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                    Abstract
The studied transgressive deposits record the imprints of the coastal upwelling affecting the distribution of the shallow-water benthic assemblage in the early Priabonian Central Carpathian Paleogene Basin (CCPB). Our inferences are based on the study of benthic and planktonic assemblages, with special emphasis on the coralline algal (CRA) system, and the facies development at the Štrba locality. We have observed the development of cool-water carbonates on warm-water carbonate platforms. Coralline algal assemblage predominated through hapalidialids, rhodalgal and bryomol grain associations; specific microborings and calcareous nannoplankton in the Štrba locality are indicative of cool-water, while nummulite banks and hermatypic corals from adjacent and distant sites within the basin are indicative of warm-water carbonates. The last mentioned are indicative of oligotrophic and euphotic settings, while nannoplankton, bryozoans and mollusks suggest mesotrophic conditions. Given the above, our results show the heterogeneous distribution of sea water temperature and nutrients that are characteristic for recent seasonal wind or eddy-driven coastal upwelling ecosystems (e.g. in the Mediterranean Sea). Upwelled cold and nutrient-enriched water enhanced the expansion of suspension feeders and favoured the growth of cool-water CRA with gametophytic phases. In the seasons without upwelling, nummulits could thrive in warm-water settings. This mechanism well explain why extensive nummulit banks were developed in adjacent sites but were not in the Štrba locality. The section is topped by bryozoan marlstone with glaucony. This lithofacies indicates the deepening of the basin. Here we were not able to discriminate between agents causing nutrification (e.g. upwelling, river plumes or gradual cooling) and the associated mesotrophication of the environment during the climatic deterioration documented across the CCPB.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]


Fig. 10[image: ]


Fig. 11[image: ]


Fig. 12[image: ]


Fig. 13[image: ]


Fig. 14[image: ]


Fig. 15[image: ]


Fig. 16[image: ]


Fig. 17[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Deoxygenation following coral spawning and low-level thermal stress trigger mass coral mortality at Coral Bay, Ningaloo Reef
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 March 2024
                                    

                                

                                Zoe T. Richards, Lewis Haines, … Ben Saunders

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Algae-coral symbiosis: fragility owing to anthropogenic activities and adaptive response to changing climatic trends
                                        
                                    

                                    
                                        Article
                                        
                                         29 March 2024
                                    

                                

                                Varunendra Singh Rawat, Aparna Nautiyal, … Pooja Baweja

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Mineralogy and Geochemistry of Marine Sediments in the Northeastern Gulf of Mexico
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Data availability

              
              Material is stored in the depository of the Slovak Academy of Science, Bratislava. Historical collection is stored in the depository of the Comenius University in Bratislava.

            

Change history
	15 September 2021
A Correction to this paper has been published: https://doi.org/10.1007/s12549-021-00512-0





References
	Adey, W. H. (1973). Temperature control of reproduction and productivity in a subarctic coralline alga. Phycologia, 12(3/4), 111–118.
Article 
    
                    Google Scholar 
                

	Adey, W. H., & Vassar, J. M. (1975). Colonization, succession and growth rates of tropical crustose coralline algae (Rhodophyta, Cryptonemiales). Phycologia, 14, 55–69.
Article 
    
                    Google Scholar 
                

	Adey, W. H., Townsend, R. A., & Boykins, W. T. (1982). The Crustose Coralline Algae (Rhodophyta: Corallinaceae) of the Hawaiian Islands. Smithsonian Contributions to the Marine Sciences, 15, 1–74.
Article 
    
                    Google Scholar 
                

	Adey, W. H., Athanasiadis, A., & Lebednik, P. A. (2001). Re-instatement of Leptophytum and its type Leptophytum leave: taxonomy and biogeography of the genera Leptophytum and Phymatolithon (Corallinales, Rhodophyta). European Journal of Phycology, 36, 191–203.
Article 
    
                    Google Scholar 
                

	Aguirre, J., & Braga, J. C. (1998). Redescription of Lemoine’s (1939) types of Coralline algal species from Algeria. Palaeontology, 41, 489–507.

                    Google Scholar 
                

	Aguirre, J., Riding, R., & Braga, J. C. (2000). Diversity of coralline red algae: origination and extinction patterns from the Early Cretaceous to the Pleistocene. Paleobiology, 26, 651–667.
Article 
    
                    Google Scholar 
                

	Aguirre, J., Braga, J. C., & Bassi, D. (2011). Taxonomic assessment of coralline algal species (Rhodophyta; Corallinales and Sporolithales) described by Pfender, Lemoine, and Miranda from northern Spain type localities. Annalen des Naturhistorischen Museums in Wien, Serie A, 113, 267–289.

                    Google Scholar 
                

	Andrusov, D. (1937). Rôle des Thallophytes dans la constitution des roches sédimentaires des Carpathes tchécoslovaques. Věstník Královské České Spolučnosti Nauk, Třída Matematicko-Přírodovědecká, 1938, 1–32.

                    Google Scholar 
                

	Athanasiadis, A. (2001). Lectotypification of Lithophyllum arcticum (Corallinales, Rhodophyta) and a study of its relationships within the Melobesioideae. Nordic Journal of Botany, 21, 93–112.

	Athanasiadis, A., Lebednik, P. A., & Adey, W. H. (2004). The genus Mesophyllum (Melobesioideae, Corallinales, Rhodophyta) on the northern Pacific coast of North America. Phycologia, 43, 126–165.

	Athanasiadis, A., & Ballantine, D. L. (2014). The genera Melyvonnea gen. nov. and Mesophyllum s.s. (Melobesioideae, Corallinales, Rhodophyta) particularly from the central Atlantic Ocean. Nordic Journal of Botany, 32, 385–436.

	Bader, B. (2001). Modern bryomol-sediments in a cool-water, high-energy settings: the Inner Shelf off Northern Brittany. Facies, 44, 81–104.
Article 
    
                    Google Scholar 
                

	Ballesteros, E. (2006). Mediterranean coralligenous assemblages: a synthesis of present knowledge. In R. N. Gibson, R. J. A. Atkonson, & J. D. M. Gordon (Eds.), Oceanography and Marine Biology – An Annual Review (pp. 123–195). Boca Raton: CRC Press.

