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Abstract. The dinocyst assemblages from the YPF.CCMI.Ra es-1 (Ranquel) well, 26 

integrated with calcareous nannofossil data, provides a refined biostratigraphic 27 

framework and paleoenvironmental reconstruction for the offshore Colorado Basin. A 28 

sequence of diagnostic dinocyst events is recognized, including, from oldest to 29 

youngest, the highest occurrence (HO) and highest common occurrence (HCO) of 30 

Hystrichokolpoma rigaudiae, and the HOs of Cannosphaeropsis quattrocchiae, 31 

Dapsilidinium pseudocolligerum, Labyrinthodinium truncatum, Operculodinium 32 

piaseckii, Trinovantedinium glorianum, and Reticulatosphaera actinocoronata. Based 33 

on these events, four stratigraphic intervals are distinguished: an Early Miocene interval 34 

correlated with the nannofossil Biozone NN3-NN4; a Middle Miocene interval 35 

extending up to the top of the nannofossil Biozone NN6; a Late Miocene interval; and a 36 

Late Miocene to Early Pliocene interval. This revised chronology refines the informal 37 

palynostratigraphic scheme of the Colorado Basin, indicating that palynozone C ends in 38 

the Early Miocene, palynozone B spans the middle to latest Miocene, and palynozone A 39 

ranges from the latest Miocene to the Early Pliocene. Quantitative palynological 40 

analyses reveal a maximum flooding event during the Early-Middle Miocene, 41 

characterized by increased Sea Surface Temperatures (SSTs) and associated with a 42 

glacio-eustatic sea level rise during the global warming phase of the Miocene Climatic 43 

Optimum (17–14.5 Ma). This interval corresponds to the combined terrestrial and 44 

marine palynological assemblages C-T/L and G/C. A subsequent decline of the 45 

thermophilic dinocyst taxa, including Dapsilidinium pseudocolligerum, 46 

Hystrichokolpoma rigaudiae, Operculodinium centrocarpum, and Operculodinium 47 

janduchenei, along with the HOs of the calcareous nannofossil genus Sphenolithus 48 

indicate a progressive decrease of SST related to global cooling since ~14 Ma. Finally, 49 

an abrupt continentalization recorded during the latest Miocene – Early Pliocene 50 



reflects a phase of climatic deterioration that may be linked to the earliest documented 51 

Late Cenozoic glaciation in Patagonia (7 and 5 Ma). 52 

Keywords. Biostratigraphy. Miocene. Dinocysts. Calcareous nannofossils. 53 

Paleoenviroments. Colorado basin. 54 

Resumen. El estudio de las asociaciones de dinoquistes del pozo YPF.CCMI.Ra es-1 55 

(Ranquel), integrado con datos de nanofósiles calcáreos, proporcionó una interpretación 56 

bioestratigráfica y paleoambiental para la Cuenca del Colorado costa afuera. Una 57 

secuencia de eventos diagnósticos de dinoquistes incluye, del más antiguo al más joven, 58 

las ocurrencias más altas (HOs) de Cannosphaeropsis quattrocchiae, Labyrinthodinium 59 

truncatum, Operculodinium piaseckii, Trinovantedinium glorianum y Reticulatosphaera 60 

actinocoronata. Se definieron cuatro intervalos estratigráficos: Mioceno Temprano, 61 

correlacionado con la Biozona de nanofósiles NN3-NN4; Mioceno Medio, 62 

extendiéndose hasta el tope de la Biozona de nanofósiles NN6; Mioceno Tardío; y 63 

Mioceno Tardío a Plioceno Temprano. Se ajustó la edad de la zonación informal de la 64 

Cuenca del Colorado tal que, la palinozona C termina en el Mioceno Temprano, la 65 

palinozona B abarca del Mioceno medio al más tardío, y la palinozona A se extiende 66 

desde el Mioceno más tardío hasta el Plioceno Temprano. El análisis palinológico 67 

cuantitativo revela un episodio de máxima inundación en el Mioceno Temprano a 68 

Medio asociado con un incremento de la temperatura del agua superficial (SSTs), 69 

relacionado con un ascenso glacio-eustático del nivel del mar, durante un período de 70 

calentamiento global, conocido como Óptimo Climático del Mioceno (17–14.5 Ma). 71 

Este intervalo registra las asociaciones palinológicas terrestres y marinas combinadas 72 

del Mioceno Temprano C-T/L y G/C. Subsecuentemente, la disminución de los taxones 73 

termofílicos Dapsilidinium pseudocolligerum, Hystrichokolpoma rigaudiae, 74 

Operculodinium centrocarpum y Operculodinium janduchenei, junto con las HOs del 75 



género de nanofósils Sphenolithus indican una disminución de la SST relacionada al 76 

enfriamiento global que se registra a partir de los ~14 Ma. Una abrupta 77 

continentalización registrada durante el Mioceno tardío al Plioceno Temprano coincide 78 

con un período de deterioro climático, presumiblemente relacionado con la primera 79 

glaciación conocida en Patagonia ocurrida en el Cenozoico Tardío (7 y 5 Ma).  80 

Palabras clave: Bioestratigrafía. Mioceno. Dinoquistes. Nanofósiles Calcáreos. Cuenca 81 

del Colorado. Paleoambiente 82 
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1. Introduction 84 

The Colorado Basin exhibits the most complete Miocene sedimentary record in 85 

the southwestern Atlantic Ocean margin. These deposits are related to the two major 86 

marine flooding events that occurred during the Miocene and covered extensive areas of 87 

Patagonia (Fig. 1). The older transgressive episode (Early to Middle Miocene) is 88 

represented by the subsurface Elvira Formation, mainly composed of glauconitic 89 

sandstones, overlaid by the tuff-rich lower Barranca Final Formation (Kaaschieter, 90 

1965), whereas the younger (Middle to Late Miocene) transgression is represented by 91 

the upper Barranca Final Formation (Kaaschieter, 1965). The Barranca Final Formation 92 

type deposits, composed by clays and sandy clays with occasional tuffaceous 93 

intercalations described from the cliffs along the San Matias Gulf margin (Kaaschieter 94 

1963, 1965), constitutes one of the few stratigraphic units cropping out in the Colorado 95 

Basin; notably most of the stratigraphic record is confined to the subsurface. 96 

The sedimentary infill of the Colorado Basin (Late Cretaceous – Cenozoic) has 97 

been widely analyzed from a palynological perspective (e.g. Ruiz & Quattrocchio, 98 

1997; Pérez Panera et al., 2019, Gramerro & Archangelsky, 1971; González Estebenet 99 

et al., 2026) and furthermore, during the last decades, advances on organic-walled 100 

dinoflagellate cysts (dinocysts) knowledge from exposed and subsurface sections have 101 

contributed to the Cenozoic stratigraphy and paleoenvironments of the basin (e.g. 102 

Guerstein & Guler, 2000; Guerstein &  Junciel, 2001; Guler & Guerstein, 2002; Guler 103 

et al., 2021; González Estebenet et al., 2026). The present study provides an update of 104 

the YPF.CCMI.Ra es-1 (Ranquel) well biostratigraphy, based on the restudy of the 105 

dinocysts supported by calcareous nannofossil data. The first study on dinocysts from 106 

the Colorado Basin was performed at the YPF.CCMI.Ra es-1 (Ranquel) and YPF. 107 

CCMI Pu es-1 (Puelche) wells by Gamerro & Archangelsky (1981), who proposed a 108 



preliminary palynological zonation. The zonation comprises five palynozones 109 

informally named, from top to bottom, A to E. In particular, palynozones A, B and C 110 

have been widely recognized in deposits related to these Miocene marine events in other 111 

wells in the Colorado Basin (Guler et al., 2002; Pérez Panera et al., 2019; Guler et al., 112 

2021), as well as in sections of other southwestern Atlantic basins (Parras et al., 2020; 113 

Fuentes, 2023; Daners et al., 2025). 114 

The revision of dinocysts from the Ranquel x-1 well, using a denser sampling 115 

scheme and a larger dataset than the original study, together with taxonomic and 116 

biostratigraphic advances achieved during recent decades in Miocene successions of the 117 

southwestern Atlantic basins, allowed the development of a high-resolution dinocyst 118 

biostratigraphy for the Miocene succession of the well. Furthermore, the integration of 119 

palynological and calcareous nannofossil data provided independent age control and 120 

supported the recognition and correlation of biostratigraphic events, enabling the 121 

refinement of palynological zones A, B, and C proposed by Gamerro and Archangelsky 122 

(1981) and the establishment of new age constraints for their boundaries. It is important 123 

to note that it represents the only local dinocyst zonation scheme, which has been 124 

widely recognized and applied in subsequent studies of the Colorado Basin and 125 

neighboring basins (e.g., Guerstein & Guler, 2000; Guler et al., 2001; Guler & 126 

