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Abstract – Although Discinidae brachiopods are rare components of Neogene benthic assemblag-
es, several records were published from the Miocene of the Central Paratethys (Poland, Ukraine, 
Czech Republic, Austria, and Bulgaria). However, until now discinid brachiopods have never been 
mentioned from Hungary. Recently, remains of one species, Discradisca cf. polonica (Radwańska 
et Radwański, 1984) were found at two Middle Miocene (Badenian) localities of the Bakony Mts. 
Two fragments were discovered in old washed samples (Pusztamiske Formation) from the Szabó 
sand pit of Várpalota in the collection of the Hungarian Natural History Museum, Budapest. Th e 
same species is much more numerous in a new material collected at Nyirád locality. Here hundreds 
of very eroded and fragmentary discinids were found in the Pusztamiske Formation, while the 
overlying Leitha Limestone Formation contains less, but sometimes more or less complete speci-
mens. D. polonica seems to be restricted to shallow water environments. Th e Hungarian record is 
one of the most southern known occurrences of discinid brachiopods in the Central Paratethys 
(together with the very limited Bulgarian material). With 22 fi gures.

Key words – Badenian, Bakony Mts, Brachiopoda, Discinidae, Discradisca, Hungary, Miocene, 
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INTRODUCTION

Miocene benthic assemblages of the Central Paratethys are very diverse, 
but brachiopods belong to the rare constituents. Phosphatic brachiopods are 
even rarer, because most of the known brachiopods belong to calcitic-shelled 
Rhynchonelliformea. Phosphatic brachiopods are represented by lingulids and 
discinids in the Neogene. Lingulids were mentioned from several localities of 
the Central Paratethys, and according to the revision by Emig & Bitner (2005) 
all lingulid records of the Central Paratethys belong to a single species, Lingula 
dregeri Andreae, 1893. Th e fi rst report on Miocene lingulid remains from 
Hungary was published recently by Bitner et al. (2012), and the above men-
tioned species was identifi ed from the Badenian Leitha Limestone Formation of 
Budapest, Örs vezér square locality.
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Discinids have more diverse records in the Central Paratethys. Dreger 
(1889) described Discinisca scutellum from the Vienna Basin on the basis of a sin-
gle fragmentary dorsal valve, and the same specimen was re-illustrated without 
detailed discussion by Kroh (2003). Discinisca leopolitana was fi rst mentioned 
by Łomnicki (1897) from the Middle Miocene of western Ukraine (Lviv) as 
Discina sp. (leopolitana); however, formal description and illustration was given 
only by Friedberg (1921), who regarded as author of this species (see also in 
Radwańska & Radwański 1984). A new species, Discinisca carpathica was 
erected by Čtyroký & Fejfar (1963) from the Miocene of the Czech Republic. 
Radwańska & Radwański (1984) introduced a new species, Discinisca poloni-
ca from the Middle Miocene Korytnica Clay in Central Poland. Later D. leopoli-
tana was recorded from two additional localities, St. Margarethen (Vienna Basin, 
Austria) by Schmid et al. (2001) and Świniary (Holy Cross Mountains, Poland) 
by Radwański & Wysocka (2004). Kocsis et al. (2012) studied the geo-
chemical composition of Neogene phosphatic lingulids and discinids from the 
North Sea Basin and the Central Paratethys, including some D. leopolitana from 
Huta Lubycka and Rybnica (Poland) and D. polonica from Korytnica (Poland). 
Dulai (2015) published Central Paratethyan Middle Miocene brachiopods 
from the collection of Naturalis Biodiversity Center (Leiden, the Netherlands), 
including Discinisca leopolitana from Monastyrz and Rybnica (Poland), and 
Discradisca polonica from Korytnica (Poland). Specifi cally unidentifi ed Discina 
sp. was mentioned from Monastyrz and Huta Lubycka (Lublin Upland, Poland) 
by Popiel-Barczyk (1977, 1980), Discinisca sp. from Szydlów (Holy Cross 
Mts, Poland) by Dulai & Stachacz (2011), and Discradisca sp. from Yasen 
(Bulgaria) by Bitner & Motchurova-Dekova (2016) and from Brus-1 bore-
hole (Carpathian Foredeep, Czech Republic) by Kopecká et al. (2018). Until 
now, discinid brachiopods have never been identifi ed in the Miocene of Hungary.