                    Google Scholar 
                

	Baráth, I., & Kováč, M. (1995). Systematics of gravity-flow deposits in the marginal Paleogene formations between Markušovce and Kluknava villages (Hornád Depression). Mineralia Slovaca, Geovestník, 27, 1–6. [in Slovakian]

	Bassi, D. (2005). Larger foraminiferal and coralline algal facies in an Upper Eocene storm-influenced, shallow-water carbonate platform (Colli Berici, north-eastern Italy). Palaeogeography, Palaeoclimatology, Palaeoecology, 226, 17–35.
Article 
    
                    Google Scholar 
                

	Basso, D. (1995). Living calcareous algae by a paleontological approach: the genus Lithothamnion Heydrich nom. cons. from the soft bottoms of the Tyrrhenian Sea (Mediterranean). Rivista Italiana di Paleontologia e Stratigrafia, 101, 349–366.

	Basso, D. (1998). Deep rhodolith distribution in the Pontian Islands, Italy: a model for the paleoecology of temperate sea. Palaeogeography, Palaeoclimatology, Palaeoecology, 137, 173–187.
Article 
    
                    Google Scholar 
                

	Basso, D. (2012). Carbonate production by calcareous red algae and global change. In D. Basso & B. Granier (Eds.), Calcareous algae and global change: from identification to quantification. Geodiversitas 34, 13–33.

	Basso, D., & Tomaselli, V. (1994). Palaeoecological potentiality of rhodoliths: a Mediterranean case history. In R. Matteucci et al. (Eds.), Studies on Ecology and Paleontology of Benthic Communities, Bollettino della Societa Paleontologica Italiana, Special Volume 2 (pp. 17–27). Modena: Mucchi.

                    Google Scholar 
                

	Basso, D., Fravega, P., Piazza, M., & Vannucci, G. (1998). Revision and re-documentation of M. Airoldi’s species of Mesophyllum from the Tertiary Piedmon Basin (NW Italy). Rivista Italiana di Paleontologia e Stratigrafia, 106, 85–94.

	Basso, D., Nalin, R., & Nelson, C. S. (2009). Shallow-water Sporolithon rhodoliths from North Island (New Zealand). Palaios, 24, 92–103.
Article 
    
                    Google Scholar 
                

	Basso, D., Babbini, L., Ramos-Esplá, A. A., & Salomidi, M. (2016). Mediterranean Rhodolith Beds. In R. Riosmena-Rodríguez, W. Nelson, & J. Aguirre (Eds.), Rhodolith/Maërl Beds: A Global Perspective (pp. 281–298). Springer International Publishing.

	Beavington-Penney, S. J. (2004). Analysis of the effects of abrasion on the test of Palaeonummulites venosus: implication for the origin of Nummulithoclastic Sediments. Palaios, 19, 143–155.

	Beavington-Penney, S. J., Wright, P., & Woelkerling, W. J. (2004). Recognising macrophyte-vegetated environments in the rock record: a new criterion using ‘hooked’ forms of crustose coralline red algae. Sedimentary Geology, 166, 1–9.
Article 
    
                    Google Scholar 
                

	Benzoni, F., Basso, D., Caragnano, A., & Rodondi, G. (2011). Hydrolithon spp. (Rhodophyta, Corallinales) overgrow live corals (Cnidaria, Scleractinia) in Yemen. Marine Biology, 158, 2419–2428.

	Biely, A., Bezák, V., Elečko, M., Kaličiak, M., et al. (1996). Geological map Map of Slovakia (1:500 000). Bratislava: Geological Survey of Slovak Republic.

                    Google Scholar 
                

	Bode, A., Varela, M., Prego, R., Rozada, F., & Santos, M. D. (2017). The relative effects of upwelling and river flow on the phytoplankton diversity patterns in the ria of A Coruña (NW Spain). Marine Biology, 164, 93.
Article 
    
                    Google Scholar 
                

	Bosence, D. W. J. (1976). Ecological studies on two unattached coralline algae from Western Ireland. Palaeontology, 19, 365–395.

                    Google Scholar 
                

	Bracchi, V., Nalin, R., & Basso, D. (2016). Morpho-structural heterogeneity of shallow-water coralligenous in a Pleistocene marine terrace (Le Castella, Italy). Palaeogeography Palaeoclimatology Palaeo-ecology, 454, 101–112.

	Braga, J. C., Bosence, D. W. J., & Steneck, R. S. (1993). New anatomical characters in fossil coralline algae and their taxonomic implications. Palaeontology, 36, 535–547.

                    Google Scholar 
                

	Bucur, I. I., & Nicorici, E. (1992). Calcareous algae from the Sarmatian deposits in the Simleu Basin (Romania). Studia Univ Babeş-Bolyai, Geologia, 2, 3–7.

                    Google Scholar 
                

	Buček, S., Filo, I., & Laurinc, D. (2013). Litofaciálne členenie borovského súvrstvia Liptovskej kotliny a západnej časti Popradskej kotliny. In Ľ. Hraško (Ed.), Aktualizácia geologickej stavby problémových území Slovenska v mierke 1:50 000 (pp. 50). Bratislava: Ministerstvo Životného Prostredia Slovenskej Republiky, Štátny Geologický Ústav Dionýza Štúra Geofond archive, archive number: 91733_37.

                    Google Scholar 
                

	Carannante, G., Esteban, M., Milliman, J. D., & Simone, L. (1988). Carbonate lithofacies as paleolatitude indicators problems and limitations. Sedimentary Geology, 60, 333–346.
Article 
    
                    Google Scholar 
                

	Cebrián, E., Ballesteros, E., & Canals, M. (2000). Shallow rocky bottom benthic assemblages as calcium carbonate producers in the Alboran Sea (southwestern Mediterranean). Oceanologica Acta, 23, 311–322.
Article 
    
                    Google Scholar 
                

	Chalupová, B. (2000). Eocene fish fauna from the Menilite Beds (Huty Formation) of the Central Carpathian Paleogene Basin (Orava region, NW Slovakia). Slovak Geological Magazine, 6, 168–171.

