N–S outcrop belt along the 105 

foothills of the SPA (Giacosa & Franchi, 2001; Escosteguy et al., 2003, 2017). The 106 

studied samples come from the same outcrop where fossil woods were previously found 107 

and described by Rombola et al. (2023). The age of the RTF was inferred based on the 108 

ammonoid fossil content of the Aptian Kachaike Formation and its relative stratigraphic 109 

position (Riccardi, 1971). Detrital zircon maximum depositional ages further constrain 110 

the lower member to 122–118 Ma, supporting an Aptian–Albian age (Ghiglione et al., 111 

2015). 112 

Cenozoic sedimentation in the AMB includes upper Paleocene–lower Eocene 113 

continental deposits (Ligorio Márquez and Río Lista formations), which contain fossil 114 

wood and leaf remains overlying the Mesozoic units (Escosteguy et al., 2003; Encinas 115 

et al., 2019). Eocene deposits also include the subvolcanic intrusions and basaltic flows 116 

of the Posadas Basalt (Escosteguy et al., 2003). Neogene synorogenic deposits include 117 

the Miocene El Chacay Formation, Río Zeballos Group, and Santa Cruz Formation 118 
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(Hatcher, 1897, 1900; Chiesa & Camacho, 1995; Cuitiño et al., 2012, 2016, 2019; 119 

Parras et al., 2012; Aramendía et al., 2019, 2022). These Miocene continental sediments 120 

are largely overlained by volcanic plateau effusions (Giacosa & Franchi, 2001; 121 

Escosteguy et al., 2003, 2017). 122 

Figure 2. 123 

MATERIAL AND METHODS 124 

Four palynological samples from the lower member of the RTF were studied, and all of 125 

them were productive. These were collected from massive siltstones within the first 15 126 

meters of the unit, outcropping south of Burmeister Lake (47° 59' 2.74" S; 72° 4' 32.00" 127 

W), in the former Río Roble Ranch, Parque Nacional Perito Moreno, Santa Cruz 128 

Province, Argentina (Figs. 1.2, 1.3). Sample processing was conducted at the Museo 129 

Argentino de Ciencias Naturales “Bernardino Rivadavia” (MACN) following standard 130 

palynological techniques (Riding, 2021). For the palynological analysis, the samples 131 

were filtered through 8 μm and 25 μm meshes, whereas for palynofacies analysis, only 132 

through 8 μm meshes were used (Batten, 1983; Tyson, 1995). All samples were 133 

mounted using UV-curing acrylate as the mounting medium (Noetinger et al., 2017). 134 

Due to the very low percentages of palynomorphs, no specific counts were performed, 135 

instead, occurrences were recorded on a presence/absence basis across the studied 136 

levels. 137 

A quantitative palynofacies analysis was conducted, counting a minimum of 500 138 

organic matter particles per sample, following the criteria of Batten (1983, 1996),  139 

Tyson (1995), and Oboh-Ikuenobe & Villiers (2003), who distinguish two main types of 140 

dispersed organic particles: structured (palynomorphs, opaque phytoclasts, and 141 

translucent phytoclasts) and unstructured (amorphous organic matter). These two broad 142 

categories are further subdivided based on the components of the samples analyzed. 143 
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Subsequently, the relative frequencies of the components were determined to define the 144 

palynofacies. Finally, the degree of degradation of the palynomorphs was assessed, 145 

following the classification of Delcourt & Delcourt (1980). 146 

Observations were made using a Leica DM2500 optical microscope, and photographs 147 

were taken with an integrated Leica DFC295 digital camera. Specimen measurements 148 

were obtained from photographs using the open-source software ImageJ 1.54g. 149 

Palynomorphs were described using the terminology proposed by Punt et al. (2007) and 150 

were assigned to species when their specific characteristics could be identified. 151 

Morphotypes were classified into families based on their botanical affinity and grouped 152 

into taxonomic categories. The coordinates of the described and illustrated specimens 153 

are provided in England Finder format. 154 

The palynological slides and residues are deposited at the MACN under the acronym 155 

and repository numbers BA Pal 5495–5498. 156 

RESULTS 157 

Palynology 158 

The four samples studied contain abundant organic matter from continental origin, 159 

composed of phytoclasts and amorphous organic matter, while spores and pollen grains 160 

are in smaller proportions and show poor preservation. Thirteen species were recorded 161 

for the formation, 9 of which are pteridophyte spores, 3 gymnosperm pollen grains, and 162 