Guerstein, 2002; Guler et al., 2021). 127 



Figure 1. Early to Middle Miocene. Paleogeographic map of the southwestern Atlantic 128 

margin, showing the main localities with reported dinocyst occurrences (modified from 129 

Malumián & Náñez, 2011; Guler et al., 2021). Colorado Basin: 1. Ranquel x-1 well 130 

(Gamerro & Archangelsky, 1981; this study); 2. Puelche x-1 well (Gamerro & 131 



Archangelsky, 1981); 3. Dx-1 well (Guler & Guerstein, 2002); 4. Fx-1 borehole (Guler 132 

& Guerstein, 2002); 5. Cx-1 well (Guerstein & Junciel, 2001; Guler & Guerstein, 2002); 133 

6. Ombucta x-1 well (Guerstein & Guler, 2000); Punta del Este basin: 7. Lobo x-1 134 

(Daners et al., 2025); 8. Valdés Basin: PV well (Fuentes, 2020; Guler et al., 2021). 9. 135 

Golfo San Jorge Basin: Chenque Formation (Palamarczuk & Barreda, 1998; Barreda & 136 

Palamarczuk, 2000a). 10. Austral Basin: Monte León Formation (Barreda & 137 

Palamarczuk 2000b; Parras et al., 2012, 2020; Pérez Panera et al., 2014). 138 



Figure 2. Middle to Late Miocene. Paleogeographic map of the southwestern Atlantic 139 

margin showing the main localities with reported dinocyst occurrences (modified from 140 

Malumián & Náñez, 2011; Náñez & Malumián, 2019; Guler et al., 2021). Colorado 141 

Basin: 1. Ranquel x-1 well (Gamerro & Archangelsky, 1981; this study); 2. Puelche x-1 142 



well (Gamerro & Archangelsky, 1981); 3. Dx-1 well (Guler & Guerstein, 2002); 4. Fx-1 143 

borehole (Guler & Guerstein, 2002); 5. Cx-1 well (Guerstein & Junciel, 2001; Guler & 144 

Guerstein, 2002); 6. Ombucta x-1 well (Guerstein & Guler, 2000); 9. Barranca Final 145 

Formation type section (Guler et al., 2002; Palazzesi et al., 2014; Fuentes et al., 2016), 146 

Punta del Este basin: 7. Lobo x-1(Daners et al., 2025); 8. Neuquén Basin: Bajada de 147 

Añelo region (Nañez & Malumian, 2019); 10–11. Valdés Basin: 10. Puerto Madryn 148 

Formation, Valdés Península (Fuentes et al., 2019), 11. PV well (Guler et al., 2018; 149 

Fuentes, 2020). 150 

 151 

2. Geologic framework 152 

The Colorado Basin is located on the southwestern Atlantic margin, primarily 153 

situated on the continental shelf between latitudes 38° and 41° S and longitudes 57° and 154 

64° W, covering an area exceeding 160,000 km². Its tectonic origin is linked to an 155 

intracratonic rift system developed during the Middle to Late Jurassic, coinciding with 156 

the boundary between the South American Craton and the North Patagonian Massif 157 

(Uchupi & Emery, 1991; Lovecchio et al., 2018). While the Mesozoic and Cenozoic 158 

stratigraphy has been extensively examined by several authors, the tectono-stratigraphic 159 

framework identifies three primary units bounded by unconformities and condensed 160 

sections: a Late Jurassic to Early Cretaceous syn-rift sequence, followed by an Upper 161 

Cretaceous sag stage comprising the Fortín and Colorado formations, and culminating 162 

in a drift unit initiated during the Paleocene, which includes the Pedro Luro, Elvira-163 

Ombucta, Barranca Final, and Belén formations (Fryklund et al., 1996). The structural 164 

configuration and evolutionary stages of the basin were strongly controlled by three 165 

superimposed rifting events, recently integrated into a comprehensive regional model 166 

(e.g. Lovecchio et al., 2018, 2024). The tectonic evolution of the basin and the 167 



subsequent opening of the South Atlantic Ocean are documented by major regional 168 

seismic and chronostratigraphic unconformities (e.g. Gerster et al., 2011; Lovecchio et 169 

al., 2024). These tectonic milestones record the transition to the sag stage and the 170 

cessation of extension (Mid-Valanginian to Late Hauterivian), accompanied by massive 171 

volcanic flows coeval with the Paraná basalts (132 Ma, Menzies et al., 2002).This was 172 

followed by the termination of faulting and the initial marine transgression during the 173 

Early Aptian, and ultimately, the definitive mechanical separation between the African 174 

and South American plates in the Late Aptian, which established the base of the marine 175 

platform. The architectural configuration during the Late Cretaceous and the Paleogene 176 

transition set the structural framework prior to the fully marine conditions of the 177 

Cenozoic (Gerster et al., 2011). Within this regional framework, the Ranquel well 178 

represents a critical reference record for the central sector of the Colorado Basin, 179 

located offshore approximately 273 km SSE of Mar del Plata. The well, which reached 180 

a total depth of 4,466 meters below sea floor (mbsf), is positioned in an outer shelf to 181 

upper slope setting and has penetrated a significant sedimentary succession ranging 182 

from possible Upper Paleozoic basement rocks to Pliocene deposits. While representing 183 

a site-specific succession, the Ranquel well contains a continuous quantitative dinocyst 184 

record, which allows for a high-resolution local expression of the paleoenvironmental 185 

and paleoclimatic shifts that occurred during the Miocene marine events. This study 186 

focuses on the interval between  719 and 1844 mbsf, which corresponds to Miocene 187 

marine deposits reflecting a progressive shallowing trend from outer shelf to mid-inner 188 

shelf environments, and encompasses the Miocene Climatic Optimum event.  189 

3. Materials and methods 190 

A total of 40 cuttings samples from the YPF.CCMI.Ra es-1 (Ranquel) well, 191 

Colorado Basin, from 719 to 1844 mbsf, were analyzed palynologically. Samples were 192 



processed using standard palynological procedures, including treatment with 193 

hydrochloric (10%) and hydrofluoric (70%) acids for the removal of carbonates and 194 

silicates, respectively. Residues were sieved through 10- and 20-μm meshes and 195 

mounted using UV-curable acrylates (Trabasil®NR2) as a mounting medium, following 196 

the technique described by Noetinger et al. (2017). Additionally, eight samples from 197 

selected intervals were processed for calcareous nannofossil analyses, in order to 198 

confirm independent age control. These samples were prepared according to the gravity 199 

settling technique described in Pérez Panera et al. (2023). Transmitted light microscopy 200 

was undertaken using a Leica DM 2500, and images were taken with a digital camera 201 

MshOt-MSX1. The dinocyst nomenclature overall follows Williams et al. (2017). An 202 

alphabetical species list of dinocyst taxa is presented in Appendix 1. Stratigraphical 203 

distribution of the relative frequencies of the dinocyst taxa was conducted using the 204 

Tilia package (Grimm, 1991–1993). Selected specimens of dinocysts are illustrated in 205 

Figs. 6-8. The ecological and environmental affinities of the selected dinocyst taxa are 206 

presented in Table 1. For the quantitative analysis, more than 500 sedimentary organic 207 

matter particles and a minimum of 200 palynomorphs were counted per sample 208 

primarily using the 10-μm-sieved residues, supplemented by the 20-μm fraction when 209 

necessary; the latter count was used to calculate the terrestrial versus marine 210 

palynomorphs ratio (t/m ratio). Separately, to determine dinocyst relative frequencies, a 211 

minimum of 250 dinocysts per sample were counted using both the 10- and 20-μm-212 

sieved residues to ensure a statistically representative population. Consequently, eight 213 

samples were excluded from the quantitative analyses due to insufficient palynomorph 214 

recovery. The sedimentary organic matter components were classified into four main 215 

categories: (1) phytoclasts (Phy): translucent, biostructured and opaque, 216 

equidimensional or lath-shaped, attributed to woody debris of macrophytes; (2) 217 



terrigenous palynomorphs: spores and pollen grains; (3) marine palynomorphs: 218 

dinocysts, acritarchs, and foraminiferal linings; and (4) amorphous organic matter 219 

(AOM): structureless granular-textured brown masses, derived from the degradation of 220 

marine algae. The dissimilarity between the samples in the Ranquel well was compared 221 

using Principal Component Analysis (PCA), performed using XLSTAT Software and a 222 

correlation matrix (Jolliffe, 2002). The variables used include: (1) warm-water dinocyst 223 

taxa (Melitasphaeridium choanophorum + Reticulatosphaera actinocoronata + 224 

Dapsilidinium pseudocolligerum + Hytrichokolpoma rigaudiae + Operculodinium 225 

centrocarpum + Operculodinium janduchenei) over total dinocysts, warm-water/d x 226 

100, which contribute to reconstructing sea surface temperatures (SST); (2) outer neritic 227 

to oceanic dinocyst taxa (Cannosphaeropsis quattrocchiae + H. rigaudiae + 228 

Nematosphaeropsis rigida) over total dinocysts, outer neritic to oceanic/d x 100; (3) 229 

AOM/(AOM + Phy) ratio, where high values are a signal of reducing, low-oxygenated 230 

seafloor conditions (e.g., dysoxia-anoxia) and distal from active sources of terrestrial 231 

organic matter; and (4) terrestrial versus marine palynomorphs ratio (t/m ratio), which is 232 

a useful parameter to evaluate the influence of terrestrial input, as an indicator of the 233 

proximity to the terrestrial source, as well as proximal-distal trends (e.g., Versteegh, 234 

1994; Tyson, 1995). 235 

 236 

Table 1: Paleoecological affinities of selected dinocyst taxa, after main references. 237 

Primary dinocyst taxa Primary 

references 

Paleoecological affinities 

Impagidinium sp. Louwey et al. 