                    Google Scholar 
                

	Checconi, A., Bassi, D., Carannante, G., & Monaco, P. (2010). Re-deposited rhodoliths in the Middle Miocene hemipelagic deposits of Vitulano (Southern Apennines, Italy): Coralline assemblage characterization and related trace fossils. Sedimentary Geology, 225, 50–66.
Article 
    
                    Google Scholar 
                

	Corsini, G., Grasso, R., & Cipollini, P. (2002). Regional bio-optical algorithms for the Alboran Sea from a reflectance model and in situ data. Geophysical Research Letters, 29, 1–4.
Article 
    
                    Google Scholar 
                

	Filipek, A., Wysocka, A., & Barski, M. (2017). Depositional setting of the Oligocene sequence of the Western Carpathians in the Polish Spisz region – a reinterpretation based on integrated palynofacies and sedimentological analyses. Geological Quarterly, 61, 859–876.

                    Google Scholar 
                

	Filo, I., & Siráňová, Z. (1996). The Tomášovce Member – a new lithostratigraphic unit of the Subtatric Group. Geologicke Práce, Správy, 102, 41–49. [in Slovakian with English summary]

	Filo, I., & Siráňová, Z. (1998). Hornád and Chrasť Member – new regional lithostratigraphic units of the Sub-Tatric Group. Geologické Práce, Správy, 103, 35–51. [in Slovakian with English summary]

	Filo, I., Buček, S., & Siráňová, Z. (2009). Litofaciálne členenie borovského súvrstvia podtatranskej skupiny (oravský paleogén). Bratislava: Štátny Geologický Ústav Dionýza Štúra.

                    Google Scholar 
                

	Flügel, E. (2004). Microfacies of carbonate rocks. Analysis, Inter-pretation and Application. New York: Springer.

	Fornós, J. J., & Ahr, W. M. (2006). Present-day temperate carbonate sedimentation on the Balearic Platform, western Mediterranean: compositional and textural variation along a low-energy isolated ramp. In H. M. Pedley & G. Carannante (Eds.), Cool-Water Carbonates: Depositional Systems and Palaeoenvironmental Controls, Special Publications, 255 (pp. 71–84). London: Geological Society.

                    Google Scholar 
                

	Garecka, M. (2005). Calcareous nannoplankton from the Podhale Flysh (Oligocene-Miocene, Inner Carpathians, Poland). Studia Geologica Polonica, 124, 353–369.

                    Google Scholar 
                

	Gedl, P. (2000). Biostratigraphy of the Podhale Paleogene (Inner Carpathians, Poland) in the light of palynological studies. Part II. Summary and systematic descriptions. Studia Geologica Polonica, 117, 155–303.

                    Google Scholar 
                

	Ghosh, A. K., Sarma, A., & Sarkar, S. (2013). Diversity of Middle Eocene Coralline Red Algae from the Prang Limestone (Shella Formation) of Jaintia Hills, Meghalaya, NE Himalaya, India with special emphasis on palaeoenvironment. Chinese Science Bulletin, 58, 118–125.
Article 
    
                    Google Scholar 
                

	Glynn, P. W., & Leyte Morales, G. E. (1997). Coral reefs of Huatulco, West México: reef development in upwelling Gulf of Tehuantepec. Revista de Biología Tropical, 45, 1033–1047.

                    Google Scholar 
                

	Glynn, P. W., Mones, A. B., Podestá, G. P., Colbert, A., & Colgan, M. W. (2017). El Niño-southern oscilation: effects on Eastern Pacific coral reefs and associated biota. In P. W. Glynn (Ed.), Coral Reefs of the Eastern Pacific, Coral Reefs of the World 8 (pp. 251–290). Dortrecht: Springer.
Chapter 
    
                    Google Scholar 
                

	Golubic, S., Perkins, R. D., & Lukas, K. J. (1975). Boring microorganisms and microborings in carbonate substrates. In R. W. Frey (Ed.), The Study of Trace Fossils (pp. 229–259). Berlin, Heidelberg: Springer.
Chapter 
    
                    Google Scholar 
                

	Golubic, S., Campbell, S. E., & Spaeth, C. (1983). Kunstharzausgüsse fossiler Mikroben-Bohrgänge. Der Präparator, 29, 197–200.

                    Google Scholar 
                

	Golubic, S., Radtke, G., & Le Campion-Alsumard, T. (2005). Endolithic fungi in marine ecosystems. Trends in Microbiology, 13, 229–235.
Article 
    
                    Google Scholar 
                

	Gradstein, F. M., Ogg, J. G., Schmitz, M. D., & Ogg, G. M. (2012). The Geologic Time Scale 2012, 2-Volume Set. New York: Elsevier.

                    Google Scholar 
                

	Gross, P. (2008). Lithostratigraphy of Western Carpathians: Paleogene – Podtatranská Group. Bratislava: Štátny Geologický Ústav Dionýza Štúra. [in Slovakian with English summary]

	Gross, P., Köhler, E., et al. (1980). Geology of Liptovská kotlina (depression). Bratislava: Štátny Geologický Ústav Dionýza Štúra. [in Slovakian with English summary]

	Gross, P., Köhler, E., & Samuel, O. (1984). A new lithostratigraphic division of the Inner-Carpathian Paleogene. Geologické Práce, Správy, 81, 113–117. [in Slovakian with English summary]

	Gross, P., Köhler, E., Mello, J., Haško, J., Halouzka, R., & Nagy, A. (1993). Geológia Južnej a Východnej Oravy (Geology of Southern and Eastern Orava). Bratislava: Štátny Geologický Ústav Dionýza Štúra.