1 freshwater algae species (see botanical affinity in Table 1). Six species were left in 163 

open nomenclature (Table 1). 164 

Table 1. 165 

The spores are dominated by trilete forms with smooth (Figs. 3.1, 3.4), verrucated (Figs. 166 

3.2, 3.3), or taeniate surfaces, while the few gymnosperm pollen grains (mostly 167 

deteriorated) are inaperturate, circunsulcate (Fig. 3.6) and bisaccate. In general, both the 168 
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spores and pollen grains were observed isolated, while grains of Classopollis sp. and 169 

Cicatricosisporites spp. were documented in tetrads and polyads (Figs. 3.8, 3.9). 170 

Figure 3. 171 

Palynofacies 172 

The palynological organic matter in the analyzed samples is composed exclusively of 173 

terrestrially derived particles (Fig. 3.10), with phytoclasts predominating in all cases, 174 

accounting for more than 62% of the total particles (Fig. 4). Given the limited number 175 

of samples analyzed and the similarity in their composition, facies are not grouped; 176 

instead, percentages are presented to facilitate the visualization of the paleoenvironment 177 

interpretation. 178 

Sample BA Pal 5495 is dominated by phytoclasts, which constitute 62.6% of its 179 

composition (Fig. 4). They include black to dark brown fragments (28.0%, Fig. 3.10), 180 

wood remains (11.3%), equidimensional opaque phytoclasts (8.9%), blade-shaped 181 

opaque phytoclasts (6.8%), and yellow to light brown fragments of translucent 182 

phytoclasts (3.6%), among others in less proportions. Within the amorphous organic 183 

matter, granular (11.9%) and fibrous (8.0%) are the most abundant components. 184 

Palynomorphs are poorly represented in the sample, accounting for only 2.6%, and are 185 

mainly composed of pollen (1.6%), spores (0.6%), freshwater algae (0.2%), and fungal 186 

spores (0.2%). 187 

Samples BA Pal 5496–5498 show similar compositions, dominated by phytoclasts 188 

(85.0–89.8%), followed by amorphous organic matter (9.8–14.2%), and with a low 189 

representation of palynomorphs (0.2–0.8%) (Fig. 4). Phytoclasts are mainly translucent, 190 

with more than 44% of dark brown to black fragments, followed by wood remains 191 

(15.1–31.9%). Equidimensional forms are the more abundant (2.8–6.3%) within the 192 

opaque phytoclasts. In all three samples, amorphous organic matter accounts for less 193 
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than 15%, with the fibrous amorphous type as the dominant component (7.1–10.6%). 194 

As in sample BA Pal 5495, palynomorphs are the least represented component, 195 

comprising only 0.2–0.8%, mainly composed of pollen grains and trilete spores. 196 

In general, translucent and opaque phytoclasts display subrounded to subangular shapes, 197 

with those measuring 10–20 μm being the most abundant (43.4–60.6% of the total 198 

phytoclasts). However, tracheid fragments (Figs. 3.11, 3.12), equidimensional opaque 199 

phytoclasts, and cuticles are commonly observed with subangular to angular edges. In 200 

sample BA Pal 5496, unlike the others, phytoclasts larger than 100 μm predominate 201 

(53.3%), while the 10–20 μm fraction is the lowest (15.2%). 202 

The recovered palynomorphs generally exhibit a high degree of deterioration, primarily 203 

manifested by mechanical damage in spores (Figs. 3.1, 3.2), pyrite crystallization in 204 

bisaccate pollen grains and Classopollis, and degradation, in that order of abundance. In 205 

some cases, palynomorphs show more than one type of deterioration, such as pyrite 206 

crystallization combined with mechanical damage. On the other hand, Botryococcus 207 

colonies are amorphized and dark brown. 208 

Figure 4. 209 

DISCUSSION 210 

Comparison with palynofloras from the Early Cretaceous of the AMB 211 

The palynological assemblage recovered from the analyzed levels of the RTF shows 212 

similarities with other Early Cretaceous assemblages of southern Patagonia, particularly 213 

those from the Springhill, Kachaike, Piedra Clavada, and Río Mayer formations. In the 214 