(2007), De 

Schepper & Head 

(2008) 

Occurs in oceanic environments. 

Tuberculodinium 

vancampoae 

Head (1996), 

Marret & 

Warm-water preference species. It has been 

recorded in tropical to subtropical coastal 



Zonneveld  

(2003), De 

Schepper et al. 

(2015b), Louwey 

et al. (2007) 

sediments between approximately 45°S 

and 45°N, and is associated with sea 

surface temperatures (SST) ranging 

between 16.9 and 36.6. 

Reticulatosphaera 

actinocoronata 

Schreck et al. 

(2017), Head 

(1989) 

Warm-water species show broad thermal 

tolerance, occurring at SSTs between 9 and 

25 °C. 

Nematosphaeropsis 

rigida 

Marret &  

Zonneveld (2003), 

Sluijis et al. 

(2005) 

Occurs in oceanic environments. 

Habibacysta tectata Head (1996), De 

Schepper &  Head 

(2008), Schreck 

(2012), Louwey et 

al. (2007) 

Cool-tolerant species with a thermal range 

between 8 and 16 °C, showing maximum 

abundances (over 30%) at SSTs of 10–

15 °C. 

Bitectatodinium 

tepikiense 

Marret &  

Zonneveld (2003), 

Louwey et al. 

(2007), De 

Schepper et al. 

(2011) 

Cool- to temperate-water species typical of 

fully marine conditions, related to SST 

between -2 and 21 °C.  

Operculodinium 

janduchenei 

Head (1989a), 

Marret &  

Zonneveld (2003), 

Zonneveld, et al. 

(2013) 

Occurs in temperate to tropical fully marine 

environments, within a temperature range 

of 1–28 °C. 

Batiacasphaera 

minuta 

Schreck &  

Matthiessen  

(2013) 

Occurs in outer-neritic to oceanic 

environments and is associated with cool- 

to warm-temperate conditions. 

Labyrinthodinium 

truncatum 

Schreck et al. 

(2017) 

Associated with warm-water 

environments, showing a distribution 

centered at sea surface temperatures (SSTs) 

between 16 °C and 22 °C, and occasionally 

occurring at even higher temperatures. 

Melitasphaeridium 

choanophorum 

Head (1997), 

Louwey et al. 

(2007), Price et al. 

(2016), 

DeSchepper et al. 

Warm-water species, living in SSTs of 

16.6–31.2 °C, with highest abundances 

around 25–26 °C. 



(2015b), Guler et 

al. (2021) 

Dapsilidinium 

pseudocolligerum 

DeSchepper et al. 

(2015a); Edwards 

& Andrle (1992); 

Head (1993, 1996, 

1997); Versteegh 

1994; De 

Schepper (2006); 

De Schepper et 

al., (2011); 

Schreck et al., 

(2017) 

Warm-water, (sub)tropical dinocyst, 

indicating influence of warm Atlantic 

waters. 

Cannosphaeropsis 

quattrocchiae 

Guler et al. (2021) Occurs in outer neritic to oceanic 

environments. 

 

Hystrichokolpoma  

rigaudiae 

Pross &  Brinkhuis 

(2005), Egger et 

al. (2018) 

Edwards & 

Andrle (1992); 

Head (1993, 1996, 

1997); Versteegh 

1994; De 

Schepper (2006); 

De Schepper et 

al., (2011); 

Schreck et al., 

(2017) 

Warm-water species whose abundance 

decreases during peak glacial conditions, 

generally indicating outer-neritic to 

oceanic environments. 

 238 

4. Results 239 

4.1. Dinocyst assemblages composition and bioevents 240 

A total of 32 (thirty-two) productive samples yielded well preserved 241 

palynomorphs. Assemblages are dominated by marine palynomorphs, mainly 242 

dinocysts. Other components including terrestrial palynomorphs (pollen grains and 243 

spores) and microforaminiferal test linings are subordinate. The stratigraphical 244 



distribution of the dinocyst taxa identified are listed in order of their highest 245 

occurrences in Table 1 and in alphabetical order in Appendix A. Relative 246 

frequencies of dinocyst species, recorded at the Ranquel well, are performed in Fig. 247 

3. A succession of diagnostic dinocyst taxa events of local (regional) and global 248 

significance was recognized through the analyzed Miocene interval. Dinocyst events 249 

are mostly based on the Highest Occurrence (HO) and/or Highest Common 250 

Occurrence (HCO) of the taxa, as these assemblages were recovered from cutting 251 

samples, and Lowest occurrences (LOs) are susceptible to downhole contamination. 252 

Nevertheless, some LOs, which do not present biostratigraphic inconsistency, are 253 

discussed here. From youngest to oldest, these bioevents are: the HO of 254 

Reticulatosphaera actinocoronata, the HO of Trinovantedinium glorianum, the HO 255 

of Operculodinium piaseckii, the HO of Labyrinthodinium truncatum, the HO of 256 

Dapsilidinium pseudocolligerum, the HO of Cannosphaeropsis quattrocchiae and 257 

the HO and HCO of Hystrichokolpoma rigaudiae; all bioevents contribute to the age 258 

and environmental interpretation (see 5.1; 5.2). With the exception of the first record 259 

of Trinovantedinium glorianum in the Colorado Basin, all diagnostic 260 

biostratigraphic and/or environmentally-controlled dinocyst taxa events have 261 

previously been recorded in other subsurface successions and outcrop sections of the 262 

basin. These events therefore constitute useful biostratigraphic markers for 263 

correlation both within the Colorado Basin and with coeval deposits in neighboring 264 

regions. 265 



Figure 3. Dinocyst stratigraphical distribution, biostratigraphical intervals and main 266 

sedimentary organic matter components identified through the Ranquel well section. (a) 267 

Relative frequencies of selected dinocyst taxa. (b) Biostratigraphical intervals I to IV 268 

based on dinocysts and nannofossils. (c) Striplog of the percentages of the main 269 

categories of the sedimentary organic matter components: Marine-derived amorphous 270 

organic matter, phytoclasts, sporomorphs (pollen grain and spores) and dinocysts. 271 

4.2. Quantitative palynological analysis in the Ranquel well 272 

The Principal Component Analysis (PCA) based on 32 selected samples identified 273 

three main groups (1 to 3) and two subgroups (1A and 1B) of samples, reflecting 274 

distinct environmental and ecological conditions along the Ranquel well in the studied 275 

section. The first two Principal Components (1PC and 2PC) (Fig 4) account for 95,8% 276 

of the cumulative explained variance. For the 1PC, the variables AOM/(AOM+Phy 277 

ratio) (23.0 %), Oceanic + outer neritic taxa (28.3 %) and warm-water taxa (28.9 %) 278 

show similar positive contributions, whereas the variable T/M ratio (19.8%) exhibit a 279 

negative contribution. For the 2PC, T/M ratio (55.0%) is the variable with the highest 280 

positive contribution, along with outer neritic/oceanic taxa (20.0 %) and warm water 281 

taxa (17.3%). The AOM/AOM+Phy ratio (7.5%) present negative contribution. Group 1 282 



(two upper quadrants), characterizes the lower part of the section, displays the highest 283 

proportions of marine derived components AOM ranging from 45 to 67 % (mean 61%) 284 

of total organic matter along with dinocysts proportions between 48.5% and 97.5%  285 

(mean 85.5%) of total palynomorphs, whereas phytoclast percentages ranges between 8 286 

– 47 % (mean 19%) and terrestrially-derived palynomorphs are subordinated. Dinocysts 287 

are mostly represented by outer neritic to oceanic taxa, along with high proportions of 288 

warm water preference taxa. Subgroup 1a differs from subgroup 1b in having the 289 

highest proportions of the warm water preference taxa (≥40% of total dinocysts), 290 

showing alternating peak abundances (all expressed as % of total dinocysts) of 291 

Operculodinium centrocarpum (up to 43%), Operculodinium janduchenei (up to 29%), 292 

Hystrichokolpoma rigaudiae (up to 24%) and Reticulatosphaera actinocoronata (up to 293 