GEOLOGICAL SETTINGS

Th e Paratethys was an epicontinental sea, which was isolated from the 
Tethys Ocean during the late Eocene (Rögl 1998). Th e Central Paratethys 
covered the area from the present-day Austria to Slovenia, Serbia, Bulgaria, 
Romania, Ukraine, Slovakia, Poland and Czech Republic. During the Badenian 
(16.4 to 13.0 Ma; Langhian to Middle Serravallian; Papp et al. 1978) the Central 
Paratethys had a stable marine connection with the Mediterranean in the present-
day Slovenia (Kókay 1985; Rögl 1998). Th e thick Badenian marine deposits 
refer to a mixed siliciclastic and carbonate sedimentation (Kováč et al. 2007). 
Coralline algae and various invertebrates and vertebrates are abundant and di-
verse in these sediments, but brachiopods are generally rare.
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Both studied localities are in the Bakony Mts (Transdanubian Range, 
Hungary) (Fig. 1). Th e protected Szabó sand pit is situated at the SW part of 
Várpalota, near the Rákóczi residential area. Th e section consists of several metres 
thick yellow or grey littoral sand (Pusztamiske Formation) full of resedimented 
mollusc shells (lido facies; Kókay 2007). Th e age of the sand is Lower Badenian 
(upper Lagenidae Zone; Kókay 2007). Th e diverse molluscs are well-preserved, 
sometimes with original colours. More than 400 mollusc species were identifi ed 
in several papers and monographs (e.g., Strausz & Szalai 1943; Strausz 

Fig. 1. Location of the studied localities. Palaeogeographic sketch map of the Central Paratethys 
(modifi ed aft er Moissette et al. 2006) and geographic position of the localities (modifi ed aft er 
Kókay 1988 and Szabó & Kocsis 2016). 1 = Várpalota, Szabó sand pit, 2 = Nyirád, abandoned 

gravel pit, L = land, S = sea
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1954; Kecskeméti-Körmendy 1961, 1962a, b; Kókay 1988). Th e lower part 
of the section contains nearly 100 species of benthic foraminifers (Kókay 2007). 
Bryozoa fauna of the sand was investigated by Moissette et al. (2006, 2007), 
and on the basis of 15 species they interpreted the locality as representing the 
sediments deposited in a shallow-water environment on a terrigenous platform. 
Th e sands correspond to a beach environment where skeletal remains from vari-
ous depth intervals accumulated (Moissette et al. 2007). Although these layers 
are very fossiliferous, until recently brachiopods were not recorded from this lo-
cality. Dulai (2015) mentioned single Joania cordata specimen on the basis of a 
sample in Naturalis Biodiversity Center (Leiden, the Netherlands), collected by 
Arie W. Janssen in Szabó sand pit in 1979.

Nyirád locality is an abandoned gravel pit about 3 km SW from Nyirád, close 
to the road from Nyirád to Sümeg. Th e fossils were collected by Márton Szabó, 
and they are from the eastern side of the quarry, where two fossil-bearing Middle 
Miocene formations can be found: Pusztamiske Formation and Leitha Limestone 
Formation (Szabó & Kocsis 2016, fi gs 2–3). Th e Lower Badenian Pusztamiske 
Formation, known from the Devecser-Nyirád Basin, is built up of coarse- and 
fi ne-grained marine sediments. Th e sediments consist of abrasional gravel, con-
glomerate, shallow water glauconitic sand, sandstone, silt, marl and corallinacean 
limestone lenses (Selmeczi 1996). Th e pebbly deposits contain several very frag-
mentary fossils (pectinid and ostreid molluscs, echinoderm spikes, foraminifers, 
bryozoans, cirriped fragments, chondrichthyan and osteichthyan teeth, and vari-
ous bone elements of marine mammals; Selmeczi et al. 2002; Szabó & Kocsis 
2016). A stratigraphical investigation of these layers yielded Lagenidae-Orbulina 
benthic foraminifera assemblage and refers to NN5 nannozone (Kercsmár et 
al. 2015). Th e Pusztamiske Formation is overlain by Leitha Limestone Formation 
with a gradual transition (see simplifi ed section of the locality in Szabó & 
Kocsis 2016, Fig. 3C). Th is shallow water corallinacean limestone is widespread 
in the Central Paratethys. Generally it is very fossiliferous, e.g., the Nyirád washed 
samples contain several invertebrates, e.g., foraminifers, molluscs (gastropods, 
bivalves, scaphopods), echinoderms, bryozoans, decapods, worm tubes, and bra-
chiopods. Brachiopods, other than discinids, will be discussed in a separate paper.

