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Abstract. World’s record of ichthyosaurs and plesiosaurs from the Aalenian-Bathonian 24 

interval (Middle Jurassic) is very scarce, and their presence in the Neuquén Basin is 25 

particularly significant for understanding the evolutionary history of these marine 26 

reptiles during the Jurassic. At Chacaico Sur (southwestern Neuquén), the Los Molles 27 

Formation yields a unique record of these animals, accounting for the presence of 28 

Maresaurus coccai, Chacaicosaurus cayi, and Mollesaurus periallus. The age assigned 29 

to this unit in the mentioned area is lower Bajocian, based on microfossils and 30 

macroinvertebrates. We studied the calcareous nannofossils to contribute to the age 31 

constraint and paleoenvironmental reconstruction. The recovered assemblage is 32 

composed of Carinolithus magharensis, Carinolithus superbus, Cyclagelosphaera 33 

margerelii, Discorhabdus striatus, Retecapsa incompta, Watznaueria britannica, 34 

Watznaueria contracta, Watznaueria manivitiae, Watznaueria sp. indet., and 35 

Schizosphaerella punctulata. This assemblage presents typical Bajocian features in the 36 

Neuquén Basin: low abundance and diversity and dominance of W. britannica. Overall, 37 

this assemblage would indicate an early Bajocian age, Subzone NJT10a, based on the 38 

co-occurrence of C. superbus and W. manivitiae. The low diversity and abundance 39 

might indicate shallow marine conditions related to the onset of a regressive phase in 40 

the basin. These results provide new temporal and paleoenvironmental context for 41 

understanding the evolutionary history and ecology of Mesozoic marine reptiles. 42 

Keywords. Calcareous Nannofossils. Marine Reptiles. Middle Jurassic. 43 

Biostratigraphy. Los Molles Formation. Chacaico Sur. Neuquén Basin. 44 

Resumen. NANOFÓSILES CALCÁREOS ASOCIADOS A LOS REPTILES 45 

MARINOS DE CHACAICO SUR EN LA FORMACIÓN LOS MOLLES: EDAD Y 46 

PERSPECTIVAS PALEOAMBIENTALES. El registro mundial de ictiosaurios y 47 

plesiosaurios del intervalo Aaleniano-Bathoniano (Jurásico Medio) es muy escaso, y su 48 
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presencia en la Cuenca Neuquina es particularmente significativa para comprender la 49 

historia evolutiva de estos reptiles marinos durante el Jurásico. En Chacaico Sur 50 

(sudoeste de Neuquén), la Formación Los Molles alberga un registro único de estos 51 

animales, dando cuenta de la presencia de Maresaurus coccai, Chacaicosaurus cayi, y 52 

Mollesaurus periallus. La edad asignada a esta unidad en el área de Chacaico Sur es 53 

Bajociano temprano, basada en micro y macroinvertebrados. Presentamos aquí datos 54 

bioestratigráficos de nanofósiles calcáreos. El ensamble recuperado está compuesto por 55 

Carinolithus magharensis, Carinolithus superbus, Cyclagelosphaera margerelii, 56 

Discorhabdus striatus, Retecapsa incompta, Watznaueria britannica, Watznaueria 57 

contracta, Watznaueria manivitiae, Watznaueria sp. indet., y Schizosphaerella 58 

punctulata. Este ensamble presenta características típicas del Bajociano de Cuenca 59 

Neuquina: baja abundancia y diversidad, y dominancia de W. britannica. En conjunto, 60 

el ensamble indicaría una edad Bajociano temprano, Subzona NJT10a, en base a la co-61 

ocurrencia de C. superbus y W. manivitiae. La baja diversidad y abundancia indicarían 62 

condiciones de un mar somero que corresponderían con el establecimiento de una fase 63 

regresiva en la cuenca. Estos resultados proporcionan nueva información sobre el 64 

contexto temporal y paleoambiental para comprender la historia evolutiva y la ecología 65 

de los reptiles marinos del Mesozoico. 66 

Palabras clave. Nanofósiles calcáreos. Reptiles marinos. Jurásico Medio. 67 

Bioestratigrafía. Formación Los Molles. Chacaico Sur. Cuenca Neuquina.   68 
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     MARINE REPTILE COMMUNITIES underwent turnover during the Early-Middle Jurassic, 69 

leaving behind a very poor and discontinuous fossil record, especially in the Middle 70 

Jurassic, a key interval when diversification and demise of different groups occurred 71 

(Benson et al., 2012; Fischer et al., 2021; Reolid et al., 2024) (Fig. 1.1). Ichthyosaurs 72 

and plesiosaurs diversified at the beginning of the Jurassic and thrived until the 73 

Toarcian (Thorne et al., 2011; Benson et al., 2012; Druckenmiller & Maxwellet al., 74 

2014). From then on, both groups’ record is discontinuous and relatively scarce for the 75 

Aalenian-Bajocian interval (Fernández, 1994; Gasparini, 1997; Motani, 2005; Gasparini 76 

et al., 2007; Maisch, 2010; Talevi & Fernández, 2015a; Tutin & Butler, 2017; Sachs et 77 

al., 2019; Campos, 2022). 78 

The Neuquén Basin has a unique record of marine reptiles (Gasparini & 79 

Fernández, 2005, 2006; Gasparini et al., 2015, 2022), including ichthyosaurs (Cabrera, 80 

1939; Fernández, 1994, 1999; Talevi et al., 2012, 2021; Talevi & Fernández, 2012; 81 

Fernández & Talevi, 2014; Lazo et al., 2018; Fernández et al., 2019, 2021; Campos et 82 

al., 2020; Campos, 2022), mosasaurs (Fernández et al., 2008; Fernández & Talevi, 83 

2015), plesiosaurs (O’Gorman et al., 2015, 2023; Talevi & Fernández, 2015b; Talevi et 84 

al., 2021), pliosaurs (Gasparini, 1988, 1997; Gasparini & O’Gorman, 2014; Matelo 85 

Mirco et al., 2024), crocodiles (Gasparini & Dellapé, 1976; Gasparini et al., 2005; 86 

Herrera et al., 2013; Herrera, 2015), and turtles (Fernández & de la Fuente, 1988, 1993; 87 

De Lapparent de Broin et al., 2007; González Ruíz et al., 2020). In this regard, the 88 

classic Middle Jurassic locality of Chacaico Sur stands out. There, the upper portion of 89 

the Los Molles Formation (Weaver, 1931) outcrops and, at that site, it is assigned to the 90 

early Bajocian (Spalletti et al., 1994). More than a decade dedicated to fieldwork in the 91 

area resulted in the description of the ichthyosaurs Chacaicosaurus cayi Fernández, 92 

1994 and Mollesaurus periallus Fernández, 1999, the only evidence to date of the co-93 
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occurrence of ophthalmosaurids and non-ophthalmosaurid ichthyosaurs (Miedema et 94 

al., 2024), and the only Aalenian-Bathonian diagnostic specimens of the group besides 95 