                    Google Scholar 
                

	Gruber, N., Lachkar, Z., Frenzel, H., Marchesiello, P., Münnich, M., McWilliams, J. C., Nagai, T., & Plattner, G. K. (2011). Eddy-induced reduction of biological production in eastern boundary upwelling systems. Nature Geoscience, 4, 787–792.
Article 
    
                    Google Scholar 
                

	Guerry, A. D., & Menge, B. A. (2017). Grazer impacts on algal community structure vary with the coastal upwelling regime. Journal of Experimental Marine Biology and Ecology, 488, 10–23.
Article 
    
                    Google Scholar 
                

	Hageman, S. J., Bock, P. E., Bone, Y., & McGowran, B. (1998). Bryozoan growth habits: classification and Analysis. Journal of Paleontology, 72, 418–436.
Article 
    
                    Google Scholar 
                

	Halfar, J., Strasser, M., Riegl, B., & Godinez-Orta, L. (2006). Oceanography, sedimentology and acoustic mapping of a bryomol carbonate factory in the northern Gulf of California, Mexico. In H. M. Pedley & G. Carannante (Eds.), Cool-Water Carbonates: Depositional Systems and Palaeoenvironmental Controls, Special Publications (pp. 197–216). London: Geological Society.

                    Google Scholar 
                

	Hayton, S., Nelson, C. S., & Hood, S. D. (1995). A skeletal assemblage classification system for non-tropical carbonate deposits based on New Zealand Cenozoic limestones. Sedimentary Geology, 100, 123–141.
Article 
    
                    Google Scholar 
                

	Hrabovský, J. (2019). Reproductive phases of Miocene algae from central Paratethys and their bearing on systematics. Acta Palaeontologica Polonica, 64, 417–439.
Article 
    
                    Google Scholar 
                

	Hrabovský, J., Basso, D., & Doláková, N. (2015). Diagnostic characters in fossil coralline algae (Corallinophycidae: Rhodophyta) from the Miocene of southern Moravia (Carpathian Foredeep, Czech Republic). Journal of Systematic Palaeontology, 14, 499–525.
Article 
    
                    Google Scholar 
                

	Hrabovský, J., Basso, D., & Coletti, G. (2019). The first identification of fossil Mesophyllum in accordance to the modern taxonomic concepts in coralline algae. Acta Paleontologica Polonica, 64, 897–909.

                    Google Scholar 
                

	Huggett, J., Adetunj, J., Longstaffe, F., & Wray, D. (2017). Mineralogical and geochemical characterization of warm-water, shallow-marine glaucony from the Tertiary of the London Basin. Clay Minerals, 52, 25–50.
Article 
    
                    Google Scholar 
                

	Irvine, L. M., & Chamberlain, Y. M. (1994). Seaweeds of the British Isles. Volume 1 Rhodophyta, Part 2B Corallinales, Hildenbrandiales. London: Pelagic Publishing.

                    Google Scholar 
                

	Iryu, Y., Nakamori, T., Matsuda, S., & Abe, O. (1995). Distribution of marine organisms and its geological significance in the modern reef complex of the Ryukyu Islands. Sedimentary Geology, 99, 243–258.
Article 
    
                    Google Scholar 
                

	Ishijima, W. (1960). Eocene Coralline Algae from the Kuma Group in the Ishizuchi Range, Shikoku, Japan. Scientific Report, 4, 154–161.

                    Google Scholar 
                

	Janočko, J., & Jacko, S. (1999). Marginal and deep-sea deposits of Central-Carpathian Paleogene Basin, Spiš Magura region, Slovakia: implication for basin history. Slovak Geological Magazine, 4, 281–292.

                    Google Scholar 
                

	Johansen, H. W. (1981). Coralline Algae a First Synthesis. London, New York: CRC Press.

                    Google Scholar 
                

	Johnson, J. H. (1948). Eocene Algae from Florida. Journal of Paleontology, 22, 762–766.

                    Google Scholar 
                

	Johnson, J. H. (1952). Coralline Algae from the Eocene Atascadero Limestone. Journal of Paleontology, 26, 537–543.

                    Google Scholar 
                

	Johnson, J. H. (1953). Eocene Coralline Algae from the Meganos Formation, California. Journal of Paleontology, 27, 130–136.

                    Google Scholar 
                

	Johnson, J. H. (1964). Eocene Algae from Ishigaki-shima Ryūkyū-rettō. Washington: United States Government Printing Office.

	Johnson, J. H. (1965). Coralline Algae from the Cretaceous and Early Tertiary of Greece. Journal of Paleontology, 39, 802–814.

                    Google Scholar 
                

	Kázmér, M., Dunkl, I., Frisch, W., Kuhlemann, J., & Ozsvárt, P. (2003). The Palaeogene forearc basin of the Eastern Alps and Western Carpathians: subduction erosion and basin evolution. Journal of the Geological Society London, 160, 413–428.
Article 
    
                    Google Scholar 
                

	Kämpf, J., & Chapman, P. (2016). Upwelling Systems of the World. A Scientific Journey to the Most Productive Marine Ecosystems. Springer International Publishing.

	Kováč, M., Plašienka, D., Soták, J., Vojtko, R., Oszczypko, N., Less, G., Ćosović, V., Fügenschuh, B., & Králiková, S. (2016). Paleogene palaeogeography and basin evolution of the Western Carpathians, Northern Pannonian domain and adjoining areas. Global and Planetary Change, 140, 9–27.
Article 
    
                    Google Scholar 
                

	Köhler, E. (1995). Paleocénny rífový komlex v Západných Karpatoch. Doctoral Dissertation. Bratislava: Geological Institute of the Slovak Academy of Sciences.

                    Google Scholar 
                

	Kulka, A. (1985). Arni sedimentological model in the Tatra Eocene. Geological Quarterly, 29, 31–64.

                    Google Scholar 
                

	Le Gall, L., Payri, C. E., Bittner, L., & Saunders, G. W. (2010). Multigene phylogenetic analyses support recognition of the Sporolithales ord. nov. Molecular Phylogenetics and Evolution, 54, 302–305.
Article 
    
                    Google Scholar 
                

	Lemoine, P. (1934). Algues calcaires de la famille des Coralinacées recueillies dans les Carpathes occidentales par M.D. Andrusov. Věstník Státního Geologického Ústavu ČSR, 9, 269–289.

                    Google Scholar 
                

	Littler, M. M., Littler, D. S., Blair, S. M., & Norris, J. N. (1985). Deepest known plant life discovered on an uncharted seamount. Science, 227, 57–59.
Article 
    
                    Google Scholar 
                

	Marshalko, R. (1970). The research of sedimentary textures, structures, and palaeocurrent analysis of basal formations (Central Western Carpathian Paleogene, N of Spišsko-gemerské rudohorie Mts.). Acta Geologica et Geographica Universitatis Comenianae, 19, 129–163.