Springhill Formation (late Barriasian–late Barremian, Baldoni & Archangelsky, 1983; 215 

Ottone & Aguirre-Urreta, 2000), similarities include the presence of some conifers of 216 

the Hirmeriellaceae and Podocarpaceae families (Classopollis sp. and Podocarpidites 217 

sp.), and spores of the family Cyatheaceae (Cyathidites australis). However, recent 218 
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studies have recorded some angiosperm pollen grains in the mentioned unit 219 

(Quattrocchio et al., 2006; Guler et al., 2015; Martínez et al., 2023). 220 

The Kachaike Formation (Early Albian–Cenomanian, Baldoni et al., 2001; 221 

Archangelsky et al., 2012; Perez Loinaze et al., 2012; 2015) shares with the RTF the 222 

presence of spores of the families Schizaeaceae, Gleicheniaceae, and Cyatheaceae 223 

(Cicatricosisporites, Gleicheniidites, and Cyathidites), gymnosperms of the families 224 

Hirmeriellaceae (Classopollis), Podocarpaceae (Podocarpidites), and Araucariaceae 225 

(Cyclusphaera), as well as algae of the genus Botryococcus in some localities (Baldoni 226 

et al., 2001; Perez Loinaze et al., 2012). However, angiosperm pollen was also found in 227 

this Formation, such as Clavatipollenites (Chlorantaceae) (Baldoni et al., 2001) and 228 

Pennipollis (Chlorantaceae-Ceratophyllum clade) (Barreda & Archangelsky, 2006; 229 

Perez Loinaze et al., 2015). 230 

The Piedra Clavada Formation (Albian, Archangelsky et al., 2008; Medina et al., 2008) 231 

presents an association characterized by abundant continental palynomorphs, including 232 

bryophytes, lycophytes, ferns, some gymnosperm genera, angiosperm pollen grains, and 233 

continental microplankton. 234 

The Río Mayer Formation (upper Aptian; Pöthe de Baldis & Ramos, 1980, 1983, 1988; 235 

Medina et al., 2008; Perez Loinaze et al., 2012) is characterized by the presence of 236 

tricolpate pollen grains, a palynological marker absent in the RTF. This unit also 237 

records primitive angiosperm evidence in the area, represented by members of the 238 

family Chloranthaceae, specifically the genus Clavatipollenites. 239 

The absence of angiosperms in the RTF assemblage, despite their presence in coeval or 240 

older units, may be due to preservational or taphonomic processes. An interpretation 241 

that is also supported by the poor preservation of several specimens. 242 

Paleoenvironmental interpretation: Palynoflora  243 
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Although no specific counts of palynomorphs were performed due to the low abundance 244 

and poor preservation of specimens, fern spores (9 species) appear to be more diverse 245 

than gymnosperm pollen grains (3 species) based on presence/absence data. This 246 

relative representation may reflect the development of an herbaceous community in the 247 

vicinity of the depositional area. The occurrence of fern spores has often been 248 

associated with warm to temperate climates and moderate to high humidity conditions 249 

(Vakhrameev, 1981; Van Konijnenburg-Van Cittert, 2002). The presence of some taxa 250 

from the families Anemiaceae and Cyatheaceae is frequent in this association and may 251 

suggest the development of the vegetation under humid conditions, likely close to 252 

bodies of water such as riverbanks, swamps, or as part of the understory (Van 253 

Konijnenburg-Van Cittert, 2002). Although Gleicheniaceae spores are also present, 254 

some members of this family such as the macrofossil Gleichenites are known to have 255 

tolerated stress-related conditions, as in semi-arid or fire-prone environments (Van 256 

Konijnenburg-Van Cittert, 2002). Regarding Anemiaceae, recent studies (Duarte et al., 257 

2021) highlight its broad paleoecological and paleoclimatic tolerance, from arid to 258 

humid and from warm to cold climates throughout the Cretaceous. Nonetheless, the 259 

overall palynological signal supports the interpretation of a predominantly humid local 260 

setting. 261 

Gymnosperms constitute a relatively low proportion of the studied palynomorph 262 

assemblage, with three taxa assigned to the families Podocarpaceae, Araucariaceae, and 263 