German and Swiss taxa (Maxwell et al., 2012; Miedema et al., 2024). This locality also 96 

registered the presence of Maresaurus coccai (Gasparini, 1997), the first early Bajocian 97 

rhomaleosaurid plesiosaur in the Eastern Pacific, and the oldest from the Argentine 98 

Patagonia (Fig. 1.2). Thus, the presence of marine reptiles in the basin is particularly 99 

significant for understanding the evolutionary history of the group during the Jurassic 100 

(Gasparini & Fernández, 2005). 101 

The age assigned to these specimens is mainly based on biostratigraphic studies 102 

carried out on macroinvertebrates, which include ammonites, bivalves and brachiopods 103 

(Spalletti & Gasparini, 1993; Riccardi et al., 1994; Zavala, 1996). On the other hand, 104 

microfossils were little studied at this site (Ballent, 1985; Martínez & Olivera, 2016). 105 

Nevertheless, micropaleontology can make a significant contribution to the study of 106 

marine organisms, as a key tool in paleoenvironmental and paleogeographic 107 

reconstructions and biostratigraphic analyses (e.g., Saraswati & Srinivasan, 2016; 108 

O’Gorman et al., 2023; Larkin et al., 2024; Bolton & Stoll, 2025). Indeed, calcareous 109 

nannofossils have excellent stratigraphic resolution (Mutterlose et al., 2005; Gradstein 110 

et al., 2020) and, due to their small size, only a very small sediment sample is required 111 

for their study. In this contribution, we add the information provided by calcareous 112 

nannofossils recovered from the level where the reptiles of Chacaico Sur were collected, 113 

completing the age constraint and paleoenvironmental context, given by other fossil 114 

invertebrates. 115 

GEOLOGICAL SETTING 116 

The first wide-extended marine transgression recorded in the Neuquén Basin occurred 117 

in the Early Jurassic, being represented by the Los Molles Formation. In the Chacaico 118 
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Sur area (Fig. 2) the upper part of this unit outcrops and is composed of dark shales and 119 

marls with intercalated sandstones (Gasparini, 1997), interpreted as offshore deposits 120 

dominated by pelagic sedimentation. Sandstone layers are interpreted as storm-induced 121 

deposits by orbital and gravitational flows (Spalletti et al. 1994; Zavala, 1996; Franzese 122 

et al., 2007). In the mentioned area, the formation has been previously assigned to the 123 

lower Bajocian (Spalletti et al., 1994), according to its invertebrate fauna (Westermann 124 

& Riccardi, 1979; Leanza et al., 1987; Ballent, 1985; Riccardi et al., 1994). 125 

MATERIAL AND METHODS 126 

The studied material comes from the locality of Chacaico Sur (39° 15’ S; 70° 18’ W), 127 

70 km southwest of the city of Zapala, Neuquén province (Fig. 2). Sediment was 128 

extracted from the upper part of the Los Molles Formation, at the level where the 129 

reptiles were collected. Sample processing for calcareous nannofossil analysis involved 130 

a simplification of the gravity settling technique (Pérez Panera et al., 2023). 131 

The qualitative analysis of nannofossils was carried out with a Leica DMP750 132 

petrographic microscope, under x1000 magnification. Photographs were taken with a 133 

Leica MC170 HD camera. 134 

Calcareous nannofossils samples are deposited in the Museo Provincial de Ciencias 135 

Naturales “Prof. Dr. Juan A. Olsacher” (Zapala, Neuquén, Argentina) under the 136 

acronym MOZ-Pm, numbers 61-64. 137 

RESULTS AND DISCUSSION 138 

The recovered calcareous nannofossil assemblage shows very low abundance, low 139 

species-richness, and poor preservation (Tab. 1). However, among few undeterminable 140 

coccoliths, the identification of Carinolithus magharensis, Carinolithus superbus, 141 

Cyclagelosphaera margerelii, Discorhabdus striatus, Retecapsa incompta, Watznaueria 142 

britannica, Watznaueria contracta, Watznaueria manivitiae, Watznaueria sp. indet., and 143 
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Schizosphaerella punctulata (Fig. 3), indicates an early Bajocian age, NJT10a Subzone 144 

for the assemblage (Mattioli & Erba, 1999; Ferreira et al., 2019; Hesselbo et al., 2020) 145 

(Fig. 4). This age is constrained by the co-occurrence of C. superbus, and small-sized 146 

specimens of W. manivitiae. comparable to those recorded by Ferreira et al. (2019) in 147 

Peniche, Portugal. The first occurrence of W. manivitiae is at the base of the NJT10 148 

Zone (Mattioli & Erba, 1999; Ferreira et al., 2019; Hesselbo et al., 2020) and is 149 

correlable to the base of the Sonninia propinquans Tethyan Ammonite Zone (TAZ) 150 

(Figure 4). Carinolithus superbus has its last occurrence within the NJT10 Zone 151 

(Ferreira et al., 2019) indicating the top of the NJT10a Subzone, which correlates to the 152 

top of the S. humphriesianum TAZ (Mattioli & Erba, 1999; Hesselbo et al., 2020). The 153 

other recovered species, like C. magharensis, C. margerelii, D. striatus, W. britannica, 154 

W. contracta, S. punctulata, are typical components of the Bajocian – Bathonian 155 

worldwide. Even though Bajocian calcareous nannofossil associations have been 156 

already documented for the Los Molles Formation (Gutiérrez Pleimling et al., 2021), 157 

this is the first time that NJT10a Subzone is identified in the Neuquén Basin. 158 

Marine reptiles from Chacaico Sur were found in association with ammonites, which 159 

provided biostratigraphic age control. Fernández (1994) documented ammonites in the 160 

same stratigraphic level as Chacaicosaurus cayi, which were previously identified in 161 

that site by Spalletti & Gasparini (1993) and assigned to the Emileia giebeli Argentina 162 

Ammonite Zone (AAZ), equivalent to the Sonninia propinquans TAZ (Figure 4). More 163 

precisely, Spalletti & Gasparini (1993) correlate it to the E. multiformis Subzone, early 164 

Bajocian (Riccardi, 2008). Similarly, the remains of Maresaurus coccai were recovered 165 

from a level within this same subzone (Gasparini, 1997). Later, Fernández (1999) 166 

reported Mollesaurus periallus associated with Sonninia (Papilliceras) espinazitensis, 167 

also referable to the Emileia giebeli AAZ. 168 
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Additional fossil evidence for the early Bajocian age of the Los Molles Formation at 169 

Chacaico Sur, includes bivalves attributed to the Propeamussium andium association 170 

Zone, brachiopods from the Cymatorhynchia-Monsardithyris association Zone, and 171 

foraminifera belonging to the Lenticulina varians suturaliscostata association Zone 172 