MATERIAL AND METHODS

Two fragmentary discinid specimens of Várpalota, Szabó sand pit were 
found in the old palaeontological collection of the Hungarian Natural History 
Museum, Budapest. A detailed, bed-by-bed collection was accomplished at the 
protected locality by Anna Kecskeméti-Körmendy, who studied the mollusc fau-
na of the fossiliferous Lower Badenian sand (Kecskeméti-Körmendy 1961, 
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1962a, b). Although she worked in the Geological Institute of Hungary, some of 
her washed samples were deposited in the Hungarian Natural History Museum.

Most of the studied specimens are from the abandoned gravel pit of Nyirád. 
Th e samples were collected recently by Márton Szabó with the main purpose to 
study fi sh teeth and marine mammal bones of the locality (Szabó & Kocsis 2016).

All of the studied specimens are deposited in the palaeontological collec-
tion of the Hungarian Natural History Museum, Budapest (inventory numbers: 
INV 2018.31.–2018.40.).

SYSTEMATIC PALAEONTOLOGY

Phylum Brachiopoda Duméril, 1806
Subphylum Linguliformea Williams, Carlson, Brunton, Holmer et Popov, 1996

Class Lingulata Gorjansky et Popov, 1985
Order Lingulida Waagen, 1885

Superfamily Discinoidea Gray, 1840
Family Discinidae Gray, 1840

Genus Discradisca Stenzel, 1964
Type species – Orbicula antillarum d’Orbigny, 1845

Discradisca cf. polonica (Radwańska et Radwański, 1984)
(Figs 2–22)

1984 Discinisca polonica sp. n. – Radwańska & Radwański, pp. 254–258, text-fi gs 1–3, pl. 1, fi gs 
1–6, pl. 2, fi g. 1.

2015 Discradisca polonica (Radwańska & Radwański) – Dulai, pp. 192, pl. 1, fi gs 5–10.

Material – Várpalota, Szabó sand pit, Pusztamiske Formation (2 fragments); 
Nyirád, gravel pit, Pusztamiske Formation (200 fragments), Leitha Limestone 
Formation (1 dorsal valve, 7 fragments).

Remarks – Except for one specimen, the studied brachiopods are rather 
fragmentary, but some of them give useful information on the larval shell and the 
ornamentation of the dorsal valve (Figs 2–21). Th e only complete dorsal valve 
from the Leitha Limestone Formation of Nyirád is fully covered by a celleporid 
bryozoan colony. Th erefore, the larval shell and the ornamentation is not observ-
able, however, this specimen is informative for the size, the outline and general 
shape of the dorsal valve (Fig. 22). Aft er combining these available data, the stud-
ied material reliably can be identifi ed as D. cf. polonica.