                    Google Scholar 
                

	Masotti, I., Aparicio-Rizzo, P., Yevenes, M. A., Gerreaud, R., Belmar, L., & Farias, L. (2018). The influence of river discharge on nutrient export and phytoplankton biomass off the Central Chile Coast (33°-37°S): seasonal cycle and interannual variability. Frontiers in Marine Science, 5, 423.
Article 
    
                    Google Scholar 
                

	Mišík, M. (1966). Microfacies of the Mesozoic and Tertiary Limestones of the West Carpathians. Bratislava: Vydavateľstvo Slovenskej Akademie Vied.

                    Google Scholar 
                

	Moussavian, E. (1989). Taxonomische Untersuchungen an “Amphiroa” propria Lemoine (Corallinaceae/Rhodophyta; Maastricht-Thanet). Münchener Geowissenschaftliche Abhandlungen, 15, 41–54.

	Nelson, C. S., Keane, S. L., & Head, P. S. (1988). Non-tropical carbonate deposits on the modern New Zealand shelf. Sedimentary Geology, 60, 71–94.
Article 
    
                    Google Scholar 
                

	Nelson, W. A., Sutherland, J. E., Farr, T. J., Hart, D. R., Neill, K. F., Jeong Kim, H., & Su Yoon, H. (2015). Multigene phylogenetic analyses of New Zealand Coralline Algae: Corallinapetra novozelandiae gen. et sp. nov. and recognition of the Hapalidiales ord. nov. Journal of Phycology, 51, 454–468.

	Nielsen, K., Svensson, S., Nielsen, J. K., & Bromley, R. G. (2003). Palaeoecological and ichnological significance of microborings in Quaternary Foraminifera. Palaeontologica Electronica, 6(2), 13.

                    Google Scholar 
                

	Olszewska, B. W., & Wieczorek, J. (1998). The Paleogene of the Podhale Basin (Polish Inner Carpathians) – micropaleontological perspective. Przegląd Geologiczny, 46, 721–728.

                    Google Scholar 
                

	Oszczypko-Clowes, M., & Żydek, B. (2012). Paleoecology of the Upper Eocene Lower Oligocene Malcov Basin based on the calcareous nannofossils: a case study of the Leluchów section (Krynica Zone, Magura Nappe, Polish Outer Carpathians). Geologica Carpathica, 63, 149–164.
Article 
    
                    Google Scholar 
                

	Peña, V., Adey, W. H., Riosmena-Rodríguez, R., Jung, M. Y., Afonso-Carrillo, J., Choi, H. G., & Bárbara, I. (2011). Mesophyllum sphaericum sp. nov. (Corallinales, Rhodophyta): a new maërl-forming species from the northeast Atlantic. Journal of Phycology, 47, 911–927.

	Pérès, J. M., & Picard, J. (1964). Nouveau manuel de bionomie benthique de la Mer Mèditérranée. Recueil des Travaux de la Station Marine dʼEndoume-Marseille, 31, 1–137.

                    Google Scholar 
                

	Pérès, J. M. (1982). In O. Kinne (Ed.), Marine ecology. A Compre-hensive, Integrated Treatise on Life in Oceans and Coastal Waters. Volume V: Ocean Management, Part 1 (pp. 9–642). New York: A Wiley Intersience Publication. Chichester.

	Pfender, J. (1926). Sur les organisms du Nummulitique de la colline de San Salvador près Camarasa. Boletín de la Real Sociedad Española de Historia Natural, 26, 321–330.

                    Google Scholar 
                

	Pisera, A. (1985). Paleoecology and lithogenesis of the Middle Miocene (Badenian) algal-vermetid reefs from the Roztocze Hills, south-eastern Poland. Acta Palaeontologica Polonica, 35, 89–155.

                    Google Scholar 
                

	Rasser, M. (1994). Facies and palaeoecology of rhodoliths and acervulinid macroids in the Eocene of the Krappfeld (Austria). Beiträge zur Paläontologie, 19, 191–217.

                    Google Scholar 
                

	Rasser, M. (2001). Paleoecology and Taphonomy of Polystrata alba (Red Alga) from the Late Eocene Alpine Foreland: A New Tool for the Reconstruction of Sedimentary Environments. Palaios, 16, 601–607.

	Rasser, M., & Piller, W. E. (1994). Re-documentation of Paleocene coralline algae of Austria, described by Lemoine (1930). Beiträge zur Paläontologie, 19, 219–225.

                    Google Scholar 
                

	Rasser, M., & Piller, W. E. (1999). Application of neontological taxonomic concepts to Late Eocene coralline algae (Rhodophyta) of the Austrian Molasse Zone. Journal of Micropalaeontology, 18, 67–80.
Article 
    
                    Google Scholar 
                

	Roduit, N. (2001) JMicrovision: Image analysis toolbox for measuring and quantifying components of high-definition images. Version 1.3.1. https://jmicrovision.github.io (accessed 10 December 2019).

	Rösler, A., Perfectti, F., Peña, V., & Braga, J. C. (2016). Phylogenetic relationships of Corallinaceae (Corallinales, Rhodophyta): taxonomic implications for reef-building corallines. Journal of Phycology, 52, 412–431.
Article 
    
                    Google Scholar 
                

	Samuel, O., & Fusán, O. (1992). Reconstruction of subsidence and sedimentation of Central Carpathian Paleogene. Západné Karpaty, Séria Geológia, 16, 7–46. [in Slovakian with English summary]

	Samuel, O., Borza, K., & Köhler, E. (1972). Microfauna and Lithostratigraphy of the Paleogene and adjacent Cretaceous of the Middle Váh Valley (West Carpathian). Bratislava: Geologický Ústav Dionýza Štúra.

                    Google Scholar 
                

	Sarkar, S., & Rao, G. M. N. (2018). Coralline red algae from late Palaeocene – earliest Eocene carbonates of Maghalaya, N – E India: palaeocommunity and trophic-level implications. Carbonates and Evaporites, 33, 767–781.
Article 
    
                    Google Scholar 
                

	Schaleková, A. (1962). Fytogénne vápence mezozoika a terciéru Slovenska. Dissertation. Bratislava: Comenius University.