(Riccardi et al., 1994). 173 

In general, the microfossils from Chacaico Sur area are barely represented in the 174 

literature by palynomorphs and foraminifera (Volkheimer, 1973, 1974; García et al., 175 

1994, 2006; Riccardi et al., 1994; Martínez et al., 2005; Martínez & Olivera, 2016; 176 

Olivera et al., 2020). In these contributions, Los Molles Formation is inferred as a 177 

marine, partially restricted environment, with oxic-dysoxic conditions of Middle 178 

Jurassic age (García et al., 2006). There are no previous calcareous nannofossil studies 179 

for the Los Molles Formation in this area. 180 

The nannofossil assemblage studied here show similar features to others documented in 181 

different sectors of the Neuquén Basin (both outcrop and subsurface) in the Bajocian: 182 

low diversity, low abundance, poor preservation and a dominance of Watznaueria 183 

britannica (Ballent et al., 2000; Gutiérrez Pleimling et al., 2021). The relatively high 184 

abundance of Watznaueria britannica is related to mesotrophic conditions, due to an 185 

increment of the nutrient supply (Pittet & Mattioli, 2002; Olivier et al., 2004; Giraud et 186 

al., 2006). Furthermore, the high relative abundance of W. britannica observed herein 187 

would corresponds to the turnover experienced by calcareous nannoplankton in the late 188 

Aalenian, after which the diversification of the genus Watznaueria began (Cobianchi et 189 

al., 1992; Mattioli & Erba, 1999; Cobianchi & Picotti, 2001; Tiraboschi & Erba, 2010; 190 

Sucherás-Marx et al., 2015; Giraud et al., 2016; Wiggan et al., 2018; Visentin et al., 191 

2023), mastering the assemblages worldwide and becoming the most successful 192 

Mesozoic nannofossil until the Tithonian (Bown et al., 1988; Bown & Cooper, 1998). 193 
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Moreover, the Watznaueria radiation, accompanied by a dominance of specimens 194 

without structures or a bridge in the central area, matches a major turnover of many 195 

microinvertebrate organisms which are at the base of the food-web chain (Giraud et al., 196 

2016). Such microplankton radiation might have triggered the evolution of other marine 197 

organisms higher in the food-web chain, such as marine reptiles. These suite of events is 198 

also related to major climatic and palaeoceanographic changes in the early Bajocian, as 199 

an expression of the Mid-Mesozoic marine revolution (Sucherás-Marx et al., 2012; 200 

2015; Aguado et al., 2017; Fantasia et al., 2022). In the other hand, the species 201 

Carinolithus magharensis and C. superbus are associated with open marine shelf 202 

environments, with clear and warm waters (Ballent et al., 2000). The overall low 203 

diversity and abundance of the assemblage would indicate a shallowing event related to 204 

a regressive hemicycle in the basin (Gutiérrez Pleimling et al., 2021). 205 

This study provides a new age constraint and paleoenvironmental information for the 206 

marine reptiles of Chacaico Sur, highlighting calcareous nannofossils as a valuable 207 

proxy to enhance this kind of studies, and contributing to better understanding the 208 

Mesozoic marine reptile evolutionary history and ecology. 209 

ACKNOWLEDGMENTS 210 

The authors acknowledge Dra. Marina Lescano and Dr. Lisandro Campos for the 211 

attentive reading of the manuscript and their helpful suggestions. To Alberto C. Garrido, 212 

for providing the studied material. This project has been funded by the UNRN (PI 213 

UNRN-40-A-1230), the MINCYT-ECOS (PA20T02), and the UNLP (N998). 214 

REFERENCES 215 

Aguado, R., O’Dogherty, L., & Sandoval, J. (2017). Calcareous nannofossil assemblage 216 

turnover in response to the Early Bajocian (Middle Jurassic) palaeoenvironmental 217 



 

10 

changes in the Subbetic Basin. Palaeogeography, Palaeoclimatology, 218 

Palaeoecology, 472, 128–145. 219 

Ballent, S. C. (1985). Taxonomía y bioestratigrafía de los microfósiles calcáreos del 220 

Jurásico inferior y medio de la República Argentina (Tesis Doctoral, Facultad de 221 

Ciencias Naturales y Museo, Universidad Nacional de La Plata, Buenos Aires). 222 

Ballent, S. C., Angelozzi, G. N., & Whatley, R. (2000). Microfósiles calcáreos del 223 

Jurásico Medio (límite Aaleniano-Bajociano) en el centro oeste de Argentina: 224 

consideraciones paleoecologicas y bioestratigráficas. Actas de IX Congreso 225 

Geológico Chileno, Resúmenes expandidos, 1(3), 432–436. 226 

Benson, R. B. J., Evans, M., & Druckenmiller, P. S. (2012). High diversity, low 227 

disparity and small body size in plesiosaurs (Reptilia, Sauropterygia) from the 228 

Triassic–Jurassic boundary. PLoS One, 7, e31838. 229 

https://doi.org/10.1371/journal.pone.0031838 230 

Bolton, C. T., & Stoll, H. M. (2025). Coccoliths as Recorders of Paleoceanography and 231 

Paleoclimate over the Past 66 million years. Annual Review of Earth and 232 

Planetary Sciences, 53. 233 

Bown, P. R. (1987). Taxonomy, evolution, and biostratigraphy of Late Triassic–Early 234 

Jurassic calcareous nannofossils. Special Papers on Palaeontology, 38, 1–118. 235 

Bown, P. R., & Cooper, M. K. E. (1989). New calcareous nannofossils from the 236 

Jurassic. Journal of Micropalaeontology, 8(1), 91–96. 237 

https://doi.org/10.1144/jm.8.1.91. 238 

Bown, P. R., & Cooper, M. K. E. (1998). Jurassic. In P. R. Bown (Ed.), Calcareous 239 

Nannofossil Biostratigraphy (pp. 34–85). British Micropalaeontological Society 240 

Publication Series, Kluwer Academic Publishers, Dordrecht–Boston–London. 241 

https://doi.org/10.1371/journal.pone.0031838


 

11 

Bown, P. R., Cooper, M. K. E., & Lord, A. R. (1988). A calcareous nannofossil 242 

biozonation scheme for the early to mid Mesozoic. Newsletters on Stratigraphy, 243 

20, 91–114. 244 

Bukry, D. (1973). Low-latitude coccolith biostratigraphic zonation. In N. T. Edgar, A. 245 

G. Kaneps & J. R. Herring (Eds.), Initial Reports of the Deep Sea Drilling 246 

Project, 15 (pp. 685–703). US Government Printing Office, Washington. 247 

Cabrera, A. (1939). Sobre un nuevo ictiosaurio del Neuquén. Notas Museo de La Plata, 248 

4, 485–491. 249 

Campos, L. (2022). Oftalmosáuridos (Ichthyosauromorpha: Ichthyosauria) del Jurásico 250 