Th e organo-phosphatic shells are nearly black in the case of the Várpalota 
specimens, while reddish brown in the Nyirád samples. Th e outline of the com-
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plete shell is nearly circular (Fig. 22), but irregular or broken at some places. Th e 
irregularly circular outline is also suggested by some of the illustrated fragments 
(e.g., Figs 2, 13, 15). Radwańska & Radwański (1984) mentioned some rec-
tangular or even polygonal specimens; however, in the case of the Hungarian 
material the fragmentary preservation prevents to confi rm this feature. Th e di-
ameter of the complete dorsal valve is about 5.5 mm (similar to the largest one 
mentioned by Radwańska & Radwański 1984). According to the complete 
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valve and the more or less concentric growth lines of the fragments (e.g., Figs 2, 
20), the apex is in central or nearly central position. Both the complete specimen 
and the fragments refer to low-conical shape. Th e diameter of the completely 
smooth, circular larval shell is about 0.47–0.53 mm (Figs 3, 9, 20), slightly larger 
than in the case of Korytnica specimens (both Radwańska & Radwański 
1984 and Dulai 2015 mentioned 0.4 mm; however, in the latter case it is 0.45 
mm on Pl. 1, Fig. 6). In some cases three diff erent growth stages can be diff erenti-
ated on the dorsal shells: the completely smooth larval shell, the post-larval shell 
characterized by dense growth lines and the adult part of the shell, where the ra-
dial ribs appeared (e.g., Figs 2, 8, 20). Th e external ornamentation of dorsal valves 
is characterized by numerous radial ribs. Th e number of ribs cannot be identifi ed 
exactly on the fragments or on the Bryozoa-covered complete valve. However, 
the density of ribs is well comparable with the Korytnica specimens. Th e char-
acters of ribs are also very similar to Radwańska & Radwański’s (1984) de-
scription. Well defi ned swells formed at the intersections of ribs and growth lines 
which give a beaded appearance for the ribs (e.g., Figs 2, 4, 5, 7, 13, and 14). In 
some cases the beaded character of ribs is especially strong, even without defi nite 
growth lines (e.g., Figs 10–12). Th e ribs never bifurcate, but some new ribs can be 
seen intercalated at various growth stages (see Fig. 10). Interspaces are wider than 
ribs (Fig. 11). Unfortunately, the interior of the single complete valve is not well-
preserved enough to identify precisely the muscle scars (see horseshoe-shaped 
white part on Fig. 22).

Although the specimens are rather fragmentary in the coarse-grained Pusz-
ta miske Formation, the number of fragments is considerable, as it was not very 

Figs 2–21. Discradisca cf. polonica (Radwańska et Radwański, 1984). – 2–4. Várpalota, Szabó sand 
pit, 680–690 cm, INV 2018.31. – 2. External view of dorsal valve. – 3. Detail of the smooth larval 
shell. – 4. Detail of the ribbed ornamentation. – 5. Várpalota, Szabó sand pit, 520–530 cm; External 
view of dorsal valve fragment, INV 2018.32. – 6–7. Nyirád, Pusztamiske Formation, INV 2018.33. 
– 6. External view of dorsal valve. – 7. Detail of growth lines and radial ribs. – 8–9. Nyirád, Pusz-
tamiske Formation, INV 2018.34. – 8. External view of dorsal valve. – 9. Detail of the smooth, 
circular larval shell and the post-larval shell ornamented by dense growth lines. – 10–12. Nyirád, 
Pusztamiske Formation, INV 2018.35. – 10. External view of dorsal valve. – 11. Detail of orna-
mentation of beaded radial ribs. – 12. Beads within a radial rib and radial micro-ornamentation on 
and around beads. – 13–14. Nyirád, Pusztamiske Formation, INV 2018.36. – 13. External view of 
dorsal valve. – 14. Detail of external ornamentation with capillate micro-ornamentation. – 15–17. 
Nyirád, Pusztamiske Formation, INV 2018.37. – 15. External view of dorsal valve. – 16. Detail of 
larval shell. – 17. Detail of the rare and irregular ornamentation. – 18–19. Nyirád, Pusztamiske 
Formation, INV 2018.38. – 18. External view of dorsal valve. – 19. Detail of the larval and post-
larval shell. – 20–21. Nyirád, Pusztamiske Formation, INV 2018.39. – 20. External view of dorsal 
valve. – 21. Detail of post-larval shell with dense and irregular concentric growth lines. Scale bars 
represent 1 mm (5, 6, 8, 10, 13, 15, 18, 20); 0.5 mm (2, 11, 19); 0.25 mm (9, 16); 0.2 mm (3, 7, 14, 17, 

21); 0.1 mm (4, 12)
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common in the Korytnica Basin either. Despite the systematic washing, Rad-
wańs ka & Radwański (1984) mentioned only a few dozens of dorsal valves, 
while the three samples of Naturalis Biodiversity Center in Leiden contained 
nearly 200 fragments (Dulai 2015).