                    Google Scholar 
                

	Schaleková, A. (1963). Die Algenfloren der Kretazischen und Paläogenen Kalksteine der Slowakei. Geologický Sborník, 14, 165–167.

                    Google Scholar 
                

	Schaleková, A. (1964). New informations on the calcareous algae in the bioherm limestones of the Paleocene-Eocene in the Western and Central Slovakia. Geologický Sborník, 15, 57–73.

                    Google Scholar 
                

	Schneider, J. (1976). Contributions to Sedimentary Geology 6: Biological and inorganic factors in the destruction of limestone coasts. Stuttgart: E. Schweizerbart’sche Verlagsbuchhandlung.

	Seneš, J., & Ondrejčíková, A. (1991). Proposal for the terminology of fossil marine benthic shelf ecosystems. Geologica Carpathica, 42, 231–240.

                    Google Scholar 
                

	Shweta, S. G., & Kantimati, G. K. (2018). Natural casts of Early Eocene Entobia from the Kachchh Basin, India. Ichnos, 25(4), 261–268.
Article 
    
                    Google Scholar 
                

	Silva, P. C., & Johansen, H. W. (1986). A reappraisal of the Order Corallinales (Rhodophyceae). British Phycological Journal, 21, 245–254.
Article 
    
                    Google Scholar 
                

	Sliva, Ľ. (2005). Sedimentary facies of the Central Carpathian Paleogene Basin from Spišská Magura. Dissertation. Bratislava: Department of Geology and Paleontology – Faculty of Natural Sciences CU. [in Slovakian]

	Smith, R. L. (1992). Coastal upwelling in the modern ocean. In C. P. Summerhayes, W. L. Prell, & K. C. Emeis (Eds.), Upwelling Systems: Evolution Since the Early Miocene (pp. 9–28). London: The Geological Society.

                    Google Scholar 
                

	Sola, F., Braga, J. C., & Aguirre, J. (2013). Hooked and tubular coralline algae indicate seagrass beds associated to Mediterranean Messinian reefs (Poniente Basin, Alméria, SE Spain). Palaeogeography, Palaeoclimatology, Palaeoecology, 374, 218–229.
Article 
    
                    Google Scholar 
                

	Soták, J. (1998). Sequence stratigraphy approach to the Central Carpathian Paleogene (Eastern Slovakia): eustasy and tectonics as controls of deep-sea fan deposition. Slovak Geological Magazine, 4, 185–190.

                    Google Scholar 
                

	Soták, J. (2010). Paleoenvironmental changes across the Eocene-Oligocene boundary: insights from the Central-Carpathian Paleogene Basin. Geologica Carpathica, 61, 393–418.
Article 
    
                    Google Scholar 
                

	Soták, J., Pereszlenyi, M., Marschalko, R., Milička, J., & Starek, D. (2001). Sedimentology and hydrocarbon habitat of the submarine-fan deposits of the Central Carpathian Paleogene Basin (NE Slovakia). Marine and Petroleum Geology, 18, 87–114.

	Soták, J., Gedl, P., Banská, M., & Starek, D. (2007). New stratigraphic data from the Paleogene formations of the Central Western Carpathians at the Orava region: results of integrated micropaleontological study in the Pucov section. Mineralia Slovaca, 39, 89–106. [in Slovakian with English summary]

	Starek, D., & Fuksi, T. (2017a). Distal turbidite fan/lobe succession of the Late Oligocene Zuberec Fm. - architecture and hierarchy (Central Western Carpathians, Orava-Podhale basin). Open Geosciences, 9, 385–406.

	Starek, D., & Fuksi, T. (2017b). Statistical analysis as a tool for identification of depositional palaeoenvironments in deep-sea fans (Palaeogene formations, Central Western Carpathians, north Slovakia). Acta Geologica Slovaca, 9, 149–162.

	Starek, D., Andreyeva-Grigorovich, A. S., & Soták, J. (2000). Suprafan deposits of the Biely Potok Formation in the Orava region: sedimentary facies and nannoplankton distribution. Slovak Geological Magazine, 6, 188–190.

	Starek, D., Sliva, L., & Vojtko, R. (2004). The channel-levee sedimentary facies and their synsedimentary deformation: a case study from Huty Formation of the Podtatranská skupina Group (Western Carpathians). Slovak Geological Magazine, 10, 177–182.

                    Google Scholar 
                

	Starek, D., Sliva, Ľ., & Vojtko, R. (2012). Eustatic and tectonic control on late Eocene fan-delta development (Orava Basin, Central Western Carpathians). Geological Quarterly, 56(1), 67–84.

                    Google Scholar 
                

	Starek, D., Soták, J., Jablonský, J., & Marschalko, R. (2013). Large-volume gravity flow deposits in the Central Carpathian Paleogene Basin (Orava region, Slovakia): evidence for hyperpyclan river discharge in deep-sea fans. Geologica Carpathica, 64, 305–326.
Article 
    
                    Google Scholar 
                

	Starek, D., Šimo, V., Antolíková, S., & Fuksi, T. (2019). Turbidite sedimentology, biostratigraphy and paleoecology: a case study from the Oligocene Zuberec Fm. (Liptov Basin, Central Western Carpathians). Geologica Carpathica, 70, 279–297.
Article 
    
                    Google Scholar 
                

	Steneck, R. S. (1986). The Ecology of Coralline Algal Crusts: convergent patterns and adaptative strategies. Annual Review of Ecology, Evolution, and Systematics, 17, 273–303.
Article 
    
                    Google Scholar 
                

	Steneck, R. S., Hacker, S. D., & Dethier, M. N. (1991). Mechanisms of competitive dominance between crustose coralline algae: an herbivore-mediated competitive reversal. Ecology, 72, 938–950.
Article 
    
                    Google Scholar 
                

	Steneck, R. S., & Detheir, M. N. (1994). A functional group approach to the structure of algal-dominated communities. OIKOS, 69, 476–498.
Article 
    
                    Google Scholar 
                

	Steinmetz, J. C. (1979). Calcareous nannofossils from the North Atlantic Ocean, Leg 49, deep sea drilling project. Deep Sea Drilling Project Initial Reports, 49, 519–531.