8%) (Fig. 3). Group 2 (mostly left low quadrant) encompasses the largest number of 294 

samples, assemblages denote neritic marine conditions exhibiting abrupt diminishing of 295 

outer neritic/oceanic taxa (<13%), associated with a pronounced decline of the warm 296 

water taxa (W <30%), along with increase of the terrigenous input (Phy > 31%) of total 297 

organic matter). Group 3 represents the highest proportions of the terrestrial derived 298 

components (Phy + pollen grains and spores between 45 and 80 %, mean 60%) and the 299 

highest T/M ratio (between 0.8 and 4.2). 300 

 The representation of 1PC and 2PC individual values of each sample exhibit the 301 

environmental changes reflected by the three groups and two subgroups of samples 302 

through the YPF.CCMI.Ra es-1 well stratigraphy (Fig. 4). Distal outer neritic to oceanic 303 

depositional environments associated with warm sea-surface conditions (Group 1) mark 304 

the maximum flooding episode recorded in the lower part of the Miocene analysed 305 

section (Fig. 5). Warm sea-surface conditions related to the Burdigalian to Early 306 

Langhian maximum flooding episode (Fig. 5) are marked by successive peak 307 



abundances of thermophilic taxa (subgroup 1A) including H. rigaudiae, O. 308 

centrocarpum and O. janduchenei. Up section, Group 2 reveals neritic marine 309 

conditions associated with a progressive cooling trend, indicated by the disappearance 310 

and decline of the warm water preference taxa and the decline of the outer 311 

neritic/oceanic taxa during the middle to late Miocene. Finally, Group 3, only 312 

represented in the uppermost interval (719/725–791/797 mbsf) as well as at 1448–1457 313 

mbsf in the Ranquel well section, represents the most proximal setting and the seaward 314 

migration of the coastline, presumably marking a pronounced shallowing trend and 315 

increased continental influence toward the late Miocene and early Pliocene. 316 



Figure 4. Results of the Principal Component Analysis (PCA) applied to environmental 317 

and climatic proxies from the Ranquel well. The biplot illustrates sample scores and 318 

variable loadings for axes 1 and 2. The analyzed variables include: the outer neritic-319 

oceanic index (O+ON; oceanic taxa/total dinocysts); the warm-water index (Warm-320 



water; warm-water taxa/total dinocysts); the terrestrial/marine ratio (t/m); and the 321 

amorphous organic matter ratio (AOM/AOM+Phy). 322 

4.3. Calcareous nannofossil assemblages 323 

Calcareous nannofossil assemblages recovered from the analyzed samples are generally 324 

sparse and of low diversity, although preservation and abundance vary significantly 325 

throughout the succession. The uppermost interval (1244–1425 mbsf) yielded barren 326 

samples, consistent with the regressive conditions interpreted for the Tortonian. In the 327 

middle part of the section, poorly to moderately diverse assemblages characteristic of 328 

the Middle Miocene were identified. Notably, the HO of Cyclicargolithus floridanus at 329 

1418–1425 mbsf, marks the top of calcareous nannofossil Biozone NN6 of Martini 330 

(1971), indicating a late Serravallian age for the corresponding interval. Other samples 331 

from this interval (1508 – 1577 mbsf) contain assemblages compatible with either 332 

Langhian or Serravallian ages, although no additional marker species were recorded to 333 

refine the age assignment further. Deeper levels yielded progressively more abundant 334 

and better-preserved assemblages, including a highly diverse and well-preserved 335 

association attributable to the NN3–NN4 interval, supporting a Burdigalian age (sample 336 

1598–1607 mbsf). This interval is also consistent with maximum flooding conditions 337 

during the Early Miocene and warmer surface waters due to the presence of species like 338 

Sphenolithus conicus and Sphenolithus heteromorphus. The lowermost analyzed 339 

samples yield assemblages of variable preservation and diversity. Sample 1688–1697 340 

mbsf recovered a relatively abundant but low-diversity association dominated by 341 

Reticulofenestra bisecta, Reticulofenestra lockeri, Reticulofenestra. dictyoda, 342 

Coccolithus pelagicus, and Cyclicargolithus floridanus, together with scarce 343 

thoracosphaerid calcispheres. Although no definitive marker taxa were identified, the 344 



assemblage is broadly consistent with an Early Miocene age, while the presence of 345 

indeterminate specimens of Chiasmolithus may suggest an age no younger than 346 

Oligocene for part of the interval. In contrast, the deepest analyzed samples yielded 347 

either extremely poor assemblages composed only of long-ranging taxa or were 348 

completely barren.  349 

5. Discussion 350 

5.1. Dinocyst biostratigraphy at the Ranquel well 719–1874 mbsf section 351 

Based on dinocyst events (Figs. 3, 5), we identified four well-defined stratigraphic 352 

intervals from 719 to 1874 mbsf. The age of the stratigraphic intervals, from the oldest to 353 

the youngest, are: 1. Early Miocene; 2. late Early Miocene to Middle Miocene; 3. early 354 

Late Miocene; 4. late Late Miocene to Early Pliocene. 355 

5.1.1. Interval 1: 1598–1607 to 1835–1844 mbsf, Early Miocene (Burdigalian) 356 

The age of the upper part of the interval, from 1598–1607 to 1658–1667 mbsf 357 

mainly relies on the stratigraphical range of Cannosphaeropsis quattrocchiae. This 358 

species is an endemic taxon from the Southwestern Atlantic margin, until now recorded 359 

in the Colorado, Valdés, Golfo San Jorge, and Austral basins in Argentina (e.g. 360 

Guerstein & Guler, 2000; Guerstein & Junciel, 2001; Guler & Guerstein, 2002; 361 

Palamarczuk & Barreda, 1998 (as C. uttinensis); Parras et al., 2012; Pérez Panera et al., 362 

2014; Parras et al., 2020; Guler et al., 2021) and in the Punta de Este Basin in Uruguay 363 

(e.g. Daners et al., 2025). In Patagonia, particularly in the Austral Basin (Monte León 364 

Formation, Parras et al., 2012; 2020) and Golfo San Jorge Basin (Chenque Formation, 365 

Palamarczuk & Barreda, 1998; Cuitiño et al., 2015), deposits bearing C. quattrocchiae 366 

were dated between 19.69 and 17.5 Ma. Hence, based on the HO of C. quattrocchiae 367 



the age of the interval is not younger than Burdigalian. The record of the HO and HCO 368 

of the warm-water preference taxa Hystrichokolpoma rigaudiae between 1607–1610 369 

and 1778–1787 mbsf, respectively, along with the presence of the conspicuous Miocene 370 

Lingulodinium hemicystum species, points to a Burdigalian age for this part of the 371 

interval. The HO and HCO of H. rigaudiae invariably occur close to the HO of C. 372 

quattrocchiae, around the Burdigalian and/or the early Langhian in all the subsurface 373 

sections analyzed in the Colorado and Valdés basins (e.g. Guler et al., 2021). In 374 

addition, the HO of H. rigaudiae was recorded in the Burdigalian of the northeastern 375 

Punta del Este Basin (e.g. Daners et al., 2025). The early extinction of the species in the 376 

Ranquel well supports once again the synchronicity of these bioevents along the 377 

southwestern Atlantic basins. As it was interpreted in Guler et al., (2021), based on an 378 

exhaustive quali- and quantitative analysis, the early extinction of H. rigaudiae and D. 379 

pseudocolligerum, seems to be a response of ecological requirement of these taxa, 380 

mainly related to paleotemperatures (see section 5.3). The interval records the Early 381 

Miocene combined terrestrial and marine palynozones G/C (Glencopollis ornatus / 382 

Cannosphaeropsis quattrocchiae) at the upper part of the interval, and C-T/L 383 

(Cyperaceaepollis neogenicus – Tricolpites  384 

trioblatus / Lingulodinium hemicystum) at the lower part (Barreda & Palamarczuk, 385 

2000). These palynozones are Burdigalian (19.69 – 17.35 Ma) and Burdigalian - earliest 386 

Langhian (17.35 – 15.85 Ma) in age, respectively (Barreda & Palamarczuk, 2021). 387 

Three basal samples from 1808–1817 to 1835–1844 mbsf do not contain marker 388 

dinocyst taxa.  389 

In agreement with dinocysts, at 1598–1607 mbsf, a well preserved, abundant and 390 

diverse nannofossil assemblage confirms a Burdigalian age for the upper part of this 391 

interval. This assemblage is characterized by relatively abundant Coccolithus pelagicus, 392 



Cyclicargolithus floridanus, Reticulofenestra bisecta (small forms), Reticulofenestra 393 

pseudoumbilicus and the temperate to warm-water species Sphenolithus moriformis, 394 