Th is is the fi rst record of this species outside of Poland, as it was originally 
described from the Korytnica Basin by Radwańska & Radwański (1984) and 
recently it was mentioned from the same area by Dulai (2015). A similar ribbed 
discinid was described also from the Vienna Basin by Dreger (1889) on the ba-
sis of a single, fragmentary dorsal valve (Discinisca scutellum, see also in Kroh 
2003). It is smaller in size and has fewer ribs than polonica, but the fragmentary, 
even more damaged condition than originally illustrated by Dreger (1889) 
make the real revision and comparison very diffi  cult. Th e third ribbed discinid 
from the Miocene of the Central Paratethys is Discinisca carpathica described by 
Čtyroký & Fejfar (1963); however, it is easily distinguishable on the basis of 
the signifi cantly larger size, and much numerous fi ne ribs. Th e fourth and most 
widely distributed Central Paratethyan discinid is Discinisca leopolitana, which 

Fig. 22. Discradisca cf. polonica (Radwańska et Radwański, 1984). Internal view of a more or less 
complete dorsal valve covered by celleporid bryozoan colony. Nyirád, Leitha Limestone Forma-

tion, INV 2018.40. Scale bar: 3 mm
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is ornamented only by concentric growth lines (Łomnicki 1897; Friedberg 
1921; Schmid et al. 2001; Radwański & Wysocka 2004; Dulai 2015). A sim-
ilar discinid species, Discradisca multiradiata (de Morgan, 1915) is known also 
from the Miocene of France (Dollfuss & Dautzenberg 1901; de Morgan 
1915; Dulai 2013; Bitner & Cahuzac 2013); however, it has more numerous 
(80–100) fi ne, beaded ribs, and its apex is situated more regularly in central posi-
tion. Th e generic attribution of the species polonica to Discradisca was discussed 
in detail by Dulai (2013) and Bitner & Cahuzac (2013).

D. polonica seems to be restricted to shallow water environments: it was 
described from the littoral deposits of the Korytnica Basin (Radwańska & 
Radwański 1984), and both Hungarian localities also refer to shallow habi-
tats in the palaeoenvironmental reconstructions (e.g., Moissette et al. 2007; 
Selmeczi 1996). Th e shape variability and irregularity was interpreted by 
Radwańska & Radwański (1984) as adaptation to the high-energy environ-
ment of the shore zone.

Distribution – Middle Miocene (Badenian): Korytnica (Poland), Várpalota 
and Nyirád (Hungary).

DISCUSSION

Although Discinidae brachiopods were recorded several times from the 
Central Paratethys, until now they have never been mentioned from Hungary. 
Recently several fragmentary specimens were discovered at two Middle Miocene 
(Badenian) localities of the Bakony Mts (Transdanubian Range). Th e preserva-
tion of the brachiopods is rather poor and fragmentary. Th e surface of the single 
complete dorsal valve is covered by a celleporid bryozoan. Despite the fragmen-
tary preservation, several specimens show radial ribbing, and only the larval shell 
is completely smooth. On the basis of the size, outline and shape of the complete 
valve, and the characters of ribbed ornamentation on several fragments, these 
brachiopods are identifi able with the species Discradisca cf. polonica.

Th is is the fi rst record of the family Discinidae in the Miocene of Hungary, 
and it is one of the most southern occurrences of discinids within the Central 
Paratethys. Th e only more southern point of their Central Paratethyan distri-
bution is NW Bulgaria, where Bitner & Motchurova-Dekova (2016) have 
found only two Discradisca sp. fragments. Fossil discinids are also very rare in the 
Neogene of the Mediterranean. Th e fi rst record was published only recently by 
Bertolaso et al. (2009), when some Pliocene (Piacenzian) Discinisca sp. were 
found in the upper bathyal clays of Quattro Castella (Emilia, Italy). At the mo-
ment it is diffi  cult to decide, whether this distributional pattern refers to palaeoen-
vironmental preferences of Neogene discinids or only to collecting bias. Discinids 
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are generally small-sized, and therefore collecting bias most probably plays impor-
tant role in their knowledge. However, it is also worth mentioning that discinids 
are more common in the Neogene of the North Sea Basin. A separate paper is in 
preparation on the discinid brachiopods of the famous Dutch Winterswijk-Miste 
locality, where the very limited brachiopod material is represented by three diff er-
ent discinid species (Dulai et al. in prep.). Th e distributional pattern of European 
Neogene discinid brachiopods will be discussed in that paper.