	Šurka, J., Sliva, Ľ., & Soták, J. (2012). Facial development of the Borové Formation in the area of Biely Potok at the town of Ružomberok and at Komjatná village (Western Carpathians, Slovakia). Mineralia Slovaca, 44, 267–278.

                    Google Scholar 
                

	Teichert, S., Woelkerling, W., Rüggeberg, A., Wisshak, M., Piepenburg, D., Meyerhöfer, M., Form, A., Büdenbender, J., & Freiwald, A. (2012). Rhodolith beds (Corallinales, Rhodophyta) and their physical and biological environment at 80°31' N in Nordkappbukta (Nordaustlandet, Svalbard Archipelago, Norway). Phycologia, 54, 371–390.
Article 
    
                    Google Scholar 
                

	Temelkov, B., & Andreev, T. (2005). Recent Bivalve ecology applied to the reconstruction of paleocommunities. Proceedings of the Balkan Scientific Conference of Biology in Plovdiv (Bulgaria) from 19th till 21st May 2005, 436–442.

	Townsend, R. A., Chamberlain, Y. M., & Keats, D. W. (1994). Heydrichia woelkerlingii gen. et sp. nov., a newly discovered non-geniculate red alga (Corallinales, Rhodophyta) from Cape Province, South Africa. Phycologia, 33, 177–186.

	Tribollet, A., Radtke, G., & Golubic, S. (2011). Bioerosion. In J. Reitner & V. Thiel (Eds.), Encyclopedia of Geobiology (pp. 117–134). Dordrecht: Springer.
Chapter 
    
                    Google Scholar 
                

	Verheij, E. (1993). The genus Sporolithon (Sporolithaceae fam. nov., Corallinales, Rhodophyta) from the Spermonde Archipelago, Indonesia. Phycologia, 32, 184–196.

	Villa, G., Fioroni, C., Pea, L., Bohaty, S., & Persico, D. (2008). Middle Eocene—late Oligocene climate variability: Calcareous nannofossil response at Kerguelen Plateau, Site 748. Marine Micropaleontology, 69, 173–192.
Article 
    
                    Google Scholar 
                

	Vokes, H. E. (2017). A new species of Spondylus (Mollusca, Bivalvia) from the Eocene of Alabama. Tulane Studies in Geology and Paleontology, 23, 127–129.

	Wai, T.-C., & Williams, G. A. (2006). Effect of grazing on coralline algae in seasonal, tropical, low-shore rock pools: spatio-temporal variation in settlement and persistence. Marine Ecology Progress Series, 326, 99–113.
Article 
    
                    Google Scholar 
                

	Wei, W., & Wise Jr., S. W. (1990). Biogeographic gradients of Middle Eocene-Oligocene calcareous nannoplankton in the South Atlantic Ocean. Palaeogeography, Palaeoclimatology, Palaeoecology, 79, 29–61.
Article 
    
                    Google Scholar 
                

	Westwalewicz-Mogilska, E. (1986). A new look at the genesis of the Podhale Flysh. Przegląd Geologiczny, 34, 690–698. [in Polish with English summary]

                    Google Scholar 
                

	Wieczorek, J. (1989). The Hecho model for Podhale flysh? Przegląd Geologiczny, 37, 419–422. [in Polish]

                    Google Scholar 
                

	Wilson, S. T., Hawco, N. J., Armbrust, E. V., Barone, B., Björkman, K. M., Boysen, A. K., Burgos, M., Burrell, T. J., Casey, J. R., DeLong, E. F., Dugenne, M., Dutkiewicz, S., Dyhrman, S. T., Ferrón, S., Follows, M. J., Foreman, R. K., Funkey, C. P., Harke, M. J., Henke, B. A., Hill, C. N., Hynes, A. M., Ingalls, A. E., Jahn, O., Kelly, R. L., Knapp, A. N., Letelier, R. M., Ribalet, F., Shimabukuro, E. M., Tabata, R. K. S., Turk-Kubo, K. A., White, A. E., Zehr, J. P., John, S., & Karl, D. M. (2019). Kilauea lava fuels phytoplankton bloom in the North Pacific Ocean. Science, 365, 1040–1044.
Article 
    
                    Google Scholar 
                

	Wisshak, M. (2012). Microbioerosion. In D. Knaust & R. G. Bromley (Eds.), Trace Fossils as Indicators of Sedimentary Environments: Developments in Sedimentology 64 (pp. 231–243). Amsterdam: Elsevier.

                    Google Scholar 
                

	Woelkerling, W. J., & Harvey, A. (1992). Mesophyllum incisum (Corallinaceae, Rhodophyta) in Southern Australia: Implications for generic and specific delimitation in the melobesioideae. Brithish Phycological Journal, 27, 381–399.

	Woelkerling, W. J., & Harvey, A. (1993). An account of Southern Australia Species of Mesophyllum (Corallinaceae, Rhodophyta). Australian Systematic Botoany, 6, 571–637.

	Woelkerling, W. J., Irvine, L. M., & Harvey, A. S. (1993). Growth-forms in Non-geniculate Coralline Red Algae (Corallinales, Rhodophyta). Australian Systematic Botoany, 6, 277–293.
Article 
    
                    Google Scholar 
                

	Wright, V. P. (1992). A revised classification of limestones. Sedimentary Geology, 76, 177–185.
Article 
    
                    Google Scholar 
                

	Young, J. R., Bown, P. R., Lees, J. A. (2019). Nannotax3 website. International Nannoplankton Association. URL: http://www.mikrotax.org/Nannotax3

	Zágoršek, K. (1992). Priabonian (Late Eocene) Cyclostomata Bryozoa from the Western Carpathians (Czecho-Slovakia). Geological Carpathica, 43, 235–247.

                    Google Scholar 
                

	Zágoršek, K. (1996). Eocene Coilostega Bryozoa from the Western Carpathians (Slovakia). MIneralia Slovaca, 28, 523–534.