Tardío-Cretácico Temprano de Patagonia Argentina: disparidad, diversidad y 251 

evolución (Tesis Doctoral, Facultad de Ciencias Naturales y Museo, Universidad 252 

Nacional de La Plata, Buenos Aires). Available from 253 

https://doi.org/10.35537/10915/157208 254 

Campos, L., Fernández, M. S., & Herrera, Y. (2020). A new ichthyosaur from the Late 255 

Jurassic of north-west Patagonia (Argentina) and its significance for the evolution 256 

of the narial complex of the ophthalmosaurids. Zoological Journal of the Linnean 257 

Society, 188(1), 180–201. 258 

Chaumeil Rodríguez, M., Pérez Panera, J. P., Spangenberg, J. E., Gómez Dacal, A. R., 259 

Suan, G., Garrido, A. C., & Mattioli, E. (2025). Early and Middle Jurassic 260 

environmental perturbations in south-western Gondwana: An example from the 261 

Neuquén Basin, Argentina. Gondwana Research, 144, 1–19. 262 

https://doi.org/10.1016/j.gr.2025.03.019 263 

Cobianchi, M., Erba, E., & Pirini-Radrizzani, C. (1992). Evolutionary trends of 264 

calcareous nannofossil genera Lotharingius and Watznaueria during the Early and 265 

Middle Jurassic. Memorie di Scienze Geologiche, Padova, 43, 19–25. 266 

https://doi.org/10.35537/10915/157208


 

12 

Cobianchi, M., & Picotti, V. (2001). Sedimentary and biological response to sea-level 267 

and palaeoceanographic changes of a Lower–Middle Jurassic Tethyan platform 268 

margin (Southern Alps, Italy). Palaeogeography, Palaeoclimatology, 269 

Palaeoecology, 169(3–4), 219–244. 270 

Coria, R. A., Cerda, I. A., Escaso, F., Baiano, M. A., Bellardini, F., Braun, A., Coria, L. 271 

M., Gutierrez, J. M., Pino, D., Windholz, G. J., Currie, P. J., & Ortega, F. (2025). 272 

First Valanginian (Early Cretaceous) ornithopod (Dinosauria, Ornithischia) from 273 

Patagonia. Cretaceous Research, 166, 106027. 274 

https://doi.org/10.1016/j.cretres.2024.106027 275 

De Lapparent de Broin, F., de La Fuente, M. S., & Fernández, M. S. (2007). Notoemys 276 

laticentralis (Chelonii, Pleurodira), Late Jurassic of Argentina: new examination 277 

of the anatomical structures and comparisons. Revue de Paléobiologie, 26(1), 99–278 

136. 279 

Deflandre, G., & Dangeard, L. (1938). Schizosphaerella, un nouveau microfossile 280 

méconnu du Jurassique moyen et supérieur. Comptes rendus de l'Académie des 281 

Sciences, 207, 1115–1117. 282 

Deflandre, G., & Fert, C. (1954). Observations sur les coccolithophoridés actuels et 283 

fossiles en microscopie ordinaire et électronique. Annales de Paléontologie, 40, 284 

115–176. 285 

Druckenmiller, P. S., & Maxwell, E. E. (2014). A Middle Jurassic (Bajocian) 286 

ophthalmosaurid (Reptilia, Ichthyosauria) from the Tuxedni Formation, Alaska 287 

and the early diversification of the clade. Geological Magazine, 151(1), 41–48. 288 

Fantasia, A., Mattioli, E., Spangenberg, J. E., Adatte, T., Bernárdez, E., Ferreira, J., 289 

Thibault, N., Krencker, F.-N., & Bodin, S. (2022). The middle-late Aalenian 290 



 

13 

event: A precursor of the Mesozoic Marine Revolution. Global and Planetary 291 

Change, 208, 103705. https://doi.org/10.1016/j.gloplacha.2021.103705 292 

Fernández, M. S. (1994). A new long-snouted ichthyosaur from the Early Bajocian of 293 

Neuquén Basin (Argentina). Ameghiniana, 31(3), 283–290. 294 

Fernández, M. S. (1999). A new ichthyosaur from the Los Molles Formation (Early 295 

Bajocian), Neuquen Basin, Argentina. Journal of Paleontology, 73(4), 677–681. 296 

Fernández, M. S. (2003). Ophthalmosauria (Ichthyosauria) forefin from the Aalenian-297 

Bajocian boundary of Mendoza Province, Argentina. Journal of Vertebrate 298 

Paleontology, 23(3), 691–694. 299 

Fernández, M. S., Campos, L., Maxwell, E. E., & Garrido, A. C. (2021). Catutosaurus 300 

gaspariniae, gen. et sp. nov. (Ichthyosauria, Thunnosauria) of the Upper Jurassic 301 

of Patagonia and the evolution of the ophthalmosaurids. Journal of Vertebrate 302 

Paleontology, 41(1), e1922427.  303 

Fernández, M. S., & de la Fuente, M. S. (1988). Nueva tortuga (Cryptodira: 304 

Thalassemydidae) de la Formación Vaca Muerta (Jurásico, Tithoniano) de la 305 

provincia del Neuquén, Argentina. Ameghiniana, 25(2), 129–138. 306 

Fernández, M. S., & de la Fuente, M.S. (1993). Las tortugas casiquelidias de las calizas 307 

litográficas titonianas del área Los Catutos, Argentina. Ameghiniana, 30(3), 283–308 

295. 309 

Fernández, M. S., Herrera, Y., Vennari, V. V., Campos, L., de la Fuente, M., Talevi, M., 310 

& Aguirre-Urreta, B. (2019). Marine reptiles from the Jurassic/Cretaceous 311 

transition at the High Andes, Mendoza, Argentina. Journal of South American 312 

Earth Sciences, 92, 658–673. 313 

Fernández, M., Martin. J., & Casadío, S. (2008). Mosasaurs (Reptilia) from the late 314 

Maastrichtian (Late Cretaceous) of northern Patagonia (Río Negro, Argentina). 315 

https://doi.org/10.1016/j.gloplacha.2021.103705


 

14 

Journal of South American Earth Sciences, 25(2), 176-186. 316 

https://doi.org/10.1016/j.jsames.2007.07.005 317 

Fernández, M. S., & Talevi, M. (2014). Ophtalmosaurian (Ichthyosauria) records from 318 

the Aalenian–Bajocian of Patagonia (Argentina): an overview. Geological 319 

Magazine, 151(1), 49–59. 320 

Fernández, M. S., & Talevi, M. (2015). An halisaurine (Squamata: Mosasauridae) from 321 

the Late Cretaceous of Patagonia, with a preserved tympanic disc: Insights into 322 

the mosasaur middle ear. Comptes Rendus Palevol, 14(6–7), 483–493. 323 

https://doi.org/10.1016/j.crpv.2015.05.005 324 

Ferreira, J., Mattioli, E., Sucherás-Marx, B., Giraud, F., Duarte, L. V., Pittet, B., Suan, 325 