Sphenolithus heteromorphus and Sphenolithus conicus, among other less represented  395 

species. The co-occurrence of S. conicus, together with S. heteromorphus and 396 

Calcidiscus premacintyrei, indicates a middle Burdigalian age, in the boundary of NN3 397 

and NN4 biozones of Martini (1971). The high abundance and richness of this 398 

assemblage, and the presence of temperate to warm-water species, is in agreement with 399 

a maximum flooding episode related to the Miocene Climatic Optimum. 400 

Sample 1688–1697 mbsf recovered a relatively abundant but low-diversity 401 

nannofossil assemblage dominated by Reticulofenestra bisecta, R. lockeri, R. dictyoda, 402 

Coccolithus pelagicus, and Cyclicargolithus floridanus, together with scarce 403 

thoracosphaerid calcispheres. Although no definitive marker taxa were identified, the 404 

assemblage is broadly consistent with an Early Miocene age, while the presence of 405 

indeterminate specimens of Chiasmolithus may suggest an age no younger than 406 

Oligocene for part of the interval. In contrast, the deepest analyzed samples yielded 407 

either extremely poor assemblages composed only of long-ranging taxa or were 408 

completely barren. Furthermore, previously reported Eocene indicators from these 409 

levels could not be confirmed in the present study, and no supporting evidence was 410 

found in the foraminiferal record (e.g. Becker & Bertels 1980; Ronchi et al., 2016; 411 

2017). Therefore, the occurrence of Eocene strata in these intervals remains uncertain 412 

and may reflect contamination or methodological issues in earlier analyses. 413 

5.1.2. Interval II: 1418–1425 to 1568–1577 mbsf, latest Early Miocene to Middle 414 

Miocene (?latest Burdigalian, Langhian to Serravallian) 415 

Based on the HO of C. quattrocchiae, the underlying deposits would be not 416 

younger than Burdigalian and hence, the overlying interval from 1568–1577 to 1418–417 



1425 may be latest Early Miocene, late Burdigalian (younger than 17,5 Ma; see 5.1.1) to 418 

Middle Miocene (Langhian to Serravallian). At 1418–1425 mbsf, the nanofossil species 419 

Cyclicargolithus floridanus, marks the top of the NN6 Biozone, and indicates an age no 420 

younger than late Serravallian (Raffi et al., 2006). Below 1508–1517 mbsf, the lower 421 

part of the interval, from the HO of C. quattrocchiae up to the LO of Labyrinthodinium 422 

truncatum at 1538–1547 mbsf, may indicate proximity to the Burdigalian/Langhian 423 

boundary (Fig. 5). The species has the LO around the Early to Middle Miocene 424 

boundary (~16 Ma), marking the beginning of the Middle Miocene (e.g. Zevenboom, 425 

1995; De Verteuil & Norris, 1996; Strauss et al., 2001; Williams et al., 2004; Jimenez-426 

Moreno et al., 2006; Louwye et al., 2008; Soliman, 2012). Assemblages are 427 

characterized by peak abundances (HCO) of the warm-water affinity taxa, such as 428 

Melitasphaeridium choanophorum and Operculodinium janduchenei. At the upper part 429 

of the interval, assemblages exhibit a marked turnover of species, resulting in 430 

assemblages dominated by Spiniferites spp. along with the common presence of the 431 

cool-tolerant taxa Habibacysta tectata and Bitectatodinium tepikiense (e.g. Head, 1996; 432 

Marret & Zonneveld, 2003; Louwye et al., 2007; De Schepper & Head, 2008; De 433 

Schepper et al., 2011; Schreck et al., 2012). At 1478–1487 mbsf the LO of Habibacysta 434 

tectata suggests a late Langhian age (14,2 Ma) or younger (e.g. Schreck et al., 2012; 435 

Quaijtaal et al., 2014). Moreover, the LO of Selenopemphix dionaeacysta at 1478–1487 436 

reinforces an age Late Langhian (13,9 Ma; Bijl et al., 2022), close to the 437 

Langhian/Serravallian boundary. 438 

5.1.3. Interval III: 1244–1250 to 1394–1397mbsf, early Late Miocene (Tortonian). 439 

Above the almost-barren 1394–1397 mbsf interval, and with a separation of 20 440 

m, likely involving an unconformity, dinocyst assemblages from the 1244–1250 to 441 

1394–1397 mbsf interval exhibit an abrupt turnover of taxa. Assemblages are dominated 442 



by Spiniferites spp. (e.g. S. ramosus) and Operculodinium centrocarpum and the age 443 

mainly relies on the marker taxa Operculodinium piaseckii and Labyrinthodinium 444 

truncatum. Calibrated records of Operculodinium piaseckii (HO: 8,3 Ma; Shreck et al., 445 

2012; Bijl, 2021) indicates an age no younger than Tortonian for the top of the interval 446 

(1244–1250 mbsf). Also, the HO of Labyrinthodinium truncatum (1337–1343 mbsf) 447 

supports a minimum Tortonian age for the upper part of the interval. In the northern 448 

hemisphere, the diagnostic HO event of L. truncatum truncatum is between ~7,5 and 8,3 449 

Ma (e.g. Verteuil & Norris, 1996; Donders et al., 2009; Fensome et al., 2009; Dybkjær 450 

& Piasecki, 2010; Shreck et al., 2012; Bijl, 2021). In agreement, in the southern 451 

hemisphere, from the Barranca Final Formation exposures (Fig. 1) along the northeast 452 

coast of Patagonia (Guler et al., 2002), the HO of L. truncatum was dated at 8,3 Ma 453 

(Palazzesi et al., 2014). These outcropping deposits represent the maximum flooding of 454 

the Late Miocene marine event in the Colorado Basin (Fuentes et al., 2019; Guler et al., 455 

2021). The HO of L. truncatum was identified in other several subsurface sections in the 456 

Colorado, Valdés and Punta del Este basins (e.g. Guler et al., 2021; Daners et al., 2025) 457 

and related with the late Miocene (Tortonian) Atlantic transgressive event. In the 458 

neighboring Valdés Basin, the HO of L. truncatum occurs within the maximum 459 

flooding/Highstand Phase (e.g. del Río et al., 2001; Cuitiño et al., 2017, Fuentes et al., 460 

2019; Guler et al., 2021) defined in exposures of the Puerto Madryn Formation in the 461 

Peninsula Valdés (Fig. 1), at ~10 Ma (del Río et al., 2018), as well as in the subsurface 462 

Valdés Basin (Guler et al., 2021). Thus, the HO of L. truncatum becomes a useful event 463 

for long distance (regional) correlation of the Late Miocene (Tortonian) marine 464 

deposits, across northeastern Patagonia and the adjacent continental shelf (Fig. 5).  465 

5.1.4. Interval IV: 719–797 to 1211–1217 mbsf, late Late Miocene (Messinian) to 466 

Early Pliocene (Zanclean). 467 



The HO of Operculodinium piaseckii at the base and the HO of 468 

Reticulatosphaera actinocoronata at the top of the interval suggest an age between the 469 

latest Miocene (latest Tortonian and/or Messinian) and Early Pliocene (Zanclean; 4,2 470 

Ma). Also, the dinocyst Trinovantedinium glorianum (HO: ~6,3 Ma, Messinian in 471 

tropical areas; Cárdenas et al., 2024) shows its HO in the lower part of the interval at 472 

1061–1067 mbsf, which is in accordance to the suggested age span for this interval. The 473 

last peak abundance of dinocysts at the maximum sea-level during the Tortonian is 474 

followed by the disappearance of a significant number of species, with low diverse and 475 

only well representation of the presumed cold-water preference taxa such as 476 

Habibacysta tectata and Bitectatodinium tepikiense (Fig. 3). This shallowing upward 477 

pattern with a significant drop in the relative abundance and number of dinocyst species 478 

(at most 10 species), is observed in other outcropping and subsurface sections of the 479 

Colorado Basin (Guerstein et al., 2000; Guerstein & Junciel, 2001; Guler & Guerstein, 480 

2002; Guler et al. 2002), as well as in the outcropping Barranca Final section around, 6 481 

Ma (Palazzesi et al., 2014). Furthermore, coetaneous deposits in the neighboring Valdés 482 

Basin, dinocyst assemblages were progressively replaced by acanthomorph 483 

(micrhystridid) acritarchs in the subsurface YPF.Ch.PV.es-1 (Península Valdés) well 484 

section (Guler et al., 2021), whereas at the outcropping Puerto Madryn Formation, 485 

phytoplankton assemblages increase the prasinophycean (Tasmanites) algae 486 

proportions, towards the top of the section (Fuentes et al., 2019), implying in both 487 

cases, nearshore environmental conditions. 488 

5.2. Age assessment and index dinocyst events of the Colorado Basin Palynozones 489 

A, B and C of Gamerro and Archangelsky (1981)  490 

Based on the restudy of the dinocyst distribution through the Ranquel well, 491 

including a denser sampling of the intervals, between 941–947 and 1835–1844 mbsf, we 492 



perform a review of the preliminary palynological zonation scheme stated at 493 

YPF.CCMI.Ra x-1 (Ranquel) and YPF. CCMI Pu es-1 (Puelche) well by Gamerro and 494 