Hirmeriellaceae. Their presence suggests the existence of a forest zone in the vicinity of 264 

the depositional area. 265 

Among the conifers, Classopollis sp. constitutes a predominant part of the studied 266 

palynological assemblage and is a common component of the Jurassic–Cretaceous 267 

paleoflora of Argentine Patagonia (Vakhrameev, 1981; Archangelsky & Llorens, 2003, 268 
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2005, 2009; Barreda & Archangelsky, 2006; Villar de Seoane, 2014; Santamarina, 269 

2019; Perez Loinaze et al., 2021; Chalabe et al., 2022). Its presence has been associated 270 

with diverse environmental conditions, ranging from transitional to continental 271 

environments (Vakhrameev, 1981; Alvin, 1982; Volkheimer et al., 2008; Barreda et al., 272 

2012). In turn, its association with conifers of the Araucariaceae has been linked to 273 

warm to temperate and relatively humid climates (Vakhrameev, 1981; Volkheimer et 274 

al., 2008).  275 

The extant Araucariaceae and Podocarpaceae grow in humid rainforests and 276 

mesothermal climates (Enright et al., 1995; Brodribb, 2010), so the presence of taxa 277 

from these families (Cyclusphaera sp. cf. C. radiata and Podocarpidites sp.) suggests 278 

warm to temperate climate and humid conditions. Furthermore, the presence of tetrads 279 

and polyads of spores and pollen grains would indicate a low-energy depositional 280 

environment (Tyson, 1995). 281 

The conifer pollen grain records from the RTF assigned to the Hirmeriellaceae 282 

are consistent with the presence of  Brachyoxylon Hollick and Jeffrey (Rombola et al., 283 

work in progress). Although there is no evidence of a direct organic connection and 284 

there is more than one type of conifer pollen grain, the occurrence of Classopollis 285 

suggests that Brachyoxylon in the RTF could be related to the Hirmeriellaceae, a 286 

criterion shared by other authors (e.g., Cheng et al., 2022). This association is consistent 287 

with other paleobotanical records that indicate a strong representation of 288 

Hirmeriellaceae in the arboreal stratum of southern Patagonia forests during the Early 289 

Cretaceous (e.g., Del Fueyo et al., 2007). 290 

Within the aquatic palynomorphs, algae of the genus Botryococcus were recognized, 291 

with a cosmopolitan distribution ranging from tropical latitudes to Arctic regions 292 

(Aaronson et al., 1983; Traverse, 2007). Their record covers lacustrine, fluvial, and 293 
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marsh environments; however, they can also grow in waters with unstable salinity 294 

(Tyson, 1995). Finally, the absence of marine palynomorphs is consistent with the 295 

interpretation of a continental environment for the unit, as suggested by previous 296 

authors (Giacosa & Franchi, 2001; Escosteguy et al., 2003; Aramendía et al., 2018; 297 

Valle et al., 2024).  298 

Paleoenvironmental interpretation: Palynofacies 299 

Although the number of samples studied is limited, they were collected from a restricted 300 

portion of the stratigraphic section previously interpreted as fluvial floodplain deposits 301 

(Aramendía et al., 2018; Valle et al., 2024). Therefore, analyzing the proportion of the 302 

components of organic matter allows for a better understanding of the 303 

paleoenvironmental conditions that gave rise to these clastic particles. 304 

The palynofacies of the analyzed samples are primarily dominated by phytoclasts, 305 

suggesting a proximal source or a high input of material into the basin derived from 306 

macrophyte plant fragments, mainly wood or other plant tissues (Tyson, 1995; 307 

Mendonça Filho et al., 2012). The predominance of translucent and opaque phytoclasts 308 

with colors ranging from dark brown to black may indicate significant oxidation 309 

processes during sediment transport or diagenesis (Tyson, 1995; Oboh-Ikuenobe & 310 