G., Hassler, A., & Spangenberg, J. E. (2019). Western Tethys Early and Middle 326 

Jurassic calcareous nannofossil biostratigraphy. Earth-Science Reviews, 197, 327 

102908. 328 

Fischer, V., Weis, R., & Thuy, B. (2021). Refining the marine reptile turnover at the 329 

Early–Middle Jurassic transition. PeerJ, 9, e10647. 330 

https://doi.org/10.7717/peerj.10647 331 

Franzese, J. R., Veiga, G. D., Muravchik, M., Ancheta, M. D., & D’Elía, L. (2007). 332 

Estratigrafía de 'sin-rift' (Triásico Superior-Jurásico Inferior) de la Cuenca 333 

Neuquina en la sierra de Chacaico, Neuquén, Argentina. Revista Geológica de 334 

Chile, 34(1), 49–62. 335 

Gao, Y.-H., Ye, Y., & Jiang, S. (2004). A new species of Bishanopliosaurus from 336 

Middle Jurassic of Zigong, Sichuan. Vertebrata Palasiatica, 42(2), 162–165. 337 

García, V. M., Quattrocchio, M. E., Zavala, C. A., & Martínez, M. A. (2006). 338 

Palinofacies, paleoambientes y paleoclima del Grupo Cuyo (Jurásico Medio) en la 339 

https://doi.org/10.1016/j.crpv.2015.05.005
https://doi.org/10.7717/peerj.10647


 

15 

Sierra de Chacaico, Cuenca Neuquina, Argentina. Revista Española de 340 

Micropaleontología, 38(2–3), 269–288. 341 

García, V. M., Zavala, C. A., & Quattrocchio, M. E. (1994). Relación entre análisis 342 

palinológico y análisis de facies. Aplicación al Grupo Cuyo (Jurásico Medio) en 343 

la Cuenca Neuquina. Revista de la Asociación Geológica Argentina, 49(1–2), 344 

184–195. 345 

Gasparini, Z. (1988). Ophthalmosaurus monocharactus Appleby (Reptilia, 346 

Ichthyopterygia) en las Calizas Litográficas titonianas del área Los Catutos, 347 

Neuquén, Argentina. Ameghiniana, 25(1), 3–16. 348 

Gasparini, Z. (1997). A new pliosaur from the Bajocian of the Neuquen Basin, 349 

Argentina. Palaeontology, 40(1), 135–147. 350 

Gasparini, Z., Cichowolski, M., & Lazo, D. (2005). First record of Metriorhynchus 351 

(Reptilia, Crocodyliformes) in the Bathonian (Middle Jurassic) of Eastern Pacific. 352 

Journal of Paleontology, 79(4), 801–805. 353 

Gasparini, Z., & Dellapé, D. (1976). Un nuevo cocodrilo marino (Thalattosuhia, 354 

Metriorhynchidae) de la Formación Vaca Muerta (Jurásico, Tithoniano) de la 355 

provincia del Neuquén. Actas del 1º Congreso Geológico Chileno, 1, C1–C21. 356 

Gasparini, Z., & Fernández, M. S. (2005). Jurassic marine reptiles of the Neuquén 357 

Basin: records, faunas and their paleobiogeographic significance. In G. Veiga, L. 358 

Spalletti, J. Howell & E. Schwarz (Eds.), The Neuquén Basin Argentina: A case of 359 

Study in Sequences and Basin Dynamics (pp. 279–294). Geological Society of 360 

London. 361 

Gasparini, Z., & Fernández, M. S. (2006). Middle and Late Jurassic marine reptiles 362 

faunas of the southeastern Pacific, based on discoveries in Argentina and Chile. 363 

Paludicola, 5(4), 230–241. 364 



 

16 

Gasparini, Z., Fernández, M. S., de la Fuente, M. S., Herrera, Y., Codorniú, L., & 365 

Garrido, A. C. (2015). Reptiles from lithographic limestones of the Los Catutos 366 

Member (middle–upper Tithonian), Neuquén Province, Argentina: an essay on its 367 

taxonomic composition and preservation in an environmental and geographic 368 

context. Ameghiniana, 52(1), 1–28. 369 

Gasparini, Z., Fernández, M. S., de la Fuente, M., & Salgado, L. (2007). Reptiles 370 

marinos jurásicos y cretácicos de la Patagonia argentina: su aporte al 371 

conocimiento de la herpetofauna mesozoica. Ameghiniana, Publicación Especial, 372 

11, 125–136. 373 

Gasparini, Z., & O’Gorman, J. P. (2014). A new species of Pliosaurus (Sauropterygia, 374 

Plesiosauria) from the Upper Jurassic of Northwestern Patagonia, Argentina. 375 

Ameghiniana, 51(4), 269–283. 376 

Gasparini, Z., Salgado, L., & Garrido, A. C. (2022). Reptiles fósiles marinos y 377 

continentales del Museo Provincial de Ciencias Naturales “Prof. Dr. Juan A. 378 

Olsacher” de Zapala, provincia del Neuquén. Publicación Electrónica de la 379 

Asociación Paleontológica Argentina, 22(1), 344–358. 380 

http://doi.org/10.5710/PEAPA.27.06.2021.368 381 

Gasparini, Z., & Spalletti, L. A. (1993). First Callovian Plesiosaurs from the Neuquen 382 

Basin, Argentina. Ameghiniana, 30(3), 245–254. 383 

Giraud, F., Pittet, B., Mattioli, E., & Audouin, V. (2006). Paleoenvironmental controls 384 

on the morphology and abundance of the coccolith Watznaueria britannica (Late 385 

Jurassic, southern Germany). Marine Micropaleontology, 60, 205–225. 386 

Giraud, F., Mattioli, E., López-Otálvaro, G. E., Lécuyer, C., Suchéras-Marx, B., 387 

Alméras, Y., Martineau, F., Arnaud-Godet, F., & de Kænel, E. (2016). 388 

Deciphering processes controlling mid-Jurassic coccolith turnover. Marine 389 



 

17 

Micropaleontology, 125, 36–50. 390 

http://dx.doi.org/10.1016/j.marmicro.2016.03.001 391 

Godefroit, P. (1994). Simolestes keileni sp. nov., un Pliosaure (Plesiosauria, Reptilia) du 392 

Bajocien supérieur de Lorraine (France). Bulletin des Académie et Société 393 

Lorraines des sciences, 33(2), 77–95. 394 

González Ruíz, P., de la Fuente, M. S., & Fernández, M. S. (2020). New cranial fossils 395 

of the Jurassic turtle Neusticemys neuquina and phylogenetic relationships of the 396 

only thalassochelydian known from the Eastern Pacific. Journal of Palaeontology, 397 

94(1), 145–164. 398 

Gradstein, F. M., Ogg, J. G., Schmitz, M., & Ogg, G. (2020). The Geological Time 399 