Archangelsky (1981).  The authors defined five informal palynozones, named A to E, 495 

spanning the Upper Cretaceous (Turonian-Campanian) extending to the Cenozoic (late 496 

Miocene). Palynozone A in the Ranquel well was defined based on the analysis of two 497 

samples at 600–680 and 680–780 mbsf. The age of the palynozones was not easy to 498 

constrain due to the low sampling density, combined with the limited knowledge of 499 

dinocyst distribution in the Colorado Basin at that time. So, based on the presence of 500 

Asteraceae pollen, the palynozone A was assigned to an Early Miocene age or younger. 501 

From our study, the HO of Reticulatosphaera actinocoronata at 719–725 mbsf indicates 502 

an age not younger than Early Pliocene (Zanclean) close to the top of palynozone A. 503 

The HO of Trinovantedinium glorianum suggest and age not younger than Messinian 504 

for deposits below 1061–1067 mbsf, close to the base of the palynozone A. Hence, the 505 

age of palynozone A may be constrained between the Messinian and the early Zanclean. 506 

Palynozone B in the Ranquel well spans from 1000 to 1500 mbsf and its base 507 

originally assigned to the Oligocene-Miocene boundary, spanning up to the lower and 508 

middle Miocene. The HOs of several species at the top of the biozone may be due to the 509 

sparse sampling (five samples), since several of those taxa goes into the above 510 

palynozone A, e.g. Tuberculodinium vancampoae, Selenopemphix quanta (as Ciste Tipo 511 

51; Lam IV, fig. 6), Lejeunecysta spp. (as Lejeunia sp. cf. hyaline: Lam III, fig. 3 and 512 

Lejeunia sp. cf. fallax: Lam IV, fig. 10 in Gamerro and Archangelsky, 1981). Instead, 513 

the HO of Trinovantedinium glorianum (as Spinidinium cf. densispinatum: Lam III, fig. 514 

2 in Gamerro and Archangelsky, 1981) at the top of palynozone B, closely coincide 515 

with the HO of the species identified in this study at 1061 mbsf. In this sense, the 516 

palynozone B may be not younger than Messinian. The HO of Operculodinium 517 



piaseckii at 1244–1250 mbsf and the HO of Labyrinthodinium truncatum at 1337–1343 518 

mbsf (this study) would indicate that the lower palynozone B is not younger than 519 

Tortonian. Moreover, at 1418–1425 mbsf, the nannofossil species Cyclicargolithus 520 

floridanus, indicates an age not younger than late Serravallian for the lowermost part of 521 

the palynozone B. 522 

Palynozone C extends from 1500 to around 2050 mbsf, and goes through the 523 

upper part of the Ranquel Formation, the Elvira Formation and the base of the Barranca 524 

Final Formation. The boundary between the last two units would be at 1740 mbsf 525 

(Gamerro & Archangelsky, 1981) and the 500 m-thick interval assigned to the 526 

Oligocene (pars, lower and middle) and Eocene (pars). Following the stratigraphy of 527 

the Ranquel well from Lovecchio et al. (2018), in this contribution, we analyze the 528 

upper part of palynozone C, between 1508–1517 and 1808–1817 mbsf, since deposits 529 

around 1820 mbsf, dated at 66±3 Ma by K/Ar ages (Lovecchio et al., 2018), are out of 530 

the scope of this study. Anyway, samples between 1835–1844 and 1955–1964 mbsf do 531 

not record index taxa, and most are barren of palynomorphs. Cannosphaeropsis 532 

quattrocchiae (as Cannosphaeropsis cf. utinensis) and Hystrichokolpoma rigaudiae (as 533 

Hystrichokolpoma cf. rigaudiae) become extinct around 1500 mbsf, both at the top of 534 

the palynozone C. In the present study, and presumably due to a denser sampling, C. 535 

quattrocchiae and H. rigaudiae disappear progressively at 1598–1607 and 1607–1610 536 

mbsf, respectively. Nevertheless, this difference in the depth of the HOs between the 537 

two analyses may not be real, as the sample from the top of palynozone C spans nearly 538 

up to 600 mbsf (approximately 100 m), and the HO of C. quattrocchiae may well 539 

coincide with the HO position recorded in our study. In this way, the HO of C. 540 

quattrocchiae indicate an age not younger than Burdigalian for the top of palynozona C 541 

and, moreover, the stratigraphical interval between 1508–1517 to 1658–1667 mbsf, 542 



would represent the lower part of the Barranca Final Formation of Burdigalian age 543 

(=Innominado section according to Malumián, 1999), with foraminifera and calcareous 544 

nannofossil assemblages comparable to the ones in the Burdigalian Monte León 545 

Formation in the Austral Basin (e.g. Malumián, 1999; Parras et al., 2020; Pérez Panera 546 

et al., 2026). According to Gamerro and Archangelsky (1981), the boundary between 547 

the Barranca Final and Elvira Formation at the Ranquel section would be placed at 548 

~1740 mbsf. In dinocyst assemblages from 1748–1757 to 1835–1844 mbsf of the Elvira 549 

Formation, we did not record marker species, but we did find the HO of the outer neritic 550 

and warm-water preference species Hystrichokolpoma rigaudiae. In other subsurface 551 

sections in the Colorado and Valdés basins (Guler et al., 2021) and recently, in the 552 

Punta del Este Basin (Daners et al., 2025), the HCO of H. rigaudiae is invariably linked 553 

to the stratigraphic range of Cannosphaeropsis quattrocchiae, and therefore, it is 554 

inferred to occur within the Burdigalian (see section 5.1,1). 555 

5.3 Miocene maximum flooding episodes and climatic events  556 

During the Cenozoic, successive marine geological events occurred in the 557 

Southwestern Atlantic margin (e.g. Uliana & Biddle, 1988; Malumián, 1999; Malumián 558 

& Nánez, 2011; Guler et al., 2019, 2021; Navarro et al., 2021; González Estebenet et 559 

al., 2021, 2025, 2026). Two major transgressive events were recognized during the 560 

Miocene, the older during the Burdigalian–earliest Langhian (e.g. Cuitiño et al., 2015; 561 

Parras et al., 2012) and the latest in the Serravallian – Messinian (e.g. del Río, 1988; del 562 

Río et al., 2018). In Patagonia, the deposits accumulated during both marine incursions, 563 

are informally known ‘Patagoniense’ and ‘Paranense’, consisting of complete marine 564 

sedimentary cycles including transgressive and regressive phases (e.g. Cuitiño et al., 565 

2017; Guler et al., 2021). Moreover, Parras & Cuitiño (2021) defined the Patagoniense 566 

as a succession of marine sediments accumulated from late Oligocene to early Miocene 567 



(~between 25 and 15 Ma), encompassing different times of accumulation for each basin, 568 

including complete stratigraphic cycles of different orders associated with relative sea-569 

level changes. A comprehensive review of the Ranquel well along with a quantitative 570 

data analysis allowed us to identify significant biostratigraphical and environmental-571 

driven dinocyst events, useful to constrain in time flooding and climatic episodes 572 

occurred in the offshore of the Colorado Basin (Fig. 1).  573 

Our results documented two major palynological changes with important 574 

paleoenvironmental implications in the Ranquel well: First, the variables AOM/(AOM+ 575 

Phy), (O+ ON) and W show the highest positive contribution to 1PC and points to a 576 

maximum flooding episode (Fig. 5). Second, the T/M ratio shows the highest negative 577 

contribution to 1PC, marking an abrupt regressive episode characterized by a decline in 578 

most of the marine components and an increase in terrestrial derived palynomorphs 579 

(highest T/M ratio), denoting increased terrestrial input at the top of the analyzed 580 

section. The maximum flooding episode occurred in Early to Middle Miocene 581 

(Burdigalian to early Langhian) under warm, oxic to dysoxic, outer neritic to oceanic 582 

marine conditions (Figs. 4 and 5). This episode is related to the major Miocene marine 583 

event recognized in the southwestern Atlantic basins (e.g. Cuitiño et al., 2017) and 584 

correlates with the Patagoniense deposits in Patagonia. The age of this marine event 585 

mainly relies on the occurrence of the endemic taxon Cannosphaeropsis quattrocchiae, 586 

which is calibrated to ~17.5–18.5 Ma (e.g. Cuitiño et al., 2015; Parras et al., 2012; 587 

Pérez Panera et al., 2014), and its extinction is close to the maximum flooding at 1598–588 

1607 mbsf at the Ranquel well (Fig. 5). The HO of C. quatrrocchiae event is a 589 

consistent and isochronous event in several subsurface sections in the Colorado, Valdés 590 

and Punta del Este basins (e.g. Guler & Guerstein 2002; Guler et al., 2021; Daners et 591 

al., 2025).  The HO of C. quattrocchiae at the Ranquel well constitutes further evidence 592 



of the importance of C. quattrocchiae as key taxa for regional chronostratigraphic 593 

correlation of the Burdigalian successions across the offshore of the southwestern 594 