*
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REFERENCES

Bertolaso L., Borghi E. & García Ramos D. 2009: Brachiopodi Neogenici e Pleistocenici 
dell’Emilia (Parte seconda). – Parva Naturalia 8: 3–42.

Bitner M. A. & Cahuzac B. 2013: New record of Discradisca (Brachiopoda: Discinidae) from 
the Early Miocene of the Aquitaine Basin, south-western France. – Comptes Rendus Palevol 
12: 23–29. http://dx.doi.org/10.1016/j.crpv.2012.10.001

Bitner M. A., Dulai A., Kocsis L. & Müller P. M. 2012: Lingula dregeri (Brachiopoda) from 
the middle Miocene of Hungary. – Annales Societatis Geologorum Poloniae 82: 39–43.

Bitner M. A. & Motchurova-Dekova N. 2016: Middle Miocene (Badenian) brachiopods from 
Yasen, northwestern Bulgaria: taxonomic composition and biogeographic signifi cance. – 
Neues Jahrbuch für Geologie und Paläontologie – Abhandlungen 279(1): 7–22. 

 http://dx.doi.org/10.1127/njgpa/2016/0536
Čtyroký P. & Fejfar O. 1963: Fauna der Sande und Sandsteine der karpatischen Formation 

(Mittelmiozän) bei Dolni Netcice in der Karpatenvortiefe. – Geologické Práce 27: 143–168.
Dollfus G. & Dautzenberg P. 1901: Nouvelle liste des Pélécypodes et des Brachiopodes fossiles 

du Miocène moyen du Nord-Ouest de la France. – Journal de Conchyliologie 49(3): 229–280.
Dreger J. 1889: Die tertiären Brachiopoden des Wiener Beckens. – Beiträge zur Paläontologie Ös-

terreich-Ungarns 7: 179–192.
Dulai A. 2013: Sporadic Miocene brachiopods in Naturalis Biodiversity Center (Leiden, the 

Netherlands): Records from the Mediterranean, the North Sea, and the Atlantic Ocean. – 
Fragmenta Palaeontologica Hungarica 30: 15–51. 

 http://dx.doi.org/10.17111/FragmPalHung.2016.33.65
Dulai A. 2015: Central Paratethyan Middle Miocene brachiopods from Poland, Hungary and 

Romania in the Naturalis Biodiversity Center (Leiden, the Netherlands). – Scripta Geologica 
149: 185–211.

Dulai A. & Stachacz M. 2011: New Middle Miocene Argyrotheca (Brachiopoda; Megathyrididae) 
species from the Central Paratethys. – Földtani Közlöny 141: 445–468.

Dulai A., Helwerda R. & van der Voort J. in prep.: Miocene Discinidae brachiopods from 
the southern part of the North Sea Basin (Winterswijk-Miste, the Netherlands) with descrip-
tion of a new genus and species.



First record of Discinidae brachiopods fr om the Miocene of Hungary 73

Fragmenta Palaeontologica Hungarica 34, 2017

Emig C. C. & Bitner M. A. 2005: Th e brachiopod Lingula in the Middle Miocene of the Central 
Paratethys. – Acta Palaeontologica Polonica 50(1): 181–184.

Friedberg W. 1921: Les brachiopodes miocènes de la Podolie Occidentale. – Prace Naukowe 
Uniwersytetu Poznańskiego, Sekcja Matematyczno-Przyrodnicza 2: 1–20.