Scale 2020. Elsevier. 400 

Grün, W., Prins, P., & Zweili, F. (1974). Coccolithophoriden aus dem Lias epsilon von 401 

Holzmaden (Deutschland). Neues Jahrbuch für Geologie und Paläontologie, 402 

Abhandlungen, 147(3), 294–328. 403 

Gutiérrez Pleimling, A. R., Ambrosio, A., Gómez, C., Bustos, G., González, J. M., 404 

Guzmán, C., & Tapia, F. (2021). Sequence-stratigraphic study of Cuyo Group in 405 

the Agua del Cajón Block, Neuquén Basin, Argentina. Journal of South American 406 

Earth Sciences, 110, 103373. 407 

Hesselbo, S. P., Ogg, J. G. & Ruhl, M. (2020). The Jurassic Period. In F.M. Gradstein, 408 

J.G. Ogg, M. Schmitz & G. Ogg (Eds.), The Geological Time Scale (pp. 955–409 

1021). Elsevier.  410 

Herrera, Y. (2015). Metriorhynchidae (Crocodylomorpha: Thalattosuchia) from Upper 411 

Jurassic–Lower Cretaceous of Neuquén Basin (Argentina), with comments on the 412 

natural casts of the brain. Publicación Electrónica de la Asociación 413 

http://dx.doi.org/10.1016/j.marmicro.2016.03.001


 

18 

Paleontológica Argentina, 15(1), 159–171. 414 

https://doi.org/10.5710/PEAPA.09.06.2015.104 415 

Herrera, Y., Gasparini, Z., & Fernández, M. S. (2013). A new Patagonian species of 416 

Cricosaurus (Crocodyliformes, Thalattosuchia): first evidence of Cricosaurus in 417 

Middle–Upper Tithonian lithographic limestones from Gondwana. Palaeontology, 418 

56(3), 663–678. 419 

Larkin, N. R., Lomax, D. R., Boomer, I., & Copestake, P. (2024). In search of lost time: 420 

Recovering missing stratigraphical data from fossil marine reptile specimens 421 

using micropalaeontological analyses. Geological Curator, 11(9), 583–589. 422 

Lazo, D. G., Talevi, M., Cataldo C. S., Aguirre Urreta, B., & Fernández, M. S. (2018). 423 

Description of ichthyosaur remains from the Lower Cretaceous Agrio Formation 424 

(Neuquén Basin, west-central Argentina) and their paleobiological implications. 425 

Cretaceous Research, 89, 8–21. 426 

Leanza, H. A., Pérez d'A, E., & Reyes, R. (1987). Scaphorella, un nuevo género de 427 

Trigoniidae (Bivalvia) del Jurásico medio de Argentina, Chile y Estados Unidos 428 

de América. Ameghiniana, 24(1-2), 81–88. 429 

Maisch, M. W. (2010). Phylogeny, systematics, and origin of the Ichthyosauria – the 430 

state of the art. Palaeodiversity, 3, 151–214. 431 

Martínez, M. A., & Olivera, D. E. (2016). Jurassic organic-walled marine 432 

microplankton from the Neuquén Basin. distribution, biostratigraphy and 433 

paleobiogeography. A review. Publicación Electrónica de la Asociación 434 

Paleontológica Argentina, 16(2), 106–128. 435 

https://doi.org/10.5710/PeAPA.25.11.2016.115 436 

https://doi.org/10.5710/PEAPA.09.06.2015.104
https://doi.org/10.5710/PeAPA.25.11.2016.115


 

19 

Martínez, M. A., Quattrocchio, M. E., & Prámparo, M. B. (2005). Análisis palinológico 437 

de la Formación Los Molles, Grupo Cuyo, Jurásico medio de la cuenca Neuquina, 438 

Argentina. Ameghiniana, 42(1), 67–92. 439 

Matelo Mirco, G., O’Gorman, J. P., & Gasparini, Z. (2024). An unexpected short tooth 440 

replacement cvcle penod in Maresaurus coccai (Piesiosauna; Rhomaleosaundae 441 

from the Bajocian of Argentinean Patagonia. Rivista Italiana di Paleontologia e 442 

Stratigrafia, 130(2), 299–310. 443 

Mattioli, E., & Erba, E. (1999). Synthesis of calcareous nannofossil events in Tethyan 444 

Lower and Middle Jurassic successions. Rivista Italiana di Paleontologia e 445 

Stratigrafia, 105, 343–376. 446 

Maxwell, E. E., Fernández, M. S., & Schoch, R. R. (2012). First Diagnostic Marine 447 

Reptile Remains from the Aalenian (Middle Jurassic): A New Ichthyosaur from 448 

Southwestern Germany. PLoS ONE, 7(8), e41692. 449 

https://doi.org/10.1371/journal.pone.0041692 450 

Miedema, F., Bastiaans, D., Scheyer, T. M., Klug, C., & Maxwell, E. E. (2024). A large 451 

new Middle Jurassic ichthyosaur shows the importance of body size evolution in 452 

the origin of the Ophthalmosauria. BMC Ecology and Evolution, 24(1), 34. 453 

https://doi.org/10.1186/s12862-024-02208-3 454 

Motani, R. (2005). Evolution of Fish-Shaped Reptiles (Reptilia: Ichthyopterygia) in 455 

Their Physical Environments and Constraints. Annual Review of Earth and 456 

Planetary Sciences, 33, 395–420. 457 

Moshkovitz, S., & Ehrlich, A. (1976). Distribution of Middle and Upper Jurassic 458 

calcareous nannofossils in the northeastern Negev, Israel and in Gebel Maghara, 459 

northern Sinai. Bulletin of the Geological Survey of Israel, 69, 1–47. 460 

https://doi.org/10.1371/journal.pone.0041692
https://doi.org/10.1186/s12862-024-02208-3


 

20 

Mutterlose, J., Bornemann, A., & Herrle, J. (2005). Calcareous nannofossils - state of 461 

the art. Paläontologische Zeitschrift, 79(1), 113–133. 462 

O'Gorman, J. P., Carignano, A. P., Calvo Marcilese, L., & Pérez Panera, J. P. (2023). A 463 

new elasmosaurid (Sauropterygia, Plesiosauria) from the upper levels of the La 464 

Colonia Formation (upper Maastrichtian), Chubut Province, Argentina. 465 

Cretaceous Research, 152(1), 105674. 466 

O´Gorman, J. P., Lazo, D., Luci, L., Cataldo, C., Schwarz, E., Lescano, M., & Aguirre 467 

Urreta, M. B. (2015). New plesiosaur records from the Lower Cretaceous of the 468 

Neuquén Basin, west-central Argentina, with an updated picture of occurrences 469 

and facies relationships. Cretaceous Research, 56, 372–387. 470 

Olivera, D. E., Martínez, M. A., Zavala, C., Di Nardo, J. E., & Otharán, G. (2020). New 471 

contributions to the palaeoenvironmental framework of the Los Molles Formation 472 