Villiers, 2003). The degree of angularity observed in these phytoclasts, generally 311 

subrounded, suggests that the sediments underwent long-distance transport or may have 312 

originated from recycled sources (Oboh-Ikuenobe & Villiers, 2003). 313 

The main type of degradation affecting the palynomorphs was identified as mechanical, 314 

which may have resulted from sediment transport in a high-energy environment and/or 315 

compaction during diagenesis (Delcourt & Delcourt, 1980; Martínez et al., 2016). The 316 

second most prevalent type of degradation observed was pyrite crystallization, as 317 

previously noted, mainly affecting pollen grains of Podocarpidites and Classopollis. 318 
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This type of alteration results in cavities with thickened edges, primarily in the sacci and 319 

exine of the affected palynomorphs, evidencing mineral growth under reducing 320 

conditions (Volkheimer, 1968; Delcourt & Delcourt, 1980; Tyson, 1995; Martínez et 321 

al., 2002; 2016). However, the pyrite crystals are not preserved, indicating that the 322 

sediments were later exposed to oxidizing conditions, which left behind cavities in the 323 

shape of the former crystals (Neves & Sullivan, 1964; Tyson, 1995). Some authors 324 

suggest that the type and degree of palynomorph preservation may be related to the 325 

intrinsic properties of the palynomorphs, particularly the structure of the exine 326 

(Volkheimer, 1968; Martínez et al., 2002; 2016), which could explain why this type of 327 

damage primarily affected the pollen grains recorded in this study and not the spores. 328 

Notably, sample BAPal 5495, the stratigraphically lowest of the four, shows a distinct 329 

palynofacies composition compared to the others. It contains a higher proportion of 330 

amorphous organic matter, along with the lower content of phytoclasts. In continental 331 

environments amorphous organic matter is often interpreted as the product of microbial 332 

degradation of terrestrial plant debris or product of the diagenesis of macrophyte tissues 333 

(Tyson 1995; Batten, 1996; Mendonça Filho et al., 2012), this occurs when organic 334 

matter remains suspended in the water column or near the sediment-water interface for 335 

prolonged periods, allowing bacterial activity to progressively break down structured 336 

plant fragments. The elevated amorphous organic matter content in this sample may 337 

thus reflect a combination of low energy, poorly drained depositional conditions and 338 

prolonged residence time of organic particles, favoring microbial processing. In 339 

contrast, the remaining samples (BAPal 5496-5498) are dominated by phytoclasts and 340 

contain a very low proportion of amorphous organic matter, consistent with increased 341 

oxidation and degradation in more dynamic or proximal fluvial floodplain environment. 342 

CONCLUSIONS 343 
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The palynoflora recovered in this study consists exclusively of terrestrial elements, 344 

characterized by fern spores, gymnosperm pollen grains, and freshwater algae. 345 

This assemblage represents the first palynological evidence from the RTF, offering new 346 

information on the composition of its fossil plant assemblage. 347 

Comparison with Early Cretaceous palynofloras from the AMB reveals a closer affinity 348 

between the RTF and certain localities of the Springhill Formation, both of which lack 349 

angiosperm pollen and are dominated by particular genera of ferns and gymnosperms. 350 

The dominance of fern spores, together with the presence of conifer pollen grains from 351 

the Araucariaceae, Podocarpaceae, and Hirmeriellaceae families, as well as freshwater 352 

algae of the genus Botryococcus, suggests that the sediments of the lower member of 353 

the RTF in Parque Nacional Perito Moreno were deposited under temperate to warm 354 

and relatively humid climatic conditions, likely in proximity to freshwater bodies. 355 

The organic matter present in the analyzed samples, dominated by dark brown to black 356 

phytoclasts, indicates a significant terrestrial input of macrophyte-derived organic 357 

debris into the depositional system. This, combined with the presence of polyads and 358 

tetrads of pollen grains, suggests proximity to the source area. 359 

The absence of angiosperms in the RTF assemblage, in contrast with their documented 360 

presence in coeval and older units of the region, may reflect taphonomic or 361 

preservational factors rather than a true paleofloristic signal. 362 

Although the number of recovered palynomorphs is relatively low and preservation is 363 

variable, the assemblage offers paleoenvironmental insights based on palynofacies and 364 

general palynomorph composition. These results provide a valuable baseline for future 365 

palynological and stratigraphic studies in the Río Tarde Formation. 366 
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Figure captions 643 

Figure 1. 1, Map of Patagonia indicating the study area of the Río Tarde Formation 644 

with the red rectangle; 2, Satellite image (Google, CNES/Airbus) of Parque Nacional 645 

Perito Moreno showing the fossil locality with the red rectangle, modified from 646 