Kecskeméti-Körmendy A. 1961: A várpalotai természetvédelmi terület homokréteg-összletének 
fi nomrétegtani vizsgálta. (Feinstratigraphische Untersuchungen im Naturschutz-Gebiet von 
Várpalota.) – Földtani Közlöny 91(4): 426–431. (in Hungarian with German abstract)

Kecskeméti-Körmendy A. 1962a: Új Molluszka-fajok a várpalotai középsőmiocénből I. Gastro-
poda. (Neue Molluskenarten aus dem Mittelmiozän von Várpalota. I. Gastropoden.) – Föld-
tani Közlöny 92(1): 81–99. (in Hungarian with German abstract)

Kecskeméti-Körmendy A. 1962b: Új Molluszka fajok a várpalotai középsőmiocénből II. La mel-
li branchiata. (Neue Molluskenarten aus dem Mittelmiozän von Várpalota. II. Lamelli bran-
chiata.) – Földtani Közlöny 92(2): 217–229. (in Hungarian with German abstract)

Kercsmár Zs., Budai T., Csillag G., Selmeczi I. & Sztanó O. 2015: Surface geology of Hungary. 
Explanatory notes to the Geological map of Hungary (1:500.000). – Geological and Geophysical 
Institute of Hungary, Budapest, 66 pp.

Kocsis L., Dulai A., Bitner M. A., Vennemann T. & Cooper M. 2012: Geochemical com-
position of Neogene phosphatic brachiopods: Implications for ancient environmental and 
marine conditions. – Palaeogeography, Palaeoclimatology, Palaeoecology 326–328: 66–77. 

 http://dx.doi.org/10.1016/j.palaeo.2012.02.004
Kókay J. 1985: Central and Eastern Paratethyan interrelations in the light of Late Badenian salin-

ity conditions. – Geologica Hungarica, Series Palaeontologica 48: 9–95.
Kókay J. 1988: Várpalota, Szabó-féle homokbánya. [Várpalota, Szabó sand pit.] – Magyarország 

geológiai alapszelvényei, Magyar Állami Földtani Intézet, Budapest, 6 pp.
Kókay J. 2007: Várpalota, Szabó-féle homokbánya. Miocén (badeni), Pusztamiskei Formáció. 

[Vár palota, Szabó sand pit. Miocene (Badenian), Pusztamiske Formation.] – In: Pálfy J. 
& Pazo nyi P. (eds): Őslénytani kirándulások Magyarországon és Erdélyben. Hantken Kiadó, 
Buda pest, pp. 81–82. (in Hungarian)

Kopecká J., Holcová K., Nehyba S., Hladilová Š., Brzobohatý R. & Bitner M. A. 2018: 
Th e earliest Badenian Planostegina bloom deposit: refl ection of an unusual environment in 
the westernmost Carpathian Foredeep (Czech Republic). – Geological Quarterly 62(1): 18–
37. http://dx.doi.org/10.7306/gq.1398

Kováč M., Andreeva-Grigorovich A., Bayraktarević Z., Brzobohatý R., Filipescu S., 
Fodor L., Harzhauser M., Nagymarosy A., Oszczypko N., Pavelić D., Rögl F., Saf-
tić B., Sliva L. & Studencka B. 2007: Badenian evolution of the Central Paratethys Sea: 
paleogeography, climate and eustatic sea level changes. – Geologica Carpathica 58(6): 579–606.

Kroh A. 2003: Th e Brachiopoda of the Langhian (Lower Badenian) of the Molasse Zone and the 
northern Vienna Basin (Austria). – Annalen des Naturhistorischen Museums in Wien 104A: 
145–153.

Łomnicki M. 1897: Materiały do mioceńskiej fauny Lwowa I najbliższej okolicy. – Kosmos 22: 
18–37.