(Early‑to‑Middle Jurassic), Neuquén Basin, based on palynological data. Facies, 473 

66, 23. https://doi.org/10.1007/s10347-020-00607-8 474 

Pérez Panera, J. P., Angelozzi, G. N., Riccardi, A. C., Damborenea, S. E., & 475 

Manceñido, M. O. (2023). Late Triassic calcareous nannofossils from Arroyo 476 

Malo Formation, Neuquen Basin, Argentina. Implications for their early evolution 477 

and dispersal. Ameghiniana, 60(2), 140–163. 478 

Pittet, B., & Mattioli, E. (2002). The carbonate signal and calcareous nannofossil 479 

distribution in an Upper Jurassic section (Balingen-Tieringen, Late Oxfordian, 480 

southern Germany). Palaeogeography, Palaeoclimatology, Palaeoecology, 179(1-481 

2), 71–96. 482 

Reinhardt, P. (1964). Einige Kalkflagellaten-Gattungen (Coccolithophoriden, 483 

Coccolithineen) aus dem Mesozoikum Deutschlands. Monatsberichte der 484 

Deutschen Akademie der Wissenschaften zu Berlin, 6, 749–759. 485 



 

21 

Reolid, M., Ruebsan, W., Reolid, J., & Benton, M. J. (2024). Impact of early Toarcian 486 

climatic changes on marine reptiles: Extinction and recovery. Earth-Science 487 

Reviews, 259, 104965. 488 

Riccardi, A. C. (2008). El Jurásico de la Argentina y sus amonites. Revista de la 489 

Asociación Geológica Argentina, 63(4), 625–643. 490 

Riccardi, A. C., Damborenea, S. E., Manceñido, M. O., & Ballent, S. C. (1994). Middle 491 

Jurassic Biostratigraphy of Argentina. Geobios, 27(2), 423–430. 492 

Roth, P. H. (1984). Preservation of calcareous nannofossils and fine–grained carbonate 493 

particles in mid–Cretaceous sediments from the southern Angola Basin, site 530. 494 

In R. Amidei (Ed.), Initial Reports of the Deep Sea Drilling Project, 75 (pp. 651–495 

655). US Government Printing Office, Washington. 496 

Sachs, S., Klug, C., & Kear, B. P. (2019). Rare evidence of a giant pliosaurid-like 497 

plesiosaur from the Middle Jurassic (lower Bajocian) of Switzerland. Swiss 498 

Journal of Palaeontology, 138, 337–342. 499 

Saraswati, P. K., & Srinivasan, M. S. (2016). Micropaleontology. Principles and 500 

Applications. Springer Cham. 501 

Spalletti, L. A., & Gasparini, Z. (1993). Los niveles fosilíferos de la Formación Los 502 

Molles (Jurásico Medio. Cuenca Neuquina Austral) y su significado estratigráfico. 503 

Ameghiniana, 30(1), 113. 504 

Spalletti, L. A., Gasparini, Z., & Fernández, M. (1994). Facies, ambientes y reptiles 505 

marinos de la transición entre las Formaciones Los Molles y Lajas (Jurásico 506 

Medio), cuenca Neuquina, Argentina. Acta Geologica Leopoldensia, 17, 329–344. 507 

Stradner, H. (1963). New contributions to Mesozoic stratigraphy by means of 508 

nannofossils. Proceedings of the Sixth World Petroleum Congress, Frankfurt am 509 

Main, Germany, 1963, Section 1 Paper 4, 167–183. 510 



 

22 

Suchéras-Marx, B., Guihou, A., Giraud, F., Lécuyer, C., Allemand, P., Pittet, B., & 511 

Mattioli, E. (2012). Impact of the Middle Jurassic diversification of Watznaueria 512 

(coccolith-bearing algae) on the carbon cycle and δ13C of bulk marine 513 

carbonates. Global and Planetary Change, 86–87, 92–100. 514 

Suchéras-Marx, B., Mattioli, E., Giraud, F., & Escarguel, G. (2015). 515 

Paleoenvironmental and paleobiological origins of coccolithophorid genus 516 

Watznaueria emergence during the late Aalenian–early Bajocian. Paleobiology, 517 

41(3), 415–435. 518 

Talevi, M., Campos, L., & Fernández, M. S. (2021). Microanatomy and histology of the 519 

distal limb elements of Ophthalmosaurids from the Middle Jurassic to the Lower 520 

Cretaceous from Neuquén Basin, Patagonia, Argentina. Cretaceous Research, 521 

121, 104737. 522 

Talevi, M., & Fernández, M. S. (2012). Unexpected skeletal histology of an ichthyosaur 523 

from the Middle Jurassic of Patagonia: implications for evolution of bone 524 

microstructure among secondary aquatic tetrapods. Naturwissenschaften, 99(3), 525 

241–244. 526 

Talevi, M., & Fernández, M. S. (2015a). Reptiles marinos jurásicos de la Cuenca 527 

Neuquina. In J. J. Ponce, A. O. Montagna & N. Carmona (Eds.), Geología de la 528 

Cuenca Neuquina y sus sistemas petroleros (pp. 102–107). Fundación YPF & 529 

Universidad Nacional de Río Negro. 530 

Talevi, M., & Fernández M. S. (2015b). Remodelling bone and structural 531 

specializations in a elasmosaurid (Sauropterygia: Plesiosauroidea) from the Upper 532 

Cretaceous of Patagonia, Argentina. Historical Biology, 27(1), 60–67. 533 



 

23 

Talevi, M., Fernández, M. S., & Salgado L. (2012). Variación en la histología ósea de 534 

Caypullisaurus bonapartei Fernández, 1997 (Ichthyosauria: Ophthalmosauridae). 535 

Ameghiniana, 49(1), 38–46. 536 

Talevi, M., Rothschild, B., Mitidieri, M., & Fernández M. S. (2021). Infectious 537 

spondylitis with pathology mimicking that of tuberculosis in a cervical vertebra of 538 

a plesiosaur from the Upper Cretaceous of Patagonia, Argentina. Cretaceous 539 

Research, 128, 104982. 540 

Thorne, P. M., Ruta, M., & Benton, M. J. (2011). Resetting the evolution of marine 541 

reptiles at the Triassic-Jurassic boundary. PNAS, 108, 8339–8334. 542 

Tiraboschi, D., & Erba, E. (2010). Calcareous nannofossil biostratigraphy (Upper 543 

Bajocian-Lower Bathonian) of the Ravin du Bès section (Bas Auran, Subalpine 544 

Basin, SE France): Evolutionary trends of Watznaueria barnesiae and new 545 

findings of “Rucinolithus” morphotypes. Geobios, 43(1), 59–76. 546 

Tutin, S. L., & Butler, R. J. (2017). The completeness of the fossil record of plesiosaurs, 547 

marine reptiles from the Mesozoic. Acta Palaeontologica Polonica, 62(3), 563–548 

573. 549 

Vincent, P., Bardet, N., & Morel, N. (2007). An elasmosaurid plesiosaur from the 550 