                    Google Scholar 
                

	Zágoršek, K. (1997). Eocene Anascan Bryozoa from new localities in the Western Carpathians, Slovakia. Geologica Carpathica, 48, 401–409.

                    Google Scholar 
                

	Zágoršek, K., & Kázmér, M. (1999). Late Eocene Bryozoan faunas in the Alpine-Carpathian region – a comparison. Acta Paleontologica Romaniae, 2, 493–504.

	Zágoršek, K., & Vávra, N. (2000). A New method for the extraction of Bryozoans from hard rocks from the Eocene of Austria. Jahrbuch der Geologischen Bundesanstalt, 142(2), 249–258.

                    Google Scholar 
                

	Zágoršek, K., Holcová, K., & Trasoň, T. (2008). Bryozoan event from Middle Miocene (Early Badenian) lower neritic sediments from the locality Kralice and Oslavou (Central Paratethys), Moravia part of the Carpathian Foredeep. International Journal of Earth Sciences, 97, 835–850.

	Žuljević, A., Kaleb, S., Peña, V., Despalatović, M., Cvitković, I., De Clerck, O., Le Gall, L., Falace, A., Vita, F., Braga, J. C., & Antolić, B. (2016). First freshwater coralline alga and the role of local features in a major biome transition. Scientific Reports, 6, 19642.
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was carried out within the framework of the VEGA project 2/0014/18 and was partly supported by the Czech Grant Agency project No. GACR 18-05935S. The study was supported by the project PROGRES Q45. We are particularly grateful to doc. Mgr. Natália Hudáčková, PhD, of Comenius University in Bratislava, for providing the historical collection of coralline algae for analysis. We are also grateful to Mgr. Šárka Roušavá of Masaryk University in Brno for the grammar proofreading of the English text. Last but not least, we are grateful for insightful comments and reviews of the manuscript to Daniela Basso and an anonymous reviewer.


Funding
This study was financially supported by VEGA project 2/0014/18, GACR 18-05935S, and PROGRES Q45.


Author information
Authors and Affiliations
	Slovak Academy of Sciences, Dúbravská Cesta 9, 840 05, Bratislava, Slovakia
Juraj Hrabovský & Dušan Starek

	Institute of Geology and Palaeontology, Charles University, Albertov 6, 128 43, Prague 2, Czech Republic
Katarína Holcová

	Department of Geography, Technical University of Liberec, Studentská 2, 461 17, Liberec, Czech Republic
Kamil Zágoršek


Authors	Juraj HrabovskýView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dušan StarekView author publications
You can also search for this author in
                        PubMed Google Scholar



	Katarína HolcováView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kamil ZágoršekView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Juraj Hrabovský.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that they have no conflict of interest.

              
            

Additional information
Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
The original article was revised: There were typos in the manuscript, leading to an incorrect terminology. In the following sentences we replaced the word oligophotic with euphotic:
1. Abstract: “..... are indicative of oligotrophic and euphotic settings.....”
2. Introduction: “..... growth of warm-water carbonates withnummulites and/or corals in euphotic and oligotrophic settings.....”
3. Discussion (upwelling chapter): “..... oligotrophic and euphotic warm-water.....”


Supplementary information

[image: ]Supplementary I
a-b Sporolithon nummuliticum (Rothpletz) Ghosh and Maithy, 1996; a Bi/tetrasporic plant. Arrow points to the single stalk cell. b Gametophyte with two distinct types of conceptacles. The conceptacle in the upper part (arrow) possesses a distinct central pedestal as the presumed remains of carpogonial branches. Smaller conceptacles are at the base (arrow). These are without a central pedestal. c-f Sporolithon sp.; c bi/tetrasporic plant with compartments developed above the distinct layer of elongated cells (arrow); d uniporate gametophytic conceptacle (arrow), tentatively ascribed as spermatangial based on its triangular shape; e proposed gametophytic conceptacle located on the same thallus as the first one; f part of the thallus with uppermost layer of cells. Cells appear as squarish and non-flared (arrows). We are not able to clarify whether these cells are epithallial cells or perithallial cells. Most likely the meristematic and epithallial cells were sloghed off, bioturbated or abraded. (JPG 5382 kb)


[image: ]Supplementary II
a Lithothamnion cf. corallioides (Crouan and Crouan) Crouan and Crouan, 1867. b Lithothamnion ramosissimum (Reuss) Piller, 1994. c Lithothamnion sp. d Mesophyllum fructiferum Airoldi, 1932. (JPG 4006 kb)


[image: ]Supplementary III
a-b Hydrolithon lemoinei (Miranda) Aguirre, Braga and Bassi, 2011; a proposed gametophytic conceptacle; b detail of the roof formed by cells parallel to the chamber. c-d Lithoporella cf. minus Johnson, 1964; c proposed bi/tetrasporic conceptacles with preserved pore canals and pore canal cells (arrow). Pore canal cells are oriented perpendicularly to the chamber. d Variability of the cells dimensions in a single thallus (arrow). (JPG 3884 kb)


Table I
supplementary Revised coralline algal species from the Tichá dolina locality published by Schaleková (1962). Used symbols and abbreviations are “+” for positive results, “-“ for negative results, ND means there are no data for species in her publications; F means fertile and S means sterile specimens. (XLSX 8 kb)


Table II
supplementary Measured characters of species from the Tichá dolina locality collection. (XLSX 11 kb)





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Hrabovský, J., Starek, D., Holcová, K. et al. Early Priabonian Mesophyllum dominated coralline algal assemblage from coastal upwelling settings (Central Carpathian Paleogene Basin, Slovakia).
                    Palaeobio Palaeoenv 102, 1–38 (2022). https://doi.org/10.1007/s12549-021-00488-x
Download citation
	Received: 07 May 2020

	Revised: 18 August 2020

	Accepted: 15 February 2021

	Published: 22 July 2021

	Issue Date: March 2022

	DOI: https://doi.org/10.1007/s12549-021-00488-x


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Central Carpathian Paleogene Basin
	Priabonian
	Coralline algae
	Systematics
	Palaeoecology
	Upwelling








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.239.56.174
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    