Moissette P., Dulai A. & Müller P. 2006: Bryozoan faunas in the Middle Miocene of Hungary: 
biodiversity and biogeography. – Palaeogeography, Palaeoclimatology, Palaeoecology 233: 300–
314. http://dx.doi.org/10.1016/j.palaeo.2005.10.001

Moissette P., Dulai A., Escarguel G., Kázmér M., Müller P. & Saint Martin J.-P. 2007: 
Mosaic of environments recorded by bryozoan faunas from the Middle Miocene of Hungary. 
– Palaeogeography, Palaeoclimatology, Palaeoecology 252(3–4): 530–556. 

 http://dx.doi.org/10.1016/j.palaeo.2007.05.010



A. Dulai74

Fragmenta Palaeontologica Hungarica 34, 2017

Morgan J. de 1915: Note sur les mollusques brachiopodes des faluns de la Touraine. – Bulletin de 
la Société Geologique de France t. 4, 15: 260–273.

Papp A., Cicha I., Seneš J. & Steininger F. F. (eds) 1978: M4 Badenien (Moravien, Wielicien, 
Kosovien). Chronostratigraphie und Neostratotypen, Miozän der Zentralen Paratethys. – Verlag 
der Slowakischen Akademie des Wissenschaft en, Bratislava, 594 pp.

Popiel-Barczyk E. 1977: A new locality of Miocene fauna in Roztocze region. – Przegląd Geolo-
giczny 5: 246–248.

Popiel-Barczyk E. 1980: Brachiopod genus Cryptopora Jeff reys from the Miocene deposits of 
Lublin Upland. – Acta Geologica Polonica 30: 111–120.

Radwańska U. & Radwański A. 1984: A new species of inarticulate brachiopod, Discinisca po-
lonica sp. n., from the Korytnica Basin (Middle Miocene; Holy Cross Mountains, Central 
Poland). – Acta Geologica Polonica 34: 253–269.

Radwański A. & Wysocka A. 2004: A farewell to Świniary sequence of mass-aggregated, spine-
coated echinoids Psammechinus and their associates (Middle Miocene; Holy Cross Moun-
tains, Central Poland). – Acta Geologica Polonica 54(3): 381–399.

Rögl F. 1998: Palaeogeographic considerations for the Mediterranean and Paratethys seaways 
(Oligocene to Miocene). – Annalen des Naturhistorischen Museums in Wien 99A: 279–310.

Schmid P. H., Harzhauser M. & Kroh A. 2001: Hypoxic events on a Middle Miocene car-
bonate platform of the Central Paratethys (Austria, Badenian, 14 Ma). – Annalen des Natur-
historischen Museums in Wien 102A: 1–50.

Selmeczi I. 1996: Th e Pusztamiske Formation. – In: Gyalog L. (ed.): Explanatory notes of geo-
logical maps and short descriptions for the stratigraphical units. – A Magyar Állami Földtani 
Intézet Alkalmi Kiadványa 187, Budapest, 81 pp. (in Hungarian)

Selmeczi I., Bohn-Havas M., Szegő É. & Lelkes Gy. 2002: A Devecser-Nyirádi alsó-bade-
ni makro-, mikrofauna és mikrofácies vizsgálatok. [Th e Lower Badenian of the Devecser-
Nyirád Basin. Investigations on Macro-, Microfauna and Microfacies.] – 5th Hungarian 
Palaeontological Meeting, Abstracts, Field Trip Guide Book, 3–4. May 2002, Pásztó, Hungary, 
pp. 28–29. (in Hungarian)

Strausz L. 1954: Várpalotai felső-mediterrán csigák. (Les Gastropodes du Méditerranéen supé-
rieur (tortonien) de Várpalota.) – Geologica Hungarica, Series Palaeontologica 25: 1–150.

Strausz L. & Szalai T. 1943: Várpalotai felső-mediterrán kagylók. [Upper Mediterranean bi-
valves of Várpalota.] – A Magyar Királyi Földtani Intézet Évi Jelentése függelékei, Beszámoló a 
Magyar Királyi Földtani Intézet Vitaüléseinek munkálatairól, 5(3): 112–153.

Szabó M. & Kocsis L. 2016: A new Middle Miocene selachian assemblage (Chondrichthyes, 
Elas mobranchii) from the Central Paratethys (Nyirád, Hungary): implications for temporal 
turn over and biogeography. – Geologica Carpathica 67(6): 573–594. 

 http://dx.doi.org/10.1515/geoca-2016-0036