Aalenian (Middle Jurassic) of Western France. Neues Jahrbuch für Geologie und 551 

Paläontologie, Abhandlungen, 243(3), 363–370. 552 

Vincent, P., Martin, J. E., Fischer, V., Suan, G., Khalloufi, B., Suchéras-Marx, B., Léna, 553 

A., Janneau, K., Rousselle, B., & Ruilleaau, L. (2013). Marine vertebrate remains 554 

from the Toarcian–Aalenian succession of southern Beaujolais, Rhône, France. 555 

Geological Magazine, 150(5), 822–834. 556 

Visentin, S., Faucher, G., & Erba, E. (2023). Calcareous nannofossil taxonomy and 557 

biostratigraphy of the Toarcian-lower Bajocian Colle Di Sogno section 558 



 

24 

(Lombardy Basin, southern Alps, Italy). Rivista Italiana di Paleontologia e 559 

Stratigrafia, 129(1), 207–228. 560 

Volkheimer, W. (1973). Palinología estratigráfica del Jurásico de la Sierra de Chacai-561 

Co y adyacencias (Cuenca Neuquina, República Argentina). I. Estratigrafía de las 562 

formaciones Sierra Chacai Co (Pliensbachiano), Los Molles (Toarciano, 563 

Aaleniano), Cura Niyeu (Bayociano) y Lajas (Caloviano inferior). Ameghiniana, 564 

10(2), 105–131. 565 

Volkheimer, W. (1974). Palinología estratigráfica del Jurásico de la Sierra de Chacai-566 

Co y adyacencias (Cuenca Neuquina, República Argentina). II. Descripción de los 567 

palinomorfos del Jurásico Inferior y Aaleniano (formaciones Sierra Chacay Co y 568 

Los Molles). Ameghiniana, 11(2), 135–172. 569 

Weaver, C. E. (1931). Paleontology of the Jurassic and Cretaceous of West Central 570 

Argentina. Memoirs of the University of Washington, I. University of Washington 571 

Press, Seattle, 594p. 572 

Westermann, G. E. G., & Riccardi, A. C. (1979). Middle Jurassic Ammonoid Fauna and 573 

Biochronology of the Argentine-Chilean Andes. Part II. Bajocian 574 

Stephanocerataceae. Palaeontographica Abteilung A Band A164 Lieferung 4–6, 575 

85–188. 576 

Wiggan, N. J., Riding, J. B., Fensome, R. A., & Mattioli, E. (2018). The Bajocian 577 

(Middle Jurassic): A key interval in the early Mesozoic phytoplankton radiation. 578 

Earth-Science Reviews, 180, 126–146. 579 

Zavala, C. A. (1996). High-resolution sequence stratigraphy in the Middle Jurassic 580 

Cuyo Group, south Neuquén Basin, Argentina. In A. C. Riccardi (Ed.), Advances 581 

in Jurassic Research (pp. 295–304). Zurich-Uetikon. 582 



 

25 

Zhang, Y. (1985). A new plesiosaur from the Middle Jurassic of Sichuan Basin. 583 

Vertebrata PalAsiatica, 23, 235–240. 584 

Zhang, F., Yu, H.-D., Xiong, C., Wei, Z.-Y., Peng, G.-Z., & Wei, X.-F. (2020). New 585 

freshwater plesiosaurian materials from the Middle Jurassic Xintiangou 586 

Formation of the Sichuan Basin, southwestern China. Journal of 587 

Palaeogeography, 9, 23. https://doi.org/10.1186/s42501-020-00072-y 588 

 589 

Figure and table captions 590 

Table 1. Distribution chart of the recorded calcareous nannofossil species in the studied 591 

samples. All the samples display a poor preservation state (P) with significant 592 

overgrowth (Roth, 1984). Relative abundance values are as follow: R, rare = up to 5 593 

specimens; F, few = 6-10 specimens; C, common = 11-20 specimens; A, abundant = 594 

more than 20 specimens. 595 

Figure 1. 1, Jurassic marine reptile worldwide records (modified from Fischer et al., 596 

2021); 2, Ichthyosauria and Plesiosauria records for the Aalenian-Bajocian interval: 597 

Argentina (Cabrera, 1939; Fernández, 1994, 1999, 2003; Gasparini, 1997), China 598 

(Zhang, 1985; Gao et al., 2004; Zhang et al., 2020), France (Godefroit, 1994; Vincent et 599 

al., 2007, 2013), Germany (Maxwell et al., 2012), Luxembourg (Fischer et al., 2021), 600 

Switzerland (Miedema et al., 2024), and U.S.A. (Druckenmiller & Maxwell, 2014). The 601 

Neuquén Basin, Argentina, is the only location in the South Hemisphere where both 602 

groups are recorded. 603 

Figure 2. 1, Geographic location of the studied area (modified after Coria et al., 2025); 604 

2, Geological map of the studied area (modified after Gasparini & Spalletti, 1993). 605 

Figure 3. Calcareous nannofossils recovered from Chacaico Sur sediments. 1-3, 606 

Carinolithus magharensis (Moshkovitz & Ehrlich, 1976) Bown, 1987; 4, Retecapsa 607 

https://doi.org/10.1186/s42501-020-00072-y


 

26 

incompta Bown & Cooper, 1989; 5-6, Discorhabdus striatus Moshkovitz & Ehrlich 608 

1976; 7-8, Carinolithus superbus (Deflandre in Deflandre & Fert, 1954) Prins in Grün 609 

et al., 1974; 9-10, Watznaueria contracta (Bown & Cooper, 1989) Cobianchi et al. 610 

1992; 11-12, Watznaueria britannica (Stradner, 1963) Reinhardt, 1964; 13-14, 611 

Watznauria manivitiae Bukry, 1973; 15, Schizosphaerella punctulata Deflandre & 612 

Dangeard, 1938; and 16, Schizosphaerella punctulata fragment Deflandre & Dangeard, 613 

1938. All pictures from sample MOZ-Pm-61. Scale bar = 5 µm. 614 

Figure 4. Aalenian – Callovian calcareous nannofossil and ammonite zonation schemes 615 

(Age and Zone correlation according to Riccardi, 2008 and Hesselbo et al., 2020. Figure 616 

prepared with and modified after TSCreator v 8.1 - 02April2023). 617 











TABLE 1. Calcareous nannofossils distribution chart 
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MOZ-Pm 61 1200 P R R R R R A R F F F R R 0.06 12 

MOZ-Pm 62 600 P R  R   C R R R F  R 0.05 8 

MOZ-Pm 63 600 P   R   C R R R R  R 0.05 7 

MOZ-Pm 64 600 P  R R   C  R R R  R 0.04 7 

*Replicates. All belong to the same rock sample. 

 