Atlantic basins, as well as with the Lower Miocene marine strata along the east coast of 595 

Patagonia. For instance, the well-dated ‘Patagoniense’ deposits of the Chenque 596 

Formation in the Golfo San Jorge Basin; (e.g. Palamarczuk & Barreda, 1998; Barreda & 597 

Palamarczuk, 2000a) and the Monte León Formation in the Austral Basin (Parras et al., 598 

2012, 2020; Barreda & Palamarczuk, 2000b) and the Gaiman Formation in the Valdés 599 

Basin. (e.g. Cuitiño et al., 2017, 2019). The distribution of the sedimentation areas of 600 

the Patagoniense successions in the in the Magallanes – Austral Basin was mainly 601 

driven by global warming and associated global -glacio-eustatic- sea level rise, 602 

combined with Andean orogeny influence and associated subsidence (Parras & Cuitiño, 603 

2021). Instead, far from the Andean direct orogeny influence, the Cenozoic sedimentary 604 

record of the Colorado and Valdés basins might be the result of relatively constant and 605 

low subsidence rates, related to non-orogenic processes at the passive margin stage (e.g. 606 

Continanzia et al., 2011). In the Ranquel well section, as it was previously observed in 607 

the region (e.g. Guler et al., 2021), the Early Miocene maximum flooding event is 608 

associated with warm sea surface temperatures, presumably related to glacio-eustatic 609 

sea level rise (Fig. 5). Alternating peak abundances (expressed as % of total dinocysts) 610 

of Operculodinium centrocarpum (up to 43%), Operculodinium janduchenei (up to 611 

29%), Hystrichokolpoma rigaudiae (up to 24%) and Reticulatosphaera actinocoronata 612 

(up to 8%) support relatively high sea surface temperatures (SST) during the 613 

Burdigalian to early Langhian in the offshore Colorado Basin, as these taxa are 614 

generally considered as indicators of warm-water conditions (e.g., Edwards & Andrle, 615 

1992; Head, 1993, 1996, 1997; Versteegh, 1994; De Schepper, 2006; De Schepper et 616 

al., 2011; Schreck et al., 2017; Egger et al., 2018). The highest relative abundances of 617 



Reticulatosphaera actinocoronata and Operculodinium centrocarpum broadly coincide 618 

with the modern ecological optima reported for these taxa, associated with relatively 619 

warm sea-surface temperatures (above ~18ºC and ~20ºC, respectively; De Schepper et 620 

al., 2011; Schreck et al., 2017). However, these values should be regarded as indicative 621 

rather than quantitative SST estimates, given that they rely on the ecological affinities of 622 

only two taxa and their transferability to a fossil assemblage from a marginal basin 623 

remains uncertain (De Schepper et al., 2011; Schreck et al., 2017). Furthermore, the 624 

HOs of thermophilic taxa such as e.g. Dapsilidinium pseudocolligerum, 625 

Hystrichokolpoma rigaudiae and the HCO Operculodinium janduchenei denote a 626 

decrease in SST at the southwestern Atlantic margin following the Burdigalian to 627 

Langhian interval. Furthermore, D. pseudocolligerum and H. rigaudiae become extinct 628 

next to the HO of Cannosphaeropsis quattrocchiae, suggesting both taxa do not extend 629 

beyond the Burdigalian to Langhian. As it was observed in other sections along the 630 

southwestern Atlantic basins (e.g., Guler et al., 2021; Daners et al., 2025), both species 631 

disappear in the early Langhian and the Burdigalian in the Ranquel well, respectively, 632 

whereas in the northern hemisphere these taxa persisted longer, ranging into the 633 

Pliocene and Pleistocene (e.g. Eberli et al., 1997; Head & Westphal, 1999; Louwye et 634 

al., 2004; Fensome et al., 2008; De Schepper et al., 2015). Hence, the early extinction 635 

of Dapsilidinium pseudocolligerum and Hystrichokolpoma rigaudiae denote a strong 636 

diachronism between the northern and southern hemispheres. In accordance, calcareous 637 

nannofossil assemblages exhibit high species richness and the presence of temperate to 638 

warm-water affinity genus taxa like Sphenolithus and Discoaster (e.g. Pérez Panera et 639 

al., 2016; 2019, 2026, this study). 640 

As observed in other sections of the Argentina continental margin basins (e.g. 641 

Guler et al., 2021), the early extinction of D. pseudocollligerum and H. rigaudiae, 642 



marked by their HOs and HCOs, may indicate that SST never again became favorable 643 

for the proliferation of these thermophilic species in this region of the southwestern 644 

Atlantic basins. During the Miocene period, global climate evolved from a prolonged 645 

interval of warming that culminated in a Miocene climatic optimum (MCO) between 646 

~17 and ~14 Ma (e.g. Zachos et al., 2001; Holbourn et al., 2013; Westerhold et al., 647 

2020), with reduced extent of Antarctic ice. This warm phase was followed by a long-648 

term cooling trend, when the expansion of Antarctic ice-sheet begins, from ~14 Ma (e.g. 649 

Shevenell et al., 2004; Holbourn et al., 2013), resulting in extensive glaciation in both 650 

the northern and southern hemispheres, during the Pleistocene (e.g. Zachos et al., 2001).  651 

The decline of marine components, including AOM and dinocysts, together with 652 

the decrease in abundance and diversity of dinocyst taxa and increased proportions of 653 

pollen grains and spores, provides clear evidence of continentalization toward the top of 654 

the Ranquel well section analyzed in this study. This abrupt regressive event, which 655 

have been regionally recorded across the Colorado and Valdés basins, post Tortonian 656 

ages; following a maximum flooding/highstand phase of the Late Miocene marine event 657 

during the Tortonian (e.g. Cuitiño et al., 2017; del Rio et al., 2001; Palazzesi et al., 658 

2014; Guler et al., 2021), would coincide with a period of high climatic deterioration 659 

with regard to the first known Late Cenozoic Patagonian glaciations occurred between 660 

approximately 7 and 5 Ma (Latest Miocene–Earliest Pliocene; Rabassa et al., 2007). 661 

This upward continentalization evidenced by the reduction in the abundance of marine 662 

fossils and ichnofossils in most of the sections in northeastern Patagonia and across the 663 

offshore Colorado and Valdés basin (e.g., del Río et al., 2001; Guler et al., 2002; 664 

Cuitiño et al., 2017; Guler et al., 2021) may also correlate with a forced regression 665 

recognized at the contact zone between the middle and upper Member of the Rio Negro 666 

Formation (e.g. Zavala & Freije, 2000). This sea level -glacio-eustatic- fall, that would 667 



have occurred during post-Tortonian/pre-Early Pliocene age, was compared by some 668 

authors with the Mediterranean eustatic fall that originated the so-called Messinian 669 

crisis (e.g. Zavala & Freije, 2000). 670 

Figure 5. Dinoflagellate cyst and calcareous nannofossil biostratigraphic and 671 

palaeoenvironmental reconstructions for the Miocene to Early Pliocene Ranquel well 672 

section. (a) Miocene to Early Pliocene dinocyst and calcareous nannofossils extinction 673 

events at the Ranquel well. HCO, highest common occurrence. (b) Dinocysts 674 

environmental parameters reflect major assemblage turnover around the Early to Middle 675 

Miocene and the latest Miocene to Early Pliocene at the Ranquel well section. O+ON: 676 

Oceanic + outer neritic dinocyst taxa. W: dinocyst taxa adapted to warm waters. T/M 677 

ratio: terrestrial/marine palynomorphs ratio. Palynozones A, B, and C originally defined 678 

by Gamerro & Archangelsky (1981), updated with new age assessments. GR: gamma 679 

ray log (API units). DT: sonic (delta-T) log (µs/ft). 680 



6. Conclusions 681 

Data from the Ranquel x-1 well reinforces the usefulness of dinocyst events for 682 

biostratigraphic and paleoenvironmental interpretations in the offshore Colorado Basin. 683 

The Ranquel well exhibits a succession of HOs and HCOs bioevents, from top to 684 

bottom (youngest to oldest), are: the HO of Reticulatosphaera actinocoronata, the HO 685 

of Trinovantedinium glorianum, the HO of Operculodinium piaseckii, the HO of 686 

Labyrinthodinium truncatum, the HO of Dapsilidinium pseudocolligerum, the HO of 687 