Rombola et al., 2023; 3, Satellite image (Google, Maxar Technologies) showing the 647 

sample collection site and the stratigraphic profile (red circle) within Parque Nacional 648 

Perito Moreno. 649 

Figure 2. Stratigraphic section of the lower member of the Río Tarde Formation in the 650 

former Río Roble Ranch area, modified from Rombola et al., 2023. 651 

Figure 3. Selected spores and pollen grains from the Río Tarde Formation. The 652 

collection acronym, plate number and coordinates in England Finder are indicated 653 

below each morphotype. Scales bars: 1-7=20 μm; 8-12=50 μm. 1, Cyathidites australis 654 

Couper, 1953, BA Pal 5495/+25(1): V21/2; 2, Concavissimisporites verrucosus 655 

Delcourt & Sprumont emend. Mckellar, 1998, BA Pal 5495/+25(1): V49/2; 3, 656 

Impardecispora apiverrucata (Couper) Venkatachala, Kar and Raza, 1968, BA Pal 657 

5495/+25(1): Y43/4; 4, Gleicheniidites senonicus Ross, 1949, BA Pal 5495/+25(1): 658 

Y25/3; 5, Klukisporites variegatus Couper, 1953, BA Pal 5497/+8(1): Q22/0; 6, 659 

Classopollis sp., BA Pal 5495/+25(1): L53/2; 7, Cyclusphaera sp. cf. C. radiata 660 

Archangelsky emend Del Fueyo et al. 2012, BA Pal 5495/+25(1): C26/2; 8, Polyad of 661 
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Classopollis spp., BA Pal 5495/+25(1): B31/3; 9, Polyad of Cicatricosisporites spp., 662 

BA Pal 5497/+25(1): J46/1; 10, General view of palynological organic matter 663 

indicating a spore with the red arrow, a tracheid with pits with the yellow arrow and 664 

dark brown to black translucent phytoclast with the white arrows, BA Pal 5495/+25(1): 665 

V21/0; 11, Tracheid fragment with pits, BA Pal 5495/+25(1): F23/4; 12, Fragment of 666 

translucent phytoclast and wood remain, BA Pal 5495/+25(1): Y29/4. 667 

Figure 4. Relative frequencies of palynological organic matter components recognized 668 

in a 500-particle count per sample of the Río Tarde Formation. The relative frequencies 669 

of the main groups are shown on the right. A.O.M., amorphous organic matter. 670 

Table captions 671 

Table 1. List of species recovered in the Río Tarde Formation at the Río Roble Ranch 672 

area. 673 
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TABLE 1. List of species recovered in the Río Tarde Formation at the Río Roble Ranch area, 

Patagonia, Argentina. 

Affinity Taxa 
BA Pal 

5495 

BA Pal 

5496 

BA Pal 

5497 

BA Pal 

5498 

POLYPODIOPSIDA      

Gleicheniaceae Gleicheniidites senonicus Ross, 1949 (Fig. 

3.4) 

X 
   

Lygodiaceae Impardecispora apiverrucata (Couper) 

Venkatachala, Kar and Raza, 1968 (Fig. 3.3) 

X 
   

Anemiaceae 

Schizaeaceae 

Cicatricosisporites spp. X X X X 

Klukisporites variegatus Couper, 1953 (Fig. 

3.5) 
  

X 
 

Cyatheaceae, 

Dicksoniaceae, 

Dipterideaceae or 

Matoniaceae 

Cyathidites australis Couper, 1953 (Fig. 3.1) X X   

Cyathidites patagonicus Archangelsky, 1972 X    

Cyathidites minor Couper, 1953 X    

Incertae sedis Concavissimisporites verrucosus Delcourt & 

Sprumont emend. Mckellar, 1998 (Fig. 3.2) 

X 
   

Converrucosisporites sp. X    

GYMNOSPERMAE      

Araucariaceae Cyclusphaera sp. cf. C. radiata Archangelsky 

emend. Del Fueyo et al. 2012 (Fig. 3.7) 

X   X 

Hirmeriellaceae 

(=Cheirolepidiaceae) 

Classopollis sp. (Fig 3.6) X X  X 

Podocarpaceae Podocarpidites sp. X  X  

ALGAE      

Botryococcaceae Botryococcus sp. X   X 
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