Cannosphaeropsis quattrocchiae, and the HO and HCO of Hystrichokolpoma 688 

rigaudiae.  The succesion of bioevents occur in the expected stratigraphic order, 689 

consistent with the biostratigraphic schemes established for the Colorado and Valdés 690 

basins (e.g. Guler et al., 2021). Hence, these bioevents are useful markers for regional 691 

correlation in Patagonia as well as in the subsurface of the southwestern Atlantic 692 

margin. Dinocyst stratigraphy supported by calcareous nannofossils allowed the 693 

identification of four stratigraphic intervals, described here from the youngest to the 694 

oldest: Interval 4, late Late Miocene to early Pliocene (Messinian to Zanclean); Interval 695 

3, early Late Miocene (Tortonian); Interval 2, ?latest early Miocene to Middle Miocene 696 

(?latest Burdigalian, Langhian to Serravallian); and Interval 1, late early Miocene 697 

(Burdigalian).  698 

The taxonomic and biostratigraphic reassessment of the Ranquel well dinocyst 699 

assemblages allow refinement of the offshore Colorado Basin zonation scheme 700 

established by Gamerro and Archangelsky (1981). The revised age constraints indicate 701 

that Palynozone A extends from the Messinian to the early Zanclean, rather than 702 

representing early Miocene or younger deposits. Palynozone B is now interpreted to 703 

extend into the Late Miocene, spanning the Serravallian-Messinian interval, in contrast 704 

to its original placement near the Oligocene / Miocene boundary. The top of Palynozona 705 



C coincides with the HO of C. quattrocchiae, indicating that this zone does not extend 706 

above the Burdigalian. 707 

Quantitative palynological analysis of the Ranquel well provides new insight 708 

into the paleoclimatic and paleoenvironmental evolution of the offshore Colorado Basin 709 

during the Miocene, from warm, well-connected outer-shelf conditions in the early 710 

Miocene to progressively more restricted, cooler settings in the younger intervals.  A 711 

maximum flooding episode, characterized by warm, outer to oceanic (distal) neritic 712 

environmental conditions was identified at the Ranquel well, presumably related to 713 

glacio-eustatic sea level rise, occurred in the Early to Middle Miocene, Burdigalian – 714 

earliest Langhian. A shallowing upward and cooling trend started during the Middle 715 

Miocene, related to global cooling and the re-establishments of the Antarctic ice-sheets 716 

at ~14 Ma. It culminated at the latest Miocene to early Pliocene, with an abrupt shift 717 

from neritic to coastal settings, evidenced by extinction of most marine components, 718 

resulting in assemblages composed of a reduced number of species, tentatively 719 

coincident with the age range proposed for the first known Late Cenozoic Patagonian 720 

glaciations (~7–5 Ma). 721 
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Figure 6. Dinoflagellate cysts from the Ranquel borehole section. A-Achomosphaera sp., 1097 

general view; B, C- Cannosphaeropsis quattrocchiae, dorsal view; B, high focus; C, 1098 

intermediate focus; D, E- Cerebrocysta poulsenii, ventral view; D, intermediate focus; E, 1099 

high focus; F, G, Cleistosphaeridium ancyreum, apical view; F, intermediate focus; G, 1100 

high focus. H- Lingulodinium hemicystum, dorsal view; intermediate focus; I, J- 1101 

Melitasphaeridium choanophorum, dorsal view; I, intermediate focus, J, high focus; K- 1102 



Hystrichosphaeropsis obscura, dorsal view; L- Operculodinium centrocarpum, dorsal 1103 

section. Scale bars = 10 µm. 1104 

Figure 7. Dinoflagellate cysts from the Ranquel borehole section. A- Bitectatodinium 1105 

tepikiense, dorsal view; B- Cerebrocysta namonensis, drosal view; C, F-, 1106 

Labyrinthodinium truncatum, dorsal view; C, high focus; F, intermediate focus; D, E- 1107 

Operculodinium piaseckii, dorsal view; D, low focus; E, high focus; G- Selenopemphix 1108 

brevispinosa, apical view; H- Selenopemphix dionaeacysta, apical view; intermediate 1109 



focus; I- Selenopemphix nephroides, antapical view; intermediate focus; J- 1110 

Selenopemphix quanta, dorsal view; K- Spiniferites mirabilis, dorsal view; L- 1111 

Tuberculodinium vancampoae, dorsal view. Scale bars = 10 µm. 1112 

Figure 8. Dinoflagellate cysts from the Ranquel borehole section. A- Reticulatosphaera 1113 

actinocoronata, dorsal view; B, C- Dapsilidinium pseudocolligerum, dorsal view; B, high 1114 

focus; C, intermediate focus; D- Hytrichokolpoma rigaudiae, ventral view; E- 1115 

Habibacysta tectata, ventral view; F- Impagidinium sp., dorsal view; G- Lejeunecysta 1116 



sp., ventral view; H, I- Operculodinium janduchenei, ventral view; H, high focus; I, 1117 

intermediate focus; J, K- Saturnadinium sp., apical view; L- Spiniferites sp. ventral view. 1118 

Scale bars = 10 µm. 1119 

Appendix 1. List of species mentioned in the text 1120 

Calcareous nannofossis 1121 

Calcidiscus premacintyrei Theodoridis, 1984 1122 

Chiasmolithus sp. Hay, Mohler & Wade, 1966 1123 

Coccolithus pelagicus (Wallich, 1877) Schiller, 1930 1124 

Cyclicargolithus floridanus (Roth & Hay, 1967) Bukry, 1971 1125 

Reticulofenestra bisecta (Hay, Mohler & Wade, 1966) Roth, 1970 1126 

Reticulofenestra dictyoda (Deflandre, 1954) Stradner, 1961 1127 

Reticulofenestra lockeri Müller, 1970 1128 

Reticulofenestra pseudoumbilicus (Gartner, 1967) Gartner, 1969 1129 

Sphenolithus conicus Bukry, 1971 1130 

Sphenolithus heteromorphus Deflandre, 1953 1131 

Sphenolithus moriformis (Brönnimann & Stradner, 1960) Bramlette & Wilcoxon, 1967 1132 

Dinocyst 1133 

Achomosphaera sp. (Fig. 6) 1134 

Algidasphaeridium sp. 1135 

Batiacasphaera minuta (Matsuoka, 1983) Matsuoka and Head, 1992 1136 



Bitectatodinium tepikiense Wilson, 1973 (Fig. 7) 1137 

Brigantedinium sp. 1138 

Cannosphaeropsis quattrocchiae (Guler et al., 2001) Guler et al., 2015 (Fig. 6) 1139 

Cerebrocysta namonensis Guler and Guerstein, 2013 (Fig. 7) 1140 

Cerebrocysta poulsenii de Verteuil and Norris, 1996 (Fig. 6) 1141 

Cleistosphaeridium ancyreum (Cookson and Eisenack, 1965) Eaton et al., 2001 (Fig. 6) 1142 

Dapsilidinium pseudocolligerum (Stover, 1977) Bujak et al., 1980 (Fig. 8) 1143 

Habibacysta tectata Head et al., 1989 (Fig. 8) 1144 

Hystrichokolpoma rigaudiae Deflandre and Cookson, 1955 (Fig. 8) 1145 

Hystrichosphaeropsis obscura Habib, 1972 (Fig. 6) 1146 

Impagidinium sp. (Fig. 8) 1147 

Labyrinthodinium truncatum Piasecki, 1980 (Fig. 7) 1148 

Lejeunecysta sp. (Fig. 8) 1149 

Lingulodinium hemicystum Matsuoka, 1983 (Fig. 6) 1150 

Melitasphaeridium choanophorum (Deflandre and Cookson, 1955) Harland and Hill, 1151 

1979 (Fig. 6) 1152 

Nematosphaeropsis rigida Wrenn, 1988 1153 

Operculodinium centrocarpum (Deflandre and Cookson, 1955) Wall, 1967 (Fig. 6) 1154 

Operculodinium eirikianum Head et al., 1989 1155 

Operculodinium janduchenei Head et al., 1989 (Fig. 8) 1156 



Operculodinium piaseckii Strauss and Lund, 1992 (Fig. 7) 1157 

Reticulatosphaera actinocoronata (Benedek, 1972) Bujak and Matsuoka, 1986 (Fig. 8) 1158 

Saturnadinium sp. (Fig. 8) 1159 

Selenopemphix brevispinosa Head et al., 1989 (Fig. 7) 1160 

Selenopemphix dionaeacysta Head et al., 1989 (Fig. 7) 1161 

Selenopemphix nephroides Benedek, 1972 (Fig. 7) 1162 

Selenopemphix quanta (Bradford, 1975) Matsuoka, 1985 (Fig. 7) 1163 

Spiniferites mirabilis (Rossignol, 1964) Sarjeant, 1970 (Fig. 7) 1164 

Spiniferites ramosus (Ehrenberg, 1838) Mantell, 1854 1165 

Spiniferites sp. (Fig. 8) 1166 

Trinovantedinium glorianum (Head et al., 1989) de Verteuil and Norris, 1992 1167 

Tuberculodinium vancampoae (Rossignol, 1962) Wall, 1967 (Fig. 7)  1168 
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